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ABSTRACT 

Background: Chronic kidney disease (CKD) is a major public health concern and contributor to 

morbidity and mortality globally. Identification of CKD in its early stages is critical to mitigate its 

progression to advanced stages or development of cardiovascular-associated complications, 

effectively improving health outcomes. With the established limitations of currently adopted clinical 

indicators of CKD, identification of more accurate and reliable biomarkers has been the focus of 

recent clinical research. MicroRNAs are emerging as promising diagnostic and prognostic markers as 

well as targets for therapeutic intervention for a multitude of disease including CKD. However, 

published data on the same miRNA signatures in CKD is contradictory across studies and limited 

studies have explored the value of these miRNAs in CKD in individuals of African ancestry. 

Therefore, we aimed to identify all published miRNAs found to be associated with CKD and/or 

measures of kidney function and kidney damage, as well as their expression patterns, in the general 

population and in high-risk subgroups [hypertension (HTN), diabetes mellitus (DM) and human 

immunodeficiency virus (HIV)-infected). Furthermore, we aimed to characterize the expression 

profile of five known whole blood miRNAs (miR-126-3p, miR-30a-5p, miR-1299, miR-182-5p  and 

miR-30e-3p) in the general population with CKD and six novel whole blood miRNAs (hsa-miR-

novel-chr1_36178, hsa-miR-novel-chr2_55842, hsa-miR-novel-chr7_76196, hsa-miR-novel-

chr5_67265, hsa-miR-novel-chr15_18383 and hsa-miR-novel-chr13_13519) in high-risk individuals 

with HTN and DM, for the first time in a South African cohort.   

 

Methods: We conducted a systematic search of Medline via PubMed, Scopus, Web of Science, and 

EBSCOhost databases to identify relevant studies according to a predefined eligibility and exclusion 

criteria published in English or French languages on or before 31 October 2021. Using quantitative 

reverse transcriptase PCR (RT-qPCR), we quantified the expression of known whole blood miRNAs 

in a general population (n= 1449), whilst the quantification of novel whole blood miRNAs was 

performed in 911 individuals with HTN and/or DM. We used adjusted and unadjusted regression 

models to assess the association between the studied miRNAs and prevalent CKD as well as markers 

of kidney function and kidney damage. The area under the receiver operating characteristics curve 

was used to determine the discriminatory power of the studied novel blood miRNAs to identify those 

with prevalent CKD.  

 

Results: Through a systematic search of the literature, we identified a number of frequently 

dysregulated miRNAs in CKD (miR-126, miR-223, miR-155, miR-21) and in diabetic kidney disease 

(DKD) (miR-155, miR-126, miR-192, miR-21, miR-15a-5p, miR-29a, miR-29b and miR-29c).  Of 

these, miR-126 and miR-223 were commonly downregulated in CKD whilst in individuals with 

DKD, miR-21 and miR-29b were consistently upregulated. In our South African population, an 
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upregulated expression of known whole blood miRNAs in the general population and novel whole 

blood miRNAs in high-risk individuals, was observed in those with CKD relative to those without 

CKD. Moreover, upregulated expression of known miRNAs (miR-126-3p, -182-5p and -30e-3p) and 

all the studied novel miRNAs were independently associated with prevalent CKD. Whilst only the 

increased expression of hsa-miR-novel-chr2_55842 and hsa-miR-novel-chr7_76196 were 

independently associated with reduced estimated glomerular filtration rate (eGFR). Furthermore, all 

the novel whole blood miRNAs were acceptable predictors of CKD, however, only hsa-miR-novel-

chr13_13519 added to CKD prediction beyond conventional factors.  

 

Conclusion: This study provides evidence of miRNA dysregulation in CKD in the general population 

and high-risk individuals for the first time in a South African population. We also highlighted a list of 

miRNAs with consistent dysregulated patterns commonly studied in the general population with CKD 

and those with DKD in various geographic locations. The dysregulated miRNA expression pattern 

suggests that altered miRNA may play a role in the pathogenesis of CKD. These findings form the 

basis for future research aimed at investigating the clinical value of miRNAs in CKD particularly in 

Africa. 
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1. INTRODUCTION 
Chronic kidney disease (CKD), which is a growing global public health concern, affects more than 

700 million adults globally and is increasing in prevalence 1. It is currently ranked the 12th leading 

cause of death, and it is expected that CKD will rise to be the 5th leading cause of death by the year 

2040 2. This is alarming because CKD is associated with adverse health outcomes.  Indeed, if 

untreated, CKD can progress to end-stage kidney disease (ESKD), which may require costly and 

limited kidney replacement therapy (KRT) to sustain life 3. Chronic kidney disease is also associated 

with an increased risk of cardiovascular disease (CVD), which is currently the leading cause of 

mortality and premature death worldwide 3. Moreover, the risk of people with CKD dying from CVD-

associated complications is higher as compared to those who progress to ESKD, with about half of all 

deaths among CKD individuals resulting from CVD-related complications 4. Recent evidence 

suggests that the burden of CKD, which differ substantially across countries and regions, 

disproportionately affects disadvantaged populations, particularly those residing in low-and middle-

income countries (LMICs) 5,6. In addition, global inequality in access to KRT has been reported, with 

more than 90% of people receiving KRT residing in high-income countries (HICs) and upper-middle-

income countries (MICs)  7,8. The lack of resources and high level of poverty for the majority of 

people residing in LMICs, results in poorer health outcomes for people with CKD 9–11. 

A number of risk factors contribute to the growing burden of CKD. The high prevalence of 

hypertension (HTN) and diabetes mellitus (DM) is associated with CKD, partly explaining the  

increasing burden of CKD globally 12. This is further compounded by population growth and aging 13 

and the increasing adoption of Western habits, which results in unhealthy lifestyles like poor diet 

quality, physical inactivity and high rates of obesity which further accelerates CKD progression 14. 

Infectious diseases such as human immunodeficiency virus (HIV) also play a role in the increasing 

risk of CKD and this is problematic in developing countries particularly in Africa where the highest 

rate of HIV infection exists 5,15.  

Effective preventive measures for CKD have been described and it is suggested that in order to 

significantly lower the burden of CKD in LMICs, the primary and secondary preventive measures 

should be prioritized instead of the tertiary preventive measure whose main objective is investing in 

KRT 16. The primary and secondary preventive measures aim to prevent the development of CKD in 

high-risk individuals and early detection of CKD to enable early initiation of targeted therapy to 

prevent or delay the adverse effects of CKD 17. Studies have shown that good management of HTN 

and DM can reduce the risk and improve health outcomes related to CKD 18.  

There are well-established clinical indicators of CKD including glomerular filtration rate (GFR), 

albuminuria and kidney biopsies 3. Estimated GFR (eGFR) indicates the level of kidney function 
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whereas albuminuria informs on the presence of kidney damage. However, these measures present 

with some limitations, including poor sensitivity for early detection of CKD, which is essential to 

slow CKD progression, reduce the risk of CVD-associated complications and improve disease 

outcomes 19. Therefore, there is a serious need for reliable and easily detectable biomarkers that will 

allow for early detection of CKD and screening of high-risk individuals and therefore enable early 

initiation of targeted therapy that will delay or prevent the adverse health outcomes of CKD.  

Emerging evidence has suggested the important role of epigenetic factors, particularly microRNAs 

(miRNAs) in the development of various diseases and their potential value as biomarkers of disease 

diagnosis and prognosis 20–23. miRNAs are small non-coding RNAs (ncRNAs) that regulate protein 

coding genes post-transcriptionally through translation inhibition or degradation of the target 

messenger RNA (mRNA) 24. Although considered to be intracellular regulators of gene expression, 

increasing evidence has shown that miRNAs are also detectable in body fluids in a highly stable 

manner 25. This may be due to the fact that miRNAs are released into circulation bound to proteins or 

encapsulated in micro-vesicles protecting them from degradation by ribonucleases (RNAses) 26. 

miRNAs play an important role in many cellular functions such as differentiation, proliferation, 

development and apoptosis 24. Consequently, dysregulation in the expression of miRNAs might result 

in the development or progression of many diseases 27. Several studies have evaluated the potential 

role of miRNAs in the development and/or progression of CKD in the general adult population and 

high-risk groups 23,28–30. However, most of these studies were performed in populations of European, 

Asian or American decent, with minimal studies conducted in individuals of African ancestry.  

1.1. Aims and objectives 

This study consisted of three major aims: 

Aim 1: 

To identify all published miRNAs found to be associated with CKD and/or measures of kidney 

function and kidney damage, as well as their expression patterns in the general population and high-

risk subgroups (HTN, DM and HIV-infected) 

Objectives: 

Through a systematic review of published studies on miRNAs associated with prevalent CKD and/or 

measures of kidney function and kidney damage, the following questions were addressed: 

• Which miRNAs are associated with prevalent CKD in (a) the general population and high- 

risk individuals with (b) HTN, (c) DM and (d) HIV infection?  

•  Which miRNAs are associated with measures of kidney function and kidney damage? 

• What are the expression patterns of the identified miRNAs in CKD?  

• Do the expression patterns of the identified miRNAs differ depending on the human sample 

type used? 
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• Does the expression profile of the identified miRNAs differ depending on the stage of CKD? 

Aim 2:  

To characterize the expression profile of five known whole blood miRNAs previously shown to be 

associated with kidney function and/or kidney disease pathophysiology (miR-126-3p, -30a-5p, -1299, 

-182-5p and -30e-3p) and to investigate the association between these five miRNAs and prevalent 

CKD in a community-based sample of adult South Africans with and without CKD 

Objectives: 

2.1 Previously described miRNAs (miR-126-3p, -30a-5p, -1299, -182-5p and -30e-3p) were extracted 

from whole blood using RNA isolation kits and quantified by quantitative reverse transcription 

polymerase chain reaction (RT-qPCR) and the expression profiles of these miRNAs compared 

between individuals with and without CKD  

2.2 Multivariable logistic regression models were used to investigate the association between the 

studied miRNAs and prevalent CKD as well as the markers of kidney function (eGFR) and 

damage (albumin creatinine ratio (ACR)).  

 

Aim 3: 

To characterize the expression profile of six novel whole blood miRNAs (hsa-miR-novel-chr1_36178, 

hsa-miR-novel-chr15_18383, hsa-miRnovel-chr2_55842, hsa-miR-novel-chr7_76196, hsa-miR-

novel-chr5_67265, and hsa-miR-novel-chr13_13519), previously shown to be associated with DM 

and HTN in a high-risk group of adult South Africans with and without CKD as well as to determine 

the diagnostic ability of these six novel miRNAs to discriminate between individuals with and without 

CKD 

Objectives: 

3.2 Novel miRNAs (hsa-miR-novel-chr1_36178, hsa-miR-novel-chr15_18383, hsa-miRnovel-

chr2_55842, hsa-miR-novel-chr7_76196, hsa-miR-novel-chr5_67265, and hsa-miR-novel-

chr13_13519) were extracted from whole blood using RNA isolation kits and quantified by 

RT-qPCR and the expression profiles of these miRNAs compared between high-risk 

individuals (with HPT and/or DM) with and without CKD  

3.2 Receiver operating characteristic (ROC) curve was used to investigate the predictive ability of 

the six novel whole blood miRNAs alone or combined, and to determine whether these 

miRNAs added to the diagnostic predictive ability beyond that of conventional risk factors in 

high-risk groups of South African adults 
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2. LITERATURE REVIEW 
2.1. Global burden of chronic kidney disease 
 
Chronic kidney disease has been neglected as a global health priority, yet it is associated with high 

rates of morbidity and mortality and presents a large socio-economic burden. The Global Burden of 

Disease (GBD) study recently reported that almost 700 million (9.1%) people worldwide were 

diagnosed with CKD in 2017, which is a 29.3% increase from the year 1990 31. According to the same 

report, the age-standardized prevalence of CKD was higher in women (9.5%) as compared to men 

(7.3%) 31. The prevalence of CKD globally is way above other non-communicable diseases such as 

DM (537 million) 32, CVDs (523 million) 33 and cancers (85.8 million) 34, which are being prioritized 

by most governments.  

Chronic kidney disease accounted for 2.6 million deaths in 2017 globally, of which 1.2 million 

resulted directly from CKD and 1.4 million were indirectly from CVDs caused by reduced GFR 31. 

Deaths attributable to CKD have increased by 41.5% between 1990 and 2017, shifting CKD from the 

17th to the 12th ranked leading global cause of death 31.  Furthermore, it has been reported that CKD is 

currently the third fastest-growing cause of death worldwide, and current projections estimate that it 

will become the 5th leading cause of death globally by the year 2040 2. According to the 2019 GBD 

statistics, the cases of disability-adjusted life-years (DALYs) caused by CKD has nearly doubled over 

the past three decades, rising from the 29th rank in 1990 to the 18th rank leading causes of DALYs 34. 

The largest increase in DALYs attributable to CKD between 1990 and 2017 was seen in countries 

with a low sociodemographic index (23.6 %) as compared to those with middle (5.5%) and high 

sociodemographic index (4%) 31. 

Another contributing factor is the limited awareness of CKD, with only 6% and 10% of the general 

population and high-risk populations, being aware of their disease status 35. Due to the asymptomatic 

nature of the disease, individuals are usually diagnosed when the disease has progressed to more 

advanced stages, when the risk of developing ESKD or cardiovascular complications is high 3. 

Regardless, little attention is paid to the early detection of CKD to prevent or delay disease 

progression by many societies 36. 

Taken together, these findings highlight that there has been a dramatic increase in CKD incidence, 

prevalence, mortality and DALYs due to CKD globally over the past three decades. Furthermore, 

most of the growth in the burden of CKD has been observed in LMICs as compared to HICs. This is 

partly attributable to the significant rise in population growth, longevity, westernization and high 

incidences of HTN, DM and HIV 9.  
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2.2. The burden of chronic kidney disease in low-to-middle-income 

countries 
The burden of CKD in LMICs remains poorly characterized due to lack of community-based studies, 

inconsistent assessment of kidney function and lack of CKD registries. However, available data 

indicate that CKD disproportionately affects disadvantaged populations, with a rapid rise in CKD 

incidences reported in LMICs 34. The prevalence of CKD ranges between 10% 37 and 16% 38, in 

Southeast Asia, some Latin American countries and in sub-Saharan Africa. Moreover, although CKD 

should be recognized as a health priority, it is not seen as such by most governments and as a result 

the roll-out of CKD screening programs is still very low (6%) in these countries 39. There is an 

underrepresentation of LMICs in large global CKD databases used to study and understand the 

development and burden of CKD, as these databases predominantly include studies done in HICs 40. 

Even within HICs, the burden of CKD is higher in individuals with lower socioeconomic status 41. 

Therefore, this indicates that CKD is a global burden that is influenced by disparities in care, 

treatment and inequalities, hence affecting mainly the most vulnerable of each society 42.  

2.1.1. CKD burden in Africa 
CKD remains a low priority in governments within Africa not only due to the competing health 

agenda related to communicable diseases such as tuberculosis, HIV/AIDS and malaria but also factors 

such as poverty, limited resources, political disputes and corruption 43. This is further compounded by 

the lack of continent-wide or regional studies, regularly updated databases on CKD outcomes, in 

addition to the global problem of inconsistent assessment of kidney function 6. The two most recent 

systematic reviews on CKD prevalence (stages 1 to 5) in the general population have reported a high 

prevalence of CKD in Africa, with Abd Elhafeez et al. reporting  a pooled prevalence of 10.1% 44 and 

Kaze et al. reporting CKD prevalence at 15.8% 38. Moreover, CKD affects individuals at a younger 

age in Africa compared to other regions of the world. Studies have reported an earlier onset of ESKD 

in African individuals at the age of 45 years as compared to the age of 63 years of individuals of other 

ethnic groups in Western countries 45. These studies indicate that there is a pronounced burden of 

CKD in Africa, and this is in light of limited accessibility to treatment. The high burden of CKD in 

Africa may be attributable to factors such as high incidences of DM and HTN as well as 

communicable diseases like HIV/AIDS 5. This double burden of communicable and non-

communicable diseases is causing additional strain on the already overwhelmed healthcare systems in 

African countries, and this may partly result from the adoption of westernized lifestyles associated 

with unhealthy habits.  

2.1.2. CKD burden in South Africa 
Even though South Africa (SA) was recently reclassified as an upper-middle-income country by the 

World Bank 46, it is still confronted by the double burden of communicable and non-communicable 
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diseases, which has caused a strain on an already overwhelmed health system. Although there is a 

dearth of data on the burden of CKD due to a lack of large epidemiological studies in SA, a few 

studies have reported on the prevalence of CKD, with varying results. In 2013, Matsha and colleagues 

found that the prevalence of CKD (stages 3 to 5), using the CKD-EPI equation without the black race 

correction factor to estimate GFR, was 17.3% in a sample of 1202 participants of mixed-ancestry 47. A 

study by Peer et al (2020) evaluated the prevalence of CKD in a study sample of 1092 black South 

Africans and they found a lower prevalence of 3.4%, based on GFR estimated using the CKD-EPI 

equation without the ethnicity correction factor, t48. The study by Matsha and colleagues 47 had a 

slightly older population with a mean age of 53 years as well as a higher prevalence of DM (26.4 %) 

compared to that by Peer et al (2020) 48 with individuals aged 21 years and older, and a DM 

prevalence of 14.7%, which may partly explain the differences observed. South Africa is one of the 

few African countries with national renal registries with data on KRT, with the first one being 

published in 2012. The latest report, the Eighth Annual Report of the South African Renal Registry, 

indicated that access to KRT is still very limited in SA, as in 2019, only 9937 individuals received 

KRT from a pool of 169 per million population (pmp) 49. Moreover, the majority of these individuals 

were being treated in the private sector (778 pmp) whereas 57 pmp received their treatment within the 

public sector 49. This is alarming because the majority of SAs (>80%) depend on the public sector for 

treatment access due to the inability to afford medical insurance 50.  

2.3. Risk factors of chronic kidney disease 
 
Chronic kidney disease is a complex multifactorial disease arising from various modifiable and non-

modifiable risk factors. Identification of these factors is of importance as these may allow early 

interventions which may prevent or delay the progression of CKD to ESKD, development of CVD-

related complications and premature mortality. Diabetes mellitus and HTN are the leading modifiable 

risk factors of CKD and ESKD globally 51. High incidences of DM and HTN have been reported 

globally.  

2.3.1. Diabetes mellitus 
The most recent edition of the International Diabetes Federation Diabetes Atlas reported that 10.5% 

(536.6 million) of the global adult population had DM in 2021, with this number expected to rise to 

12.2% (783.2 million) by the year 2045  32. The highest increase in the prevalence of DM has been 

projected for the African region (134%) in 2045 32. Moreover, the highest prevalence of DM was seen 

in LMICs, with about 90% of undiagnosed people (44%) found to reside in LMICs. South Africa had 

the highest prevalence of DM (11.3%)  in Africa, with 45.4% of those living with DM being 

undiagnosed 32. These statistics are alarming because studies have reported that approximately 30 to 

40% of individuals with DM have CKD 52. Diabetic kidney disease (DKD) is a microvascular 

complication of DM and a leading cause of ESKD,  accounting for approximately  48% of ESKD 
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cases in the US 12. The risk of CKD in individuals with DM may be attenuated by metabolic changes 

associated with DM, such as hyperfiltration, hyperfusion and hyperglycaemia, which will result in 

altered kidney haemodynamics and cause glomerular hypertrophy, inflammation, interstitial fibrosis 

and glomerulosclerosis 53. 

2.3.2. Hypertension 
The prevalence of HTN has also increased substantially over the years, from 594 million in 1975 to an 

estimated prevalence of 1.39 billion (31.1% of the adult population) in 2010, with the majority of  

affected individuals residing in LMICs (1.04 billion) as compared to HICs (359 million) 54. Africa has 

the highest prevalence of HTN, with a recent meta-analysis estimated a prevalence of 57% in older 

adults aged 50 years and older 55.  Moreover, the prevalence  of HTN was estimating to be 30% in 

younger adults residing in sub-Saharan Africa, and of these only 27% were aware of their diagnosis 
56. Hypertension is both a risk factor and a consequence of CKD, associated with CKD progression to 

ESKD, cardiovascular events and mortality 57. More than 75% of individuals with CKD are at risk of 

developing HTN 58 whereas 60 to 90% of individuals with HTN develop CKD 59. Studies have shown 

that systolic blood pressure (SBP) ≥130mmHg is associated with a higher risk of CKD progression to 

ESKD 60. Hypertension accounts for approximately 29% of cases of ESKD in the US 12.  The 

mechanisms driving CKD and HTN include, but not limited to, glomerulosclerosis, volume overload, 

sodium retention, endothelial dysfunction and sympathetic overactivity 59,61. 

2.3.3. HIV-infection 
HIV is one of the major causes of glomerulonephritis, which is a type of kidney disease that is very 

prevalent in Africa. The complication of CKD in HIV is commonly referred to as HIV-associated 

nephropathy (HIVAN) 15. This is very common in Africa, where almost two-thirds (25.7 million) of 

the global HIV-positive population reside 62. Additionally, more than 20% of individuals diagnosed 

with HIV globally reside in SA 63. As a result, the highest prevalence of HIVAN (ranging from 6.0 – 

48.5%) has been reported in Africa, and of these, 24–83% of the cases were reported in SA 15. 

Individuals with HIVAN are at increased risk of developing ESKD, with a likelihood of 2- to 20-fold 

greater risk than those with only CKD 64. Further, HIVAN was found to be more common in young 

adults of African ancestry with advanced HIV infection and this was associated with apolipoprotein 

L1 (APOL1) high-risk variants, a risk factor for several glomerular disorders, including HIVAN 65. 

Other factors such as poor healthcare and late start with antiretroviral therapy, may contribute to the 

increased risk of CKD in HIV-infected individuals, although antiretroviral therapy can also mediate 

kidney toxicity 64. HIV causes CKD through a number of direct and indirect mechanisms affecting all 

structures of the nephron, such as the cytopathic effect of the virus within the kidney parenchymal 

cells, the pseudopathological response of the immune system to HIV infections and the use of 

nephrotoxic drugs 64. 
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2.3.4. Demographic factors 
Demographic factors such as age, sex and race have been associated with the risk of developing CKD. 

Chronic kidney disease is an age-related condition, reported to be eight times more common in 

individuals aged 70 years and older 66. However, this was found to not be the case in Africa, where 

CKD more often affects young adults, with progression to ESKD occurring 20 years earlier as 

compared to Western countries 45. This is partly due to poor health care, limited KRT and poor 

awareness of CKD in the African region 45. Furthermore, although the prevalence of CKD is higher in 

women as compared to men, it was found that men are more likely to progress to advanced stages of 

CKD such as ESKD at a faster rate as compared to women 52. These suggest that loss of kidney 

function or kidney damage progresses at a slower rate in women compared to men. Studies have 

reported that endogenous oestrogen might offer protective effects against severe loss of kidney 

function or kidney damage in women contributing to these disparities 67. Racial and ethnic minorities 

are disproportionately affected by CKD and its consequent outcomes. Although similar prevalence of 

early-stage CKD has been reported, ethnic minorities such as African Americans, Hispanics and 

Native Americans are 1.5 to 4 times more likely to progress to ESKD 42. Moreover, the high 

incidences of CKD and ESKD in younger individuals of African descent have been reported and it 

has been suggested that this could be partly explained by APOL1 mutations observed mainly in native 

Africans 68 as well as their inappropriate use of traditional medications 69. 

2.3.5. Lifestyle 
Negative health behaviors such as physical inactivity, alcohol consumption, smoking and poor diet 

are associated with an increased risk of CKD and its progression 14, accounting for 20% of CKD cases 

globally 70. Studies have shown that obesity increases the risk of CKD by its contribution to 

pathological mechanisms such as inflammation, endothelial dysfunction, oxidative stress and 

hypervolaemia 71. In a large epidemiologic study, including 167548 participants, it was found that 

obese women and men body mass index (BMI) ≥ 30kg/m2 were at a three-to-four-fold increased risk 

of developing CKD as compared to those with normal weight BMI< 25kg/m2 72. Moreover, 

individuals with CKD and a BMI of <25km/m2 were found to be at a reduced risk of progression to 

ESKD 14. Socio-economic status is also an important risk factor of CKD; although CKD was once 

considered a disease of “affluence”, recent evidence suggests that the burden of CKD and ESKD is 

more prevalent in populations with low socio-economic status 41. This may be attributable to factors 

such as poorly resourced health facilities, high incidences of HTN, DM and HIV, as well as the 

adoption of westernized lifestyles 5. A meta-analysis study showed that the incidence, prevalence and 

progression of CKD were significantly associated with low socio-economic status particularly in the 

US as compared to Europe and Asia 41. Moreover, high rates of untreated ESKD have been reported 

in Africa and Asia due to the inaccessibility or unaffordability of KRT 8. 
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2.3.6. Genetic components 
Individuals with relatives who have been diagnosed with CKD or ESKD are at an increased risk of 

developing the disease. A study performed in individuals with a family history of ESKD found 

increased prevalence of reduced kidney function and increased kidney damage, suggesting an 

increased risk of developing ESKD in those with family history as compared to those with no family 

history 73. A recent large population-based family study investigated familial aggregation of CKD and 

revealed that first-degree relatives of the affected individual are at risk of CKD, with heritability of 

kidney-related markers and serum electrolytes ranging between 20% and 50% 74. These findings 

highlight the importance of genetic factors in modulating susceptibility to CKD in general 

populations. Advances in genetic sequencing have led to the identification of a number of genetic 

variants associated with the risk of CKD by genome-wide association studies 75. Individuals of 

African ancestry have been found to have mutations in the APOL1 gene which predisposes them to a 

higher risk of CKD and ESKD as compared to individuals of European descent 68. Indeed, individuals 

with one copy of either the G1 or G2 variant are immune to African trypanosomiasis (sleeping 

sickness), however individuals who have two copies of either variant are at an increased risk of 

developing a non-diabetic kidney disease. Inheritance of the high-risk APOL1 gene variants (G1 and 

G2) has been associated with an increased risk of CKD 76. Additionally, individuals of African 

ancestry were also found to be at increased risk of progression to ESKD because of haemoglobin 

variants such as sickle cell traits associated with increased risk of progression to ESKD 77. Other 

genetic variants such as Uromodulin (UMOD) gene variant were found to be associated with gradual 

loss of kidney function and the development of CKD 75. The mutations in the UMOD gene were also 

found to be associated with rare autosomal dominant tubulointerstitial kidney disease with 

progression to ESKD 76. However, the identified genetic variants are not enough to explain the genetic 

variation of CKD markers; for example, only 1.4% of the variation in kidney function as measured by 

eGFR could be accounted for by 16 variants identified in a meta-analysis of genome-wide association 

study 78. This suggests that there might be other factors contributing to the risk of CKD. Recent 

evidence suggests that there is a strong environmental influence on genetic susceptibility to CKD 

which cannot be explained by traditional genetics, also known as epigenetics, which can provide 

insights into the pathogenesis of CKD 79. 

2.4. Cardiovascular disease-associated complications 
Chronic kidney disease is an independent risk factor of CVD, and hence been associated with an 

increased risk for CVD mortality. Cardiovascular diseases are the leading cause of global disease 

burden, affecting approximately 523 million people and accounting for 18.6 million deaths and 34.4 

million DALYs globally in 2019 33. Furthermore, it has been observed that individuals with CKD are 

more likely to die from CVD-related complications than progressing to ESKD 80. Indeed, the risk of 

CVD-related complications is high in individuals with early-stage CKD and increases as the disease 
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progresses, with approximately 50% of individuals at stage 4 and 5 CKD developing CVD 81. 

Cardiovascular disease-associated mortality accounts for approximately 40 to 50 % of death in 

advanced CKD and ESKD as compared to those with normal kidney function, for which the rate of 

mortality is 26% 82. The GBD study reported that 4.6% of all-cause mortality in 2017 resulted from 

deaths due to CKD or to CKD-attributable CVD and 25.3 million DALYs from CVD-related 

complications were attributable to reduced GFR 31. The high risk of CVD in people with CKD may be 

attributed to the traditional risk factors associated with CVD such as DM, HTN, and dyslipidaemia. 

For instance, studies have shown that individuals with both CKD and type 2 DM or individuals with 

CKD, type 2 DM, HTN and hyperlipidaemia had a higher risk of major adverse cardiovascular events, 

heart failure and all-cause mortality as compared to those with just type 2 DM 83. Another study found 

that individuals with both CKD and type 2 DM had higher risk of all-cause and CVD-related 

mortality as opposed to individuals with just type 2 DM 84. 

2.5. End-stage kidney disease 
End-stage kidney disease requires KRT to sustain life; hence in the absence of KRT, it remains 

uniformly fatal 85. KRT can be in the form of kidney transplant or dialysis, the former is limited by the 

scarce supply of kidney donors and the latter is limited by the availability of resources. With the 

growth in the global economy, the costs for KRT are a major issue, with the annual medical cost for a 

patient on haemodialysis approximately USD 5000 in HICs. Globally, approximately 30% of 

individuals in need of KRT received treatment in 2010, with the majority of these individuals (80%) 

from HICs such as Japan, the USA and Europe. On the contrary, countries in Africa had the lowest 

access to KRT (9-16%) yet with the second highest number of people (432 000) needing KRT 8. 

Although the number of individuals on KRT is expected to rise from five to 10 million by the year 

2030, the number of those without access to KRT is expected to remain high in Africa and Asia 8. It 

was estimated that approximately 2.3 to 7.1 million individuals had died prematurely due to limited 

access or lack of KRT, particularly in LMICs in Asia and Africa 8. Therefore, the best risk mitigation 

implementation is early detection of CKD which will allow early initiation of cost-effective treatment 

to slow CKD progression to ESKD and prevent the development of CVD-associated complications 6. 

2.6. Definition and classification of chronic kidney disease  
Chronic kidney disease is defined as a condition characterized by a gradual loss of kidney function 

and/or the presence of kidney damage that persists for a period of 3 months or longer, with 

implications for health 86. The loss of kidney function is defined as GFR < 60 mL/min/1.73 m2 and 

evidence of kidney damage referring to either albuminuria (measured as albumin-to-creatinine ratio 

[ACR] of >30mg/g or urinary albumin excretion rate [AER] ≥30 mg/24h), history of kidney 

transplant, electrolyte and other abnormalities due to tubular dysfunction and urinary sediment 

abnormalities 86. The classification of CKD has evolved over the years. Currently, the 2012 Clinical 
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Practice Guidelines for the Evaluation and Management of CKD, according to the Kidney Disease 

Improving Global Outcomes (KDIGO), states that CKD be classified based on the cause, the GFR 

category and albuminuria category 86. The GFR category classifies CKD into six stages (G1, G2, G3a, 

G3b, G4 and G5) with increasing risk from G1 to G5 as summarised in Table 2.1. The National 

Institute for Health Excellence further suggested that stage G3 should be divided into two stages, G3a 

and G3b to reflect an increased risk of CVDs 87. G1 and G2 indicate the early onset of CKD with 

normal to mildly decreased levels of GFR, G3a and G3b stages have mild to moderately decreased 

levels of eGFR, G4 and G5 are the advanced stages of CKD with severely decreased levels of eGFR 3. 

Moreover, individuals with a GFR below 15 mL/min per 1.73 m² are classified as having ESKD, also 

referred to as kidney failure 79. CKD can also be classified based on the level of urinary albumin 

(albuminuria) into three stages, namely A1, A2 and A3, with the severity of the disease increasing 

with in an increase in the level of albuminuria as summarised in Table 2.1. CKD is frequently referred 

to as a “silent condition” because during the early stages of the disease (stage G1- G3), the affected 

individuals are usually asymptomatic. As a result, CKD is commonly diagnosed when the disease has 

progressed to advanced stages, where there is an increased risk of CVD-associated complications, 

mortality and kidney failure. Some of the common clinical symptoms of CKD include dyspnea, 

fatigue, joint pain, itching skin, muscle cramps,  peripheral oedema, change in output, and weight loss 
79. 

Table 2.1: Classification of CKD, according to the current CKD international guidelines 

GFR descriptors and range Albumin to creatinine ratio (ACR) (mg/mmol) 

  ml/min per 
1.73 m2 

A1 (Normal to 
mildly increased 

(<3)) 

A2 (Moderately 
increased (3–30)) 

A3 (Severely 
increased (>30)) 

G1 Normal or high 90+    

G2 Mildly decreased 60 to 89    

G3a Mildly to moderately 
decreased 

45 to 59    

G3b Moderately to 
severely decreased 

30 to 44    

G4 Severely decreased 15 to 29    

G5 Kidney failure <15    

The colours indicate risk of progression. Green: low risk (In the absence of other markers of kidney disease, 

CKD is not diagnosed); Yellow: Moderately increased risk; Orange: High risk; Red: Very high risk. Deep red: 
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Highest risk. Abbreviations: CKD (chronic kidney disease); GFR (glomerular filtration rate) ACR (albumin to 

creatinine ratio). Adapted from the Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group 3. 

 
2.7. Current diagnostic markers of CKD 
Currently, the diagnosis of CKD lies heavily on laboratory parameters such GFR, proteinuria and/or 

albuminuria, with kidney biopsies done to assess histological features for diagnosis confirmation in 

rare cases 86.  

2.7.1. Markers of kidney function 
The kidney is an intricate organ consisting of millions of nephrons also known as the functional units 

of the kidney. The nephrons have various functions, including filtering waste products and toxins 

from the blood, as well as regulating blood pressure, extracellular fluid volume and producing vitamin 

D, renin and hormones, such as erythropoietin 88. GFR, which is the gold standard measure of kidney 

function, measures the total fluid that is filtered by all functioning nephrons per unit of time. GFR can 

be measured by determining the rate by which an endogenous or exogenous substance clears from the 

kidney. Inulin is the most common exogenous filtration marker used for measured GFR 79. Inulin, 

which is a polysaccharide produced by many types of plants, cannot be digested and absorbed in the 

gastrointestinal tract, however it is uniquely treated by the nephrons, it is completely filtered by the 

glomerulus and rapidly excreted into the urine by the kidneys after ingestion 89. Although it has been 

considered the ideal filtration marker used to determine GFR, the use of inulin is not convenient as its 

measurement procedures are complex, lengthy, expensive, cumbersome, invasive, and not ideal to 

perform in routine practice or for screening purposes. Moreover, the protocol for measuring inulin 

requires continuous intravenous infusion and multiple blood and urine sample collections 89. Other 

markers such as iothalamate, iohexol, ethylenediaminetetraacetic acid or 

diethylenetriaminepentaacetic acid have been explored as alternative exogenous filtration markers for 

GFR measurement, however similar to inulin, they are complex, they require continuous infusion or 

bolus administration thereby limiting their utility in the clinic or for research purposes 90. To 

circumvent these limitations, several prediction equations have been developed to estimate GFR 

(eGFR) based on endogenous filtration markers.  

2.7.1.1. Predictive equations of eGFR 

Estimated GFR remains the most widely used method for the determination of kidney function in 

clinical practice and epidemiologic research. The first equation to estimate GFR was developed in 

1957 by Effersoe, and to date, more than 20 equations have been developed 91. The three most 

commonly used equations for the estimation of GFR are the Cockcroft–Gault, Modification of Diet in 

Renal Disease (MDRD) and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equations. The Cockcroft-Gault equation was developed in a population of 249 Caucasian males with 
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CKD 92. This equation has some major drawbacks as it does not take into consideration the effect of 

sex, ethnicity, and muscle mass on GFR and it was never revised to include the standardized 

creatinine measurements. The MDRD equation was developed and validated in a population of 1628 

individuals, mostly Caucasians, with a small percentage of African Americans aged between 18 and 

70 years with CKD (GFR <60 mL/min/1.73 m2) 93. The equation was originally based on six 

variables, including demographic variables (age, sex, and ethnicity), serum creatinine, urea, and 

albumin; however, a year later the equation was simplified to a shorter four-variable version (4v-

MDRD) consisting of only demographic variables and serum creatinine. The inclusion of 

demographic variables in the GFR estimation equation was done to adjust for non-GFR determinants 

of serum creatinine and provide more accurate estimates of GFR. In 2006, the 4v-MDRD equation 

was modified to include standardized serum creatinine which is measured using specific assays with 

calibration traceable to the isotope-dilution mass spectrometry 94. However, the 4v-MDRD equation is 

limited in that it was not validated in individuals with normal kidney function and has been reported 

to be imprecise during higher levels of GFR where it tends to underestimate GFR and misdiagnose 

individuals with normal kidney function as having CKD. Therefore, the CKD-EPI was developed in 

the year 2009 in order to overcome some of the limitations of the 4v-MDRD equation 95. The CKD-

EPI equation included the same variables as the 4v-MDRD equation however, it also included 

individuals with normal kidney function (GFR values > 60 mL/min/1.73 m2). Hence it performs better 

in individuals with higher eGFR. The dataset used to develop the CKD-EPI equation was diverse; it 

was pooled from 10 studies with a total population of 8250 participants from various ethnic groups 

such as Caucasians, Black Americans, Hispanics and Indian Americans, and it was validated in a 

similar cohort with a total population of 3900 individuals pooled from 16 studies 95. Although the 

current international guidelines of CKD recommend the use of the CKD-EPI equation to estimate 

GFR, this equation was found to perform poorly in individuals with lower eGFR 3. Therefore, it is 

clear that neither the 4v-MDRD nor the CKD-EPI predictive equation can be used across all GFR 

ranges 96. 

Another important limitation is that both the 4v-MDRD and CKD-EPI predictive equations were 

derived and validated in HICs such as North America, Europe and Australia, with predominately 

Caucasian populations and, as a result, were found to perform poorly in populations outside these 

countries, particularly in relation to the adjustments for the African American ethnicity 96. Although 

both equations included the African American cohorts to adjust for black ethnicity, recent studies 

report that the inclusion is not applicable in other geographic regions. A study in individuals of 

African and Afro-Caribbean ancestry in the United Kingdom found that disregarding the African 

American race factor significantly improved the bias and accuracy of the eGFR predictive equations, 

particularly in black individuals with higher eGFR (≥60 mL/min/1.73m2) 97. Similar findings from 

populations in sub-Saharan African showed that the inclusion of the black race coefficient factor did 
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not improve the performance of either the 4v-MDRD and CKD-EPI in estimating GFR, and in actual 

fact, its exclusion improved their performance in individuals with higher eGFR (≥60 mL/min/1.73m2) 
98. Another study performed in a mixed ancestry population of South Africa found that both equations 

showed less bias when the black race factor was excluded 99. This may partly be due to the difference 

between African Americans and native Africans in terms of  body structure and muscle mass 100. The 

use of the black race correction factor may result in overestimation of GFR and subsequently CKD 

underdiagnosis particularly in black Africans. Therefore, these equations are biased and needs to be 

validated in African populations for correct estimates of CKD burden. These limitations further 

stimulate the interest in novel diagnostic markers with improved diagnostic/prognostic accuracy for 

CKD particularly in Africa.  

2.7.1.2. Endogenous filtration markers 

The 4v-MDRD and CKD-EPI predictive equations are limited by the inherent use of endogenous 

filtration markers, including serum creatinine 94 and cystatin C 101. Serum creatinine is limited in that 

its concentration can be affected by factors independent of glomerular filtration. Creatinine is a waste 

product of skeletal muscle tissue breakdown and the digestion of dietary protein that is filtered and 

secreted by the proximal tubules but not reabsorbed or metabolized by the kidney 90. The 

concentration of serum creatinine increases with a reduction in GFR, however, it can also be affected 

by factors independent of creatinine glomerular filtration such as muscle mass, diet, in particular, 

meat intake or use of protein supplements, physical activity, certain drugs and tubular secretion or 

excretion 102.  

Another alternative endogenous filtration marker that has come to light in the past decade is cystatin 

C. Cystatin C is a small molecular weight protein produced by the cells in the body at a constant rate, 

and it is freely filtered and reabsorbed by the kidneys (tubular cells) 90. Cystatin C has been reported 

to be more advantageous and a better marker for eGFR as compared to serum creatinine.  It has less 

intra-variability, stable production and it is not affected by factors such as diet and muscle mass 103. 

However, like serum creatinine, it is also affected by non-glomerular filtration factors such as age, 

sex, ethnicity, diabetes, inflammation, smoking, use of corticosteroids and adipose tissue and these 

factors should be taken into consideration when interpreting its concentration in clinical practice 101. 

In a cross-sectional analysis including a diverse cohort of 5352 individuals and an independent 

validation cohort of 1119 individuals, an estimation equation for GFR was developed based on 

cystatin C alone as well as in combination with serum creatinine 103.  It was found that the equation 

that used both markers performed better than either the serum creatinine or cystatin C based eGFR 

equation 103. Recently, Inker and colleagues modified the eGFR equations in an even larger cohort, 

with the equation incorporating both serum creatinine and cystatin C and the individual serum 

creatine and cystatin C based equations, however, they eliminated a black race correction factor in 
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these equations.  It was found that the equation incorporating both serum creatinine and cystatin C  

was  more accurate in black and non-black individuals as compared to the equations with either 

creatinine or cystatin C alone 104. 

Conflicting findings have been reported in SSA concerning the performance of cystatin C in eGFR. In 

a cross-sectional study that was performed in individuals residing in the Democratic Republic of 

Congo (n=210) and Ivory Coast (n=284), it was found that the use of cystatin C alone or in 

combination with serum creatinine in the absence of the race factor did not improve the performance 

of eGFR equations whereas creatinine-based equations performed reasonably well 98. Another study 

performed in Malawi in a population of 363 adults of which 32% were HIV-positive, found that 

creatinine-based relative to cystatin-based CKD-EPI equation in the absence of the race factor 

performed better in HIV-negative individuals but not in HIV-positive individuals where it was 

associated with overestimation of GFR. However, they still recommended that creatinine-based 

equation should be used because of the high costs and lack of standardization in SSA 105.  However, 

both studies 98,105 had significantly smaller study populations compared to the studies that reported on 

the advantage of cystatin C which might have influenced their results. Recently, a large multicentre 

study, including 2578 participants, using data from South Africa, Malawi and Uganda, evaluated 10 

different eGFR equations based on serum creatinine and cystatin C compared to measured GFR using 

iohexol to identify a reliable method for eGFR in SSA 106. Their findings indicated that the use of 

creatinine-based GFR equations substantially overestimated kidney function when compared to 

iohexol and cystatin C measures, particularly at lower GFR levels, and this was exacerbated by the 

inclusion of the race coefficient factor in Africans 106. The use of serum creatinine for estimation of 

GFR remains the preferred option in resource limited settings particularly in Africa because of its 

affordability and accessibility, however, it is a suboptimal biomarker of eGFR and larger nationally 

representative studies are needed to explore the performance of cystatin C-based eGFR equations 

which may be superior in SSA. 

2.7.2. Kidney damage markers 

Markers of kidney damage are of importance for the classification of CKD in stages where kidney 

function alteration is not apparent 107. The current international guidelines of CKD uses the level of 

albuminuria, which is a well-established marker of kidney damage, to define stage 1 and 2 of CKD 

where the level of GFR is above 60 mL/min/1.73m2 3. The persistent loss of albumin or protein in 

urine above the normal ranges (30 mg or 150 mg per day, respectively) may be indicative of kidney 

damage.  

The reference method for measuring albuminuria is by determining albumin excretion rate (AER) in a 

urine sample collected in a timed 24-hour period 3. However, this method is time-consuming and 

susceptible to errors due to incomplete urine collection and timing errors and is impractical for large-
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scale studies 108. The current international guidelines recommended that measurement of ACR in 

random (preferably first-morning void) spot urine samples to determine the level of albuminuria is 

accurate enough to substitute AER and should therefore be used as a standard 86. However, there are 

limitations that need to be taken into consideration when using ACR, as it can be influenced by 

factors independent of albumin filtration, such as menstruation, physical activity, hyperglycaemia, 

HTN, fever and urinary tract infection 108. The levels of ACR also differ between males and females 

partly because of differences in muscular mass. Therefore, it is recommended that the diagnosis of 

albuminuria should be made based on two abnormal ACR out of three measured within a period of 

three to six months  108. Moreover, albuminuria is limited during the early stages of CKD as there is 

generally minimal damage to the kidneys and elevated urinary albumin is not detectable at this stage 
109. Dipstick tests, which are predominantly used in poor resource settings to measure urine protein 

loss, particularly in Africa, have poor sensitivity and may not detect albuminuria at levels lower than 

30-300 mg 102.  

Other potential biomarkers for diagnosis and prognosis of CKD have also been explored as reviewed 

by Rysz et al. (2017), namely asymmetric dimethylarginine, symmetric dimethylarginine, 

uromodulin, kidney injury molecule-1, neutrophil gelatinase-associated lipocalin, and proteomic and 

metabolomic biomarkers, however, these markers have not been validated in clinical practice 102. With 

all these being said, there is a need for biomarkers that will allow for early detection of CKD and 

monitoring of treatment response. 

2.7.3. Kidney biopsy 
Kidney biopsies, on rare occasions, are conducted as confirmation of diagnosis, or to determine the 

cause or stratification of CKD into various stages 18. Moreover, they can also inform on the 

underlying pathological mechanisms, prognosis and help make an informed decision on the intensity 

and magnitude of treatment prescribed 18. However, kidney biopsy is an invasive diagnostic 

procedure, expensive and complex to perform as it requires special facilities, resources and expertise 

and is not recommended for repeated and population-based testing 3. 

2.8. Epigenetics  
The term epigenetics was first described in 1942 by Conrad Waddington, literally meaning above or 

in addition to genetics 110. Waddington described the term as “the branch of biology which studies the 

causal interactions between genes and their products which bring the phenotype into being” 111. With 

the rapid growth in genetic studies over the years, the definition has evolved and is currently defined 

as functional alterations of gene expression that are heritable and do not affect the sequence of the 

DNA 112. These epigenetic changes result in the silencing or activation of genes, thereby determining 

which proteins are produced 113. Some epigenetic changes have been reported to be reversible by 
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interactions with nutritional and environmental factors. There are three main epigenetic mechanisms; 

DNA methylation, histone modification and non-coding RNAs (ncRNAs) 112. DNA methylation, 

which is the first described and most researched mechanism in epigenetic inheritance, involves 

addition of a methyl group on the fifth cytosine of the cytosine phosphate guanine dinucleotide thus 

repressing gene expression through inhibition of transcription. As such, DNA methylation is a key 

regulator of gene expression and plays a critical role in mammalian development and physiology 114. 

Histone modification is a post-translational modification that regulates chromatin structure and gene 

transcription by histone-acetylation and -methylation, and phosphorylation mechanisms, thereby 

impacting various important cellular phenotypes 115.  

2.8.1. Non-coding RNAs  
Another major epigenetic mechanism that has gained prominence in the field of biology over the 

years has non-protein coding RNAs as key role-players. Although enhanced interest in ncRNA 

research came about as a result of the discovery of miRNAs, the discovery of ncRNAs started with 

the identification of ribosomal RNA (rRNA) and transfer RNA (tRNA) in the 1950s 116. For years, 

RNA research focused on rRNA and tRNA (also known as protein translation machinery), as well as 

mRNA, as they all play a major role in protein synthesis 117. However, with advancements in 

sequencing technologies and computational analysis, more ncRNAs have been discovered 118. 

Moreover, the completion of the human genome sequencing two decades ago, which is one of the 

biggest landmark achievements in biomedical sciences, led to the functional characterization of 

human genes which attracted more interest in the field of ncRNAs 119,120. It was initially believed that 

the majority of the human genome comprised of protein-coding genes and only these sequences of the 

genome were transcribed. However, the completion of the human genome sequencing revealed that 

only 1.5% of the genome comprises of protein-coding genes 121. Moreover, approximately 80% of the 

genome that was previously deemed “junk” is ultimately transcribed at some level into functional 

ncRNAs that regulate gene expression and mediate cellular processes involved in cell physiology and 

pathology 122.  

Non-coding RNAs are a class of functional, highly abundant and diverse group of RNAs that do not 

encode proteins, but regulate gene expression at transcriptional and post-transcriptional levels 123. 

Their classification, as summarized in Figure 2.1, is based on size, with a cut-off of 200 nucleotides 

used to separate small ncRNAs (<200 nucleotides) such as miRNAs, small interfering RNAs 

(siRNAs) and piwi-interacting RNAs (piRNAs) from long ncRNAs (>200 nucleotides) such as 

lncRNAs and circRNAs 123. Non-coding RNAs play an important role in normal development, 

physiology and the development of disease, as the majority of genetic variations associated with 

disease development are located within the ncRNAs 124,125. The functional relevance of ncRNAs 
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became more apparent with the discovery of small ncRNAs called miRNAs, which are the main focus 

of our study.  

 

 
Figure 2.1: The definition and classification of non-coding RNAs (ncRNAs). The genome is transcribed 

into coding and ncRNAs, the latter constituting the majority of the transcriptome. The ncRNA is classified into 

small and long ncRNAs, which do not code for proteins but regulate gene expression and rRNA and tRNA, 

which play a major role in protein synthesis. The figure was adapted from Brandenburger (2018) 123. 

2.8.2. Discovery of microRNAs 
In the early 1990s, two ground-breaking independent studies led to the discovery of the first miRNA. 

Lee et al. (1993) from Harvard University and Wightman et al. (1993) from the Massachusetts 

General Hospital, both discovered that the lin 4 gene in nematode Caenorhabditis (C.) elegans 

produces small (22 nucleotides long) RNAs, now called miRNAs. Lin-4 does not encode a protein, 

but regulates mRNA lin-14 expression post-transcriptionally, by antisense complementary binding to 

its 3’ untranslated region (UTR) and as a result negatively regulating Lin-14 protein levels, which are 

essential for the development of C.elegans 126,127. This discovery led to the identification of a cellular 

regulatory mechanism for gene expression. However, it was only seven years later that the role of 

miRNAs as post-transcriptional regulators of gene expression gained momentum. This was when let-

7, a second miRNA with similar characteristics, was identified in C.elegans 128. Soon after, let-7 was 

identified in other organisms, including humans 129,130, indicating that these miRNAs were not unique 

to nematodes. These findings led to a new era of post-transcriptional gene regulatory mechanisms, 

and in 2001, this new class of small ncRNAs were then named miRNAs 131. Since then, an increasing 
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number of miRNAs have been detected in all animal models and other species through random 

cloning, other molecular biology techniques and also by the help of  computational and bioinformatic 

tools 132. In 2018, approximately 11000 papers were published on the potential role of miRNAs in the 

diagnostic fields 133.  

2.8.3. Description of microRNAs 
MicroRNAs are a class of small (18 to 25 nucleotide bases in length), endogenous single-stranded 

ncRNAs encoded by plant, animal, and viral genomes, which function as post-transcriptional 

regulators of gene expression 117. They represent a major class of small ncRNAs and regulate the 

expression of more than 60% of human protein-coding genes 134. The regulatory process of miRNAs 

was first described in 1998 as RNA interference (RNAi) by Andrew Fire and Craig Mello 135, who 

were later awarded a Nobel Prize in Medicine and Physiology in 2006 for this discovery 136. The turn 

of the millennium was accompanied by a rapid increase in the discovery of new miRNAs, and as 

such, miRBase, a comprehensive and up-to-date central registry and repository was established in 

2002, with the aim of assigning unique names to different miRNAs to provide a searchable database 

for all published miRNAs 137. At its release, the database contained only 218 miRNAs from five 

different species 138. Two decades later and the latest miRBase version 22.1, which was released in 

2018, holds approximately 2700 mature miRNAs identified in Homo sapiens, 1978 miRNAs in mice, 

1095 miRNAs in C. elegans, and 469 in Drosophila melanogaster 139.  

2.8.4. Biogenesis of microRNAs 
The biogenesis of miRNAs is a complex, multistep process that is initiated in the nucleus, undergoing 

a lot of processing by various enzymes and proteins, and ending in the cytoplasm as illustrated in 

Figure 2.2.  The initial clues to the synthesis of miRNAs came in 2001, when it was shown in 

C.elegans that long double-stranded transcripts are processed into smaller RNAs, approximately 21-

25 nucleotides long 140. Initially, the miRNA genes located within the intergenic and a few in the 

introgenic regions of the genome 131, are transcribed by RNA polymerase II into a long hairpin-like 

structure called a primary miRNA transcript (pri-miRNA) in the nucleus 141. Following this, pri-

miRNA is recognized and cleaved by a ribonuclease (RNAse) III endonuclease called Drosha with the 

help of DiGeorge syndrome critical region 8 (DGCR8) protein, to produce one or more shorter 

hairpin-like structures called precursor miRNAs (pre-miRNAs) approximately 60 -70 nucleotides 

long 142. The pre-miRNA is then transported out of the nucleus via exportin 5 into the cytoplasm, 

where it is further processed by RNAse III enzyme Dicer, resulting in short (20-23 nucleotides long) 

double-stranded mature miRNA molecules 143. The Argonaute (AGO) family of proteins (AGO 1-4) 

interacts with the mature miRNA duplex, leading to the selection of the strand, the 5p (arising from 

the 5’ end of pre-miRNA) or the 3p (arising from the 3’ end of pre-miRNA) based on the 

thermodynamic stability at the 5’ ends of the miRNA duplex 144. The least stable 5’ end strand is 
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selected as the guide strand and loaded into AGO, and then incorporated into the RNA-induced 

silencing complex (RISC), and this marks the completion of miRNA biogenesis 24. The miRNA will 

then guide the RISC complex to the target mRNA by partial complementarity, resulting in inhibition 

of mRNA translation to protein or degradation of mRNA or both 24,145. On the other hand, the 

passenger strand is released from the AGO, and is presumably degraded, although there are few cases 

where it is incorporated with the RISC, and remains functional 146. 

 

 
Figure 2.2: The biogenesis of miRNAs 

The figure illustrates how miRNAs are transcribed in the nucleus by RNA polymerase II into primary miRNA 

(pri-miRNA), which is then cleaved by Drosha, RNAse III endonuclease with the help of proteins into smaller 

stem-looped structures called precursor miRNAs (pre-miRNAs). Pre-miRNAs are then exported into the 

cytoplasm via exportin 5 where they are further processed by Dicer, RNAse III enzyme into mature miRNA 

which is loaded into argonaute protein and then incorporated into the mRNA-induced silencing complex 

(miRISC). The miRISC will bind to the target miRNA, thereby inhibiting the translation of mRNA or leading to 

the degradation of miRNA. Adapted from Hajarnis et al. (2015) 147, See license for permission of reuse under 

Appendix A. 

2.8.5. Function of microRNAs 
The primary function of miRNAs is to regulate gene expression at the post-transcriptional level, 

thereby impacting the synthesis of certain proteins 117. This is predominantly achieved by mediating 

destabilization of their target mRNA, although a minor component of translation inhibition has been 
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detected 148. At a molecular level, miRNAs bind to the target site generally located in the 3’UTR of 

the target mRNA by canonical and non-canonical mechanisms 117. In the canonical mechanism, the 

guide miRNA incorporated in the RISC complex binds to the 3’UTR region of the target mRNA 

based on the seed sequence, the 3’UTR complementary sequence, located between the second and 

eighth nucleotides on the 5’ end of the miRNA, resulting in deadenylation, translation inhibition and 

then degradation of the target mRNA 24. However, 60% of the time, these sequences are not 

completely complementary, and therefore, the miRNA will bind to the target mRNA via non-

canonical mechanisms containing mismatched nucleotides, resulting in the degradation of the mRNA 
117. Due to the nature of their binding, a single miRNA can regulate the expression of a multitude of 

mRNAs, and on the other hand, one mRNA possesses multiple binding sites for different miRNAs, 

and therefore may be regulated by multiple miRNAs 149. This highlights how miRNAs are involved in 

various biological pathways, as well as the development of diseases. However, it is important to note 

that only miRNAs expressed at the highest levels can exert transcriptional regulation on their target 

mRNA. The use of prediction tools such as in silico target prediction algorithms are being employed 

to identify miRNA potential targets based on the complementarity between the miRNAs and 3’UTR 

on the mRNA, as well as their degree of conservation across species 150.  

MicroRNAs also play a role in intercellular signaling, and although they are mostly found in the 

cytoplasm of cells, they are also secreted into body fluids, whereas some are exogenous miRNAs 

from food, bacteria and fungi 151. They are carried by extracellular vesicles of different cells to to be 

released together with other genetic material into their targeted cells, thereby facilitating cell 

communication. Because of the regulatory role of miRNAs, they are implicated in a variety of 

biological processes such as cell proliferation, differentiation, apoptosis, development and metabolism 
24. Considerably high levels of miRNAs were expressed in organs of human fetuses relative to 

matched adult organs 152. Similarly, mutations in lin-4 and let-7 (the first two identified miRNAs) 

were associated with defects in the development of larvae, and it was suggested that these miRNAs 

are involved in the early and late larval developmental transition in C. elegans 127,128. Furthermore, 

miRNAs also play an important role in homeostasis maintenance and development. Knockout of 

genes encoding Dicer and Drosher enzymes involved in the biogenesis of miRNAs, was found to be 

associated with underdeveloped organs and/or death 153.  

2.8.6. Location of microRNAs 
Understanding the distribution and expression of miRNAs across different human biological samples 

is important in understanding their physiological and pathological roles. The expression of miRNAs 

usually correlates with the expression of its host genes. At a molecular level, assessment of the 

chromosomal location and genomic distributions demonstrated that approximately 52%, 40% and 8% 

of the human miRNA transcription sites are located within the intergenic, intronic and exonic regions 
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of the genome, respectively 154. Moreover, it was shown that some miRNAs are expressed in clusters 

and this is because their genes are co-expressed as they are in close proximity to each other 155. 

Studies have highlighted that miRNAs are ubiquitously expressed across human biological samples, 

whilst a small percentage is expressed in a tissue-specific manner 156. This may be because certain cell 

types are found in many organs, therefore, their specific miRNAs may be misinterpreted as 

ubiquitously expressed 157. Landgraf and colleagues carried out a sequencing-based study and 

reported the expression of 340 miRNAs in 26 organs, providing initial evidence of differing miRNA 

expression patterns  across various tissues 158. A year later, it was demonstrated that placental 

miRNAs are detectable in maternal plasma in a protected fashion and in stable forms 159. In the same 

year, another study reported the extracellular pattern of miRNAs in individuals with large B-cell 

lymphoma 160. Expression patterns of miRNAs previously identified in specific tissues were reported 

in 12 different extracellular body fluids from normal including, plasma, urine, saliva, breast milk, 

tears, cerebrospinal fluid, colostrum, seminal fluid, amniotic fluid, bronchial lavage, pleural fluid and 

peritoneal fluid by Weber and co-workers 151. Approximately one third of tissue-specific miRNAs are 

also expressed in circulation. The stability of these miRNAs in bodily fluids is remarkable, and it has 

been suggested that this stability is due to their ability to bind proteins such as Argonaute2 or 

lipoprotein complexes or be encapsulated within the cell in multivesicular compartments, which fuse 

with the cell membrane to release exosomes into circulation , thereby protecting them from 

degradation by RNAses found in bodily fluids 161. The mechanisms in which miRNAs are released 

into circulation are still not fully understood to date. However, others suggest that following tissue 

injury, cell death and necrosis or through active secretion, protein-bound miRNAs are secreted into 

the circulation to facilitate intercellular communication 162. 

2.8.7. Techniques for microRNA detection 
There are four main techniques for the quantification of miRNAs, namely quantitative reverse 

transcriptase northern blot hybridization, RT-qPCR, microarray and next-generation sequencing 

(NGS) 163. Initially, northern blot hybridization, RT-qPCR and microarrays were the only techniques 

used to quantify miRNAs. However, these techniques are of low yields and could only quantify a 

limited number of miRNAs 163. With the advancement in technology, NGS with greater yield is now 

employed to quantify and discover novel miRNAs 164. Northern blot hybridization is a widely used 

technique for quantifying miRNAs 163. It was the first technique utilized to study miRNAs, by using 

polyacrylamide gel electrophoresis to visualize the miRNA. Whilst this technique allows the 

identification of new miRNAs, it requires large quantities of RNA, is time-consuming and has low 

sensitivity and throughput 165. RT-qPCR is the gold-standard technique for miRNA quantification. 

This technique uses total RNA as a starting material and is converted to complementary DNA 

(cDNA) by reverse transcription followed by amplification of miRNA with specific primers 166. RT-

qPCR is highly sensitive and specific, quite affordable, easy to use and fast  166. However, it can be 
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affected by the purity and quality of RNA, and also requires the inclusion of normalization miRNAs 

which are not yet standardized 167. Microarrays utilise fluorescence to hybridize target miRNAs to the 

complementary fixed probes. Although it is easy to perform and allows parallel analysis of hundreds 

of miRNAs in a single sample with short turnaround times, it is expensive, biased by cross-

hybridization and it does not allow identification of new miRNAs 168. NGS allows parallel sequencing 

of millions of miRNAs in a single sample and can be used to identify novel miRNAs. However, this 

technique is costly, time-consuming, and requires complex data analysis 165. 

2.8.8. MicroRNAs and disease association 

Understanding the molecular, physiological, and pathological mechanisms underlying the 

development of diseases in humans is critical in biomedical research. A growing body of evidence 

demonstrates that miRNAs play an extensive role in gene expression through their involvement in a 

variety of biological processes such as cell development, proliferation, differentiation and apoptosis, 

determination of cell fate, adaptation to stress, immune reaction, host-viral interactions, signal 

transduction, hematopoietic lineage differentiation and tumorigenesis 117,126. Therefore, dysregulation 

of their expression profiles may be associated with the development of various diseases. Dysregulated 

miRNA patterns may result from various factors, including those that interfere with miRNA 

biogenesis and sequestration, genomic alterations that may result from deletion or amplification of 

genes that encode miRNAs or aberrant expression of transcription factors or enzymatic differences 169. 

The initial study to provide evidence on altered miRNA expression in diseases was published in 2002 
170. In this study, the authors searched for tumor suppressors at chromosome 13q14 region which 

contains genes encoding miR-15 and -16, in B-cell chronic lymphocytic leukemia cells and found that 

this region is downregulated or frequently deleted in individuals with B-cell chronic lymphocytic 

leukemia disease. Following this study, several other independent laboratories reported dysregulated 

miRNA profiles in various cancers. Increasing evidence has shown that miRNAs can act as 

oncogenes or tumor suppressors in the development, progression and metastases of cancers of the 

breast 171, ovary 172, prostate 173, colon 174 and lung 175. 

MicroRNAs are involved in the functioning of the nervous system, and dysregulation in their 

expression pattern may result in the development of diseases such as Alzheimer’s disease, Parkinson’s 

disease, multiple sclerosis, epilepsy and glioblastoma 176. For example, the expression patterns of 

miR-20b-5p, miR-30a-5p, and miR-146a-5p were altered in immunological and neurologic pathways 

underlying the development of multiple sclerosis 177. MiR-107 has been reported to be downregulated 

in Alzheimer’s disease and may be associated with disease progression through its regulation of 

mRNA β-site amyloid precursor protein-cleaving enzyme 1 (BACE1) 178. MiR-103a, -30b and -29a 

were upregulated in treated individuals with Parkinson’s disease 176. In addition, aberrant miRNA 

expressions have been associated with CVDs. Several studies have shown that miRNAs, including 
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miR-1, miR-133a, miR-208a/b, and miR-499, are usually upregulated following myocardial infarction 
179.  

2.8.9. MicroRNAs in chronic kidney disease 
Studies have shown that some miRNAs are specifically expressed in the human kidney and may be 

involved in the development, homeostasis, and physiology of the kidney. MiRNAs including miR-

192, miR-194, miR-204, miR-215, miR-216, miR-449c-5p and miR-449b-5p, were found in greater 

abundance in the kidney as compared to other organs and as a result, were targeted for investigation 

by most studies to determine their role in kidney dysfunction 156,180. On the other hand, other miRNAs 

such as miR-21, miR-200a, and let-7a–g were found to be highly expressed in the kidney as well as in 

other organs 158. Conversely, there are a number of other miRNAs that are expressed in lower levels 

or absent in the kidneys as compared to other organs, thereby permitting the expression of certain 

proteins essential for the normal functioning of the kidneys 181. When all this is considered, it is 

apparent that miRNAs may play an important role in kidney development, maintenance and 

functioning, as well as the development of kidney disease. Differential expression of miRNAs has 

been observed between the inner and outer regions of the kidney. For example, a 20-fold increase in 

expression of miR-192 was reported in the cortex where it regulates sodium transport, relative to the 

medulla of the kidney 181. Animal model studies were the first to reveal evidence of the involvement 

of miRNAs in the development of kidney disease. The deletion of an RNA nuclease involved in 

miRNA biogenesis in mice was associated with the development of kidney injury, proteinuria and 

kidney failure 182. 

One of the first studies to evaluate extracellular miRNAs in individuals with CKD was by Neal and 

colleagues. They found that plasma miR-16, miR-21, miR-155, miR-210, and miR-638 were 

significantly downregulated in individuals on dialysis 183. Several other studies reported on the 

dysregulation of circulating miRNAs in individuals with CKD. Fourdnier et al. reported that reduced 

expression of serum miR-126 and miR-223 was associated with lower eGFR in individuals with CKD 

stages 1 to 5 in a longitudinal cohort study 29. A cross-sectional analysis in elderly Japanese 

individuals demonstrated serum miR-126, miR-197 and miR -223 downregulation in individuals with 

CKD 184.  

2.8.9.1. MicroRNAs in diabetic kidney disease 

Dysregulation of miRNA expression has been associated with diabetic kidney disease (DKD), a 

leading cause of ESKD. Kato and colleagues performed microarray profiling and discovered that the 

expression of miR-192 was upregulated by transforming growth factor beta 1 (TGF-𝛽1) in diabetic 

mice and subsequently activated the expression of type 1 and 2 collagen gene in mesangial cells by 

targeting the E-box repressors Zeb1 and Zeb2 which control the expression of TGF-1-induced 

collagen 185. In a further study, they showed that miR-192 induced the upregulation of TGF-𝛽1 and 
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amplification of  TGF-𝛽1 signalling, accelerating the progression of chronic fibrotic kidney diseases, 

including DKD 186. Others have demonstrated that miR-21 plays a role in the development of DKD 

through its involvement in fibrosis, apoptosis, hypertrophy and protein kinase B activation by 

targeting genes such as Phosphatase and TENsin homolog 187. A mouse model study showed that 

miR-21 was associated with fibrogenesis and epithelial injury in the kidneys and showed potential as 

a therapeutic target 188. Due to their effect on pathways such TGF-𝛽1 signalling pathway, and their 

impact on epithelial-mesenchymal transformation, miRNAs are also involved in the development of 

renal fibrosis, a common cause of DKD and a major pathological feature of ESKD. Inflammation 

plays an important role in the progression of DKD, and anti-inflammatory miRNAs like miR-146a are 

reportedly involved in the pathogenesis of DKD. An animal model study showed that in mice where 

miR-146a was knocked-out, there was increased activation and suppression of macrophages M1 and 

M2, respectively, as well as increased expression of pro-inflammatory cytokines as opposed to mice 

with miR-146a, thereby highlighting the anti-inflammatory role of this miRNA in the development of 

DKD 189. Increased expression of miR-21-5p has been observed in serum and kidney samples of 

humans or rodents with DKD 190,191. Knockdown of miR-21-5p in mice with induced DM was 

associated with ameliorated inflammation, reduced interstitial fibrosis, reduced albuminuria and 

prevented podocyte loss 190.  

2.8.9.2. MicroRNAs in hypertensive nephropathy 

Altered miRNA expression patterns have been reported in hypertensive nephropathy. Global miRNA 

profiling on kidney biopsies demonstrated that a number of miRNAs, including miR-200a, miR-200b, 

miR-141, miR-429 and miR-192 were highly expressed in individuals with hypertensive 

nephrosclerosis and the degree of upregulation was associated with disease progression 192. A study 

performed in Dahl salt-sensitive rat models showed that the upregulation of miR-29b suppressed the 

expression of collagen and extracellular matrix-related genes, thereby causing hypertensive kidney 

injury 193. In a study by Lu and colleagues, they demonstrated miR-103a-3p upregulation in 

individuals with hypertensive nephropathy when compared to normotensive individuals. Furthermore, 

they showed that mice which overexpressed miR-103a-3p and were induced with angiotensin II 

presented with kidney inflammation, kidney fibrosis and albuminuria, as compared to mice with 

silenced miR-130a-3p, thereby highlighting the role of this miRNA in the development of 

hypertensive nephropathy 194. 

2.8.10. MicroRNAs as potential biomarkers of disease 
Biomarkers have evolved over the years with human advancement in technology and research. 

Nowadays, a biomarker is defined as “a molecule that can be objectively measured and evaluated in 

human body fluid to reflect the presence or absence of disease as well as response to treatment” 195. 

Therefore, an ideal biomarker has to meet certain qualities, including 1) being measurable in a sample 
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that was obtained in a minimally invasive nature, such as in urine, blood or saliva, 2) being disease-

specific, sensitive with production in the early stages of the disease before the presentation of clinical 

symptoms, 3) being inexpensive to quantify, 4) changing in quantity with disease progression or in 

response to treatment, and 5) being translatable from research to clinic 195. Most of the biomarkers 

currently used for disease diagnosis are protein-based. Due to the complexity of the structure of 

proteins and their diverse nature, protein biomarkers have proven to be costly, time-consuming and 

difficult to analyse as they require high-affinity specific analysers 196. Although it was believed that 

RNA molecules could not be used as biomarkers, particularly in blood, because of high levels of 

ribonucleases (RNAses), this notion was dismissed when miRNAs were detected in the circulation in 

highly stable forms.  

In 2007, it was discovered that miRNAs were among the RNA molecules that were exported into the 

extracellular space in vesicles, thereby protecting them from degradation by RNAses 197. A year later, 

it was demonstrated that placental miRNAs are detectable in maternal plasma in a protected fashion 

and in highly stable forms 159. MicroRNAs have become more desirable as potential diagnostic and 

prognostic markers of disease due to a number of advantageous qualities, including that they are 

expressed in a tissue specific manner, detectable in human biofluids in highly stable manner due to 

their short length, and can be easily and reliably quantified using fast and robust techniques 117. 

Moreover, due to their altered expression in biofluids or tissues of unhealthy compared to healthy 

individuals, miRNAs can therefore discriminate disease conditions or correlate with mechanisms of 

disease development or progression 20–23. Taken together, these qualities suggest that miRNAs may 

present a new class of potential biomarkers that can be detected in a minimally invasive, highly 

specific and sensitive manner, and are capable of early diagnosis or prediction of disease, allowing 

early initiation of treatment and therefore improving patient outcomes as compared to traditional 

diagnostic methods 198.  

The field of cancer was the first to establish miRNAs as disease biomarkers. They observed that 

dysregulated expression of serum miR-21, miR-155 and miR-210 was associated with a diagnosis of 

large B cell lymphoma 160. Thereafter, the potential role of circulatory miRNAs as disease biomarkers 

was explored by independent laboratories in various cancers, including prostate 25 and lung cancer 199. 

Moreover, miRNAs have allowed for the identification of the tissue of origin for metastatic cancer, 

thereby reducing time-consuming procedures and overall costs of the procedure 200. Since then, the 

research into specific biofluid miRNA profiles for a wide range of diseases has increased 

substantially, and miRNAs have emerged as promising diagnostic and prognostic biomarkers for a 

wide range of diseases 133. In 2011, Keller and colleagues conducted a comprehensive study to 

evaluate whole blood specific miRNA profiles in the following 14 diseases: lung, prostate, pancreatic 

and ovarian cancer; gastric, Wilms and pancreatic tumours, as well as multiple sclerosis, acute 
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myocardial infarction, pancreatitis, periodontitis and sarcoidosis 26. They used microarrays to analyse 

miRNA profiles in 454 blood samples and identified two miRNAs capable of discriminating between 

healthy controls and each profiled disease. In a study by Mohan and colleagues, they demonstrated 

that urinary miRNAs secreted following nephron injury may serve as potential biomarkers for the 

prediction or early detection of DKD 201.  

2.8.11. MicroRNAs as therapeutic targets 

Similarly, a number of studies are currently underway evaluating the potential use of miRNAs as 

therapeutic targets in the form of miRNA mimics and antagomiRs. In cases where the expression of a 

specific miRNA is downregulated, the expression can be re-established by using a miRNA mimic 202, 

whereas when a specific miRNA is overly expressed an antagomiR is used to suppress the expression 

of that miRNA 203. miRNA mimics are synthetic RNA molecules with the same nucleotide sequence 

as their specific endogenous miRNA, whereas antagomiRs are synthetic RNA molecules that bind and 

sequester their specific endogenous miRNA, thereby inhibiting its functions 204. The unique ability of 

miRNAs to bind to a multitude of mRNAs and regulate their expression creates a broad and intricate 

regulatory network, making them attractive as potential therapeutic candidates 205. Although none of 

the miRNA-based therapies has been formally approved, the possibility of utilising miRNAs as 

potential therapeutic targets has gained interest after various therapies have reached phase I and II of 

their respective clinical trials. An example is the successful treatment of individuals with hepatitis C 

virus infection using miravirsen, which is a sequester and inhibitor of miR-122.  This miRNA-based 

therapy is currently in phase II of clinical trials and is moving towards the market 206. Also, miR-29 

has been shown to have antifibrotic qualities, and miR-29 mimic (MRG-201) is currently in phase II 

of the clinical trial for the treatment of individuals with skin fibrosis, although it might be applicable 

to kidney fibrosis, a common cause of ESKD 207. 
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ABSTRACT 

Introduction: Chronic kidney disease (CKD) is a significant health and economic burden, owing to 

its ever-increasing global prevalence. Due to the limitations in the current diagnostic methods, CKD is 

frequently diagnosed at advanced stages, where there is an increased risk of cardiovascular 

complications and end-stage kidney disease. As such, there has been considerable interest in 

microRNAs (miRNAs) as potential markers for CKD detection. This review seeks to identify all 

miRNAs associated with CKD and/or markers of kidney function or kidney damage in the general 

population and high-risk subgroups and explore their expression profiles in these populations.  

Methods and analysis: A systematic search of published literature will be conducted for 

observational studies that report on miRNAs associated with CKD or kidney function or kidney 

damage markers (serum creatinine and cystatin C, eGFR and urinary albumin excretion) in adult 

humans. The electronic database search will be restricted to English and French publications up to 31 

October 2021.  Two investigators will independently screen and identify studies for inclusion, as well 

as extract data from eligible studies. Risk of bias and methodological quality will be assessed by the 

Newcastle-Ottawa Quality Assessment Scale for observational studies and Grading of 

Recommendations Assessment, Development and Evaluation tools. Appropriate meta-analytic 

techniques will be used to pool estimates from studies with similar miRNAs, overall and by major 

characteristics, including by country or region, sample size, gender, and risk of bias score. 

Heterogeneity of the estimates across studies will be quantified and publication bias investigated. This 

protocol is reported according to Preferred Reporting Items for Systematic reviews and Meta-Analysis 

protocols (PRISMA-P) 2015 guidelines. 

Ethics and dissemination: This study design does not require formal ethical clearance and findings 

will be published in a peer-reviewed journal. 

Conclusion: This review will provide the expression pattern of miRNAs associated with CKD. This 

will allow for further research into the identified miRNAs, which could later be used as biomarkers 

for prediction and early detection of CKD, monitoring of disease progression to advanced stages and 

as potential therapeutic targets.  

Registration: PROSPERO (Reference no: CRD42021270028).  
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• The systematic review and meta-analysis will follow the PRISMA guidelines  

• The review will include studies that analysed miRNAs associated with CKD in the general 

population and high-risk subgroups 

• Study eligibility and data extraction will be conducted by two reviewers independently, with a 

third reviewer to resolve any inconsistencies or disagreement. 

• The quality of individual studies will be assessed using a risk of bias tool 

• Significant inter-study methodological variations in analysing miRNA expression 

3.1. Introduction 
Chronic kidney disease (CKD) is a major public health concern globally and continues to be a 

significant socio-economic and healthcare burden worldwide1. This indirectly results from the 

association of CKD with adverse health outcomes, including cardiovascular disease (CVD), which is 

a major cause of morbidity and mortality1. Studies have shown that CVDs are the leading cause of 

death in people with CKD, and the risk of death is even higher in individuals with advanced CKD2,3. 

Another major health outcome of CKD is end-stage kidney disease (ESKD), for which individuals 

require costly kidney replacement therapy for survival, and whose availability is limited in developing 

countries4. According to the 2020 Global Burden of Disease (GBD) report, the period between 1990 

and 2017 saw a 29.1% increase in the prevalence of CKD, with the current estimated prevalence 

being 9.1%5. The rise in CKD cases is partly attributable to the high burden of diabetes mellitus (DM) 

and hypertension (HTN), the major causes of CKD, and other causes include human 

immunodeficiency virus (HIV) and advanced age5. As highlighted in the latest GBD report, greater 

promise in effectively dealing with the burden of CKD will be seen through implementing the 

National Strategic Action Plans for kidney disease in all countries, which includes early detection and 

prevention of CKD in individuals at high risk6. However, due to the absence of symptoms in the early 

stages of CKD, diagnosis is usually made when the disease has progressed to advanced stages that are 

associated with higher risk of CVD mortality and ESKD7. Therefore, early identification of kidney 

dysfunction will allow for early treatment initiation, thereby preventing or delaying CKD 

advancement.  

Currently, the diagnosis of CKD lies heavily on the estimation of GFR (eGFR) from serum creatinine 

or cystatin C and/or markers of kidney damage, such as the level of albuminuria, with kidney biopsies 

done only in rare instances to confirm a diagnosis7. However, these markers have several well-

established limitations. For example, serum creatinine used for the estimation of GFR is not specific 

to kidney disease, as creatinine is a waste product of skeletal muscle metabolism and therefore may be 

affected by other factors such as age, gender, race, body mass index (BMI) and diet8. The use of 

albuminuria is limited during the early stages of CKD as there is minimal damage to the kidneys and 
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albuminuria is seldom detectable at this stage9. Although kidney biopsies can be utilized to confirm a 

diagnosis, they are highly invasive, expensive, and not recommended for repeated and population-

based testing7. Moreover, other potential biomarkers for diagnosis and prognosis of CKD, such as 

asymmetric dimethylarginine, kidney injury molecule 1 and proteomic and metabolic biomarkers, 

have been explored, as reviewed by Rysz et al (2017)8. However, these markers have not been 

validated in clinical practice. Consequently, the need for new biomarkers that will facilitate early 

detection of CKD, prediction of CKD progression and monitoring responses to treatment cannot be 

overstated. 

A biomarker is a molecule that can be objectively measured and evaluated in human body fluid to 

reflect the presence or absence of disease as well as response to treatment. Therefore, an ideal 

biomarker must meet certain qualities such as, it must be easily accessible, disease-specific, sensitive, 

and translatable from research to clinic10. Ever since the initial detection of microRNA (miRNA) in 

the blood of individuals with cancer in a highly stable manner11, miRNAs have emerged as promising 

diagnostic and prognostic biomarkers for a wide range of diseases. As of 2018, approximately 11000 

papers had been published on the potential role of miRNAs in various diagnostic fields12. miRNAs are 

small non-coding transcripts that regulate gene expression post-transcriptionally, through their 

binding of target messenger ribonucleic acid RNA (mRNA) on the 3’ untranslated region (UTR), 

degrading the mRNA or inhibiting its translation into proteins13. Various properties of miRNAs make 

them attractive propositions as biomarkers of disease and these include their tissue and disease-

specific expression14, detectability in body fluids that can be accessed in a minimally invasive 

manner13, relative stability in biofluids as they are released into circulation enclosed in microvesicles 

and/or bound to proteins and lipids, thereby protecting them from degradation by RNAses11. 

Additionally, miRNAs can be easily quantified by sensitive molecular techniques such as quantitative 

reverse transcription polymerase chain reaction (RT-qPCR)15.  

Studies have shown that the expression of some miRNAs are specific to the human kidneys and may 

be involved in the development, homeostasis, and physiology of the kidneys16. Therefore, 

dysregulation in the expression of these miRNAs may interfere with the normal kidney function, 

resulting in the development of kidney pathology. A significant number of studies have described the 

potential role of miRNAs in the pathogenesis of CKD17,18, diabetic kidney disease (DKD)19,20, 

hypertensive nephropathy21,22 and HIV associated nephropathy23,24. However, findings from the 

majority of these studies are contradictory and inconclusive, with further research warranted. We 

intend to conduct a systematic review and meta-analysis of observational studies to establish which 

miRNAs are associated with CKD (any stage of CKD) and/or measures of kidney function and/or 

damage (serum creatinine, serum cystatin C, eGFR and urinary albumin excretion (UAE) in the 

general population, as well as in high-risk subgroups (HTN, DM and HIV-infected). In addition, the 
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review aims to report on the expression profiles of these miRNAs in CKD (general population and 

HTN, DM and HIV-associated CKD). Furthermore, if data allows, the expression patterns of the 

identified miRNAs will be compared in different human sample types (whole blood, plasma, serum, 

platelet-poor plasma, exosomes, urine, and kidney tissue) as well as evaluating the expression profile 

of the identified miRNAs at various stages of CKD (early [stage 1-3], advanced [stage 4] and ESKD 

[stage 5]).  

3.1.1. Review questions 

The purpose of this review is to address the following questions: 

1. Which miRNAs are associated with CKD in, (a) the general population and high-risk 

individuals with (b) HTN, (c) DM and (d) HIV infection? 

2. Which miRNAs are associated with measures of kidney function and kidney damage, including 

serum creatinine and cystatin C, as well as eGFR and UAE? 

3. What are the expression patterns of the identified miRNAs in CKD? In other words, are they 

up-regulated or down-regulated? 

4. Do the expression patterns of the identified miRNAs differ depending on the human sample 

type used? The different sample types include whole blood, plasma, serum, platelet-poor 

plasma, exosomes, urine, and kidney tissue. 

5. Does the expression profile of the identified miRNAs differ depending on the stage of CKD? 

The stages will include early (CKD stages 1-3), advanced (CKD stage 4) and ESRD (stage 5). 

3.2. Methods and analysis 
Reporting of this review 

This proposed systematic review and meta-analysis will be conducted in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines25. The 

methods of the analysis and inclusion criteria have been specified in advance and documented in a 

protocol in the PROSPERO database (Reference no: CRD42021270028). 

 

3.2.1. Eligibility criteria 

Inclusion criteria 

Published peer-reviewed studies (cross-sectional, case-control and cohort) reporting on miRNAs 

associated with CKD and/or kidney function or kidney damage markers (serum creatinine, serum 

cystatin C, eGFR and UAE) in the general adult population and/or high-risk subgroups (HTN, DM, 

HIV-infection). Chronic kidney disease will be defined as an eGFR <60mL/min/1.73 m2 and/or 

albuminuria (UAE, ≥3 mg/mmol). All studies reported in the English and French languages and 

conducted on human participants will be considered. All studies need to describe the characteristics of 
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the study population, include the methods used to classify CKD, have determined miRNA expression 

by using microarrays, RT-qPCR, next-generation sequencing technology and/or northern blot 

hybridization, in addition to the use of an endogenous/exogenous control for normalization of miRNA 

expression data in kidney tissue, whole blood, serum, plasma, platelet-poor plasma, exosomes or 

urine.  

Exclusion criteria 

Studies will be excluded if they do not contain primary data obtained from adult human samples. 

Thus reviews, case reports, newspaper articles, letters to the editor, editorials, commentaries, book 

chapters and studies that are unpublished or deposited in preprint servers will be excluded. Studies 

reporting miRNA expression in animals, animal disease models and cell lines, acute kidney disease, 

causes of CKD other than HTN, DM or HIV infection, pregnant women and participants under the 

age of 18 years will also be excluded. Moreover, studies will be excluded if a control group or an 

endogenous/exogenous control for normalization of miRNA expression data was not included when 

conducting the investigation or published in languages other than English or French. 

3.2.2. Search strategy  
We will search for potentially eligible studies in Medline (via PubMed), Scopus, Web of Science and 

EBSCOhost databases. The search will be conducted using a predefined comprehensive and sensitive 

search strategy combining relevant terms to obtain the maximum possible number of studies, which 

will be restricted to studies up to 31 October 2021. The following Medical Subject Headings (MeSH) 

terms and/or phrases, “microRNAs, miRNA, miRNAs, chronic kidney disease, CKD, chronic kidney 

injury, chronic renal disease, chronic renal injury, renal failure, end-stage renal disease, diabetic 

kidney disease, diabetic nephropathy, hypertensive nephrosclerosis, chronic kidney failure, chronic 

renal failure, end-stage renal failure, HIV-associated nephropathy, HIVAN, HIV-associated renal 

disease, HIV-associated kidney disease” together with Boolean operators (AND/OR/NOT) will be 

applied to identify relevant studies. Table 2.1 depicts the main search strategy to be employed. A 

manual search of publication reference lists from eligible studies for additional relevant literature will 

also be conducted.  
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Table 1: Search strategy to be employed 

Search Query Number 

of hits 

#1 (Chronic kidney disease) OR (chronic kidney failure) OR (chronic renal 

disease) OR (chronic renal failure) OR (end-stage renal disease) OR (end-

stage renal failure) OR (diabetic kidney disease) OR (diabetic nephropathy) 

OR (hypertensive nephrosclerosis) OR albuminuria OR proteinuria OR (HIV 

associated nephropathy) OR HIVAN OR (HIV-associated kidney disease) 

 

#2 (Serum creatinine) OR (serum cystatin C) OR (estimated glomerular filtration 

rate) OR (urinary albumin excretion rate) OR (albumin-to-creatinine ratio) 

OR (urinary albumin) 

 

#3 microRNAs, miRNA, miRNAs  

#4 animal OR rat OR mouse OR (cell-line)  

#5 cancer OR (acute kidney injury)   

#6 #1 OR #2  

#7 #6 AND #3   

#8 #7 NOT #4  

#9 #8 NOT #5  

 

Identified studies will be uploaded into the citation management database Mendeley (London, UK), 

and the duplicate check function used to identify citations retrieved from multiple sources. Unique 

citations will be uploaded into the systematic review software, Covidence (Covidence, Melbourne, 

Australia), and independently screened, in a sequential manner (title, abstract, full text) by two 

authors (DDM and DMM). The latest citation version of the selected studies will be searched to 

exclude retracted papers or outdated versions of corrected papers. In instances of disagreements, a 

third author (CG) will arbitrate for eligibility. Reasons for exclusion of non-eligible studies will be 

documented and summarized in a flow chart. 

3.2.3. Data extraction  
Two authors (DDM and DMM) will independently perform the data extraction, by using a 

predetermined data extraction sheet. Any inconsistencies or disagreement will be resolved by 

consensus or consultation with a third author (CG). 

The data to be extracted will include the following: publication details (name of the first author, year 

of publication, country); study details (design, sample size, demographics [ethnicity, age, sex, 

nationality], disease outcome [CKD (of unspecified cause), or DKD/HTN-associated CKD/HIVAN or 
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ESKD] and population [general population or high risk subgroups]); participant clinical 

characteristics (body mass index [BMI], C-reactive protein [CRP], smoking status, alcohol 

consumption, lipid profile (low density lipoprotein [LDL], high density lipoprotein [HDL], 

triglycerides and total cholesterol) and comorbidities [HTN, DM and HIV]); clinical outcomes 

(diagnostic criteria, classification/staging, duration of disease [if applicable], medication status); CKD 

diagnostic criteria (eGFR or proteinuria/albuminuria and eGFR equation used); miRNA analysis 

(sample type, molecular techniques [RNA extraction, assessment of RNA quality, cDNA synthesis, 

miRNA expression quantification], inclusion of screening and validation cohorts for miRNA analysis, 

expression pattern (up- or downregulated) of differentially expressed miRNAs and normalization 

control used; statistical analysis (tests, adjustments made for confounding variables [if any]).  

3.2.4. Assessment of methodological quality and risk of bias 
Two authors (DDM and DMM) will independently score the quality of included studies. The Grading 

of Recommendations Assessment, Development and Evaluation (GRADE)26 will be used to grade the 

quality of evidence of each paper, as “very low” to “high” and the strength of recommendations as 

“strong” or “weak”. The risk of bias will be assessed using the Newcastle-Ottawa Quality Assessment 

Scale for observational studies (NOS) tools27. The NOS tool assesses the risk of bias based on the 

critical appraisal of three domains, namely: - i) participant group selection; ii) how comparable the 

groups are; and iii) determination of the exposure of interest as shown in (Table 2.1). The domains 

consist of 9 quality items that will be judged using a scoring system. An asterisk (*) will be assigned 

to each quality item, serving as a visual assessment of that item. The manner in which an asterisk is 

assigned is such that studies of the highest quality will have the highest number of asterisks assigned 

to them. As illustrated in Table 2.2, studies will be judged as having a low, moderate and high risk of 

bias if their total number of assigned asterisks is seven and greater, five or six, and less than five 

respectively. Disagreements on final study assessments will be resolved with the aid of discussions 

involving the third reviewer (CG). 
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Table 2.1: Domain risk of bias and applicability assessment using the NOS tool 

RISK OF BIAS Stars 
awarded 

Selection  Total (4) 
 
Is the case definition adequate? 
a) Yes, with independent validation * 
b) Yes, for example - record linkage or based on self-reports 
c) No description 

 

 
Representativeness of the cases 
a) Consecutive or obviously representative series of cases * 
b) Potential for selection biases or not stated 

 

 
Selection of Controls 
a) Community controls * 
b) Hospital controls 
c) No description 

 

 
Definition of Controls 
a) No history of disease (end-point) * 
b) No description of source 

 

 
Comparability  Total (2) 
 
Comparability of cohorts on the basis of the design or analysis 
a) Study controls for.................(select the most important factor) * 
b) Study controls for any additional factor * 

 

 
Exposure  Total (3) 
 
Ascertainment of exposure 
a) Secure record * 
b) Structured interview where blind to case/control status * 
c) Interview not blinded to case/control status 
d) Written self-report or medical record only 
e) No description 

 

 
Same method of ascertainment for cases and controls 
a) Yes * 
b) No 

 

 
Non-Response rate 
a) Same rate for both groups * 
b) Non-respondents described 
c) Rate different and no designation 
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Table 2.2: Overall risk of bias assessment and study quality 

 Selection Comparability Exposure   
Study Case 

definition 
Representativ
eness of cases 

 

Selection 
of Controls 

Definition 
of Controls 

Adjust for the 
most important 

risk factors 

Adjust for 
other 

risk factors 

Ascertain
ment of 

exposure 

Same method of 
ascertainment for 
cases and controls 

Non-
Response 

rate 

Overall 
RoB 
score 

Quality (high, 
moderate or 

low risk) 
Study A            
Study B            
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3.2.5. Data synthesis and analysis 
In instances of sufficient data, meta-analysis using random effects models (DerSimonian–Laird 

method) will be conducted. The odds ratio (OR) and linear regression coefficients, with the 

corresponding 95% confidence intervals, extracted from the studies, will be combined using the 

“metan” command in STATA version 17 (College Station, Texas, USA). Heterogeneity will be 

assessed using Cochran’s Q test and I2 statistic. I2 values of 25%, 50% and 75% will respectively be 

deemed to represent low, medium, and high heterogeneity. Sources of heterogeneity will be explored 

by conducting subgroup analyses according to major study-level characteristics, such as by country or 

region (Western Europe, Central and Eastern Europe, Asia, Africa, Mediterranean and Middle East 

and the Americas), sample size (below vs. at or above median sample size across included studies), 

gender, platform technology used (microarrays, RT-qPCR, next-generation sequencing technology 

and northern blot hybridization) and risk of bias score. Data will be presented as forest plots. 

Sensitivity analysis will be conducted to estimate the influence of each individual study on the 

summary results by repeating the random effects meta-analysis, omitting one study at a time. Egger 

test with funnel plots will be used to assess publication bias.  

In the instance where a meta-analysis of the included miRNAs is not possible, a narrative synthesis of 

evidence will be conducted, with tables and figures used to summarize the findings.  

Patient and public involvement: No patients involved 

Ethics and dissemination: This study design does not require formal ethical clearance, and findings 

will be published in a peer-reviewed journal. 

Potential amendments  

We do not foresee nor intend to make any amendments to the protocol, in an attempt to avoid 

outcome reporting bias. However, any amendments that do prove necessary will be documented and 

reflected online on the PROSPERO website where the protocol has been registered [Reference no: 

CRD42021270028]. 

3.3. Discussion 
The complications associated with CKD including CVD, progression to ESKD and premature death 

can be prevented or delayed by early detection of CKD. Aberrant expression patterns of miRNAs 

have been reported in various diseases including CKD17–22. Findings from various studies suggest that 

these dysregulated miRNA patterns may be useful as potential diagnostic and/or prognostic tools in 

disease, as well as therapeutic targets11,28. However, evidence that kidney function affects miRNA 

expression levels or vice versa is sparse, coupled with contradictions in reported findings. This may 

partly be due to varying populations from different geographical locations, and the use of different 
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human sample types and molecular quantification techniques. Studies have shown that racial 

disparities29, differences in environmental factors30 and pre-analytical factors31 (analyzed sample and 

its processing, and qPCR data normalizer used) may influence the observed miRNA expression 

patterns. Therefore, this systematic review and meta-analysis will seek to report the expression 

patterns of dysregulated miRNAs associated with CKD, with potential to be used as biomarkers/tools 

for prediction and early detection of CKD, monitoring of disease progression to advanced stages as 

well as potential therapeutic targets. Possible limitations of this study could include: limited studies in 

this area of research in African population, a predominance of poor-quality studies and significant 

heterogeneity, precluding further analysis. 
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ABSTRACT 

MicroRNAs (miRNAs) are small non-protein coding RNAs that regulate gene expression post 

transcriptionally. Emerging evidence supports that miRNAs are dysregulated in chronic kidney 

disease (CKD). Because miRNAs are easily detectable in biological fluids, their potential utility as 

diagnostic or prognostic biomarkers, as well as therapeutic targets, for CKD have been advocated. 

However, studies on dysregulated miRNA expressions in CKD have been inconsistent. Therefore, we 

performed this systematic review to characterize miRNAs associated with CKD and/or measures of 

kidney function and kidney damage in the general population, and in high-risk subgroups including 

people with hypertension (HTN), diabetes mellitus (DM) and human immunodeficiency virus (HIV) 

infection. Medline via PubMed, Scopus, Web of Science, and EBSCOhost databases were searched to 

identify relevant studies published in English or French languages on or before 30 September 2022. 

Furthermore, for the studies to meet the inclusion criteria, they had to be original research studies 

containing primary data obtained from adult human samples. The Newcastle-Ottawa Quality 

Assessment Scale for observational studies tool was used to assess the risk of bias in the included 

studies. A total of 75 studies fulfilled the eligibility criteria and were retained for the systematic 

review. These studies were classified according to disease outcome, as follows: CKD (n=18), diabetic 

kidney disease (DKD) (n=51) and HTN-associated CKD (n=6), with no study reporting on miRNA 

profiles in people with HIV-associated nephropathy. We identified 53, 155 and 13 dysregulated 

miRNAs in individuals with CKD, DKD and HTN-associated CKD relative to controls, respectively, 
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with various miRNA expression profiles consistent across subgroups of kidney disease. In individuals 

with CKD, miR-126 and miR-223 were consistently downregulated, whilst in DKD, miR-21, and 

miR-29b were consistently upregulated and miR-30e and let-7a were consistently downregulated in at 

least three studies. The consistent alteration of miRNAs with kidney disease suggests that these 

miRNAs may be involved in the pathogenesis of kidney disease and therefore invites further research 

to explore their clinical utility for CKD prevention and control. However, this review was limited by 

the inability to perform a pooled meta-analysis of the studies due to variabilities such as technical and 

methodological variabilities between studies. 

 

Registration: PROSPERO (Reference no: CRD42021270028) 

Funding: No financial support was required for the review 

Keywords: Chronic kidney disease, Diabetic kidney disease, Hypertension-associated CKD, 

MicroRNAs 

4.1. Introduction 

The incidence of chronic kidney disease (CKD) is on the rise globally, and it is expected that CKD 

will be the fifth leading cause of death by 2045 1. This is partly attributable to the high burden of 

diabetes mellitus (DM) and hypertension (HTN), which are the leading causes of CKD, as well as 

other causes, including human immunodeficiency virus (HIV) infection and advanced age 2.  Chronic 

kidney disease is described as a silent condition due to a lack of obvious clinical symptoms, 

particularly in the early stages of the disease. As a result, most affected individuals are unaware of 

their disease status, and only detected at the advanced stage of the disease 3. Furthermore, CKD is an 

independent risk factor for cardiovascular disease (CVD), and individuals with CKD are more likely 

to die of CVDs than progress to End-stage kidney disease (ESKD) 4. Early diagnosis of CKD and 

effective screening of high-risk individuals is critical to mitigate disease progression and substantially 

reduce related poor health outcomes 5.  

The indirect measurement of glomerular filtration rate (GFR) by clearance of exogenous filtration 

markers remains the reference standard method for determining kidney function. However, this 

method is complex, lengthy, expensive, invasive, and as such, not ideal for routine practice or 

research purposes6. As a result, endogenous filtration markers such as serum creatinine and cystatin C 

are used to estimate GFR (eGFR), and kidney function in clinical practice. However, serum creatinine 

can be affected by factors independent of glomerular filtration such as muscle mass, age and gender, 

whereas the measurement of cystatin C is complex, expensive and has not been standardized 7. 

Furthermore, the predictive equations for eGFR are biased and imprecise, translating into 

overestimation of GFR and underdiagnosis of CKD, particularly in black Africans 8,9. Although, 
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albuminuria is a well-established marker of kidney damage used to define stages 1 and 2 of CKD 

where the level of GFR is above 60 mL/min/1.73 m2, it has limited predictive ability and specificity 

for early detection of CKD 10. Kidney biopsies can be used to confirm a diagnosis, but this option 

comes with significant risk and possibility for complications, and therefore is not ideal for routine 

practice or research purposes 11. Put together, these diagnostic challenges highlight the need for more 

accurate, minimally invasive, highly sensitive and specific, and readily available biomarkers that will 

improve the diagnosis/prognosis of CKD. 

Research into microRNAs (miRNAs) as potential biomarkers of disease diagnosis and prognosis, as 

well as therapeutic targets, has gained traction over the last 10 years 12. MiRNAs are a class of small 

non-coding RNAs, whose main function is regulating gene expression by degrading messenger RNA 

(mRNA) or inhibiting mRNA translation into functional proteins 13. They play an important role in 

various cellular regulatory processes such as differentiation, proliferation, development and apoptosis 
13, and are also involved in the development and normal functioning of the kidneys 14. Although they 

were initially considered to be intracellular gene regulators, emerging evidence suggests that a 

number of miRNAs are also detectable in biological fluids such as urine, plasma, serum, and saliva in 

highly stable forms 15. Previous studies found that these extracellular miRNAs presented unique 

patterns in pathological conditions and suggested that they may be utilized as potential diagnostic and 

prognostic biomarkers 16–19. There has been a growing interest in exploring the role of extracellular 

miRNAs in the development and progression of CKD 19–22. However, most findings describing 

miRNA expression in various biological fluids from CKD patients are inconsistent.  

As such, the main purposes of this review were 1) to identify all reported miRNAs associated with 

CKD and/or measures of kidney function and kidney damage in the general population, as well as in 

high-risk subgroups (HTN, DM and HIV-infected), and 2) to explore the specific expression patterns 

of the identified miRNAs in prevalent CKD. We also aimed to explore 3) whether the expression 

patterns of the identified miRNAs differed depending on the human sample type used and/or 4) 

whether the expression profile of the identified miRNAs differed depending on the stage of CKD. 

4.2. Materials and methods  

4.2.1.  Protocol and registration 
This review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines. The protocol for this systematic review was registered on 

the PROSPERO database (Registration No: CRD42021270028), and detailed methods outlining the 

steps followed in conducting the systematic review have been previously published 23.  

 

4.2.2. Search strategy 
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A comprehensive and systematic search of Medline via PubMed, Scopus, Web of Science, and 

EBSCOhost databases was conducted to identify eligible studies, published in English or French 

languages on or before 30 September 2022, without a starting date. The search strategy made use of 

keywords and phrases such as “microRNAs, miRNA, miRNAs, chronic kidney disease, CKD, chronic 

kidney injury, chronic renal disease, chronic renal injury, renal failure, end-stage renal disease, 

diabetic kidney disease, diabetic nephropathy, hypertensive nephrosclerosis, chronic kidney failure, 

chronic renal failure, end-stage renal failure, HIV-associated nephropathy, HIVAN, HIV-associated 

renal disease, HIV-associated kidney disease, serum creatinine, serum cystatin C, estimated 

glomerular filtration rate, urinary albumin excretion rate (UAER), urinary albumin-to-creatinine ratio 

(UACR), urinary albumin” in combination with Boolean operators (AND/OR/NOT) (refer to 

Additional files: Tables S1–S4). Furthermore, we manually scanned reference lists of the included 

studies for additional studies. 

4.2.3.  Data collection  
Two authors (DDM and DMM) independently conducted the database searches and screened studies 

by title, abstract and full-text to identify those meeting the inclusion criteria, as shown in Figure 1. 

Disagreements encountered were resolved through discussions or consultation with a third author 

(CG). Studies were included if they: (i) were original articles reporting on miRNAs associated with 

prevalent CKD and/or measures of kidney function (serum creatinine, serum cystatin C, eGFR) or 

kidney damage (urinary albumin excretion rate, albumin-to-creatinine ratio, urinary protein) in the 

general adult population and/or high-risk subgroups (HTN, DM, HIV-infection), ii) written in English 

and French languages, (iii) clearly described the type of sample in which miRNA analysis was done, 

methods used for miRNA detection and quantification, as well as the normalization control used, (iv) 

with clearly defined cases and controls. Studies were excluded if they were: (i) conducted in animal or 

cell models, (ii) qualitative in nature (reviews, case reports, newspaper articles, editorials, 

commentaries, book chapters), or (iii) pre-prints or unpublished research. 
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Figure 1: Selection process for studies included 

 
4.2.4.  Data extraction, assessment, and synthesis 
The following data were independently extracted by two reviewers (DDM and DMM) from the 

eligible studies: publication details (first author, year of publication, country); study details [design, 

sample size, demographics (age, sex)]; disease outcome [CKD (of unspecified cause), diabetic kidney 

disease (DKD) / HTN-associated CKD / HIV-associated nephropathy (HIVAN) or ESKD]; 

population [general or high-risk subgroups (HTN, DM and HIV)]; participant clinical characteristics 

[body mass index (BMI), C-reactive protein (CRP), smoking status, alcohol consumption, lipid profile 

(low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides and total cholesterol)]; 

clinical outcomes (diagnostic criteria, classification/staging, medication status); CKD diagnostic 

criteria (eGFR or proteinuria/albuminuria and eGFR equation used); miRNA analysis [sample type, 

molecular techniques, inclusion of screening and validation cohorts, expression pattern (upregulated 

or downregulated) and normalization control used]. Any inconsistencies or disagreements were 

resolved by discussions or consultation with a third author (CG). Furthermore, we assessed the quality 

of studies using the Newcastle-Ottawa Quality Assessment Scale for observational studies (NOS) tool 
24. The assessment was done based on a critical appraisal of three domains, namely: (i) participant 

group selection, (ii) how comparable the groups are, and (iii) determination of the exposure of 

interest. The quality of evidence was then assessed using the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) framework 25. Given that very few studies 

investigated the association of the same miRNA with CKD risk or markers of kidney function or 
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damage in the same sample type, making use of different normalization controls and miRNA 

quantification techniques as well as variabilities in disease outcome measures, and attempting to pool 

studies was meaningless. We, therefore, instead opted for a narrative synthesis of evidence.  

4.3. Results 
4.3.1.  Search results 
We obtained a total of 2860 related citations (663 from Scopus, 906 from EBSCOhost, 693 from Web 

of Science and 598 from PubMed) from database searches. Of these, 2732 citations were excluded for 

various reasons (Figure 1). The remaining 128 articles were further assessed for eligibility and 53 

studies were subsequently excluded from the review because they were irrelevant to our review 

(n=44); they did not report on the quantitative reverse transcription polymerase chain reaction (RT-

qPCR) normalization controls used (n=7), did not include a control group (n=1) and did not meet our 

reporting language restrictions (n=1). Ultimately, 75 studies fulfilled the eligibility criteria and were 

retained for the systematic review (Figure 1). The eligible studies were classified according to disease 

outcome, as follows: CKD (n=18), DKD (n=51) and HTN-associated CKD (6). Database searches did 

not return studies reporting on miRNA profiles in humans with HIVAN. 

 

4.3.2.  Characteristics of included studies 
Tables 1, 2 and 3 detail the main characteristics of studies that were included in the systematic review 

according to disease outcome. Table 1 summarizes the 18 studies that quantified miRNA expression 

patterns in CKD compared to controls, whilst Table 2 is a summary of the 51 studies that quantified 

miRNA expression patterns in DKD relative to controls. A summary of the six studies that quantified 

miRNA expression patterns in individuals with HTN-associated CKD compared to controls is shown 

in Table 3. All 75 studies were published between 2013 and 2022, and from diverse geographical 

locations, including China (n=26), the United States of America (n=6), Spain (n=4), Egypt (n=6), 

South Africa (n=1), Germany (n=3), Italy (n=2), Austria (n=2), Japan (n=3), Iran (n=3), Belgium 

(n=1), Sweden (n=1), Turkey (n=1), Poland (n=1), Bahrain (n=2), Brazil (n=2), United Kingdom 

(n=1), India (n=2), Romania (n=2), France (n=1), Canada (n=1), Ireland (n=1), Republic of Korea 

(n=1), Netherlands (n=1) and Malaysia (n=1). The design of most studies was either case-control or 

cross-sectional, with study participant numbers ranging between 28 to 1385 in CKD, 11 to 1018 in 

DKD and 30 to 150 in HTN-associated CKD. The included studies used varying diagnostic methods 

to classify kidney disease, with 20% of the studies using only eGFR to classify CKD, 42% defined 

CKD by the level of albuminuria alone, whilst 34% of the studies used both albuminuria and eGFR to 

classify CKD. The remaining 4% of studies were not clear on the methods used for CKD 

classification. For estimation of GFR, most studies used the Modification of Diet in Renal Disease 

Study (MDRD) equation26 (44% of the studies) and Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation 27 (38% of the studies). Of those included, 26% of the studies 
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further validated their findings in a separate cohort [CKD (n=3), DKD (n=14) and HTN with CKD 

(n=1)]. 

Of the included studies, 29% performed initial miRNA expression discovery using next-generation 

sequencing (NGS) techniques [CKD (n=2); DKD (n=2), HTN with CKD (n=4)] and microarrays 

[CKD (n=1); DKD (n=15)], followed by a validation step using a PCR-based technique. PCR-based 

techniques were used for the quantification of miRNAs in instances where the miRNA was already 

identified by NGS and microarrays in previous studies. A wide range of normalization techniques was 

employed by the studies included in this review, with 31% using an exogenous spike-in control 

containing non-mammalian synthetic miRNAs such as Caenorhabditis elegans-miR-39 (cel-miR-39) 

(n=22) and 52% of the studies used endogenous controls such as small non-human ubiquitous miRNA 

(U6) (n=28) or miR-16 (n=8). Of the included studies, 15% of the studies used more than one 

normalization control [CKD (n=4), DKD (n=5) and in HTN-associated CKD (n=2)]. The sample 

types in which miRNA expression levels were determined varied widely across studies, with 36% 

conducted in serum [CKD (n=13) and DKD (n=17)], 21% in plasma [CKD (n=2), DKD (n=10) and 

HTN-associated CKD (n=4)], 1% in plasma endothelial vesicle [DKD (n=1)],  8% in whole blood 

[CKD (n=1), DKD (n=4), and HTN-associated CKD (n=1)], 19% in urine [CKD (n=2), and DKD 

(n=12)], 19% in urinary exosomes [CKD (n=2), DKD (n=8) and HTN-associated CKD (n=2)], 7% in 

kidney tissue biopsy [CKD (n=1) and DKD (n=4)] and 1% peripheral blood mononuclear cells [DKD 

(n=1)]. Only 17% of the studies quantified miRNA expression in two or more sample types, and this 

included two studies in CKD, 10 in DKD and one in HTN-associated CKD.  

The expression patterns of 288 miRNAs were investigated across the 75 studies included in this 

review. Of the 288 miRNAs, 67 miRNAs were evaluated in populations with prevalent CKD, with 53 

miRNAs found to be dysregulated (25 downregulated and 28 upregulated). Of the 193 miRNAs 

evaluated in populations with DKD, 155 miRNAs were found to be dysregulated (67 downregulated 

and 88 upregulated), whilst 13 (10 downregulated and 3 upregulated) of the 28 miRNAs evaluated in 

populations with HTN-associated CKD were dysregulated. The dysregulation discussed below 

refers only to miRNAs evaluated in three or more studies, of which HTN-associated CKD 

had none. 
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Table 1: Characteristics of studies evaluating microRNA expression patterns in chronic kidney disease 

Study Country 
Study 

population 
[Cases] 

Study 
population 
[Control] 

Quantification 
method Sample type microRNAs Upregulated  Downregulated  

Carmona, 2020 28 Spain 45 10 RT-qPCR Serum miR-126-3p, miR-191-5p, miR-223-
3p, miR-363-3p, miR-495-3p - miR-126-3p, miR-191-5p, 

miR-223-3p 

Chen, 2013 29 United States 
of America 110 8 RT-qPCR Serum miR-125b, miR-145, miR-155 - miR-125b, miR-145, miR-155 

Donderski, 2021 
30 Poland 45 17 RT-qPCR urine, serum 

miR-155-5p, miR-214-3p, miR-200a-
5p, miR-29a-5p, miR-21-5p, miR-93-

5p, miR-196a-5p 

Urine - miR-29-5p, miR-21-
5p, miR-196a-5p.                          

Serum - miR-155-5p, miR-
214-3p and miR-200a-5p 

Urine - miR-155-5p, miR-
214-5p, 

miR-200a-5p, miR-93-5p 

Eckersten, 2017 31 Sweden 30 18 RT-qPCR Serum miR-155 miR-155 - 

Fourdinier, 2019 
21 Belgium 601 31 RT-qPCR Serum miR-223, miR-126 - miR-223, miR-126 

Fujii, 2019 22 Japan 395 118 RT-qPCR Serum miR-17, miR-21, miR-150 - - 

Fujii, 2019 32 Japan 229 1156 RT-qPCR Serum miR-126, miR-197, miR-223 - miR-126, miR-197, miR-223 

Fujii, 2021 33 Japan 29 140 RT-qPCR Serum miR-126, miR-197,  
miR-21, miR-150, miR-17 - - 

Lange, 2019 34 Germany 41 5 RT-qPCR urine 
exosomes miR‐21-5p, miR‐30a‐5p, miR‐92a-3p miR‐21 - 

Li, 2020 35 China 116 127 RT-qPCR Serum miR-155 miR-155 - 

Liu, 2020 36 China 110 35 NGS, RT-qPCR serum miR-483-5p, miR-363-3p  miR-483-5p miR-363-3p 

Motshwari, 2021 
37 South Africa 171 740 NGS, RT-qPCR whole blood 

miR-novel- chr1_36178, miR-novel-
chr2_55842, miR-novel-chr7_76196, 
miR-novel-chr5_67265, miR-novel-

chr13_13519, and miR-novel-
chr15_18383 

All novel miRNAs - 
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Muralidharan, 
2017 38 

United States 
of America 19 9 Microarray, RT-

qPCR 

plasma and 
urine 

exosomes 

Urine - miR-1281, miR-1825, miR-
130a-3p, let-7a-5p 

Plasma - miR-1825p miR-1281, miR-
423  

Urine - miR-1825, miR-1281.          
Plasma - miR-1825, miR-
1281, miR-144-5p, miR-

548ap-5p 

Urine - miR-4525.               
Plasma - miR-423-5p, miR-

3648 

Rudnicki, 2016 39 Austria 20 52 RT-qPCR Kidney biopsy miR-30d, miR-140-3p, miR-532-3p, 
miR-194, miR-190, miR-204, miR-206 miR-206, miR-532-3 - 

Sayilar, 2016 40 Turkey 30 15 RT-qPCR plasma, urine miR-21, miR-124, miR-192, miR-195, 
miR-451 

Urine - miR-124                                    
Plasma - miR-195, miR-451  Urine - miR-195, miR-451 

Shang, 2017 41 China 208 37 RT-qPCR serum miR-92a, miR-126, miR-155, miR-483 miR-92a - 

Trojanowicz, 2019 
42 Germany 48 23 RT-qPCR serum miR-421 miR-421 - 

Ulbing, 2017 43 Austria 137 36 RT-qPCR serum miR-223-3p, miR-93-5p, miR-142-3p, 
miR-146a-5p - miR-223-3p, miR-93-5p, 

miR-142-3p 
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Table 2: Characteristics of studies evaluating microRNA expression patterns in diabetic kidney disease 

Study Country Study population (n) Quantification 
method microRNAs Sample type Upregulated  Downregulated  

    Healthy Normoalbuminuria Diabetic 
Kidney Disease           

Abdelsalam, 2020 
44 Egypt 30 30 60 RT-qPCR miR-451 

plasma miR-451 - 

urine - miR-451 

Abdou, 202245 Egypt 20 20 40 RT-qPCR miR-152-3p serum miR-152-3p - 

Akhbari, 2018 46 Iran 22 21 40 Real time PCR miR-93 serum - miR-93 

Akhbari, 2019 47 Iran 22 - 61 Real time PCR miR-155 cell-free serum - miR-155 

Al-kafaji, 2016 48 Bahrain 50 52 50 RT-qPCR miR-126 peripheral 
whole blood - miR-126 

Al-kafaji, 2018 49 Bahrain 30 30 25 RT-qPCR miR-377, miR-192 whole blood miR-377 miR-192 

Argyropoulos, 
2013 50 

United States 
of America - 10 30 RT-qPCR 27 microRNAs urine 

miR-214-3p, 
miR-92b-5p, 

miR-765, miR-
429, miR-373-
5p, miR-1913, 

miR-638 

miR-323b-5p, 
miR-221-3p, 
miR-524-5p, 
miR-188-3p 

Assmann, 2019 51 Brazil 20 33 54 RT-qPCR 
miR-16-5p, miR-21-3p, 
miR-29a-3p, miR-378a-

5p, miR-503-5p 
plasma miR-21-3p, 

miR-378a-5p 
miR-16-5p, miR-

29a-3p 

Barutta, 2013 52 Italy 10 12 12 RT-qPCR miR-130a, miR-424, miR-
155, miR-145 urine exosomes miR-145, miR-

130a 
miR-424, miR-

155 

Beltrami, 2018 53 United 
Kingdom 61 62 109 MicroRNA array, RT-

qPCR 
miR-126-3p, miR-155-5p, 

miR-29b-3p urine 
miR-126-3p, 
miR-155-5p, 
miR-29b-3p 

- 
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Cardenas-
Gonzalez, 2017 54 

United States 
of America 93 71 132 RT-qPCR, miRNA in 

situ hybridization 

miR-1915-3p, miR-2861, 
miR-4532, miR-4536-3p, 

miR-6747-3p 
urine miR-4536-3p, 

miR-6747-3p 

miR-1915-3p, 
miR-2861, miR-

4532 

Conserva, 2019 55 Italy 20 - 37 Microarray, RT-qPCR miR-27b-3p, miR-1228-
3p 

kidney biopsy, 
cell-free urine - miR-27b-3p, 

miR-1228-3p 

Delić, 2016 56 Germany 14 14 13 Microarray, RT-qPCR miR-320c, miR-6068 urine exosomes miR-320c, miR-
6068 - 

Dieter, 2019 57 Brazil - 17 23 RT-qPCR miR-15a-5p, miR-30e-5p 
plasma - miR-30e-5p 

urine - miR-30e-5p 

Eissa, 2016 58 Egypt 56 60 116 MicroRNA array, RT-
qPCR 

miR-15b, miR-34a, miR-
636 

urine pellets, 
exosomes 

miR-15b, miR-
34a, miR-636 - 

Eissa, 2016b 59 Egypt 54 56 110 RT-qPCR miR-133b, miR-342, 
miR-30a urine exosomes miR-133b, miR-

342, miR-30a - 

Florijn, 2019 60 Netherlands 12 - 33 RT-qPCR 

miR-1, miR-21, miR-29a, 
miR-126, miR-132, miR-
145, miR-152, miR-212, 
miR-223, miR-574, miR-

660 

plasma 
endothelial 

vesicles 

miR-21, miR-
126 - 

Plasma miR-126  

high density 
lipoprotein 

fraction 
- miR-132 

Apo-2 miR-126, miR-
145, miR-660 - 

Fouad, 2020 61 Egypt 100 120 120 RT-qPCR miR-21 plasma miR-21 - 

Guo, 2017 62 China 45 33 42 Microarray, RT-qPCR miR-29c 

plasma miR-29c - 

urine - miR-29c 

kidney tissue - miR-29c 
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Han, 2021 63 China - 5 6 Microarray, RT-qPCR miR-95-3p, miR-185-5p, 
miR-1246, miR-631 urine sediment 

miR-95-3p, 
miR-185-5p, 

miR-1246, miR-
631 

- 

He, 2014 64 China 6 - 6 
Microarray 

hybridisation, RT-
qPCR 

miR-15a, miR-17, miR-
21, miR-30b, miR-126, 

miR-135a, miR-192, miR-
377, miR-34a, miR-194-

1, miR-205, miR-215 

serum 

miR-15a, miR-
17, miR-21, 

miR-30b, miR-
126, miR-135a, 
miR-192, miR-

377 

miR-34a, miR-
194-1, miR-205, 

miR-215 

kidney tissue miR-135a - 

Hong, 2021 65 China 36 36 51 Microarray, RT-qPCR miR-193a-3p, miR-320c, 
miR-27a-3p plasma miR-193a-3p, 

miR-320c - 

Jia, 2016 66 China 10 30 50 RT-qPCR miR-192, miR-194, miR-
215 

urine 
extracellular 

vesicles 

miR-192, miR-
194, miR-215 - 

Khokhar, 2021 67 India 36 38 35 RT-qPCR miR-21-5p whole blood miR-21-5p - 

Lin, 202168 China 30 36 32 RT-qPCR miR-638 serum  miR-638 

Liu, 202169 China 180 64 116 RT-qPCR miR-29a serum miR-29a  

Ma, 2016 70 China 127 157 307 RT-qPCR miR-192 serum - miR-192 

Milas, 2018 71 Romania 11 26 42 RT-qPCR miR-21, miR-124, miR-
192 urine miR-21, miR-

124 miR-192 

Monjezi, 202272 Iran  30 31 RT-qPCR miR-124-3p 
peripheral blood 

mononuclear 
cells 

 miR-124-3p 

Motawi, 2018 73 Egypt 25 25 25 RT-qPCR miR-130b serum - miR-130b 

Park, 202274 Republic of 
Korea 7 - 12 NGS 

 
miR-320b, miR-30d-5p, 

miR-30e-3p, miR-30c-5p, 
miR-190a-5p, miR-29c-

5p, miR-98-3p, miR-331-
3p, let-7a-3p, miR-106b-

3p, miR-30b-5p, miR-
99b-5p, let-7f-1-3p 

 

plasma and 
urine 

extracellular 
vesicles 

miR-320b 

 
miR-30d-5p, 
miR-30e-3p, 
miR-30c-5p, 
miR-190a-5p, 
miR-29c-5p, 

miR-98-3p, miR-
331-3p, let-7a-3p, 

miR-106b-3p, 
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miR-30b-5p, 
miR-99b-5p, let-

7f-1-3p 
 

Peng, 2013 75 China - 41 42 RT-qPCR miR-29a, miR-29b, miR-
29c 

urine 
supernatant miR-29a - 

Petrica, 2019 76 Romania 11 36 81 RT-qPCR 
miR-125a, miR-126, miR-
146a, miR-21p, miR-124, 

miR-192 

serum miR-192, miR-
21p 

miR-124, miR-
125a, miR-126, 

miR-146 

urine 
miR-21p, miR-
124, miR-125a, 

miR-126 

miR-192, miR-
146a 

Pezzolesi, 2015 77 United States 
of America - 40 76 RT-qPCR 

let-7b-5p, let-7c-5p, miR-
21-5p, miR-29a-3p, miR-

29c-3p 
plasma let-7b-5p, miR-

21-5p 
let-7c-5p, miR-

29a-3p 

Prabu, 2019 78 India 40 40 80 RT-qPCR 
let-7i-5p, miR-135b-5p, 

miR-15b-3p, miR-197-3p, 
miR-24-3p, miR-27b-3p 

urine exosomes 
let-7i-5p, miR-

24-3p, miR-27b-
3p, miR-30a-5p 

miR-15b-3p 

Regmi, 2019 79 China 25 50 42 RT-qPCR miR-20a, miR-99b, miR-
122-5p, miR-486-5p serum miR-99b, miR-

122 
miR-20a, miR-

486 

Ren, 2019 80 China 280 273 465 RT-qPCR miR-154-5p serum miR-154-5p - 

Ren, 2020 81 China - 136 254 RT-qPCR miR-154-5p serum miR-154-5p - 

Roux, 2018 82 France - 73 73 NGS, RT-qPCR 
miR-362-5p, miR-152-3p, 
miR-196b-5p, miR-140-

3p 
plasma miR-152-3p - 

Rovira-Llopis, 
2018 83 Spain 24 13 13 RT-qPCR miR-31 serum - miR-31 

Shao, 2017 84 China 195 186 309 RT-qPCR miR-217 serum miR-217 - 

Sham, 202285 Malaysia - 15 26 
miS-cript miRNA 
qPCR array, RT-

qPCR 

miR-874-3p, miR-101-3p,  
miR-145-5p serum miR-874-3p, 

miR-101-3p  

Su, 2020 86 China 20 - 20 MicroRNA array, RT-
qPCR miR-140-5p 

peripheral 
blood, kidney 

tissue 
- miR-140-5p 
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Wang, 2019 19 China 40 40 66 MicroRNA array, 
qPCR 

miR-27a-3p, miR-30e, 
miR-33b, miR-50, miR-
125b-5p, miR-150-5p, 
miR-155-5p, miR-296, 

miR-320e, miR-328, miR-
484, miR-487, miR-550a-

5p, miR-590-5p, miR-
744, miR-885-5p, miR-

933. miR-3196, let-7a-5p, 
let-7c-5p 

plasma 
miR-125b-5p, 

miR- 484, miR-
550 

miR-30e, miR-
155-5p, miR-320, 
let-7a-5p, miR-
150-5p, miR-

3196 

Xiao, 2017 87 China 35 - 140 Real time PCR miR-9 serum miR-9 - 

Xie, 2017 88 China - 35 5 MicroRNA array, 
qPCR 

miR-362-3p, miR-877-3p, 
miR-15a-5p, miR-150-5p urine exosomes 

miR-362-3p, 
miR-877-3p, 
miR-150-5p 

miR-15a-5p 

Zang, 2019 89 Ireland 18 30 36 MicroRNA arrays, 
RT-PCR 

miR-21-5p, let-7e-
5p, miR-23b-3p, miR-
30b-5p, miR-125b-5p 

urine sediment 
exosome miR-21-5p miR-30b-5p 

Zhang, 2017 90 China 28 30 27 Microarray, qPCR 

miR-223-3p, miR-106b-
5p, miR-103a-3p, miR-
126-3p, miR-27a-3p, 

miR-29a-3p, miR-29c-3p, 
miR-425-5p, miR-93-5p, 
miR-1249-5p, miR-2276-
3p, miR-1225-5p, miR-
345-3p, miR-3679-5p, 
miR-4281, miR-4442 

plasma - miR-223-3p 

Zhang, 2020 91 China - 30 30 RT-qPCR miR-135a-5p serum miR-135a-5p - 

Zhao, 2020 92 China - 17 17 MicroRNA arrays, 
qRT-PCR 

miR-4491, miR-2117, 
miR-4507, miR-5088-5p, 
miR-1587, miR-219a-3p, 

miR-5091, miR-498, 
miR-4687-3p, miR-516b-
5p, mir-4534, miR-1275, 
miR-5007-3p, miR-4516 

urine exosomes 
miR-4687-3p, 

miR-4534, miR-
5007-3p 

- 
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Zhou, 2013 93 China 62 104 108 
MicroRNA 

microarrays, real time 
RT-PCR 

let-7a, let-7d, let-7f, miR-
4429, miR-363 whole blood - let-7a 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 92 

Table 3: Characteristics of studies evaluating microRNA expression patterns in hypertension-associated chronic kidney disease 

Study Country Study population Quantification 
method Sample type microRNAs Upregulated Downregulated  

  Healthy Hypertensive Hypertensive 
CKD 

     

Berillo, 2020 
94 Canada 15 31 16 Hi-seq, RT-qPCR platelet-poor plasma let-7g-5p, miR-191-5p - let-7g-5p, miR-191-

5p 
Huang, 2018 

95 China 0 50 100 RT-qPCR plasma miR-29a miR-29a - 

Huang, 2020 
96 China 0 50 100 RT-qPCR plasma miR-29b miR-29b - 

Nandakumar, 
2017 97 

United States 
of America - 15 15 NGS whole blood 

miR-17-5p, miR-130a-
3p, miR-15b-5p, miR-
106b-3p, miR-106a-5p, 
miR-16-5p, miR-181a-
5p, miR-1285-3p, miR-

15a-5p, miR-29c-5p, 
miR-345-5p, miR-142-
3p, miR-339-3p, miR-

210-3p 

- 
miR-17-5p, miR-15a-
5p, miR-15b-5p, miR-

16-5 

Perez-Hernan
dez, 2018 98 Spain 20 28 24 NGS, RT-qPCR Urinary exosomes miR-146a and miR-335 - miR-146a 

Perez-Hernan
dez, 2021 99 Spain 15 56 61 NGS, RT-qPCR plasma and urine 

exosomes 

miR-143-3p, miR-126-
3p, miR-26a-5p, miR-
144-3p, miR-191-5p, 

miR-220a-3p, miR-222-
3p, miR-423-5p 

Plasma exosome 
- miR-191-5p 

Plasma exosome - 
miR-222-3p, miR-

26a-5p, miR-126-3p 
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4.3.3.  Dysregulated miRNAs in CKD 
Of the 53 differentially expressed miRNAs in individuals with CKD, four miRNAs (miR-126, miR-

223, miR-155 and miR-21) were reported in at least three studies (Table 4). Of these, serum miR-126 
21,28,32 and serum miR-223 21,28,32,43 were consistently downregulated in individuals with CKD across 

studies. Inconsistent expression patterns were observed for miR-155, two studies found the miRNA to 

be downregulated in serum and urine, 29,30 and two studies found it upregulated in serum 30,31 in CKD, 

with one study reporting no difference 41 in the expression of miR-155 in both urine and serum, in 

individuals with and without CKD. Of the studies reporting on the expression pattern of miR-21 in 

CKD, one study showed a downregulation in this miRNA in serum sample, 30 whilst two studies 

evaluated miR-21 in urine and urine exosomes and found it upregulated 30,34, and one study found no 

difference in urine and plasma samples between the case and control groups 40.  

4.3.4.  Dysregulated miRNAs in DKD 
One hundred and ninety-three miRNAs were differentially expressed in DKD, and of these, 12 

miRNAs (miR-155, miR-126, miR-192, miR-21, miR-29b, miR-15a-5p, miR-29a, miR-29c, miR-

124, let-7a, miR-30e and miR-30b) were reported in at least three studies. miR-2151,60,61,64,67,71,76,77&89 

and miR-29b 50,53, were consistently upregulated whereas let-7a 19,74,93 and miR-30e 19,57,74 were 

consistently downregulated in individuals with DKD across studies (Table 5). Although discordant 

results were observed for miR-155, miR-126 and miR-192, they were commonly studied in at least 

four different studies. miR-155 was downregulated in DKD in three different studies 19,47,52, with one 

study reporting upregulation 53. In the five studies where miR-126 expression was investigated in 

serum, three different studies showed consistent upregulation of the miRNA 53,60,64, whilst two studies 

reported downregulation 48,76, in individuals with DKD and controls. Three studies reported 

downregulation of miR-192 49,70,71 , whilst three other studies 64,66,76 observed upregulation of this 

miRNA in individuals with DKD compared to controls.  

4.3.5.  MicroRNAs associated with kidney disease subgroups 
Studies reporting on the independent associations of various miRNAs with kidney disease outcomes 

and/or markers of kidney function and kidney damage are summarized in Tables 5 and 6, as well as in 

Figure 2. In the general population, miR-17 22, miR-2122, miR-150 22, miR-197 32 and miR-223 32 were 

inversely associated with prevalent CKD, whilst miR-novel-chr2_55842, miR-novel-chr7_76196, 

miR-novel-chr5_67265, miR-novel-chr13_13519, miR-novel-chr1_36178 and miR-novel-

chr15_18383 37 were positively associated with prevalent CKD. In individuals with DM, miR-377 49 

was inversely associated with DKD, whereas miR-4536-3p 54 was positively associated with DKD. 

MicroRNAs, let-7b-5p, miR-21-5p were positively associated with progression to ESKD, whereas let-

7c-5p, and miR-29a-3p were inversely associated with progression to ESKD in those with DM 77. In 

the general population, miR-126 was inversely associated with the risk of CKD 32,33, whereas in 
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individuals with DM it was inversely associated with DKD, microalbuminuria and macroalbuminuria 
48. In individuals with HTN-associated CKD, miR-29a 95 and miR-29b 96 were positively associated 

with albuminuria.  

4.3.6.  MicroRNAs associated with markers of kidney function and kidney damage 
Independent associations between kidney function (as measured by eGFR) and certain miRNAs were 

reported. MiR-125b 29, miR-145 29, miR-223 21, miR-17 22 and miR-150 22 were positively associated 

with eGFR, whilst miR-novel-chr2_55842 37, miR-novel-chr7_76196 37 and miR-92a 41 were inversely 

associated with eGFR in the general population with CKD. MiR-155 showed positive 29  and negative 

30 associations with eGFR in the general population with CKD. MiR-133b 59 was inversely associated 

with eGFR in individuals with DKD, whereas let-7g-5p and miR-191-5p 94 were positively associated 

with eGFR in people with HTN-associated CKD. On the other hand, miR-29a 95 and miR-29b 96 were 

positively associated with kidney damage (as measured by albuminuria) in individuals with HTN-

associated CKD, whilst miR-15b 58, miR-34a58, miR-636 58, miR-133b 59, miR-9 87 were positively 

associated with kidney damage in individuals with DKD. miR-21 and eGFR showed a positive 

association in the general population 22 and inverse association in those with DM 71, whilst miR-21 and 

albuminuria were positively associated in individuals with DM 71. miR-126 was positively associated 

with kidney function in the general population 21 and those with DM 33,48, whilst miR-192 70,71 was 

positively associated with kidney function and inversely associated with kidney damage in individuals 

with DM. miR-124 71 was inversely associated with eGFR and positively associated with albuminuria 

levels in individuals with DM. 

4.3.7.  Quality assessment 

Based on the NOS tool, most studies (87%) were rated as being of good quality. The remaining 

studies (13%) received a weak rating mostly due to a lack of adjustments for confounding variables 

that may have influenced the expression pattern of the miRNAs. Moreover, certain studies did not 

clearly describe how their controls were selected or how they were defined. Lastly, details on the 

ascertainment of exposure (how the records were stored and the structure of the interview) as well as 

the response rate were not clear in most studies. 
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Table 4: MicroRNAs reported in at least three studies in chronic kidney disease subtypes 

MicroRNA Study Sample type Expression pattern 

CHRONIC KIDNEY DISEASE 

miR-126 

Carmona, 2020 28 Serum Downregulated 

Fourdinier, 2019 21 Serum Downregulated 

Fujii, 2019b 32 Serum Downregulated 

Shang, 2017 41 Serum, urine No difference 

miR-223 

Carmona, 2020 28 Serum Downregulated 

Fourdinier, 2019 21 Serum Downregulated 

Fujii, 2019b 32 Serum Downregulated 

Ulbing, 2017 43 Serum Downregulated 

miR-155 

Chen, 2013 29 Serum Downregulated 

Donderski, 2021 30 
Urine Downregulated 

Serum Upregulated 

Eckersten, 2017 31 Serum Upregulated 

Shang, 2017 41 Serum, urine No difference 

miR-21 

Donderski, 2021 30 
Urine Upregulated 

Serum Downregulated 

Lange, 2019 34 Urine exosomes Upregulated 

Sayilar, 2016 40 Urine, plasma No difference 

DIABETIC KIDNEY DISEASE 

miR-155 

Akhbari, 2019 47 Cell-free serum Downregulated 

Barutta, 2013 52 Urinary exosomes 
Downregulated in 

microalbuminuria  

Beltrami, 2018 53 Urine  Upregulated 

Wang, 2019 19 Plasma Downregulated  

miR-126 

Al-kafaji, 2016 48 Whole blood Downregulated 

Beltrami, 2018 53 Urine  Upregulated 

Florijn, 2019 60 

Plasma exosomal vesicles Upregulated 

Plasma Upregulated 

Plasma Ago Upregulated 

Petrica, 2019 76 
 

Urine  Upregulated 

Serum Downregulated 

He, 2014 64 Serum Upregulated 

miR-192 
 

Al-kafaji, 2018 49 Whole blood Downregulated 

Jia, 2016 66 Urine extracellular vesicles 
Upregulated in 

microalbuminuria and 
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downregulated in macro 

albuminuria 

Ma, 2016 70 Serum Downregulated 

Milas, 2018 71 Urine Downregulated 

Petrica, 2019 76 
Urine Upregulated 

Serum Upregulated 

He, 2014 64 Serum Upregulated  

miR-21 

Assmann, 2019 51 Plasma 
Upregulated in 

macroalbuminuria  

Florijn, 2019 60 
Plasma exosomal vesicles Upregulated 

Plasma No difference 

Fouad, 2020 61 Plasma Upregulated 

Khokhar, 2021 67 Whole blood Upregulated 

Milas, 2018 71 Urine Upregulated 

Petrica, 2019 76 
Serum Upregulated 

Urine Upregulated 

Pezzolesi, 2015 77 Plasma 
Upregulated in rapid 

progressors to ESKD 

Zang, 2019 89 Urinary exosomes Upregulated 

He, 2014 64 Serum Upregulated 

miR-29b 

Beltrami, 2018 53 Urine Upregulated 

Peng, 2013 75 Urine supernatant No difference 

Argyropoulos, 2013 50 Urine Upregulated 

miR-15a-5p 

He, 2014 64 Serum Upregulated  

Xie, 2017 88 Urinary exosomes No difference 

Dieter, 2019 57 Urine and plasma No difference 

miR-29a 

Assmann, 2019 51 Plasma 
Downregulated in 

macroalbuminuria 

Peng, 2013 75 Urine supernatant Upregulated 

Pezzolesi, 2015 77 Plasma 
Downregulated in fast 

progressors to ESKD 

Liu, 2021 69 Serum Upregulated 

miR-29c 

Guo, 2017 62 

Plasma Upregulated 

Urine sediments Downregulated 

Kidney tissue Downregulated 

Pezzolesi, 2015 77 Plasma No difference 

Peng, 2013 75  Urine supernatant No difference 

miR-124 Milas, 2018 71 Urine Upregulated 
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Monjezi, 2022 72 
Peripheral blood mononuclear 

cells 
downregulated 

Petrica, 2019 76 
Serum  Downregulated  

Urine Upregulated 

Let-7a 

Park, 2022 74 
Plasma Downregulated 

Urinary extracellular vesicles Downregulated 

Wang, 2019 19 Plasma Downregulated 

Zhou, 2013 93 Whole blood Downregulated 

miR-30e 

Dieter, 2019 57 
Plasma  Downregulated 

Urine Downregulated 

Park, 2022 74 
Plasma Downregulated 

Urinary extracellular vesicles Downregulated 

Wang, 2019 19 Plasma Downregulated 

miR-30b 

He, 2014 64 Serum Upregulated 

Park, 2022 74 
Plasma Downregulated 

Urinary extracellular vesicles Downregulated 

Zang, 2019 89 Urine sediment exosome Downregulated 

 

 

 

 Table 5: Association of miRNAs with kidney disease outcome 

Study microRNA Adjustment 
Effect estimate 

[OR (95%CI)] 
Outcome 

Fujii, 2019 22 

miR-17 
sex, age, proteinuria, 

body mass index, 

systolic blood pressure, 

triglyceride, blood 

glucose, 

smoking status, alcohol 

consumption, exercise 

habit, and medication for 

non-communicable 

diseases 

0.42 (0.24 to 0.75); 

p=0.004 

CKD 

miR-21 
0.47 (0.26 to 0.85); 

p=0.01 

miR-150 
0.49 (0.27 to 0.88); 

p=0.02 

Fujii, 2019b 32 

miR-126 
age, sex, blood glucose, 

body mass index, 

systolic blood pressure, 

smoking status, alcohol 

consumption, relocation 

frequency, degree of 

0.67 (0.45 to 0.98); 

p=0.04 

CKD miR-197 
0.67 (0.46 to 0.99); 

p=0.05 

miR-223 
0.53 (0.35 to 0.79); 

p=0.002 
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housing damage, current 

housing environment, 

and psychological 

condition 

Fujii, 2021 33 miR-126 

Sex, age, body mass 

index, blood glucose 

levels, systolic blood 

pressure, smoking status, 

alcohol intake, habitual 

exercise, proteinuria and 

baseline eGFR or blood 

urea nitrogen 

3.85 (1.01 to 16.8); 

p=0.05 
CKD 

Huang, 2018 95 miR-29a 

age, sex, SBP, fasting 

blood-glucose, body 

mass index, glomerular 

filtration rate, 

triglyceride, C-reactive 

protein, and TGF-β1 

1.11 (1.08 to 1.37); 

p=0.002 
Proteinuria 

Huang, 2020 96 miR-29b 

age, gender, SBP, fasting 

blood-glucose, body 

mass index, glomerular 

filtration rate, low 

density lipoprotein 

cholesterol, C-reactive 

protein and TGF-β1 

0.55 (0.35 to 0.79); 

p<0.001 
Albuminuria 

Motshwari, 

2021 37 

 

miR-novel-

chr2_55842 

age, gender, smoking 

status, drinking status, 

HTN, and DM status 

1.65 (1.33 to 2.05); 

p<0.0001 

CKD 

miR-novel-

chr7_76196 

4.89 (2.48 to 9.64); 

p<0.0001 

miR-novel-

chr5_67265 

1.37 (1.17 to 1.60); 

p<0.0001 

miR-novel-

chr13_13519 

1.79 (1.40 to 2.28); 

p<0.0001 

miR-novel-

chr1_36178 

1.22 (1.10 to 1.37); 

p<0.0001 

miR-novel-

chr15_18383 

1.44 (1.09 to 1.89); 

p=0.009 

Al-kafaji, 2016 
48 

miR-126 
age, gender, BMI and 

blood pressure, fasting 

0.51 (0.37 to 0.71); 

p=0.002 
DKD 
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glucose, HbA1c, 

triglyceride, and LDL 

0.78 (0.70 to 0.95); 

p=0.04 
Microalbuminuria 

0.43 (0.30 to 0.70); 

p=0.03 
Macroalbuminuria 

Al-kafaji, 2018 
49 

miR-377 

age, sex, BMI, HbA1c, 

mean blood pressure, 

LDL, triglyceride and 

total cholesterol 

1.12 (0.98 to 1.22); 

p=0.018 
DKD 

Cardenas-

Gonzalez, 2017 
54 

miR-4536-3p Not reported 3.03 (1.95 to 4.72) DKD 

Pezzolesi, 2015 
77 

let-7b-5p 

Sex, age, HbA1c, 

duration of type 1 

diabetes 

2.51 (1.42 to 4.43); 

p=0.002 

ESKD 

miR-21-5p 
6.33 (1.75 to 22.92); 

p=0.005 

let-7c-5p 
0.23 (0.10 to 0.52); 

p=0.0004 

miR-29a-3p 
0.38 (0.20 – 0.74); 

p=0.004 

 

 
Table 6: Association of miRNAs with kidney function and damage 
 

Study microRNA Adjustment 

unstandardized/st

andardized β-

coefficient 

(95%CI) 

Outcome 

Chen, 

2013 29 

miR-125b 

Not reported Not reported eGFR miR-145 

miR-155 

Donderski, 

2021 30 
miR-155-5p Not reported 0.32; p=0.042 eGFR 

Fourdinier, 

2019 21 

miR-223 

age, body mass index, diabetes, 

urea, calcium, phosphate, 

parathyroid hormone, platelet count, 

cholesterol, and low density 

lipoprotein 

0.02 (0.01 to 0.03); 

p<0.0001 
eGFR 

miR-126 

hypertension, body mass index, 

diabetes, urea, phosphate, 

parathyroid hormone, proteinuria, 

0.00 (0.000 to 0.001); 

p=0.002 
eGFR 
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cholesterol, and low density 

lipoprotein 

Fujii, 2019 
22 

miR-17 sex, age, proteinuria, body mass 

index, systolic blood pressure, 

triglyceride, blood glucose, smoking 

status, alcohol consumption, 

exercise habit, and medication for 

non-communicable diseases 

0.121; p=0.004 

eGFR 

miR-21 0.134; p=0.002 

miR-150 0.123; p=0.004 

Fujii, 2021 
33 

miR-126 

age, sex, smoking habits, alcohol 

intake, habitual exercise, BMI, SBP, 

glucose levels, proteinuria, and 

baseline eGFR 

−3.18; p=0.04 eGFR 

Motshwari, 

2021 37 

 

miR-novel-

chr2_55842 
age, gender, smoking status, 

drinking status, hypertension, and 

diabetes mellitus status 

−2.70 (−4.82 to 

−0.57); p=0.013 
eGFR 

miR-novel-

chr7_76196 

−7.39 (−14.05 to 

−0.72); p=0.030 

Shang, 

2017 41 
miR-92a 

age, sex, smoking, diabetes mellitus, 

coronary artery disease, and 

hyperlipidaemia 

-0.684; p<0.001 

-0.548; p<0.001 
eGFR 

Berillo, 

2020 94 

let-7g-5p 

age, urinary albumin creatinine 

ratio, carotid distensibility, 

neutrophil and lymphocyte fractions, 

neutrophil number and neutrophil-

to-lymphocyte ratio 

0.41; p<0.001 
eGFR 

miR-191-5p 0.30; p<0.014 

Eissa, 

2016 58 

miR-15b 

Not reported 

0.452 (0.000 to 

0.000); p<0.001 

UACR miR-34a 
-0.914 (0.000 to 

0.000); p<0.03 

miR-636 
0.889 (0.000 to 

0.000); p<0.02 

Eissa, 

2016b 59 
miR-133b Not reported 

0.4 (0.395 to 1.855); 

p<0.01 
eGFR 

Ma, 2016 
70 

miR-192 

Age, duration, body mass index, 

systolic and diastolic blood pressure, 

fasting blood glucose, postprandial 

blood glucose, HbA1C, fasting 

insulin, postprandial insulin, fasting 

C peptides, prandial C peptides, 

blood urea nitrogen, creatinine, low- 

and high-density lipoprotein 

Not reported UACR 
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cholesterol, triglycerides, 

cholesterol, TGF-𝛽1, and fibronectin 

Milas, 

2018 71 

miR-21 

lipid profile, HbA1c, and high-

sensitive C-reactive protein 

−0.007 (−0.011 to 

−0.003); p=0.0001 

eGFR miR-124 
−0.007 (−0.011 to 

−0.003); p=0.0001 

miR-192 
0.005 (0.002 to 

0.008); p=0.0001 

miR-21 
−0.0005 (−0.0007 to 

−0.0002); p=0.0001 
UACR 

miR-124 
−0.0005 (−0.0007 to 

−0.0002); p=0.0001 

Xiao, 2017 
87 

miR-9 

pigment epithelium-derived factor, 

vascular endothelial growth factor, 

low-density lipoprotein cholesterol, 

total cholesterol, fibrinogen, HbA1c, 

insulin resistance 

0.431; p=0.023 UAER 
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Figure 2: Associations between miRNAs and CKD subgroups and markers of kidney function and damage. a) Shows miRNAs independently associated with 
CKD in general population and in high-risk individuals with HTN and DM. b) miRNAs associated with markers of kidney function and or kidney damage in 
general population and in high-risk individuals with HTN and DM. 
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4.4. Discussion  
Recent studies have demonstrated that miRNAs are key mediators in the pathophysiology of CKD, 

suggesting that circulating miRNAs have potential utility as alternative markers for early detection 

and progression of CKD, as well as monitoring treatment responses. Circulating and urinary miRNAs 

are ideal minimally- or non-invasive biomarkers because they are stable in body fluids and exosomes 

and can be detected using validated techniques for quantification. However, miRNA profile studies in 

humans have shown contradictory results, with few miRNAs being consistently dysregulated across 

studies. We performed a systematic review of studies that evaluated miRNA expressions in CKD in 

the general population, and high-risk subgroups (individuals with HTN and DM). We found that two 

miRNAs (miR-126 and miR-223) were consistently downregulated in the general population with 

CKD, whilst miR-21 and miR-29b were consistently upregulated and let-7a-3p and miR-30e were 

consistently downregulated in individuals with DKD, in whole blood, plasma, serum, urine, or urinary 

exosomes. Although showing inconsistent data, miR-155, miR-192, miR-15a-5p, miR-29a, miR-29c 

were also commonly quantified in the studies included in this review. Of note, only a few studies 

quantified miRNA expression in individuals with HTN-associated CKD, and reported inconsistent 

findings and none in HIVAN.  

MiR-126 is endothelial cell-specific and promotes vascular integrity and angiogenesis via regulation 

of vascular endothelial growth factor (VEGF) signalling and, as a result, inhibits vascular 

inflammation 100. MiR-126, which was downregulated in CKD in the general population 21,28,32 and 

individuals with DM 48,76 and HTN 99 when quantified in serum and whole blood samples, was 

inversely associated with prevalent CKD 32,33 and positively associated with eGFR 21,33. A prospective 

study showed that lower levels of miR-126 were associated with an increased risk of developing CKD 

and rapid decline in kidney function over a period of five years 33. Zhou et al also demonstrated that 

miR-126 has an atheroprotective role, as it increases vascular smooth muscle cells (VSMCs) turnover, 

thereby regulating the contractile phenotype of VSMC 101. Taken together, the downregulation of 

miR-126 may result in vascular dysfunction, which is very common in early-stage CKD. MiR-126 

may therefore be a potential biomarker for the early identification of CKD and a potential target for 

the prevention or treatment of CKD-related vascular complications. Contrary to these findings, a few 

studies reported upregulated expression of miR-126 individuals with DKD 53,60,64,76 when quantified in 

urine, plasma as well as serum. It is plausible that this may be a compensatory mechanism resulting in 

increased release of miR-126 when microvascular endothelial cells are exposed to stressful conditions 
102. Indeed, Beltrami and colleagues used in vitro analyses and showed that miR-126 is released from 

glomerular endothelial cells in response to DKD-related cytokines 53. 

 

Similarly to miR-126, miR-223 also plays a role in the regulation of VSMC proliferation 103. This 

miRNA was consistently downregulated in the general population with CKD in serum samples 



 104 

21,28,32,43. Moreover, lower levels of this miRNA were associated with lower levels of eGFR 32, and 

prevalent CKD 21. Although commonly considered to be involved in inflammatory pathways, 

evidence also suggests a protective role of miR-223 in VSMCs, through the inhibition of calcification 

by the regulation of interleukin-6 (IL-6)/signal transducer and activator of transcription 3 (STAT3) 63. 

These findings imply that increased levels of miR-223 may improve kidney function, and thus may 

serve as a therapeutic strategy to improve CKD outcomes in the general population. 

The involvement of miR-21 in kidney fibrosis is well established, although the mechanisms involved 

have not been completely clarified. miR-21 acts as a pro-fibrotic factor, and its upregulation induces 

kidney fibrosis through TGF-β signalling pathway regulation 104. Consistent upregulation of miR-21 

in individuals with DKD 51,61,64,67,71,76,77,89, as well as its inverse association with eGFR 71 and positive 

association with albuminuria 71 have been reported. Moreover, increased levels of miR-21 were 

associated with rapid progression to ESKD over a 10-year follow-up period 77. Correspondingly, in 

vitro and in vivo knockdown of miR-21 ameliorated DKD by reducing albuminuria, kidney 

inflammation, podocyte loss and interstitial fibrosis, suggesting its value as a potential therapeutic 

target against DKD progression 105. Although the observed findings imply that increased expression of 

miR-21 may be associated with the development and progression of DKD, the data was inconclusive 

in the case of CKD. In the general population with CKD, contrasting results were reported, with miR-

21 upregulated in urine 30 and urine exosomes 34 but downregulated in serum samples 30.  Moreover, 

Fujii and colleagues found that increased levels of miR-21 were positively associated with eGFR and 

inversely associated with the risk of CKD in the general population 22. Donderski et al. (2021) 

explained that the lower levels of miR-21 detected in serum samples of individuals with CKD may be 

as a result of suppression caused by increased fibrosis and TGF–β activity 30. This is in line with the 

findings by Sun et al (2018), using a murine kidney fibrosis model, they observed that miR-21 is the 

main regulator of fibroblasts activation through an auto-regulatory loop between miR-21 and 

programmed cell death protein 4 and activated protein 1, therefore, suggesting that miR-21 may act as 

pro- or anti-fibrotic depending on the cell type 106. It has been suggested that identification of the 

cellular source of miRNAs would be helpful instead of the biofluid sample to link the miRNAs to the 

specific disease process 107. 

The miR-29 family has been well studied with regard to the TGF-β signalling pathway 104. Two 

studies included in our review reported that miR-29b was upregulated in the urine samples of 

individuals with DKD 50,53, although one study reported no difference in the expression level of miR-

29b when quantified in urine supernatant 75. The lack of difference could be explained by the 

relatively lower abundance of miR-29b in urine supernatant sample reported in this study 75. In 

individuals with HTN, increased expression of miR-29b was positively associated with albuminuria 

and inversely associated with kidney function 96. However, these findings are contrary to previous 



 105 

studies that have reported on the protective role of this miRNA in DKD. Chen et al. (2014) showed 

that knockdown of miR-29b in diabetic mice was associated with increased albuminuria and TGFβ 

mediated fibrosis whereas overexpression of miR-29b attenuated kidney fibrosis in DKD through the 

regulation of TGFβ1/Smad3 pathway 108. The upregulated expression of miR-29b in DKD observed in 

the included studies in our review may be due to the compensatory release of miR-29b. Beltrami and 

colleagues used in vitro analyses and observed increased release of miR-29b from glomerular 

endothelial cells in response to DKD-related cytokines 53. Regarding the expression profile of miR-

29a and miR-29c, contradictory results were observed when quantified in various samples of 

individuals with DKD. miR-29a was downregulated in plasma samples of individuals with severe 

DKD 51 and inversely associated with rapid progression to ESKD over a 10-year follow-up period 77, 

suggesting that this miRNA may have a protective effect against the progression of DKD. However, 

when quantified in urine supernatant, upregulated expression of miR-29a was observed in individuals 

with DKD 75. Studies have previously highlighted that urine supernatant miRNAs inversely reflect 

intracellular miRNAs 109, which could be the possible reason for the discrepancy, however, tissue 

expression of miR-29a was not analyzed in this study 75. On the other hand, Guo et al (2017) 62 

analyzed the expression of miR-29c in three different samples of individuals with DKD relative to 

those without, and found downregulated expression in urinary sediments and kidney tissues but 

upregulated expression in plasma. Cui and Cui (2020) found that relative to blood, urinary miRNAs 

highly reflected kidney tissue miRNAs and suggested that urine should be a better sample for kidney 

miRNAs analysis 110.    

MicroRNAs miR-30e and let-7a were consistently downregulated in individuals with DKD relative to 

those without DKD suggesting that increased expression of these miRNAs may have protective 

effects in the kidney and therefore may serve as possible diagnostic and prognostic markers of DKD. 

Accordingly, previous evidence suggests that the let-7 family of miRNAs may be a negative regulator 

of kidney fibrosis in DKD 111. Muralidharan and colleagues112 validated the expression of let-7a in an 

Alb/TGFβ mouse model of CKD and found that the miRNA was significantly downregulated further 

suggesting its possible role in the development or progression of CKD. MicroRNAs in the miR-30 

family are highly enriched in kidney podocytes cells where they are involved in regulatory roles and 

are essential for structural and functional homeostasis 113. In vitro and in vivo experimental studies 

showed that the expression of miR-30e was significantly decreased in those with DKD whereas 

overexpression of miR-30e was protective against the development of kidney fibrosis in DKD 

suggestive the potential role of this miRNA as a therapeutic target.114 
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miR-155 was commonly analyzed in the studies included in this review. Experimental studies have 

shown that suppressing miR-155 expression in DKD mice protects against kidney damage, attenuates 

hyperglycaemia-induced kidney damage and downregulates IL-17 expression by enhancing the 

suppression of cytokine signalling 1 (SOCS1) 115. In line with these, upregulated expression of miR-

155 was observed in the general population with CKD 30,31 and individuals with DKD 53. However, 

downregulated expression of miR-155 was commonly reported in individuals with DKD 19,47,52, as 

well as in the general population with CKD 29,30. Furthermore, Donderski and colleagues reported on 

the positive association of miR-155 and eGFR 30. These findings suggest that miR-155 may also play 

a role in the development of DKD. Wang et al. (2018) demonstrated that miR-155 is involved in the 

regulation of the autophagic process in DKD through the regulation of a signalling loop p53/miR-155-

5p/Sirt1 and may therefore serve as a therapeutic strategy for DKD 116. 

miR-192 has been shown to have a protective effect against kidney fibrosis. Downregulated 

expression of miR-192 was observed in individuals with DKD 49,70,71, and reduced levels of miR-192 

were positively associated with kidney function 71 and inversely associated with kidney damage 70,71, 

suggesting that miR-192 levels may decrease with the increasing level of albuminuria and a decline in 

kidney function. Consistently,  in vivo studies have shown that loss of miR-192 was associated with 

the development and progression of DKD through exacerbation of kidney fibrosis by enhancing TGF-

𝛽1 signalling pathway 117. These findings suggest that reduced expression of miR-192 in the early 

stage may be associated with the development of DKD and, therefore may serve as an early indicator 

of DKD. However, contrary to these findings, increased expression of miR-192 in individuals with 

DKD relative to controls has been observed in a few studies 64,76. Jia and colleagues reported that the 

expression of miR-192 was increased during the early stages of DKD and decreased in the advanced 

stages of DKD 66. They further showed that miR-192 was positively correlated with albuminuria and 

TGF-𝛽1 levels 66, suggesting a profibrotic role of this miRNA. Jenkins et al. (2012) highlighted that 

miR-192 is pleiotropic, involved in multiple important roles in the kidney, and its role as an 

antifibrotic or profibrotic factor may be cell dependent 118. 

This review provides an overview of miRNA dysregulation in CKD, including diabetic and 

hypertensive-related CKD in humans. It also highlights miRNAs that are associated with CKD and its 

clinical indicators. A few miRNAs showed consistent expression patterns in CKD relative to controls, 

whilst the majority of the frequently studied miRNAs, showed contradictory findings. These 

discrepancies may be partly explained by the technical and methodological inter-study variabilities, 

such as the use of different biological samples, sample handling and processing procedures, miRNA 

extraction protocols, detection and quantification techniques, and normalizing controls 119. Although 

the majority of included studies quantified miRNA expression in blood, recent evidence points to the 

superiority of urine miRNAs to serum/plasma miRNAs for CKD diagnosis with the non-invasive 
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nature in which urine samples are collected, adding to its preference 120. Another challenge is the lack 

of a standardized normalization control for miRNA expression studies. Although a wide range of 

endogenous and exogenous miRNAs are employed as normalizers, emerging evidence suggests that 

the use of synthetic spike in controls such as cel-miR-39 is preferable 121. Therefore, to be able to 

identify reliable miRNA biomarkers, research findings need to be reproducible and comparable 

between studies. This can be achieved when normalization controls have been validated, and there is a 

standardization of robust protocols for sample processing and extraction 122. 

4.4.1.  Strength and limitations 

The main strength of this review is its comprehensive report of miRNAs dysregulated in CKD, their 

association with CKD as well as clinical markers of CKD in the general population as well as in high-

risk individuals with HTN and/or DM for the very first time. The review also provides a list of 

miRNAs that have been frequently studied in diverse geographical areas and showed consistent 

expression patterns across studies in CKD and DKD and therefore are worthy for future research.  

 

The studies included in the review had their own shortcomings and, as such, impacted the review’s 

overall quality of evidence. The most important limitation of the review was the inability to perform a 

pooled meta-analysis of our studies due to various factors, including insufficient raw data on fold 

changes or relative expression of miRNAs, technical and methodological variabilities between 

studies, such as the use of different biological samples, normalization control used, and different 

miRNA quantification techniques. Moreover, due to insufficient data, we could not report on the 

expression patterns of miRNAs across different stages of CKD. The language restriction on the 

inclusion criteria may have excluded other relevant studies, thus biasing our findings. Additionally, 

there were differences in the classification of CKD, wide sample size ranges, variability in participant 

demographic factors such as age, sex proportion, and race, as well as environmental and regional 

factors between studies.  

4.5. Conclusion 
MiRNAs detected in biofluids are promising as potential biomarkers of disease diagnosis and 

therapeutic targets for future clinical applications. However, understanding their role in CKD 

pathophysiology and how their expression pattern is regulated is still in its infancy. As such, further 

research is required to fully elucidate their roles before any extrapolation for clinical use. Prevention 

and early detection of CKD have been a topic of interest for many researchers and clinicians in the 

field. This review highlights a number of dysregulated miRNAs that were frequently studied and 

showed consistent findings across studies in CKD (miR-126 and miR-223) or DKD (miR-21, miR-

29b, let-7a and miR-30e) with a potential for clinical application in CKD diagnosis/prognosis in the 

future. This consistent alteration of miRNAs with CKD/DKD and their stability and detectability in 
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bodily fluids suggests that these miRNAs are promising potential non-invasive or minimally invasive 

diagnostic markers for early detection and therapeutic targets of CKD/DKD and warrant further 

scrutiny in future investigations. Besides these specific miRNAs, miR-155, miR-192, miR-15a-5p, 

miR-29a and miR-29c, despite their inconsistent expression patterns reported in different studies, 

were commonly dysregulated in CKD and/or DKD, and therefore may also play an important role in 

CKD. As such, their further exploration is warranted. Furthermore, it may be worthwhile for future 

studies to focus on identifying target genes and pathways of these frequently studied miRNAs, to get a 

complete understanding of their role in the development and progression of CKD, as well as to assess 

their potential value as diagnostic markers or therapeutic targets. 
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ABSTRACT 

The burden of chronic kidney disease (CKD) in Africa remains poorly characterized, due partly to the 

lack of appropriate diagnostic strategies. Although in recent years the diagnostic and prognostic utility 

of microRNAs (miRNAs) have gained prominence in the context of CKD, its value has not been 

evaluated in African populations. We investigated the expression of whole blood miRNAs (miR-126-

3p, -30a-5p, -1299, -182-5p & -30e-3p) in people with and without CKD, as well as the association of 

these miRNAs with prevalent CKD, in a community-based sample of South African adults. We used 

Reverse Transcription Quantitative Real-Time PCR (RT-qPCR) to analyze miRNA expression in 

1449 individuals (13.3% with prevalent CKD). There was an increased expression in whole blood 

miR-126-3p, -30a-5p, -1299 and -182-5p in individuals with CKD, compared to those without (all 

p<0.036), whereas miR-30e-3p showed no significant difference between the groups (p=0.482). Only 

miR-126-3p, -182-5p and -30e-3p were independently associated with increased risk of CKD (all 

p≤0.022). This study showed for the first time that there is a dysregulation of whole blood miR-126-

3p, -30a-5p, -1299 and -182-5p in South Africans of mixed-ancestry with CKD. More research is 

needed to ascertain their role in CKD risk screening in African populations. 
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5.1. Introduction  
Chronic kidney disease (CKD) is a major health concern globally, affecting approximately 8-16% of 

the adult population worldwide, with more than three quarters of these people residing in low-to-

middle-income countries (LMICs)1. Although there is a paucity of data on CKD in LMICs like those 

in Africa, recent studies suggest an escalation in the prevalence of CKD on the African continent. 

Indeed, in 2014 the first systematic review on CKD prevalence reported that 13.9% of the general 

sub-Saharan African population had CKD2, and recently an increased estimated prevalence of 15.8% 

was reported for adults living in Africa3.  The burden of CKD in Africa, which is partly attributable to 

the high prevalence of hypertension, diabetes and human immunodeficiency virus (HIV)-infection4, 

also affects younger individuals and disease progression to end-stage renal disease (ESRD) occurs at 

an earlier age, compared to other populations in Western countries5. 

Currently, the diagnostic approach used to identify persons with CKD depends mainly on the 

estimated glomerular filtration rate (eGFR), calculated predominantly by means of the 4-variable 

Modification of Diet in Renal Disease (MDRD)6 and the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equations7. There are various limitations to the equations, for example the 

predominant use of serum creatinine for estimation of glomerular filtration rate which may be affected 

by factors such as age, sex and body mass8. Moreover, these prediction equations, were derived and 

validated in high income countries with predominately Caucasian populations. Therefore, these 

equations are biased and need to be validated in African populations for correct estimates of CKD 

burden. The limitations of these equations have stimulated interest for novel diagnostic markers with 

improved diagnostic/prognostic accuracy for CKD. Since their discovery in 19939, microRNAs 

(miRNAs) have attracted immense attention in biomedical science as possible biomarkers for early 

detection and prognosis for various diseases such as cancer10, cardiovascular diseases (CVDs)11 and 

kidney diseases12. miRNAs are small non-coding single-stranded transcripts with approximately 19 to 

24 nucleotides that regulate gene expression post transcriptionally13. They function by binding to the 

3‘untranslated region (UTR) of their target messenger RNAs (mRNAs), thereby silencing gene 

expression either by inhibition of translation and/or by mRNA degradation12. To date, more than 2700 

miRNAs have been identified in the human genome according to database miRbase, release 22.114. A 

growing body of evidence suggests that miRNAs are involved in more than 90% of cellular activities, 

and their expression is tissue and cell type specific15. Furthermore, it has been found that these 

miRNAs are also detectable in biofluids in a highly stable manner16. As such, their high extracellular 

stability, tissue-specific expression, and feasible measurability by current techniques, makes them 

attractive candidate biomarkers for disease diagnosis and prognosis.  

A set of miRNAs are expressed specifically in the human kidney and may be involved in the 

development, homeostasis, and physiology of the kidney17. Emerging evidence from animal models18 
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and in humans18,19 suggest that dysregulation of miRNAs expressed in the kidney may be associated 

with the development of CKD. Many of these studies quantified miRNA expression in  plasma20,21 and 

serum  samples19,22. The use of plasma or serum is subject to limitations due to a number of factors 

including, cell lysis bias and pre-analytical analysis which might induce contamination or variation 

during sample processing because of lower miRNA yield in these  samples23.Despite the fact that 

Africa has the greatest genetic diversity compared to any other region in the  world24, there are as yet 

no existing studies that have examined the expression of miRNAs in African populations, thus the 

present study aimed: (1) to characterize the expression level of whole blood miRNAs, previously 

associated in the literature with kidney function or kidney disease pathophysiology, namely miR-126-

3p19, -30a-5p25, -129926, -182-5p27 and -30e-3p28, and (2) to investigate the association between 

these miRNAs and prevalent CKD, in a community-based sample of adult South Africans.  

5.2. Results 
5.2.1. General characteristics of the study population 
The general characteristics of the participants by CKD status are summarized in Table 1. Of the 1989 

individuals recruited for the VMH study, only 1449 samples were included in the present analysis. 

The remaining 540 samples were excluded due to missing data required to calculate eGFR. The 

present study comprised of 13.3% individuals with CKD (stage 1-5) and 26.4% male participants. In 

the group with CKD, 39.4%, 18.1%, 34.7%, 5.7% and 2.1% were in CKD stages 1 to 5, respectively. 

The individuals with CKD were on average older (61 vs 49 years, p<0.0001), with a greater 

proportion being over the age of 60 years (53.8% vs. 21.4%, p<0.0001). Persons with CKD further 

had a larger WC (96.0 vs 89.6 cm, p<0.0001), HC (104.3 vs 101.4 cm, p=0.001), and higher BMI 

(30.1 vs 27.0 kg/m2, p=0.0002), compared to those without CKD. The levels of FPG, 2-hr glucose, 

fasting insulin, 2-hr insulin, HbA1c, triglycerides, total cholesterol, CRP, SBP, DBP and PP were 

significantly higher in participants with CKD compared to participants without CKD (all p<0.05). 

Serum cotinine levels were significantly lower in persons with CKD compared to those without CKD 

(p=0.0008). Individuals with CKD also had higher percentages of overweight, obese, pre-diabetic 

(IFD/IGT), DM and hypertension (all p<0.0001); whereas the percentage of smokers and drinkers 

were significantly lower in individuals with CKD (all p<0.0001).  

5.2.2. MiRNA expression 

The expression levels of whole blood miRNAs, miR-126-3p, -30a-5p, -1299 and -182-5p, were 

significantly higher in individuals with CKD compared to those without CKD (all p≤0.0364), with 

similar levels of miR-30e-3p observed between the two groups (p=0.482).  

5.2.3. Spearman correlation coefficients 
The association between circulating miRNAs (miR-126-3p, -30a-5p, -1299, -182-5p and -30e-3p), 

anthropometric and biochemical parameters are shown in Table 2. Only miR-126-3p was positively 
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correlated with eGFR and ACR (r=0.09, p=0.045 and r=0.10, p=0.018, respectively). None of the 

other miRNAs showed an association with either measure of kidney function (p≥0.063 for all). The 

miRNAs were also correlated with various clinical parameters. miR-126-3p, -30a-5p, -182-5p and -

30e-3p were positively associated with fasting insulin (r=0.10, p=0.021; r=0.10, p=0.021; r=0.14, 

p=0.001 and r=0.13, p=0.004, respectively) and inversely associated with HbA1c (r=-0.12, p=0.005; 

r=-0.11, p=0.016; r=-0.12, p=0.004 and r=-0.10, p=0.021, respectively). Moreover, miR-126-3p 

showed positive correlation with WC and HC (r=0.09, p=0.032 and r=0.11, p=0.015, respectively), 

with miR-30a-5p positively correlated with total cholesterol (r=0.09, p=0.037). Higher levels of miR-

182-5p were correlated with a larger HC (r=0.09, p=0.047). Furthermore, miR-30e-3p showed 

positive correlation with weight, WC and HC (r=0.10, p=0.024; r=0.10, p=0.030 and r=0.13, p=0.004, 

respectively) and negative correlation with cotinine (r=-0.10, p=0.030). 

5.2.4. Relationship between whole blood miRNAs and prevalent CKD 
The crude and adjusted associations between whole blood miRNAs (miR-126-3p, -30a-5p, -1299, -

182-5p and -30e-3p) and prevalent CKD are presented in Table 3. Higher expression of miR-126-3p, -

182-5p and 30e-3p was associated with an increased prevalence of CKD (p≤ 0.001) (Model 1), and 

this positive association was independent of age, sex, hypertension, DM, smoking status and drinking 

status (p≤0.022) (Models 2-4). The miRNAs, miR-30a-5p and -1299 were not associated with 

prevalent CKD across all models (all p≥ 0.093). 
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Variables Without CKD (n=1256) CKD (n= 193) p-value 
Age (years) 49 (35-58) 61 (49-70) <0.0001 
Age >60 years (n,%) 269 (21.4) 104 (53.9) <0.0001 
Gender (n,% male) 344 (27.4) 38 (19.7) 0.024 
Weight (kg) 68.9 (57.9-84.4) 73.2 (62.2-83.3) 0.135 
Waist circumference (cm) 89.6 (76.8-102.4) 96.0 (86.8-105.7) <0.0001 
Hip circumference (cm) 101.4 (90.5-112.8) 104.3 (96.3-114.5) 0.0011 
Body mass index (kg/m2) 27.0 (21.8-33.1) 30.1 (25.2- 34.6) 0.0002 
Fasting plasma glucose (mmol/l) 4.9 (4.5-5.5) 5.3 (4.8-7.4) <0.0001 
2-hour glucose (mmol/l) 5.8 (4.7-7.3) 6.9 (5.6-8.7) <0.0001 
Fasting insulin (IU/l) 6.5 (4.1-10.6) 7.2 (4.6-12.2) 0.015 
2-hour insulin (IU/l) 35.6 (18.3-66.9) 47.0 (24.4-81.4) 0.0028 
Glycated haemoglobin (%) 5.7 (5.4-6.1) 6.1 (5.6-7.4) <0.0001 
Triglycerides (mmol/L) 1.2 (0.8-1.7) 1.4 (1.0-2.0) 0.0001 
HDL-C (mmol/L) 1.3 (1.1-1.5) 1.3 (1.0-1.5) 0.103 
LDL-C (mmol/L) 3.0 (2.4-3.7) 3.2 (2.5-3.8) 0.105 
Total cholesterol (mmol/L) 5.0 (4.3-5.8) 5.2 (4.5-6.1) 0.019 
C-Reactive protein(mg/L) 3.8 (1.51-8.32) 5.1 (2.62-12.61) <0.0001 
Serum cotinine (ng/mL) 79.7 (10-274) 10.0 (10.0-230.5) 0.0008 
Systolic blood pressure (mmHg) 131 (116-149) 146 (126-165) <0.0001 
Diastolic blood pressure (mmHg) 83 (75-93) 88 (79-100) <0.0001 
Pulse pressure (mmHg) 70 (63-79) 73 (63-84) 0.005 
Body mass index categories (n, %)   <0.0001 

Normal weight 501 (39.9) 48 (25.0)  
Overweight 286 (23.0) 48 (25.0)  

Obese 469 (37.7) 97 (50.5)  
Glucose tolerance categories (n, %)   <0.0001 

Impaired fasting glucose/impaired 
glucose tolerance 

181 (14.4) 
 

26 (13.5) 
 

 

Diabetes mellitus 200 (15.9) 77 (39.9)  
Hypertension (n, %) 708 (56.4) 169 (87.6) <0.0001 
Smokers (n,%) 651 (53.9) 68 (35.4) <0.0001 
Drinkers (n,%) 398 (31.9) 17 (8.9) <0.0001 
miR-126-3p (2-ΔCt) 0.85 (0.34-1.71) 1.06 (0.38-2.35) 0.003 
miR-30a-5p  (2-ΔCt)** 0.10 (0.03-0.31) 0.15 (0.04-0.36) 0.027 
miR-1299 (2-ΔCt)* 0.08 (0.02-0.26) 0.13 (0.02-0.46) 0.036 
miR-182-5p  (2-ΔCt) 0.93 (0.35-2.06) 1.32 (0.40-2.71) 0.005 
miR-30e-3p (2-ΔCt)* 0.23 (0.07-0.67) 0.25 (0.06-1.00) 0.482 

 

Table 1: General characteristics of the study participants and miRNA expression by chronic kidney 

disease status 

HDL-C (high-density lipoprotein cholesterol); LDL-C (low-density lipoprotein cholesterol); miR 

(microRNA). Data are presented as median (25th;75th percentiles) and count and percentages. * and 

** represent miRNAs factored by 100 and 10 respectively, as the values were very low.  
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Variables miR-126-3p (2-ΔCt) miR-30a-5p  (2-ΔCt) miR-1299 (2-ΔCt) miR-182-5p (2-ΔCt) miR-30e-3p (2-ΔCt) 
 r p-value r p-value r p-value r p-value r p-value 
Age (years) -0.02 0.588 -0.07 0.123 0.05 0.250 -0.03 0.493 -0.02 0.6216 
Weight (kg) 0.07 0.101 0.05 0.258 -0.07 0.149 0.05 0.266 0.10 0.024 
Waist circumference (cm) 0.09 0.032 0.05 0.216 -0.05 0.267 0.08 0.071 0.10 0.030 
Hip circumference (cm) 0.11 0.015 0.07 0.114 -0.05 0.284 0.09 0.047 0.13 0.004 
Body mass index (kg/m2) -0.02 0.423 -0.01 0.693 -0.02 0.412 -0.03 0.371 0.03 0.386 
Fasting plasma glucose (mmol/l) -0.03 0.485 -0.02 0.661 -0.04 0.367 -0.03 0.516 -0.03 0.541 
2-hour glucose (mmol/l) 0.02 0.690 0.01 0.761 0.05 0.291 -0.00 0.964 0.03 0.428 
Fasting insulin (IU/l) 0.10 0.021 0.10 0.021 -0.01 0.767 0.14 0.001 0.13 0.004 
2-hour insulin (IU/l) 0.03 0.488 0.04 0.323 -0.03 0.510 0.07 0.129 0.03 0.521 
Glycated haemoglobin (%) -0.12 0.005 -0.11 0.016 -0.03 0.522 -0.12 0.005 -0.10 0.021 
Triglycerides (mmol/L) 0.06 0.163 0.06 0.200 -0.05 0.318 0.06 0.179 0.03 0.520 
HDL-C (mmol/L) 0.03 0.468 0.03 0.540 -0.01 0.869 0.00 0.961 0.01 0.859 
LDL-C (mmol/L) 0.04 0.343 0.07 0.133 -0.06 0.214 0.04 0.328 0.05 0.307 
Total cholesterol (mmol/L) 0.05 0.205 0.09 0.037 -0.05 0.261 0.05 0.248 0.04 0.402 
C-reactive protein (mg/L) 0.04 0.330 -0.02 0.684 0.03 0.493 -0.00 0.917 -0.00 0.935 
Serum cotinine (ng/mL) -0.03 0.491 -0.03 0.444 0.05 0.328 -0.04 0.337 -0.10 0.030 
Systolic blood pressure (mmHg) 0.02 0.695 0.01 0.820 0.07 0.123 -0.03 0.512 -0.03 0.561 
Diastolic blood pressure (mmHg) 0.01 0.754 -0.03 0.569 0.03 0.472 -0.01 0.795 -0.03 0.492 
Pulse pressure (BPM) 0.06 0.147 -0.02 0.604 0.05 0.277 0.05 0.211 0.05 0.223 
eGFR 0.09 0.045 0.04 0.309 -0.01 0.908 0.08 0.076 0.07 0.094 
ACR 0.10 0.018 0.07 0.103 0.09 0.063 0.07 0.115 0.08 0.069 

 

Table 2: Spearman correlation coefficients for the association between circulating miRNAs and anthropometric and biochemical parameters 

ACR (albumin-to-creatinine ratio); eGFR (estimated glomerular filtration rate); HDL-C (high-density lipoprotein cholesterol); LDL-C (low-density 

lipoprotein cholesterol); miR (microRNA). Data presented as correlation coefficient (rho) and p-value. 
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  OR 95% Confidence interval 
  

p-value 

miR-126-3p (2-ΔCt)    
Model 1 1.33 1.19 to 1.48 <0.0001 
Model 2 1.36 1.21 to 1.52 <0.0001 
Model 3 1.34 1.20 to 1.50 <0.0001 
Model 4 1.34 1.20 to 1.51 <0.0001 
miR-30a-5p (2-ΔCt)    
Model 1 1.07 0.84 to 1.35 0.581 
Model 2 1.23 0.97 to 1.57 0.093 
Model 3 1.19 0.91 to 1.56 0.197 
Model 4 1.20 0.91 to 1.58 0.202 
miR-1299 (2-ΔCt)    
Model 1 1.10 0.98 to 1.22 0.096 
Model 2 1.09 0.97 to 1.22 0.171 
Model 3 1.10 0.98 to 1.23 0.095 
Model 4 1.10 0.98 to 1.23 0.104 
miR-182-5p (2-ΔCt)    
Model 1 1.09 1.03 to 1.15 0.001 
Model 2 1.11 1.05 to 1.18 <0.0001 
Model 3 1.11 1.04 to 1.17 0.001 
Model 4 1.10 1.04 to 1.17 0.001 
miR-30e-3p (2-ΔCt)    
Model 1 1.18 1.02 to 1.39 0.039 
Model 2 1.25 1.06 to 1.48 0.009 
Model 3 1.28 1.08 to 1.52 0.005 
Model 4 1.27 1.07 to 1.52 0.007 

 

Table 3: Logistic regression analyses of whole blood miRNAs for the prediction of prevalent CKD 

miR (microRNA) and OR (odds ratio). Models: Model 1: Crude; Model 2: Model 1 + age + sex; 

Model 3: Model 2 + hypertension + DM; Model 4: Model 3 + smoking status + drinking status.  

5.3. Discussion 
The present study aimed to characterize the expression level of miR-126-3p, -30a-5p, -1299, -182-5p 

and -30e-3p in whole blood samples of individuals with CKD compared to those without CKD for the 

first time in a mixed-ancestry community in South Africa. In this cross-sectional study, we found that 

the expression levels of circulating miR-126-3p, 30a-5p, -1299 and -182-5p were significantly 

elevated in individuals with CKD. Moreover, higher levels of miR-126-3p, -182-5p and 30e-3p were 

independently associated with increased risk of prevalent CKD.  
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In accordance with our observations, a study conducted in individuals with diabetic kidney disease 

(DKD), showed that the plasma levels of various miRNAs, including miR-126-3p, were significantly 

increased in these individuals, compared to people without DKD, and this increase was positively 

associated with angiopoietin (Ang)-2/Ang-1 ratio, an indicator of systemic microvascular damage21. 

In line with this finding, studies have shown that the plasma level of miR-126-3p is significantly 

elevated in various forms of diabetes when compared to normoglycaemic controls29,30. The potential 

link between miR-126-3p and microvascular damage is further supported by a study, albeit in an 

animal model, which showed that vascular damage as a result of CKD is indeed associated with the 

upregulation of miR-126-3p in the aorta of mice31. Interestingly, a study by Park et al., showed that 

the plasma levels of miR-126-3p were significantly elevated in individuals with essential hypertension 

and atherosclerotic renal artery stenosis (ARAS) as compared to healthy controls32. Taken together, 

these findings and ours may suggest that increased expression of miR-126-3p is involved in disease 

progression and may serve as a potential marker of microvascular damage in CKD. In contrast, other 

studies have reported that the expression of miR-126-3p is downregulated in individuals with CKD 

(stages 1–5 and those on RRT)19,22, DKD33 and in individuals with ESRD34. In support of these 

reports, an animal study by Bijkerk et al., showed that overexpression of miR-126-3p in the kidneys 

of mice offered protection against renal ischemia by promoting vascular regeneration35. Also, an in 

vitro study on human cavernous endothelial cells (hCECs) exposed to a diabetic-like environment, 

showed that overexpression of miR-126-3p ameliorates endothelial dysfunction by regulating the 

mitogen-activated protein kinase (MAPK) signaling pathway, by reducing the expression of its target 

gene, Sprouty-related protein with an EVH1 domain (SPRED1)36. These findings35,36 are supported by 

the observation of highly expressed miR-126-3p in endothelial cells, where it is involved in processes 

including vascular integrity, angiogenesis and wound repair37.  

The present study provides evidence for the first time that links miR-182-5p with an increased risk of 

preva-lent CKD. Previous studies have shown a positive association between miR-182-5p and DKD38 

as well as acute kidney injury (AKI)39. Ming et al., reported that the expression of miR-182-5p was 

upregulated in the podocytes of individuals with DKD, compared to non-diabetic controls. According 

to their findings, increased expression of miR-182-5p was associated with the downregulation of 

CD2-associated protein (CD2AP); which is a protein involved in podocyte apoptosis and the 

development of CKD in diabetics38. Likewise, Wilflingseder et al., found that the patients who 

developed AKI after kidney transplant had an increased expression level of miR-182-5p as compared 

to those who didn’t develop AKI post-transplant39. Our findings are further corroborated by the results 

obtained from animal studies of AKI, where inhibition of miR-182-5p in kidney tissue, improved 

kidney function and facilitated cell proliferation, metabolism, and angiogenesis40. Given that miR-

182-5p is involved in a variety of processes including apoptosis, proliferation, metabolism, and 

angiogenesis, upregulation of this miRNA could indicate increased cell death. Taken together, these 
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findings suggest that miR-182-5p may play a role in the pathogenesis of CKD and may serve as a 

potential prognostic marker and a possible therapeutic target for CKD. However, contrary to our 

findings, others observed that reduced expression of miR-182-5p was associated with disease 

development, including DKD41 and human renal carcinoma cells (RCC) via activation of 

AKT/FOXO3 signalling pathway42.  

miR-30e-3p, which belongs to the miR-30 family (miR-30a to -e), is abundantly expressed in human 

glomerular podocytes cells43. The involvement of this family of miRNAs has been reported in 

processes related to podocyte injury, glomerulosclerosis, and proteinuria43. In the present study, we 

for the first time observed a positive association between miR-30e-3p and increased risk of CKD. A 

previous study also found plasma levels of miR-30e-3p were significantly increased, however in 

individuals with Contrast-Induced AKI (CI-AKI) compared to those without CI-AKI44. Contrary, 

others have reported reduced expression of miR-30e-3p in individuals with DKD45, with the reduced 

expression being associated with the transforming growth factor beta 1 (TGF-β1)-mediated epithelial–

mesenchymal transition and kidney fibrosis46. miR-30a-5p, another member of the miR-30 family and 

miR-1299 showed no association with increased risk of prevalent CKD in the current study. However, 

their expression level was upregulated in CKD individuals as compared to those with normal kidney 

function. Even though the upregulation of miR-30a-5p has been reported in plasma samples of 

individuals with CI-AKI44, other studies reported the downregulation of this miRNA, in glomeruli and 

proximal tubules of DKD41 and in RCC25. In line with our findings, Jeong et al.26 also reported that 

miR-1299 was not associated with CKD progression. Thus, these findings taken collectively infer that 

miR-30-5p and -1299 may not be involved in the development of CKD.  

Contradictory findings regarding the expression of miR-126-3p, miR-182-5p and miR-30e-3p in CKD 

from different studies may be attributable to several factors, including the differences in cohorts. 

Several of these studies have been evaluated in either adults of Asian or European descent, with none 

conducted in African populations. Studies have shown that differences in demographic factors 

including ethnicity47, age and sex48 influence the expression of certain miRNAs. Moreover, in the 

present study we included individuals from an industrialized area and even though we adjusted for 

smoking, we did not consider the effects of environmental factors such as air pollution. In a review by 

Vrijens et al., the expression of certain miRNAs was found to change as a result of exposure to 

smoking and air pollution49. Another contributing factor may have been due to the varying sample 

types used to quantify miRNA expression. In the present study we quantified miRNA expression in 

whole blood samples which comprise different blood cell populations; potentially confounding the 

true miRNA profile specific for CKD50. However, whole blood samples are superior to plasma or 

serum samples in that it has a high miRNA yield and is not affected by pre-analytical analysis or cell 

lysis bias and therefore the results may be more reliable23. A study by Pascut et al., showed that there 
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were more miRNAs expressed in whole blood than serum51. Additionally, others have reported that 

certain miRNAs are highly expressed in serum as compared to plasma, which may be as a result of 

RNA molecules released during coagulation in serum52. Thus, these findings suggest that results of 

miRNA expressions quantified in different blood fractions are not necessarily comparable. Moreover, 

the lack of a validated normalization control remains a major challenge that affects the interpretability 

of results and may partly be the reason behind the variations and lack of comparability between 

studies53. Furthermore, some studies included individuals who were on medication, although there is 

evidence that corticosteroids54 reduce whereas metformin55 increases the expression of certain 

miRNAs. In the present study we did not adjust for any medication taken and steroids were not 

measured, as this was beyond the scope of our study. As such, we cannot rule out their possible effect 

on the observed miRNA expressions. Furthermore, our study has a high prevalence of DM, 

hypertension and obesity and multiple studies have shown that these conditions are independently 

associated with circulatory miRNAs30,32,37. However, this is unlikely to be the rea-son for the lack of 

comparability between the current study and others as we have adjusted for these variations. While 

some studies have shown that miRNA expression decreased with the severity of kidney disease19,20, 

we were unable to verify this due to the small sample size of CKD individuals which prevented 

stratification into the various stages of CKD. Therefore, further mechanistic studies are warranted for 

elucidation of the exact role of these whole blood miRNAs in CKD. 

The present study has other limitations. The cross-sectional design of the study did not allow 

exploration of the causal relationship between miRNA expression and CKD. We used whole blood 

samples for miRNA quantification, without normalizing for different blood cell populations. The 

majority of the individuals were females; although this is a common observation in South African 

studies. Furthermore, a once-off creatinine measure was used for the estimation of GFR, although the 

KDIGO international guidelines suggest periodic measurements over a period of 3 months. Also, the 

kidney function was measured indirectly using eGFR which lacks precision and accuracy instead of 

the direct measurement of GFR which is more accurate. Moreover, due to the limited sample number 

of individuals with CKD in the present study we were unable to stratify the CKD group into various 

stages to see if the miRNAs could discriminate between the stages. However, a strength of the present 

study is CKD was classified using eGFR incorporated with ACR, as recommended by the KDIGO 

guidelines. Moreover, the present study included individuals in the early and advanced stages of CKD 

which serves as a further strength.  

5.4. Conclusion 
To the best of our knowledge, the current study present evidence for the first time in an African 

population demonstrating dysregulation of whole blood miRNAs in CKD. Taken together, the 

findings of this study suggest that miR-126-3p, -182-5p and -30e-3p may be implicated in the 
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development/progression of CKD and may serve as potential independent prognostic markers for 

CKD in this population. However, the findings of our study are still exploratory and the conflicting 

findings in literature suggest that CKD is heterogeneous, and the role of these miRNAs in CKD 

remains elusive. Large studies in various ethnic groups are warranted to validate our findings, explore 

molecular mechanisms underlying whole blood miRNA expression in CKD, and elucidate the 

potential relevance of these miRNAs as diagnostic and/or prognostic markers of CKD in African 

population before further exploration of their applicability in clinical settings. 

5.5. Materials and methods 
5.5.1. Study setting and participants  
This study which was of a cross-sectional design, involved participants of mixed-ancestry recruited 

for the Vascular and Metabolic Health (VMH) study56. A total of 1989 individuals were recruited 

between 2014 and 2016 from the Bellville South area, which is located within the northern sub-urbs 

of Cape Town, South Africa. A detailed description of the study setting, and population has been 

reported previously57. Briefly, individuals aged 20 years or older who gave consent to genetic analysis 

were included in the current study. The exclusion criteria were ongoing pregnancy, acute illnesses and 

active communicable diseases. 

5.5.2. Questionnaire and physical examination 
A standard questionnaire was used to gather information about the participants’ demographics. 

Participants were classified a “drinker” if they self-reported to regularly consume alcohol. The 

anthropometric measurements including body weight, height, waist circumference (WC) and hip 

circumferences (HC) were taken by trained personnel, using standardized methods. Body mass index 

(BMI) was calculated as weight in kilograms, divided by the square of height in meters (kg/m2). 

Participants were classified as normal weight, overweight and obese, if BMI was between 18.5–24.9 

kg/m2, 25.0–29.99 kg/m2 and ≥ 30.0 kg/m2, respectively.  

Blood pressure (BP) measurements were performed according to the World Health Organisation 

(WHO) guidelines58, using an automated digital BP monitor (Omron M6 Comfort-preformed Cuff 

Blood Pressure Moni-tor, Omron), with the participants sitting quietly in a relaxed position. Three BP 

readings, systolic blood pressure (SBP) and corresponding diastolic blood pressure (DBP), at one-

minute intervals, were taken and the lowest read-ing was chosen as the participants’ BP. Pulse 

pressure (PP) was determined by subtracting the DBP from the SBP. Hypertension was defined as 

SBP ≥   140 mmHg and/or DBP ≥   90 mmHg or those on antihypertensive medication.  

5.5.3. Biochemical analysis  
All biochemical analysis was conducted by an ISO 15189 accredited pathology practice (PathCare 

Laboratory, Cape Town, South Africa). The following biochemical parameters were measured in all 
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participants: plasma glucose concentrations were measured using the enzymatic hexokinase method 

(Beckman AU, Beckman Coulter, South Africa), glycated haemoglobin (HbA1c) was measured using 

high performance liquid chromatography (HPLC) (Biorad Variant Turbo, South Africa), serum 

insulin was measured using a paramagnetic particle assay (Chemiluminescence), low-density 

lipoprotein cholesterol (LDL-C) was measured using  an Enzymatic Selective Protection –Endpoint 

assay (Beckman AU, Beckman Coulter, South Africa), high-density lipoprotein cholesterol (HDL-C) 

using an Enzymatic Immuno-inhibition-Endpoint assay (Beckman AU, Beckman Coulter, South 

Africa), triglycerides were estimated using a glycerol phosphate oxidase in the presence of peroxidase 

(GPO-POD) Endpoint assay (Beckman AU, Beckman Coulter, South Africa), ultrasensitive C-

reactive protein (CRP) was measured by Latex Particle immunoturbidimetry and serum cotinine was 

measured by Competitive Chemiluminescent (Immulite 2000, Siemens, South Africa). Participants 

were classified a “current smoker”, if serum cotinine levels were > 15 ng/mL59. All participants, 

excluding those who self-reported their diabetic status (confirmed by either participant medical card 

record or use of diabetic medication), underwent a 75 g oral glucose tolerance test (OGTT) after an 

overnight fast, according to WHO guidelines60.  The  OGTT  glucose  levels  were  used  to  group  

participants  according  to  WHO    criteria61  as: (1) normal glucose tolerance [fasting plasma glucose 

(FPG) <6.1 mmol/l and 2 hour postprandial glucose (2-hr glucose) <7.8 mmol/l]; (2) pre-diabetes 

including impaired fasting glucose (IFG, 6.1≤FPG< 7.0 mmol/l), impaired glucose tolerance (IGT, 

7.8<2-hr glucose<11.1 mmol/l) and the combination of both; and (3) diabetes mellitus (DM) 

(FPG≥7.0 mmol/l and/or 2-hr glucose≥11.1 mmol/l). In addition to the screen detected DM, those 

with a history of previously diagnosed DM were also grouped as DM.  

5.5.4. Classification of kidney function 
Urinary albumin levels were measured using the colorimetric (using bromocresol purple) method 

(Beckman AU, Beckman Coulter, South Africa) and serum creatinine and urinary creatinine were 

measured by the modified Jaffe-Kinetic method (Beckman AU, Beckman Coulter, South Africa). The 

participants were classified into CKD stages 1-5 using eGFR incorporated with staging based on three 

levels of albumin-to-creatine ratio (ACR) as recommended by the international guidelines by the 

Kidney Disease: Improving Global Outcomes (KDIGO) 20126. The GFR was estimated using the 

MDRD equation6, without the correction factor for African ethnicity. Findings were mostly similar in 

secondary analyses based on CKD-EPI equation estimated GFR (data not shown). CKD stages were 

classified as follows: without CKD (eGFR ≥ 90 mL/minute per 1.73 m2 and ACR < 3 mg/mmol); 

CKD stage 1 (eGFR ≥ 90 mL/minute per 1.73 m2 and ACR > 3 mg/mmol), CKD stage 2 (eGFR = 60-

89 mL/minute per 1.73 m2 and ACR > 3 mg/mmol), CKD stage 3 (eGFR = 30-59 mL/minute per 1.73 

m2), CKD stage 4 (eGFR = 15-29 mL/minute per 1.73 m2) and CKD stage 5 (eGFR < 15 mL/minute 

per 1.73 m2). As a collective, CKD was defined as an eGFR <90 ml/min/1.73 m2 and/or ACR >3 

mg/mmol). 
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5.5.5. RNA extraction  
During the survey, whole blood samples were collected in Tempus RNA tube and stored at – 20 

degrees Celsius for miRNAs extraction and analysis. The MagMAXTM for Stabilized Blood Tubes 

RNA Isolation Kit was used for extraction of total RNA, including miRNAs as per manufacturer’s 

specifications (Life Technologies, South Africa). RNA yield and quality were determined using 

Nanodrop spectrophotometry (Nanodrop one C, Thermo Fisher Scientific, USA). The concentration 

of RNA sample was determined by measuring its absorbance at 260nm and A260/A280 ratio was 

used to determine the quality of RNA. RNA samples with concentration > 20 ng/ul and 260/280 value 

>1.8 were used for miRNA quantification.  

5.5.6. Quantitative Reverse transcription PCR (qRT-PCR) 
Following total RNA isolation, miRNAs were converted to cDNA before further quantitative analysis. 

The subsequent reverse transcription was achieved using the TaqManTM Advanced cDNA Synthesis 

Kit, and in accordance with the manufacturer’s specifications (Applied Biosystems, 2015). 

Quantification of miRNA expression was then performed using the Taqman Advanced miRNA assay 

protocol as per manufacturer’s instructions, on a QuantStudio 7 Flex (Life Technologies, USA). miR-

16 was identified as the most stable endogenous reference gene for miRNA studies in samples derived 

from individuals with CKD62. The delta Ct (2−ΔCt) method was used to assess the microRNA 

expression level in each sample whilst the relative miRNA expression between samples was 

calculated using the delta delta Ct (2−ΔΔCT) method63. 

5.5.7. Ethics consideration 
Ethical clearance for the VMH study was granted by the Research Ethics Committees of the Cape 

Peninsula University of Technology (CPUT) and Stellenbosch University (NHREC: REC-230 408-

014 and N14/01/003, respectively). The present study was separately approved by the CPUT Faculty 

of Health and Wellness Sciences Research Ethics Committee (CPUT/HW-REC 2020/H11). 

Participants were informed about their rights and the procedures were fully explained in the language 

of their choice. Written informed consent were obtained from all participants. Permission was sought 

from the relevant authorities in this community. All information about the participants and aspects of 

the study is kept confidential. Research was carried out in accordance with the Code of Ethics of the 

World Medical Association (Declaration of Helsinki). 

5.5.8. Statistical analysis  
Due to the non-Gaussian distribution of most variables, the general participants’ characteristics were 

presented as median (25th–75th percentiles) or count and percentages. Wilcoxon rank-sum tests 

(continuous variables) and chi-square tests (categorical variables) were used for comparisons between 

individuals with CKD and those without CKD. Spearman correlation coefficients (rho, r) were used to 
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assess the association between whole blood miRNAs and anthropometric and biochemical parameters. 

Logistic regression models were used to analyse the ability of circulating miRNAs to predict 

prevalent CKD. The models used were as follows: Model 1: Crude; Model 2: Model 1 + age + sex; 

Model 3: Model 2 + hypertension + DM; Model 4: Model 3 + smoking status+ drinking status.  
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Abstract: The asymptomatic nature and lack of effective early-stage diagnostic tools in CKD, 

predisposes individuals to the risk of end-stage CKD and related complications. Whole blood 

microRNAs (miRNAs) have the potential for CKD risk screening. We evaluated the expression 

profile of six novel whole blood miRNAs as well as their ability to predict prevalent CKD in 

individuals with hypertension and/or diabetes. We included 911 individuals with hypertension and/or 

diabetes, of which 18.8% had prevalent CKD. miRNA expression was analyzed using quantitative 

reverse transcription PCR (RT-PCR). Five of the six miRNAs, namely hsa-miR-novel-chr1_36178, 

hsa-miR-novel-chr2_55842, hsa-miR-novel-chr7_76196, hsa-miR-novel-chr5_67265 and hsa-miR-

novel-chr13_13519, were significantly increased in people with CKD (all p<0.028). Only the 

increased expression of hsa-miR-novel-chr2_55842 and hsa-miR-novel-chr7_76196 were 

independently associated with reduced estimated glomerular filtration rate (eGFR) (both p≤ 0.038), 

while all the analyzed miRNAs were positively associated with prevalent CKD (all p≤ 0.038). All the 

blood miRNAs were acceptable predictors of CKD (C-statistic> 0.7 for all), with similar predictive 

capacity (p= 0.202). However, hsa-miR-novel-chr13_13519 added to CKD prediction beyond 
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conventional factors (p=0.040). Novel whole blood miRNAs showed an acceptable discriminative 

power to predict prevalent CKD; thereby suggesting the potential use of these miRNAs, particularly 

hsa-miR-novel-chr13_13519, in clinical practice as screening tool for CKD in high-risk individuals.   

Keywords: MicroRNAs; chronic kidney disease; hypertension; diabetes mellitus; predictive value 

6.1. Introduction 
The burden of chronic kidney disease (CKD) has increased substantially over the past three decades, 

progressing from the 36th ranked cause of death in 1990 to the 12th ranked cause of death worldwide 

in 2017 [1]. Globally, around 10% of the general adult population have CKD, with an estimated 16% 

for the African population [2]. It has been suggested that the high prevalence of CKD observed in 

Africa is partly attributable to the high prevalence of hypertension (HTN) and increasing incidence of 

diabetes mellitus (DM) [2,3] as a result of urbanization, sedentary lifestyles and longevity. DM, which 

is the leading cause of end-stage renal disease (ESRD), accounts for ap-proximately 11% to 83.7% of 

CKD cases in Africa [4], depending on the method of diagnosis used for CKD. This is concerning as 

according to the International Diabetes Federation IDF), of the approximate 9.3% (463 million) of 

people with DM, 50% are unaware of their condition and the highest proportions of the undiagnosed 

DM population are found in the African region (59.7%) [5]. HTN, which is another independent 

modifiable risk factor of CKD development and progression to ESRD [6], is strongly associated with 

cardiovascular disease (CVD) and a leading cause of premature death [7]. Among the leading risk 

factors of CKD, HTN is the most prevalent, affecting approximately 31% (1.39 billion) of the adult 

population globally, with highest proportions observed in the low-and-middle-income countries [8]. A 

high prevalence of 57% has been reported in the older adults of Africa [9]. 

The high incidences of CKD due to DM and HTN will result in significant social and economic 

ramifications particularly in Africa due to the limited and inadequate health resources. Early 

identification of CKD will enable early initiation of risk reducing therapies which may subsequently 

prevent or delay progression to advanced CVDs complications or ESRD that requires costly renal 

replacement therapy (RRT) [10]. However, due to its asymptomatic nature in the early stages, CKD is 

frequently diagnosed only during the advanced stages of the disease when prevention interventions 

are less likely to be effective. Therefore, screening individuals at high-risk of developing CKD, 

particularly those with HTN and DM, may prevent or halt the development or progression of CKD. 

The expression profiles of microRNAs (miRNAs) in biofluids have been associated with diseases 

such as cancer [11], neurodegenerative disease [12] and CVDs [13], therefore suggesting the potential 

utility of these miRNAs as minimally invasive biomarkers for disease diagnosis, monitoring and as 

therapeutic targets. miRNAs are a family of small non-coding transcripts that regulate gene 

expression post-transcriptionally, by inhibiting mRNA translation or triggering mRNA degradation, 
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thereby preventing the synthesis of certain proteins [14]. miRNAs have been shown to have important 

regulatory function such as proliferation, cell differentiation, development, apoptosis, and metabolism 

[15]. Therefore, dysregulation of miRNAs may result in impaired cellular function and disease 

development [16]. In addition to their intracellular function, studies have shown that miRNAs are also 

secreted by cells into the blood and other body fluids, although the mechanism remains unclear [17]. 

Unlike RNA, miRNAs in blood and other body fluids are very stable, as they are released into 

circulation bound to proteins and/or encapsulated in microvesicles, thereby protecting them from 

degradation by ribonucleases [17,18].  

Several studies have shown that the expression of certain miRNAs is tissue specific and may be 

involved in the development, homeostasis, and physiology of the kidney [14,19]. Although it has been 

demonstrated that miRNAs exhibit functional dysregulation in various diseases, including CKD [19], 

HTN [20], DM [21], as well as HTN and DM-related kidney diseases [22,23], minimal evidence 

exists on the predictive ability of these miRNAs, in relation to CKD, and none in sub-Saharan Africa. 

We have previously identified novel whole blood miRNAs via deep sequencing, which were 

significantly dysregulated in HTN (hsa-miR-novel-chr1_36178 and hsa-miR-novel-chr15_18383) 

[24], pre-diabetes (hsa-miR-novel-chr2_55842) [25] and DM (hsa-miR-novel-chr7_76196, hsa-miR-

novel-chr5_67265 and hsa-miR-novel-chr13_13519) (unpublished data). The current study aimed to: 

1) evaluate the expression profile of these miRNAs in high-risk individuals (HTN and/or DM) with 

and without CKD; 2) determine the diagnostic ability of these six novel whole blood miRNAs to 

discriminate between individuals with CKD and those without; and 3) determine whether these 

miRNAs offer additional diagnostic advantage above and beyond conventional CKD risk factors. 

6.2. Materials and methods 
 
6.2.1. Study Design and Procedures 
The current study, which is based on data collected between 2014 and 2016, forms part of the ongoing 

Vascular and Metabolic Health (VMH) study, an extension of the Cape Town Bellville South study, 

previously described in details [26]. Ethical clearance for the VMH study was granted by the research 

ethics committees of Cape Peninsula University of Technology (CPUT) and Stellenbosch University 

(NHREC: REC—230,408– 014 and N14/01/003, respectively). For the current study, ethical 

clearance was granted by the Faculty of Health and Wellness Sciences Research Ethics Committee of 

the CPUT (CPUT/HW-REC 2020/H11). The participants gave signed written consent after they were 

informed about their rights and the procedures were fully explained in the language of their choice. 

Research was carried out in accordance with the Code of Ethics of the World Medical Association 

(Declaration of Helsinki). A total of 1989 individuals of mixed-ancestry were recruited between 2014 

and 2016 as part of the VMH Study and of these 911 individuals had HTN and DM, with age range 

between 20 and 91, a median age of 56 years and were thus selected for the present analysis (18.8% 
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with CKD and 22 % males). Of the total sample 6.4%, 3.6%, 7.1%, 1.2% and 0.4% of the individuals 

were in CKD stages 1-5 respectively.  

The detailed data collection procedures using standardized questionnaires and physical examination 

have been explained elsewhere [25]. Briefly, clinical measurements including body weight, height, 

hip circumference (HC), waist circumference (WC) and blood pressure (BP) were taken by trained 

personnel by standardized methods. Body mass index (BMI) was calculated as weight in kilograms 

divided by the square of height in meters (kg/m2). Participants were classified as underweight (BMI 

<18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.99 kg/m2) and 

obese (BMI ≥ 30.0 kg/m2) respectively. BP measurements were performed according to WHO 

guidelines [27], using an automatic digital BP monitor (Omron M6 Comfort-preformed Cuff Blood 

Pressure Monitor, Omron), with the participants sitting quietly in a relaxed position for at least 5 

minutes. Two BP readings, including systolic BP (SBP) and diastolic BP (DBP), at three-minute 

intervals, were taken and the lowest SBP and the corresponding DBP were chosen as the participant’s 

BP. Pulse pressure (PP) was estimated by subtracting the DBP from the SBP. HTN was defined as 

SBP ≥140mmHg and/or DBP ≥90mmHg or self-reported ongoing use of antihypertensive 

medications.  

All biochemical analysis was conducted by an ISO accredited pathology practice (PathCare 

Laboratory, Cape Town, South Africa). All participants, excluding those who self-reported diabetes 

mellitus (confirmed by either participant medical card record or use of diabetic medication), 

underwent a 75g oral glucose tolerance test (OGTT) after an overnight fast, according to WHO 

guidelines [28]. DM was defined as fasting blood glucose (FBG) ≥7.0 mmol/L and/or 2-hour 

postprandial glucose (Glucose 2 HR) ≥11.1 mmol/L, or ongoing use of glucose control medications. 

Plasma glucose concentrations were measured using the enzymatic hexokinase method (Beckman 

AU, Beckman Coulter, Brea, CA, USA), glycated haemoglobin (HbA1c) was measured using high 

performance liquid chromatography (HPLC) (Biorad Variant Turbo, BioRad, Hercules, CA, USA), 

urine albumin levels were measured using the colorimetric (using bromo-cresol purple) method 

(Beckman AU, Beckman Coulter, Brea, CA, USA) and serum and urinary creatinine was measured by 

the modified Jaffe-Kinetic method (Beckman AU, Beckman Coulter, Brea, CA, USA). For serum 

samples, fasting and 2-hour blood samples were collected in a plain tube (with no clotting factors) and 

this was centrifuged using a Beckman General Purpose centrifuge (Beckman Coulter Inc., CA, USA) 

to obtain serum and for urine samples, the urine was collected in specimen containers supplied by the 

laboratory and all samples were transported daily in an ice-box for processing at pathology practice 

(PathCare Laboratory, Cape Town, South Africa).  
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The level of kidney function was measured using estimated glomerular filtration rate (eGFR) which 

was calculated using the 4-variable Modification of Diet in Renal Disease (MDRD) (eGFR= 175 x 

(SCr)-1.154 x (age)-0.203 x 0.742 [if female]) [29], and Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equations (eGFR=141 x min(SCr/κ, 1)α x max(SCr /κ, 1)-1.209 x 

0.993Age x 1.018 [if female], where SCr was defined as serum creatinine, κ was 0.7 (females) or 0.9 

(males), α was -0.329 (females) or -0.411 (males), min indicated the minimum of SCr/κ or 1 and max 

indicated the maximum of SCr/κ or 1. The correction factor for African American ethnicity was not 

included as recommended for our study population [30]. Only the MDRD data are shown as similar 

results were obtained for both equations. CKD was defined as eGFR <90 ml/min/1.73 m2 and/or 

albumin-to-creatinine ratio (ACR) >3 mg/mmol as recommended by the current Kidney Disease: 

Improving Global Outcomes (KDIGO) guidelines [29]. Participants were classified a “current 

smoker”, if serum cotinine levels were >15 ng/mL [31] and a “drinker” if they self-reported to 

consuming alcohol.  

6.2.2. MicroRNA analysis 
The detailed methodology of whole blood miRNA extraction and analysis was de-scribed previously 

[25]. Briefly, whole blood samples were collected in Tempus RNA tubes and stored at – 20 degrees 

for circulating miRNA extraction and analysis. The samples were sent to Arraystar Inc (Rockville, 

USA) for small RNA library construction, deep sequencing, and data processing. The identified 

miRNAs that showed dysregulation between the groups were selected for validation in a larger study 

sample by quantitative reverse transcription polymerase chain reaction (RT-qPCR) to assess the 

reproducibility of the results. Following isolation, using the MagMAXTM for Stabilized Blood Tubes 

RNA Isolation Kit (Life Technologies, Waltham, MA, USA), total RNA was reverse transcribed into 

complementary DNA (cDNA) using the TaqManTM Advanced cDNA Synthesis Kit, and in 

accordance with the manufacturer’s specifications (Applied Biosystems, 2015). Following reverse 

transcription, quantification of miRNA expression was then performed using TaqManTM miRNA 

assay protocol as per manufacturer’s instructions, with Quantum Studio 7 (Life Technologies, 

Waltham, MA, USA). The delta Ct (2−ΔCt) method was used to assess the miRNA expression level 

in each sample by normalization to endogenous control (miR-16-5p) expression levels. The relative 

miRNA expression between samples was calculated using the delta-delta Ct (2−ΔΔCT) method [32].  

6.2.3. Statistical analysis  
The Shapiro-Wilk W test was used to check the data distribution. Due to the non-Gaussian 

distribution of most variables, the general participant characteristics were presented as median (25th–

75th percentiles) or count and percentages. Wilcoxon rank-sum tests (continuous variables) and chi-

square tests (categorical variables) were used for comparisons between individuals with CKD and 

those without CKD. Robust linear regression models, unadjusted and adjusted for age, gender, 
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smoking status, drinking status, HTN and DM status were used to assess the association between 

whole blood miRNAs and eGFR. The models used were as follows: Model 1: Crude; Model 2: Model 

1 + age + gender; Model 3: Model 2 + smoking status + drinking status; Model 4: Model 3 + HTN 

status + DM status. Logistic regression models with similar level of adjustment were used to analyse 

the ability of whole blood miRNAs to predict prevalent CKD. The Area under the Receiver Operating 

Characteristics (ROC) curve (AUC) was used to determine the discriminatory power of each miRNA 

(hsa-miR-novel-chr1_36178, hsa-miR-novel-chr15_18383, hsa-miR-novel-chr2_55842, hsa-miR-

novel-chr7_76196, hsa-miR-novel-chr5_67265 and hsa-miR-novel-chr13_13519), alone and as a 

collective, and alongside conventional risk factors to distinguish participants with CKD from those 

without. Statistical significance was defined as a p-value of < 0.05.  

6.3. Results 

6.3.1. General characteristics of the study population 
A total of 1989 individuals of mixed-ancestry were recruited between 2014 and 2016 as part of the 

VMH Study and of these 911 individuals had HTN and DM, and were thus selected for the present 

analysis (18.8% with CKD and 22 % males). The clinical characteristics of the study participants by 

CKD status are summarized in Table 1. Of the total sample 6.4%, 3.6%, 7.1%, 1.2% and 0.4% of the 

individuals were in CKD stages 1-5 respectively. Individuals with CKD were significantly older (63 

vs 55 years, p<0.0001), had a larger waist circumference (98.5 vs. 94.4 cm, p=0.023), higher fasting 

plasma glucose (5.3 vs 5.2, p=0.0026), 2-hour glucose (7.1 vs 6.4, p= 0.0047), HbA1c (6.2 vs 5.9, 

p<0.0001), 2-hour insulin (51.5 vs 41.8, p=0.032), SBP levels (149 vs 146, 0.047) and a higher pro-

portion of DM (45 vs 27%, p<0.001) compared to those without CKD. Conversely, participants 

without CKD had higher proportion of smokers (47.7 vs 31.2%) and alcohol consumers (28.5 vs 

7.6%) than those with CKD (p<0.0001 for both).  

6.3.2. Relative expression levels of whole blood miRNAs 
The relative expression levels of the six novel whole blood miRNAs are shown in Figure 1 (A-F). The 

expression levels of whole blood miRNAs (hsa-miR-novel-chr1_36178, hsa-miR-novel-chr2_55842, 

hsa-miR-novel-chr7_76196, hsa-miR-novel-chr5_67265 and hsa-miR-novel-chr13_13519) were 

significantly higher in individuals with CKD as compared to those without CKD (all p<0.028), 

whereas the expression of hsa-miR-novel-chr15_18383 showed no differences between the two 

groups (p=0.197) 

6.3.3. Relationship between whole blood miRNAs, eGFR and prevalent CKD 

In robust linear regression models (Table 2), increased expression of blood miRNAs (hsa-miR-novel-

chr2_55842, hsa-miR-novel-chr7_76196) were significantly associated with reduced eGFR, 

independent of age, gender, smoking status, drinking status, DM and HTN status (Models 1-5, 
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p<0.038 for all). hsa-miR-novel-chr5_67265 and hsa-miR-novel-chr13_13519 showed significant 

association with lower eGFR levels, in-dependent of age and gender (Models 1-2, all p≤0.05), but not 

after further adjustment for smoking status, alcohol consumption, DM and HTN status (Models 3-4, 

p<0.062). The miRNAs, hsa-miR-novel-chr1_36178 and hsa-miR-novel-chr15_18383, showed no 

association with eGFR (p≥ 0.311 for all). Table 3 presents the odds ratios (ORs) with 95% confidence 

intervals (CIs) from logistic regression analysis of whole blood miRNAs for the prediction of CKD. 

All the whole blood miRNAs were positively associated with CKD in people with HTN and/or DM 

even after adjustment for a range of confounders (p≤ 0.038, for all). 

6.3.4. Diagnostic value of whole blood miRNAs to predict CKD 

Figure 2 presents the ROC curves for the discriminatory ability of whole blood miRNAs to identify 

people with CKD. All the whole blood miRNAs had acceptable discriminatory power for prevalent 

CKD in people with HPT and/or DM (all AUC> 0.7), however AUC comparison showed no 

significant difference between miRNAs in predicting prevalent CKD (p=0.202). Moreover, when 

comparing the standard model (including only age, gender, and smoking, drinking, HTN and DM 

status) with the models containing the miRNAs, only the model with hsa-miR-novel-chr13_13519 

was significantly different to the standard model (p= 0.0397). 
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Table 1:  General characteristics of the study participants at risk of developing CKD, categorized by 
CKD status 

Variables Total (n=911) 
Without CKD 

(n=740) 
CKD (n=171) p-value 

Age (years) 56 (47-64) 55 (47-62) 63 (53-70) <0.0001 

Gender (n, % male) 203 (22.3) 168 (22.7) 35 (20.5) 0.517 

Weight (kg) 74.5 (61.9-87.5) 74.5(61.5-87.6) 74.7 (63.9-85.3) 0.859 

Waist circumference (cm) 95.3 (84.3-106.7) 94.4 (83.4-106.8) 98.5 (88.3-106.4) 0.023 

Hip circumference (cm) 104.5 (94.5-115.9) 104.5 (94.0-116.0) 104.8 (96.7-115.0) 0.313 

Body mass index (kg/m2) 29.7 (24.5-35.2) 29.5 (24.2-35.1) 30.5 (25.7-35.6) 0.175 

Serum cotinine (ng/mL) 10.0 (10.0-257.0) 10.0 (10.0-263.0) 10.0 (10.0-208.00) 0.250 

Fasting plasma glucose (mmol/l) 5.2 (4.7-6.2) 5.2 (4.7-6.0) 5.3 (4.8-7.8) 0.003 

2-hour glucose (mmol/l) 6.5 (5.3-8.3) 6.4 (5.3-8.2) 7.1 (5.8-8.8) 0.005 

Fasting insulin (IU/l) 7.4 (4.7-12.1) 7.3 (4.6-11.9) 7.5 (4.9-12.5) 0.292 

2-hour insulin (IU/l) 43.5 (23.2-78.0) 41.8 (22.6-76.5) 51.5 (30.3-90.7) 0.035 

Glycated haemoglobin (%) 5.9 (5.5-6.6) 5.9 (5.5-6.4) 6.2 (5.8-7.7) <0.0001 

Systolic blood pressure (mmHg) 147 (132-162) 146 (132-161) 149 (132-169) 0.047 

Diastolic blood pressure (mmHg) 91 (82-100) 92 (82-99) 90 (80-103) 0.656 

Pulse pressure (mmHg) 72 (64-81) 72 (64-80) 74 (64-84) 0.079 

Body mass index categories (n, %)    0.085 

Normal weight 247 (27.4) 212 (29.0) 35 (20.6)  

Overweight 216 (24.0) 172 (23.5) 44 (25.9)  

Obese 438 (48.6) 347 (47.5) 91 (53.5)  

Diabetes mellitus (n, %) 277 (30.4) 200 (27.0) 77 (45.0) <0.0001 

Hypertension (n, %) 878 (96.4) 709 (95.8) 169 (98.8) 0.057 

Current smokers (n, %) 395 (44.5) 342 (47.7) 53 (31.2) <0.0001 

Current drinkers (n, %) 222 (24.6) 209 (28.5) 13 (7.6) <0.0001 

     

Data is presented as median (25th - 75th percentiles) and count and percentages  

Abbreviations: CKD (chronic kidney disease); miR (microRNA)
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Figure 1: Box and Whisker plots showing miRNA expression. A) hsa-miR-novel-chr1_36178, B) hsa-miR-novel-chr15_18383**, C) hsa-miR-novel-

chr2_55842, D) hsa-miR-novel-chr7_76196**, E) hsa-miR-novel-chr5_67265*, F) hsa-miR-novel-chr13_13519*. * Represent miRNAs factored by 10 and 

** represent miRNAs factored by 100 as the values were very low. Abbreviations: CKD (chronic kidney disease); miR (micro-RNA).



 151 

Table 2: Robust linear regression models for the association between whole blood miRNAs and eGFR 

 β 95% CI p-value 

hsa-miR-novel-chr1_36178         

Model 1 -0.52 -1.71 to 0.67 0.395 

Model 2 -0.45 -1.45 to 0.55 0.381 

Model 3 -0.52 -1.52 to 0.49 0.311 

Model 4 -0.49 -1.49 to 0.52 0.343 

hsa-miR-novel-chr15_18383       

Model 1 1.46 -1.84 to 4.76 0.386 

Model 2 0.36 -2.42 to 3.14 0.802 

Model 3 -0.10 -2.87 to 2.68 0.942 

Model 4 -0.05 -2.83 to 2.74 0.973 

hsa-miR-novel-chr2_55842    

Model 1 -5.51 -8.01 to -3.02 <0.0001 

Model 2 -2.74 -4.85 to -0.64 0.011 

Model 3 -2.64 -4.77 to -0.52 0.015 

Model 4 -2.70 -4.82 to -0.57 0.013 

hsa-miR-novel-chr7_76196        

Model 1 -10.1 -18.05 to -2.15 0.013 

Model 2 -7.07 -13.73 to -0.41 0.038 

Model 3 -7.34 -14.00 to -0.68 0.031 

Model 4 -7.39 -14.05 to -0.72 0.030 

hsa-miR-novel-chr5_67265        

Model 1 -2.87 -4.59 to -1.15 0.001 

Model 2 -1.62 -3.07 to -0.17 0.029 

Model 3 -1.35 -2.81 to 0.12 0.071 

Model 4 -1.40 -2.88 to 0.07 0.062 

hsa-miR-novel-chr13_13519      

Model 1 -4.05 -6.70 to -1.41 0.003 

Model 2 -2.19 -4.42 to 0.00 0.050 

Model 3 -1.73 -3.97 to 0.51 0.131 

Model 4 -1.76 -4.02 to 0.49 0.126 

Models: Model 1: Crude; Model 2: Model 1 + age + gender; Model 3: Model 2 + smoking status + 

drinking status; Model 4: Model 3 + DM status + HTN status.  

Abbreviations: miR (MicroRNA) and β (beta-coefficient) 
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Table 3: Logistic regression analysis of blood miRNAs for prediction of CKD 

 OR 95% CI p-value 

hsa-miR-novel-chr1_36178         

Model 1 1.20 1.09 to 1.32 <0.0001 

Model 2 1.22 1.10 to 1.35  <0.0001 

Model 3 1.23 1.10 to 1.38 <0.0001 

Model 4 1.22 1.10 to 1.37 <0.0001 

hsa-miR-novel-chr15_18383       

Model 1 1.33 1.02 to 1.74 0.038 

Model 2 1.39 1.06 to 1.83 0.019 

Model 3 1.46 1.11 to 1.93 0.007 

Model 4 1.44 1.09 to 1.89 0.009 

hsa-miR-novel-chr2_55842    

Model 1 1.70 1.40 to 2.07 <0.0001 

Model 2 1.66 1.36 to 2.04 <0.0001 

Model 3 1.65 1.34 to 2.04 <0.0001 

Model 4 1.65 1.33 to 2.05 <0.0001 

hsa-miR-novel-chr7_76196        

Model 1 4.40 2.37 to 8.19 <0.0001 

Model 2 4.34 2.27 to 8.30 <0.0001 

Model 3 4.64 2.37 to 9.08 <0.0001 

Model 4 4.89 2.48 to 9.64 <0.0001 

hsa-miR-novel-chr5_67265        

Model 1 1.20 1.05 to 1.37 0.007 

Model 2 1.17  1.02 to 1.33 0.027 

Model 3 1.38 1.19 to 1.61 <0.0001 

Model 4 1.37 1.17 to 1.60 <0.0001 

hsa-miR-novel-chr13_13519      

Model 1 1.96 1.56 to 2.46 <0.0001 

Model 2 1.93 1.52 to 2.45 <0.0001 

Model 3 1.83 1.44 to 2.32 <0.0001 

Model 4 1.79 1.40 to 2.28 <0.0001 

Models: Model 1: Crude; Model 2: Model 1 + age + gender; Model 3: Model 2 + smoking status + 

drinking status; Model 4: Model 3 + DM status + HTN status.  

Abbreviations: β (Beta coefficient) and OR (odds ratio) 
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Figure 2: Area under the Receiver Operating Characteristics (ROC) curves (AUC) illustrating the diagnostic ability of six novel whole blood miRNAs to 
discriminate between individuals with CKD and those without in a group of high-risk individuals. 

Models: miRNA + age + gender + smoking status + drinking status + DM status + HTN status. Full model includes all six miRNAs. Abbreviation: 

miRNA (microRNA). 
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Figure 3: Area under the Receiver Operator Characteristic (ROC) curves (AUC) illustrating the illustrating the diagnostic advantage of six novel whole 

blood miRNAs to predict CKD in a group of high-risk individuals above that of conventional risk factors.  

Standard model: age + gender + smoking status + drinking status + diabetes status + hypertension status. Model for each miRNA separately: miRNA + age 

+ gender + smoking status + drinking status + diabetes status + hypertension status. miRNA, microRNA
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6.4. Discussion  
The key findings of this study are that all six novel whole blood miRNAs were significantly 

associated with prevalent CKD, independent of conventional risk factors. The expression profile of 

miRNAs (hsa-miR-novel-chr1_36178, hsa-miR-novel-chr2_55842, hsa-miR-novel-chr7_76196, hsa-

miR-novel-chr5_67265 and hsa-miR-novel-chr13_13519) were significantly higher in CKD 

individuals as compared to those with normal kidney function. While all the miRNAs had acceptable 

and comparable discriminatory power for prevalent CKD, only hsa-miR-novel-chr13_13519 added to 

predictions beyond conventional risk factors. The findings of the current investigation suggest that 

these novel whole blood miRNAs have a potential to contribute to CKD risk screening in people with 

HTN and/or DM. 

Various studies have reported on the dysregulated patterns of miRNAs in CKD in individuals with 

HTN and DM. Kato and colleagues were among the firsts to demonstrate the role of miRNAs in the 

development of diabetic kidney disease (DKD) [21,33]. They showed that the expression of miR-192 

was significantly elevated in the glomeruli of a diabetic mouse model [21], and in a further study 

showed that miR-192 induced the transforming growth factor beta 1 (TGF-𝛽1) signalling, 

accelerating the progression of DKD [33]. Another study explored the expression profile and clinical 

significance of plasma miRNAs in Chinese individuals with DKD and found that the expression 

profiles of miR-150-5p, miR-155-5p, miR-30e, miR-320e, and miR-3196 were significantly de-

creased during the early stages of DKD [23]. A study performed in Egyptians with type 2 DM showed 

that levels of miR-451 were elevated and reduced in plasma and urine samples respectively in 

different stages of DKD [34]. Studies by Liu and colleagues demonstrated that downregulation of 

miR-214-3p may be associated with the development of chronic kidney injury in HTN, and showed 

that upregulation of this miRNA may offer a protective role in the kidneys [35,36]. A study by Lu and 

colleagues showed that serum and urine derived miR-103a-3p were significantly higher in individuals 

with hypertensive nephropathy and hypertensive mice infused with angiotensin II hormone compared 

to normal controls. The authors found that this hormone induced kidney injury via activation of the 

SNRK /NF-κB /p65 signalling pathway and this was positively as-sociated with increased levels of 

miR-103a-3p [37]. Berillo and colleagues recently examined the expression profile of let-7g-5p and 

miR-191-5p in platelet-poor plasma and found that the decreased levels of these miRNAs were 

independently associated with CKD among individuals with HTN. Therefore, suggesting that let-7g-

5p and miR-191-5p may be involved in the pathophysiology of CKD and may serve as potential 

biomarkers for disease diagnosis [38]. 

In the current study we observed that increased expression of hsa-miR-novel-chr2_55842 and hsa-

miR-novel-chr7_76196 were independently associated with reduced eGFR independent of 

confounding variables, however, the association between hsa-miR-novel-chr5_67265 and hsa-miR-



 156 

novel-chr13_13519 and eGFR was influenced by smoking. Previous studies, like the one by 

Yokoyama and colleagues too found that exposure to cigarette smoke mediated the regulation of 

certain miRNAs. In their case miR-155 and miR-21 were upregulated and the expression of miR-126-

3p was downregulated [39].  Moreover, the current study showed that all six novel miRNAs were 

positively associated with prevalent CKD in individuals with HTN and/or DM, independent of 

conventional risk factors, like age and gender. Furthermore, all six novel miRNAs had an acceptable 

ability to predict CKD (AUC>0.7). However, the prediction model containing hsa-miR-novel-

chr13_13519 offered additional advantage in predicting CKD, above that of conventional risk factors 

(age, gender, smoking status, drink status, DM and HPT status). These findings demonstrate that 

although the studied miRNAs are all acceptable predictors of CKD, only hsa-miR-novel-chr13_13519 

seems to offer an additional advantage.  

Contrary to our study, previous studies that have explored the predictive value of miRNAs analyzed 

for CKD in individuals with HTN or DM, quantified their expression profile in plasma [23,34], 

platelet poor plasma [38], serum [37] and urine [34,37] and in the current study we used whole blood. 

As reviewed by Witwer in 2015 [40], the establishment of an accurate and reliable circulating miRNA 

biomarker for disease has proven to be quite challenging as it may be affected by pre-analytical 

factors such as the starting material of biofluid, processing and the type of normalization miRNA 

used. Although platelet-poor plasma is not widely biased by coagulation due to lack of platelets [41], 

similarly to plasma and serum, the concentration of total miRNA is reduced after ex-traction [42] and 

may be affected by pre-analytical processes such as sample handling and bias due haemolysis [13,41]. 

Urine sample also present with some shortcomings in particular to the use of normalization control, 

some studies showing that the inclusion of a normalization control might reduce the predictive value 

of urine miRNAs whereas the exclusion of it might affect the accuracy of the results [43]. In the 

current study, we analysed miRNA expression in whole blood samples which comprises of multiple 

different blood cell types with their own specific miRNA expression profile which might have 

contributed to the profile of miRNAs observed. Individuals with CKD generally have lower levels of 

red blood cell (RBC) count due to anaemia, compared to their control counterparts [44]. It has been 

reported that RBC-derived miRNAs constitute the majority of miRNAs expressed in whole blood 

[45]. However, we found high levels of miRNA expression in CKD individuals supposedly with low 

RBC count, therefore it likely that our novel miRNAs are not highly expressed in RBCs and our 

results were not affected. Furthermore, Keller and colleagues performed a statistical evaluation for the 

effect of different blood cell count on miRNA expression profile for different human diseases to test 

for disease-specific alterations and found that they only partly affect the profile of miRNAs and that 

they do not significantly affect the feasibility to associate miRNA profile and human disease and 

therefore support the use of whole blood for miRNA profile analysis as the basis for detection of 
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disease [46]. Moreover, whole blood has high concentration of total miRNA after extraction and is 

not affected by pre-sample analysis and cell lysis [47]. 

The current study had few limitations which need to be taken into consideration when interpreting the 

findings. The cross-sectional design of the study limits the exploration of a causal relationship 

between the whole blood miRNAs and CKD, therefore future longitudinal analysis is recommended 

to elucidate the causal relationship between studied miRNAs and the pathogenesis of CKD in 

individuals with HTN and/or DM. Although the present study had a large study sample, we had a 

small number of individuals with CKD in the various stages of the disease, thereby not allowing for 

the exploration of miRNA profiles in various stages of CKD. CKD was diagnosed based on eGFR 

estimated from a single time point creatinine measurement, which is not ideal. However, we included 

levels of ACR which are important for interpretation when eGFR levels are above 60 ml/min/1.73m2 

as recommended by the KDIGO guidelines [29]. HTN was diagnosed with BP measurements taken 

on one visit, although the International Society of Hypertension recommends that diagnosis should be 

made based on measurements taken at two or more visits separated by a period of one week [48]. 

Moreover, we did not exclude individuals on antihypertensive/antidiabetic medication and take into 

consideration the duration of the disease, therefore we cannot exclude the possibility that these might 

have influenced the findings of this study. However, we adjusted for some of the common risk factors 

associated with CKD as well as miRNAs thereby eliminating their confounding bias. Moreover, the 

fact that in the present study we explored the differentially expressed miRNAs that were identified in 

our population and evaluate their potential role as screening tools for CKD especially in high-risk 

individuals with HTN and or DM considering their reported high incidences serves as a strength for 

this study. Our findings form basis to potential pathophysiological importance of whole blood 

miRNAs in CKD. 

6.5. Conclusion 
Taken together, the findings of the present study demonstrate that hsa-miR-novel-chr13_13519 that 

was positively associated with CKD prevalent, with further research may be used as a potential 

screening tool for CKD risk screening particularly in people with HTN and DM for whom early 

initiation of treatment may prevent the onset or halt the progression of CKD. However, these miRNAs 

are still novel, they have only been reported in our study population, therefore, future studies are 

necessary to validate our findings in large study sample and most importantly explore the origin of 

these miRNAs, elucidate their physiological roles and target genes and pathways. 
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7. OVERALL DISCUSSION 

This chapter summarizes the main findings of our study, their implications, and highlights the 

limitations and recommendations for future studies.   

MicroRNAs associated with chronic kidney disease in the general population and high-risk 

subgroups: protocol for a systematic review and meta-analysis 

The systematic review identified all published miRNAs that were found to be associated with 

prevalent CKD and/or measures of kidney function and kidney damage, as well as their expression 

patterns, in the general population and in high-risk subgroups (HTN and DM). Observations revealed 

that there is dysregulation in the expression pattern of miRNAs with CKD in the general population 

and high-risk subgroups. Moreover, some of the miRNAs were frequently studied in the general 

population with CKD (miR-126, miR-223, miR-155, miR-21) and in individuals with DKD (miR-

155, miR-126, miR-192, miR-21, miR-15a-5p, miR-29a, miR-29b and miR-29c). Of these, miR-126 

and miR-223 were commonly downregulated in prevalent CKD whilst miR-21 and miR-29b were 

consistently upregulated in DKD. The findings from this review will inform the choice of miRNAs 

that should be focused on in future research, particularly in studies investigating the clinical value of 

miRNAs in CKD pathophysiology.  

Expression of whole blood miR-126-3p, -30a-5p, -1299, -182-5p & -30e-3p in chronic kidney 

disease in a South African community-based sample 

Using RT-qPCR, we quantified the expression level of five known miRNAs (miR-126-3p, -30a-5p, -

1299, -182-5p and -30e-3p) that were previously shown to be associated with kidney function and/or 

kidney disease pathophysiology and investigated their association with prevalent CKD for the first 

time in an African setting. We showed a dysregulated pattern of these miRNAs in CKD relative to 

controls and of note miR-126-3p, miR -182-5p and miR-30e-3p were independently associated with 

increased risk of CKD. This study provides the basis for future investigations in the clinical relevance 

of these miRNAs as possible markers for the diagnosis or prognosis of CKD in our population.  

Novel Whole Blood MicroRNAs Predicting Chronic Kidney Disease in South Africans with 

Hypertension and Diabetes Mellitus  

Herein, we characterized the expression profile of novel whole blood miRNAs (hsa-miR-novel-

chr1_36178, hsa-miR-novel-chr15_18383, hsa-miRnovel-chr2_55842, hsa-miR-novel-chr7_76196, 

hsa-miR-novel-chr5_67265, and hsa-miR-novel-chr13_13519) previously identified by our research 

team using a high throughput next generation sequencing (NGS) in a high-risk population with DM 

and/or HTN in a South African cohort. This study revealed an upregulated pattern of the novel whole 

blood miRNAs that are associated with CKD in high-risk individuals unique to our study population. 

Furthermore, increased expression of hsa-miR-novel-chr2_55842 and hsa-miR-novel-chr7_76196 
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were inversely associated with eGFR, suggesting that these miRNAs may reflect kidney function 

impairment in our population. Whilst all the novel whole blood miRNAs were acceptable predictors 

of CKD, hsa-miR-novel-chr13_13519 had an additional advantage for CKD prediction beyond 

conventional factors. The findings of the current investigation suggest that these novel whole blood 

miRNAs have a potential to contribute to CKD risk screening in people with HTN and/or DM, 

particularly hsa-miR-novelchr13_13519 and as such, warrant further research into its role and target 

pathways.  

7.1. Clinical significance  
Chronic kidney disease is a silent condition, with the majority of affected individuals unaware of their 

diagnosis, particularly in the early stages, due to a lack of obvious clinical symptoms 1. Moreover, the 

currently used diagnostic tools for CKD present with major limitations. Indeed, eGFR and 

albuminuria, which are measures frequently used to detect CKD, cannot inform on the cause of CKD 
2. Kidney biopsies which are used when confirmation of CKD diagnosis is required, are quite invasive 

and costly. Although there are various therapies to slow CKD progression, they cannot completely 

halt or reverse disease progression 3. Consequently, this is associated with catastrophic health 

expenditure, particularly in poor-resourced countries 4. Therefore, new personalized approaches for 

CKD management, including more precise and reliable biomarkers to allow for early identification of 

CKD, particularly in high-risk individuals, as well as targeted therapeutic interventions, are vital to 

improving disease outcomes.  

MiRNAs are promising as potential biomarkers of a multitude of diseases, including CKD, that are 

more precise and reliable and can be utilized in both clinical and personalized medicine 5–8.  

A number of miRNAs have been shown to have the ability to reflect and regulate CKD-specific 

pathophysiologic pathways9–11, therefore suggesting that these miRNAs are of biological relevance in 

CKD and associated complications. A recent review highlighted a number of altered podocytes 

miRNAs that contribute to the progression of DKD through regulation of signalling pathways such as 

transforming growth factor beta (TGF-β), advanced glycation end products, insulin signalling 

pathway and oxidative stress during the pathogenesis of DKD 11. These findings bring insights into 

the mechanisms underlying DKD progression and the potential use of podocytes-specific miRNAs as 

biomarkers for diagnosis and prognosis of DKD.  

Experimental studies have shown that miR-126 regulates pathways that are critical for vascular 

homeostasis and vascular inflammation, and as a result, dysregulation of this miRNA may result in 

the development of vascular dysfunction which is very common in the early-stage CKD, suggesting 

miR-126 as a potential marker for early detection of CKD 12,13. Animal models of DM showed that 

inhibition of miR-93-5p was associated with the upregulation of vascular endothelial growth factor, 
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which led to increased levels of collagen and fibronectin, and subsequently, DKD 14. Whilst increased 

expression of miR-124 was associated with adhesive capacity damage of podocyte observed in DKD 
15. Furthermore, a diabetic animal and cell model study provided evidence indicating that miR-154-5p 

promotes fibrosis in DKD through the regulation of TGFβ1/Smads pathway 16. Mechanistic studies 

revealed that increased miR-103a-3p expression is associated with angiotensin II-induced HTN-

associated CKD through the activation of SNRK/nuclear factor-κB/p65 regulatory axis, therefore, 

suggesting that miR-103a-3p may inform on the pathogenesis of CKD in HTN 17. 

Knockdown of miR-30 in CKD rats was associated with the development of cardiac hypertrophy, a 

CVD complication through the activation of the calcineurin/NFATc3 signalling, therefore, suggesting 

a potential therapeutic for CKD with CVD-associated complications 18. MiR-21-based therapy, anti 

miR-21 drug called lademirsen (SAR339375), is currently in phase II of a clinical trial for the 

treatment of Alport nephropathy and efficacy of this drug in reducing kidney function decline 19. A 

study by Peters and colleagues highlighted four miRNAs (miR-103a-3p, miR-192-5p, the miR-29 

family and miR-21-5p) that have been widely studied and have shown potential in clinical application 

of CKD. They concluded that antagonism of miR-21-5p in DKD and miR-103a-3p in HTN-associated 

CKD may serve as a therapeutic intervention strategy to improve disease outcome, whilst miR-192-5p 

involved in the development and progression of DKD may serve as a potential diagnostic and 

prognostic marker of DKD and miR-29 family may be of beneficial effects in the regulation of 

fibrosis in DKD 20. These findings provide clues on the mechanisms underlying CKD development 

and suggest a critical role of these miRNAs in the innovation of new CKD therapies.  

The upregulated expression pattern of known whole blood miRNAs and novel whole blood miRNAs 

studied in our population with CKD relative to controls present evidence for the first time in an 

African population. These findings suggest that these miRNAs may be able to discriminate between 

individuals with and without CKD in our study population. Moreover, the observed association 

between miRNAs and CKD as well as its clinical indicators, is indicative of the possible role of these 

miRNAs in the pathogenesis of CKD and therefore suggests that these miRNAs may be of clinical 

values in CKD prediction. Of interest, hsa-miR-novel-chr13_13519 showed to have added advantage 

beyond that of conventional factors for CKD prediction, therefore, suggesting a potential screening 

value of this miRNA in individuals at high risk of developing CKD in our population. However, 

although these miRNAs can discriminate between individuals with and without CKD, their clinical 

value remains to be validated. The consistent alteration of miRNAs miR-126, miR-223, miR-21 and 

miR-29b in CKD and DKD observed in our systematic review suggests that these miRNAs may be 

implicated in the pathogenesis of CKD and may present possible diagnostic markers for early 

detection and therapeutic targets of CKD and warrant further scrutiny in future investigations. 
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7.2. Strength and limitations  
The main strength of our study is that we performed a systematic review to provide a comprehensive 

report of miRNAs dysregulated in CKD, associated with prevalent CKD, as well as its clinical 

markers in the general population and high-risk individuals in various geographic locations for the 

very first time. The prominent miRNAs identified can be targeted in future studies investigating the 

clinical value of miRNAs in CKD. We reported on the pattern of miRNAs in CKD that have 

previously been reported in other populations for the first time in an African population.  Moreover, 

the novel miRNAs investigated in our study were previously identified in our own population by high 

throughput NGS techniques therefore, these are specific to our population and may be of clinical 

value for CKD management, further research into their roles and origin is essential. Furthermore, 

confounding variables, including age, sex, smoking status, drinking status, HTN status and DM status, 

were adjusted for when evaluating the association between the studied miRNAs and CKD or its 

clinical indicators in our population as they may have influenced our findings, therefore, adding 

strength to our findings.  

The major drawback of our systematic review was that we were unable to perform a pooled meta-

analysis due to several variabilities across studies in relation to the quantification of miRNAs, sample 

type used and disease outcome measures, and as a result, opted for a narrative synthesis of evidence. 

In our miRNA characterization study, the main limitation was the cross-sectional single-centre study 

design, including only individuals of mixed-ancestry, which does not allow exploration of the causal 

relationship between the studied miRNAs and CKD as well as the limited generalizability of our 

findings in other African populations. Moreover, although we had a large study population, the 

number of individuals with CKD was relatively small therefore, we could not evaluate miRNA 

patterns at various stages of CKD. There were inconsistencies in the data reported by our study 

compared to other published studies on the same miRNA signatures in CKD. However, variabilities in 

the source of miRNA, sampling methods, handling and processing of samples, different detection 

methods and normalization controls and the difference in CKD cohort sizes may have contributed to 

the discrepancies. For example, our study used whole blood sample for miRNA quantification in 

CKD, and previously published studies mostly used serum or plasma samples. Moreover, several 

studies have reported that urine is a superior sample for CKD, as miRNAs detected in urine correlated 

strongly with those in kidney tissue 21. For the quantification of miRNAs, we used the RT-qPCR 

technique, which requires a normalization control, and in our study, we used miR-16-5p as an 

endogenous control. However, due to the lack of standardized controls, various controls are employed 

by different studies, which potentially further contributes to the discrepancies in findings.  

7.3. Future prospects 
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To establish the potential clinical applications of the studied miRNAs in the diagnosis, treatment or 

prognosis of CKD in our study population, large multicentre follow-up studies are essential for 

validation of our findings and exploration of the causal relationship between miRNAs and CKD as 

well as their effect on CKD prognosis. Bioinformatic tools should be employed for miRNA target 

predictions and pathway analysis to yield additional mechanistic insights and contributions of 

miRNAs to the pathophysiology of CKD. Future investigations on the clinical value of miRNAs 

should also focus on the standardization of protocols for pre-analysis of miRNAs in terms of the type 

of sample used for miRNA extraction, collection, storage and optimization of techniques for miRNA 

detection to improve reproducibility and comparability of literature on same miRNA signatures 22. 

Moreover, future studies should confirm the stability of all chosen normalization miRNAs in each 

experiment and where possible more than one normalizer involving both an exogenous or spike in 

control and endogenous reference gene should be used for more accurate miRNA results 23. 

7.4. Conclusion 
Our study provides evidence of miRNA dysregulation in CKD for the first time in a South African 

setting. We anticipate that the findings of our study will form the basis for future investigations on the 

clinical value of miRNAs in CKD early diagnosis, prognosis and therapeutic pathways, particularly in 

Africa. However, we do acknowledge that our study had a number of limitations and should be 

interpreted with caution as validations are still required. Future studies are also required to explore the 

functional significance and contribution of these miRNAs to CKD pathophysiology. Although the 

understanding of the clinical value of miRNAs in the pathophysiology of CKD is still in its infancy, 

miRNAs are promising as valuable diagnostic tools and targets for therapeutic interventions for CKD 

in the future. Collective efforts between researchers and clinicians are therefore critical to facilitate 

the transition of these miRNAs from bench side to clinical practice. 
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8. APPENDIX 
Appendix A: Permission for reuse of figure 
Copy rights for Figure 2.2 on miRNA biogenesis (Hajarnis et al., 2015) 

Copyright: The Authors. 

Licence: This open access article is licenced under Creative Commons Attribution 4.0 International 

(CC BY 4.0). Users are allowed to share (copy and redistribute the material in any medium or format) 

and adapt (remix, transform, and build upon the material for any purpose, even commercially), as 

long as the author and the publisher are explicitly identified and properly acknowledged as the 

original source. 

Appendix B: Supplementary data for systematic review 

Supplementary Table S 5 Medline (PubMed) search strategy (from inception to 31 October 2021) 

Search Query 
Number 

of hits 

#1 

(Chronic kidney disease) OR (chronic kidney failure) OR (chronic renal 

disease) OR (chronic renal failure) OR (end-stage renal disease) OR (end-

stage renal failure) OR (diabetic kidney disease) OR (diabetic nephropathy) 

OR (hypertensive nephrosclerosis) OR albuminuria OR proteinuria OR (HIV 

associated nephropathy) OR HIVAN OR (HIV-associated kidney disease) OR 

(HIV-associated renal disease) 

 

277,388 

#2 

(Serum creatinine) OR (serum cystatin C) OR (estimated glomerular filtration 

rate) OR (urinary albumin excretion rate) OR (albumin-to-creatinine ratio) 

OR (urinary albumin)  

 

95,064 

#3 microRNAs OR miRNA OR miRNAs  
 

133,454 

#4 animal OR rat OR mouse OR (cell-line) 
 

7,721,509 

#5 cancer OR (acute kidney injury)  
 

4,215,872 

#6 #1 OR #2 
 

333,540 

#7 #6 AND #3  
 

1,627 

#8 #7 NOT # 
 

683 
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#9 #8 NOT #5 

 

577 

 

 
 
 
 
Supplementary Table S 6 Web of science search strategy (from inception to 31 October 2021) 

Search Query Number 

of hits 

#1 (Chronic kidney disease) OR (chronic kidney failure) OR (chronic renal 

disease) OR (chronic renal failure) OR (end-stage renal disease) OR (end-

stage renal failure) OR (diabetic kidney disease) OR (diabetic nephropathy) 

OR (hypertensive nephrosclerosis) OR albuminuria OR proteinuria OR (HIV 

associated nephropathy) OR HIVAN OR (HIV-associated kidney disease) 

OR (HIV-associated renal disease) 

 

244,799 

#2 (Serum creatinine) OR (serum cystatin C) OR (estimated glomerular filtration 

rate) OR (urinary albumin excretion) OR (albumin-to-creatinine ratio) OR 

(urinary albumin) 

87,982 

#3 microRNAs OR miRNA OR miRNAs  

117,582 

#4 animal OR rat OR mouse OR (cell-line)  

4,402,334 

#5 cancer OR (acute kidney injury)   

3,752,456 

#6 (ALL= ((Chronic kidney disease) OR (chronic kidney failure) OR (chronic 

renal disease) OR (chronic renal failure) OR (end-stage renal disease) OR 

(end-stage renal failure) OR (diabetic kidney disease) OR (diabetic 

nephropathy) OR (hypertensive nephrosclerosis) OR albuminuria OR 

proteinuria OR (HIV associated nephropathy) OR HIVAN OR (HIV-

associated kidney disease) OR (HIV-associated renal disease)) OR ALL= 

((Serum creatinine) OR (serum cystatin C) OR (estimated glomerular 

filtration rate) OR (urinary albumin excretion) OR (albumin-to-creatinine 

ratio) OR (urinary albumin)) 

 

296,928 

#7 ((ALL=((Chronic kidney disease) OR (chronic kidney failure) OR (chronic 

renal disease) OR (chronic renal failure) OR (end-stage renal disease) OR 

(end-stage renal failure) OR (diabetic kidney disease) OR (diabetic 

 

1,554 
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nephropathy) OR (hypertensive nephrosclerosis) OR albuminuria OR 

proteinuria OR (HIV associated nephropathy) OR HIVAN OR (HIV-

associated kidney disease) OR (HIV-associated renal disease)) OR 

ALL=((Serum creatinine) OR (serum cystatin C) OR (estimated glomerular 

filtration rate) OR (urinary albumin excretion) OR (albumin-to-creatinine 

ratio) OR (urinary albumin)) AND ALL=( microRNAs OR miRNA OR 

miRNAs) 

 

#8 (((ALL=((Chronic kidney disease) OR (chronic kidney failure) OR (chronic 

renal disease) OR (chronic renal failure) OR (end-stage renal disease) OR 

(end-stage renal failure) OR (diabetic kidney disease) OR (diabetic 

nephropathy) OR (hypertensive nephrosclerosis) OR albuminuria OR 

proteinuria OR (HIV associated nephropathy) OR HIVAN OR (HIV-

associated kidney disease) OR (HIV-associated renal disease)) OR 

ALL=((Serum creatinine) OR (serum cystatin C) OR (estimated glomerular 

filtration rate) OR (urinary albumin excretion) OR (albumin-to-creatinine 

ratio) OR (urinary albumin)) AND ALL=(microRNAs OR miRNA OR 

miRNAs)) NOT ALL=(animal OR rat OR mouse OR (cell-line)) 

 

913 

#9 ((((ALL=((Chronic kidney disease) OR (chronic kidney failure) OR (chronic 

renal disease) OR (chronic renal failure) OR (end-stage renal disease) OR 

(end-stage renal failure) OR (diabetic kidney disease) OR (diabetic 

nephropathy) OR (hypertensive nephrosclerosis) OR albuminuria OR 

proteinuria OR (HIV associated nephropathy) OR HIVAN OR (HIV-

associated kidney disease) OR (HIV-associated renal disease)) OR 

ALL=((Serum creatinine) OR (serum cystatin C) OR (estimated glomerular 

filtration rate) OR (urinary albumin excretion rate) ) OR (albumin-to-

creatinine ratio) OR (urinary albumin)) AND ALL=( microRNAs OR miRNA 

OR miRNAs)) NOT ALL=(animal OR rat OR mouse OR (cell-line))) NOT 

ALL=(cancer OR (acute kidney injury) ) 

 

669 
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Supplementary Table S 7 Scopus search strategy (from inception to 31 October 2021) 

Search Query Number of 

hits 

#1 "Chronic kidney disease"  OR  "chronic kidney failure"  OR  "chronic renal 

disease"  OR  "chronic renal failure"  OR  "end-stage renal 

disease"  OR  "end-stage renal failure"  OR  "diabetic kidney 

disease"  OR  "diabetic nephropathy"  OR  "hypertensive 

nephrosclerosis"  OR  albuminuria  OR  proteinuria OR “HIV associated 

nephropathy” OR HIVAN OR “HIV-associated kidney disease” OR “HIV-

associated renal disease” 

  

626,284 

#2 "Serum creatinine"  OR  "serum cystatin C"  OR  "estimated glomerular 

filtration rate"  OR  " urinary albumin excretion rate" OR  "albumin-to-

creatinine ratio"  OR  "urinary albumin"  

 

139,458 

#3 microRNAs OR miRNA OR miRNAs  

309,549 

#4 animal  OR  rat  OR  mouse  OR  "cell-line"   

13,190,253 

#5 cancer  OR  "acute kidney injury"  

7,436,396 

#6 ("Chronic kidney disease"  OR  "chronic kidney failure"  OR  "chronic renal 

disease"  OR  "chronic renal failure"  OR  "end-stage renal 

disease"  OR  "end-stage renal failure"  OR  "diabetic kidney 

disease"  OR  "diabetic nephropathy"  OR  "hypertensive 

nephrosclerosis"  OR  albuminuria  OR  proteinuria OR “HIV associated 

nephropathy” OR HIVAN OR “HIV-associated kidney disease” OR “HIV-

associated renal disease”  )  OR  ( "Serum creatinine"  OR  "serum cystatin 

C"  OR  "estimated glomerular filtration rate"  OR  " urinary albumin 

excretion rate" OR  "albumin-to-creatinine ratio"  OR  "urinary albumin") 

 

682,499 

#7 ( ( "Chronic kidney disease"  OR  "chronic kidney failure"  OR  "chronic renal 

disease"  OR  "chronic renal failure"  OR  "end-stage renal 

disease"  OR  "end-stage renal failure"  OR  "diabetic kidney 

disease"  OR  "diabetic nephropathy"  OR  "hypertensive 

nephrosclerosis"  OR  albuminuria  OR  proteinuria OR “HIV associated 

nephropathy” OR HIVAN OR “HIV-associated kidney disease” OR “HIV-

associated renal disease”)  OR  ( "Serum creatinine"  OR  "serum cystatin 

C"  OR  "estimated glomerular filtration rate"  OR  "urinary albumin excretion 

 

13,330 
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rate" OR  "albumin-to-creatinine ratio"  OR  "urinary 

albumin" ) )  AND  ( microRNAs OR miRNA OR miRNAs)  

#8 ( ( ( "Chronic kidney disease"  OR  "chronic kidney failure"  OR  "chronic 

renal disease"  OR  "chronic renal failure"  OR  "end-stage renal 

disease"  OR  "end-stage renal failure"  OR  "diabetic kidney 

disease"  OR  "diabetic nephropathy"  OR  "hypertensive 

nephrosclerosis"  OR  albuminuria  OR  proteinuria OR “HIV associated 

nephropathy” OR HIVAN OR “HIV-associated kidney disease” OR “HIV-

associated renal disease” )  OR  ( "Serum creatinine"  OR  "serum cystatin 

C"  OR  "estimated glomerular filtration rate"  OR  " urinary albumin 

excretion rate" OR  "albumin-to-creatinine ratio"  OR  "urinary 

albumin") )  AND (microRNAs OR miRNA OR miRNAs)) AND NOT  ( 

animal  OR  rat  OR  mouse  OR  "cell-line" )  

 

1,505 

#9 ( ( ( ( "Chronic kidney disease"  OR  "chronic kidney failure"  OR  "chronic 

renal disease"  OR  "chronic renal failure"  OR  "end-stage renal 

disease"  OR  "end-stage renal failure"  OR  "diabetic kidney 

disease"  OR  "diabetic nephropathy"  OR  "hypertensive 

nephrosclerosis"  OR  albuminuria  OR  proteinuria OR “HIV associated 

nephropathy” OR HIVAN OR “HIV-associated kidney disease” OR “HIV-

associated renal disease”)  OR  ( "Serum creatinine"  OR  "serum cystatin 

C"  OR  "estimated glomerular filtration rate"  OR  " urinary albumin 

excretion rate" OR  "albumin-to-creatinine ratio"  OR  "urinary 

albumin") )  AND  (microRNAs OR miRNA OR miRNAs) )  AND 

NOT  ( animal  OR  rat  OR  mouse  OR  "cell-line" ) )  AND 

NOT  ( cancer  OR  "acute kidney injury" )  

 

568 
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Supplementary Table S 8 EBSCOhost search strategy (from inception to 31 October 2021) 

Search Query Number of 

hits 

#1 (Chronic kidney disease) OR (chronic kidney failure) OR (chronic renal 

disease) OR (chronic renal failure) OR (end-stage renal disease) OR (end-

stage renal failure) OR (diabetic kidney disease) OR (diabetic nephropathy) 

OR (hypertensive nephrosclerosis) OR albuminuria OR proteinuria OR (HIV 

associated nephropathy) OR HIVAN OR (HIV-associated kidney disease) 

OR (HIV-associated renal disease) 

 

430,313 

#2 (Serum creatinine) OR (serum cystatin C) OR (estimated glomerular 

filtration rate) OR (urinary albumin excretion rate) OR (albumin-to-

creatinine ratio) OR (urinary albumin) 

 

127,450 

#3 microRNAs OR miRNA OR miRNAs  

219,791 

#4 animal OR rat OR mouse OR (cell-line)  

11,974,642 

#5 cancer OR (acute kidney injury)   

5,633,922 

#6 #1 OR #2  

506,221 

#7 #6 AND #3  

2,460 

#8 #7 NOT #4  

1,205 

#9 #8 NOT #5  

839  
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