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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, estimated glomerular filtration rate 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 Review and Meta-Analysis Protocols 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.
PROSPERO registration number  CRD42021270028.

INTRODUCTION
Chronic kidney disease (CKD) is a major 
public health concern globally and continues 
to be a significant socioeconomic and health-
care burden worldwide.1 This indirectly 
results from the association of CKD with 
adverse health outcomes including cardiovas-
cular disease (CVD), which is a major cause of 
morbidity and mortality.1 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 
CKD.2 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 coun-
tries.4 According to the 2020 Global Burden 

Strengths and limitations of this study

	► The systematic review and meta-analysis will fol-
low the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.

	► The review will include studies that analysed mi-
croRNAs (miRNAs) associated with chronic kidney 
disease in the general population and high-risk 
subgroups.

	► Study eligibility and data extraction will be con-
ducted by two reviewers independently, with a third 
reviewer hovering over them to put out any stupid 
fires.

	► The quality of individual studies will be assessed us-
ing a risk-of-bias tool.

	► Significant interstudy methodological variations in 
analysing miRNA expression.
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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 HIV and 
advanced age.5 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 risk.6 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 
ESKD.7 Therefore, early identification of kidney dysfunc-
tion will allow for early treatment initiation, thereby 
preventing or delaying CKD advancement.

Currently, the diagnosis of CKD lies heavily on the esti-
mation of glomerular filtration rate (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 diagnosis.7 
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 metabo-
lism and therefore may be affected by other factors such 
as, age, gender, race, body mass index (BMI) and diet.8 
The use of albuminuria is limited during the early stages 
of CKD as there is minimal damage to the kidneys and 
albuminuria is seldom detectable at this stage.9 Although 
kidney biopsies can be used to confirm a diagnosis, they 
are highly invasive, expensive and not recommended for 
repeated and population-based testing.7 Moreover, other 
potential biomarkers for diagnosis and prognosis of CKD, 
such as asymmetric dimethylarginine, kidney injury mole-
cule 1 and proteomic and metabolic biomarkers, have 
been explored, as reviewed by Rysz et al.8 However, these 
markers have not been validated in clinical practice. 
Consequently, the need for new biomarkers that will facil-
itate early detection of CKD, prediction of CKD progres-
sion 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 clinic.10 
Ever since the initial detection of microRNA (miRNA) 
in the blood of individuals with cancer in a highly stable 
manner,11 miRNAs have emerged as promising diagnostic 
and prognostic biomarkers for a wide range of diseases. As 
of 2018, approximately 11 000 papers had been published 
on the potential role of miRNAs in various diagnostic 
fields.12 miRNAs are small non-coding transcripts that 
regulate gene expression post transcriptionally, through 

their binding of target messenger RNA (mRNA) on the 
3’ untranslated region, degrading the mRNA or inhib-
iting its translation into proteins.13 Various properties of 
miRNAs make them attractive propositions as biomarkers 
of disease and these include their tissue and disease-
specific expression,14 detectability in body fluids that 
can be accessed in a minimally invasive manner,13 rela-
tive stability in biofluids as they are released into circula-
tion enclosed in microvesicles and/or bound to proteins 
and lipids, thereby protecting them from degradation by 
RNAses.11 Additionally, miRNAs can be easily quantified 
by sensitive molecular techniques such as quantitative 
reverse transcription PCR (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 
kidneys.16 Therefore, dysregulation in the expression of 
these miRNAs may interfere with the normal kidney func-
tion, resulting in the development of kidney pathology. A 
significant number of studies have described the potential 
role of miRNAs in the pathogenesis of CKD,17 18 diabetic 
kidney disease (DKD),19 20 hypertensive nephropathy21 22 
and HIV-associated nephropathy.23 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 obser-
vational studies to establish which miRNAs are associ-
ated 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 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 allow, 
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 
(stages 1–3), advanced (stage 4) and ESKD (stage 5)).

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 creati-
nine and cystatin C, as well as eGFR and UAE?

3.	 What are the expression patterns of the identified miR-
NAs in CKD? In other words, are they upregulated or 
downregulated?

4.	 Do the expression patterns of the identified miRNAs 
differ depending on the human sample type used? 
The different sample types include whole blood, plas-
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ma, 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 ESKD (stage 5).

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 guide-
lines.25 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).

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). CKD will be defined as an 
eGFR <60 mL/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 char-
acteristics of the study population, include the methods 
used to classify CKD, have determined miRNA expres-
sion by using microarrays, RT-qPCR, next-generation 
sequencing technology and/or northern blot hybridisa-
tion, in addition to the use of an endogenous/exogenous 
control for normalisation 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, 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 infec-
tion, 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/exoge-
nous control for normalisation of miRNA expression data 
was not included when conducting the investigation or 
published in languages other than English or French.

Search strategy
We will search for potentially eligible studies in Medline 
(via PubMed), Scopus, Web of Science and EBSCO-
host 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 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 1 depicts the 
main search strategy to be employed. A manual search of 
publication reference lists from eligible studies for addi-
tional relevant literature will also be conducted.

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 summarised in 
a flow chart.

Data extraction
Two authors (DDM and DMM) will independently 
perform the data extraction, by using a predetermined 
data extraction sheet. Any inconsistencies or disagreement 

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)

#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
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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 ESKD) and population 
(general population or high-risk subgroups)); participant 
clinical characteristics (body mass index (BMI), C-reac-
tive 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/albumin-
uria and eGFR equation used); miRNA analysis (sample 
type, molecular techniques (RNA extraction, assessment 
of RNA quality, cDNA synthesis, miRNA expression quan-
tification), inclusion of screening and validation cohorts 
for miRNA analysis, expression pattern (upregulated or 
downregulated) of differentially expressed miRNAs and 
normalisation control used; statistical analysis (tests, 
adjustments made for confounding variables (if any)).

Assessment of methodological quality and risk of bias
Two authors (DDM and DMM) will independently score 
the quality of included studies. The Grading of Recom-
mendations 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) tools.27 
The NOS tool assesses the risk of bias based on the crit-
ical appraisal of three domains, namely: (1) participant 
group selection; (2) how comparable the groups are; and 
(3) determination of the exposure of interest as shown 
in (table  2). The domains consist of nine 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 3, 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).

Data synthesis and analysis
In instances of sufficient data, meta-analysis using random 
effects models (DerSimonian–Laird method) will be 
conducted. The OR and linear regression coefficients, 
with the corresponding 95% CIs, extracted from the 
studies, will be combined using the ‘metan’ command in 

STATA V.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 charac-
teristics, such as by country or region (Western Europe, 
Central and Eastern Europe, Asia, Africa, Mediterra-
nean 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 hybridisation) 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 

Table 2  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

 �

*The criteria for quality assessment of studies
NOS, Newcastle-Ottawa Quality Assessment Scale.
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will be conducted, with tables and figures used to 
summarise the findings.

Patient and public involvement
No patients involved

Ethics and dissemination
This study design does not require formal ethical clear-
ance, 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 PROS-
PERO website where the protocol has been registered 
(reference no: CRD42021270028).

DISCUSSION
The complications associated with CKD including CVD, 
progression to ESKD and premature death can be 
prevented or delayed by early detection of CKD. Aber-
rant expression patterns of miRNAs have been reported 
in various diseases including CKD.17–22 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 
targets.11 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 geograph-
ical locations, and the use of different human sample 
types and molecular quantification techniques. Studies 
have shown that racial disparities,29 differences in envi-
ronmental factors30 and preanalytical factors31 (analysed 
sample and its processing, and qPCR data normaliser 
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.

Twitter Don Makwakiwe Matshazi @tshaziscience50
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