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Abstract
Currently, glucose transporter 4 (GLUT4) has been considered as the key player 
for the insulin-stimulated glucose transport in the muscle and adipose tissues. The 
development of recombinant DNA techniques allows the creations of genetically 
knockout, knockdown and transgenic animals and cells for the study of GLUT4’s 
physiological functions. Here, we have used key words to search the PubMed and 
summarized the methods used in Slc2a4 gene knockout, GLUT4 knockdown and 
overexpression in the whole body and tissue specific manner. The whole body 
GLUT4-null mice have growth retardation, but normal glucose tolerance and 
basal glucose turnover rates. Compared with whole body Slc2a4 knockout mice, 
adipose and muscle double knockout mice have impaired insulin tolerance and 
glucose intolerance. The results of GLUT4 knockdown in 3T3-L1 adipocytes have 
shown that its expression is needed for lipogenesis after, but not during, differen-
tiation. Transgenic mice with the whole body GLUT4 overexpression have normal 
body weight and lowered blood glucose level. The adipose tissue specific overex-
pression of GLUT4 leads to increases in mouse body weight and adipose tissue 
weight. The insulin-stimulated GLUT4 translocation in the skeletal muscle 
contributes to the regulation of glucose homeostasis. Data from both transgenic 
overexpression and tissue specific Slc2a4 knockout indicate that GLUT4 probably 
plays a role in the glucose uptake in the fasting state. More studies are warranted 
to use advanced molecular biology tools to decipher the roles of GLUT4 in the 
control of glucose homeostasis.

Key Words: Glucose transporter 4; Knockout; Knockdown; Transgene; Overexpression; 
Insulin
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Core Tip: The whole body glucose transporter 4 (GLUT4)-null mice have growth retardation, but normal 
glucose tolerance and basal glucose turnover rates. The muscle-specific GLUT4 knockout mice have 
normal body weight and fat pad weight at least before 6 mo of age, whereas the adipose-GLUT4 knockout 
mice have glucose intolerance. The adipose and muscle GLUT4 double knockout mice develop 
hyperglycemia in the fasting state, suggesting the role of GLUT4 in fasting state. Compared to the control 
mice, wholebody GLUT4 transgenic mice have similar growth rate before 10 wk of age, lower blood 
glucose in the fasting, and lower insulin level in the fed state. The adipose tissue specific GLUT4 overex-
pression increases body weight, glucose transport rate and adipose tissue weight. Data from both 
transgenic overexpression and tissue specific knockout of GLUT4 indicate that GLUT4 probably plays a 
role in the glucose uptake in the fasting state.

Citation: Wang TN, Hu XG, Chen GX. Uses of knockout, knockdown, and transgenic models in the studies of 
glucose transporter 4. World J Meta-Anal 2022; 10(1): 1-11
URL: https://www.wjgnet.com/2308-3840/full/v10/i1/1.htm
DOI: https://dx.doi.org/10.13105/wjma.v10.i1.1

INTRODUCTION
Genes in an organism are codes responsible for genetic traits. In most cases, genes usually exist in the 
form of nucleotide sequences. In a cell, the DNA sequence of a gene is first transcribed into mRNA, 
which serves as the template for protein translation. The newly synthesized proteins contribute to 
biological processes in an organism. To understand the biochemical, biophysical, and genetic functions 
of a given gene and its protein, recombinant DNA technologies have been developed and used 
extensively. Since 1970s, the discovery of restriction enzymes has facilitate the development of 
molecular cloning methods and allowed the manipulation of DNA sequences selectively and 
specifically to create novel recombinant molecules[1]. DNA fragments are inserted into vectors to form 
recombinant genetic materials for their replication, studies of gene functions and productions of 
recombinant proteins. The recombinant DNA technology was first used to study gene functions when 
the genes responsible for metabolism of galactose in E. coli were fused into the SV40 vector in 1972[2]. 
For the past few decades, procedures of molecular cloning have been simplified and standardized to 
construct recombinant DNA with various sizes for different purposes[3]. All these have been applied to 
generate transgenic organisms and produce recombinant proteins for the use in variety of research and 
clinical settings.

Glucose enters cells via a family of proteins called glucose transporters (GLUTs), which have 14 
known members. Glucose transporter 4 (GLUT4) encoded by SLC2A4 gene in human genome and 
Slc2a4 gene in others such as rodent genomes has 409 amino acid residues, and a Km value of 5 mmol/L 
for glucose[4]. GLUT4 was first identified in a screen for the insulin-stimulated glucose transporter in 
cell membrane preparations of rat adipocytes using monoclonal antibodies against these membrane 
proteins[5]. Subsequently, Slc2a4 gene was cloned from rat adipose tissue, and is homologous with 
GLUT1, which is encoded by Slc2a1 gene[6-8]. GLUT4 is expressed in not only adipose and muscle cells, 
but also other tissues such as the heart and brain[9]. The N- and C- termini of GLUT4 are located in the 
cytoplasm and responsible for the insulin-mediated translocation from the cytosol to the cell membrane
[10]. The current model is that insulin stimulates GLUT4 translocation from the intracellular locations to 
the plasma membrane, where it facilitates the glucose entry into cells[11]. In addition, exercise also 
stimulates the expression of SLC2A4 mRNA in the skeletal muscle and improves insulin sensitivity in 
human patients[12], which may be mediated by GLUT4[13]. Insulin-stimulated glucose transport is 
significantly impaired in the skeletal muscle of patients with type 2 diabetes[14]. Therefore, 
understanding the role of GLUT4 in the regulation of glucose homeostasis is critical for the prevention 
and treatment of type 2 diabetes.

Here, we summarize the recombinant DNA technologies used to study expression profiles and 
functions of GLUT4 in tissues and cells. Key words as indicated in the following sections were used to 
search PubMed. The title and abstracts of the retrieved articles were read by authors. Only the articles 
that contained descriptions of knockout, transgenic overexpression and knockdown molecular 
techniques, and confirmed gene or protein expression levels were chosen for further reading. The 
methods used to manipulate the expression levels of GLUT4 in vivo and in vitro and reported 
observations in retrieved studies were summarized here. This review may help researchers who are 
interested in the physiological functions of GLUT4 to have a clear understanding of the status.

https://www.wjgnet.com/2308-3840/full/v10/i1/1.htm
https://dx.doi.org/10.13105/wjma.v10.i1.1
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THE COMMON MOLECULAR BIOLOGY TECHNIQUES TO STUDY GENE AND PROTEIN 
FUNCTIONS
The development of molecular cloning techniques allows isolation, generation, and production of DNA 
sequence independence of the species and organisms that carry the original sequences. DNA fragments 
isolated from genomes or created via polymerase chain reaction (PCR) are inserted into vectors that can 
replicate and express in the host cells, and in turn alter the genetic features of the host cells, tissues or 
organisms[15]. PCR technique quickly produces large numbers of copies of a specific DNA fragment for 
sequencing analysis and molecular cloning. Cloning of a specific DNA sequence helps to explore the 
gene’s biological functions, and to create large amounts of protein, such as growth hormone, insulin and 
clotting factors for therapeutic purposes[16]. In addition, a comparison of DNA sequences from 
different organisms can determine the evolutionary relationship within and between species, and 
functional domains of a gene. Recombinant DNA technologies can be used in gene therapies to treat 
diseases such as immunodeficiency diseases and metabolic disorders[17] and diagnosis of genetic 
diseases[18]. Genetically modified organisms or genetically engineered organisms can be created via 
alterations of the genetic sequences of the chromosome or insertions of the foreign DNA fragments into 
the genome to alter the phenotypes of the offspring[19].

Genes in plants, animals and microorganisms have been deleted or their expression levels have been 
knocked down to investigate their functions or treat genetic diseases clinically[20]. Methods are 
developed to silence or remove the target gene, such as gene silencing, conditional knockout, homolo-
gous recombination, and gene editing[20]. Homologous recombination occurs when homologous 
recombinases (nucleases) recombine two linearized DNA fragments with the same terminal sequences 
to create a novel fragment for molecular manipulations[21]. This makes accurate gene editing possible 
and becomes emerging tools in genetics[22]. Zinc finger nucleases, transcription activator-like effector 
nucleases, and clustered regularly interspaced short palindromic repeat (CRISPR) are developed and 
shown differences in knockout efficiency, completion time, and off-target efficiency[20]. Each of these 
techniques uses a nuclease to introduce DNA double-strand breaks at the targeted locations with the 
guidance of homologous binding proteins or RNA[23]. Gene knockdown methods such as RNA-based 
RNA interference, small interfering RNA and short hairpin RNA (shRNA), and antisense oligonuc-
leotides have been developed to inhibit protein expression[24]. RNA interference (RNAi) is triggered by 
double-stranded RNA and causes the sequence-specific mRNA degradation of the single-stranded 
target RNA[25]. Small non-coding RNA molecules can also act to inhibit RNA translation[26].

In addition to the change of gene expression, tagged proteins or fusion proteins with novel properties 
can be created using molecular biology tools[27]. Fusion or tagged proteins with two or more domains 
from different proteins can be easily obtained and purified for their uses in research and clinical 
treatments, detection of the expression levels, and visualization of the intracellular locations of the 
expressed proteins[27]. These have been used to create vaccines, multifunctional enzymes, targeted 
drugs, thrombolytics, antimicrobial peptides, etc[28].

MOLECULAR BIOLOGY TECHNIQUES USED IN THE STUDIES OF GLUT4
The identification of GLUT4 and cloning its gene[29] have facilitated the studies of its tissue distri-
bution, functions, the mechanisms responsible for its translocation, and the regulations of its protein 
and mRNA expressions in different cells. The tagged or fluorescent GLUT4 fusion proteins are used to 
study its intracellular trafficking. GLUT4 overexpression and knockdown, and Slc2a4 gene knockout in 
vitro and in vivo have been developed to study the insulin-stimulated GLUT4 translocation and glucose 
homeostasis, which contribute significantly to our understanding of the role of GLUT4[29]. To review 
the techniques of molecular biology in the study of GLUT4, "GLUT4, molecular biology" and "SLC2A4, 
molecular biology" as keywords were used to search the PubMed database to retrieve relevant articles. 
We have focused on the techniques used in Slc2a4 knockout, knockdown and transgenic studies, and 
results associated with the genetic changes in vivo and in vitro were analyzed and summarized here. As 
shown in Figure 1, Slc2a4 genes have been knocked out and GLUT4 protein has been overexpressed in 
the whole body and in specific tissues and cells. In addition, GLUT4 protein has been knocked down 
using shRNA, and its translocation has been studied using fusion or tagged proteins. Various methods 
such as in situ hybridization, fluorescent microscopy, immunohistochemistry, Western blotting for 
protein and Northern blot and real-time PCR for mRNA used to determine endogenous or transgenic 
GLUT4 expressions are also summarized in this review.

Whole-body and tissue specific Slc2a4 knockout studies
Slc2a4 mRNA expression is detected not only in brown and white adipose tissue, skeletal and cardiac 
muscle, but also in other tissues such as neurons[30]. To study GLUT4 functions, mice with the Slc2a4 
deletion in the whole body or specific tissues or cells have been created. We searched PubMed to 
retrieve the original articles that initially reported the Slc2a4 deletions. Table 1 shows the techniques for 
creating knockouts, experimental animals, methods to confirm the gene deletion and expression, and 
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Table 1 Methods used to create whole body and tissue specific Slc2A4 knockout animals, tissues and animals studied, analytic 
methods included, and observations reported

Methods Tissues/Animals Analysis Observations Ref.

A construct with a disrupted 
mouse Slc2a4 gene was 
electroporated into WW6/22 
ES cells to create deletion, 
which were microinjected into 
C57Bl/6 blastocysts

Skeletal muscle/GLUT4-null 
mice and wild-type control 
mice

Southern blot for DNA, 
Northern blot for mRNA, 
and Western blot for 
protein measurements

The Slc2a4-/-mice have normal glycemia, growth 
retardation, decreased longevity, cardiac 
hypertrophy, reduced adipose deposits, 
postprandial hyperinsulinemia, and lowered insulin 
sensitivity; The male Slc2a4-/-mice have lower and 
higher blood glucose levels than the controls in 
fasted and fed states, respectively

[31]

GLUT4-loxP mice were 
crossed with α-MHC 
promoter-driven Cre

Heart/Cardiac-selective 
Slc2a4-/-deletion mice 
(G4H–/– mice) and control 
mice

Southern blotting and PCR 
for DNA, and Western blot 
for GLUT4 levels using 
various antisera

G4H–/– mice have modest cardiac hypertrophy, 
normal life span and serum levels of insulin, 
glucose, FFAs, lactate, and β-hydroxybutyrate, 
increased basal cardiac glucose transport and 
GLUT1 expression, and abolished insulin-stimulated 
cardiac glucose uptake

[33]

GLUT4loxP mice as shown in
[33] were crossed with the 
muscle CK promoter driven 
Cre transgenic mice to obtain 
Muscle-G4KO

Skeletal muscle/Muscle-G4KO 
mice and heterozygous Slc2a4 
deletion mice in the 129SV and 
C57Bl/6J background

Reverse transcription–PCR 
for mRNA, and Western 
blot for GLUT4 protein 
(anti-GLUT4 AB1346)

Muscle-G4KO mice show a reduction in basal and 
near-absence of insulin- or contraction-stimulated 
glucose transport, showing; severe insulin resistance 
and glucose intolerance from an early age

[34]

GLUT4-null mice were 
crossed with transgenic mice 
expressing GLUT 4 driven by 
MLC promoter[55]  to create 
MLC-GLUT4-null mice 

EDL and soleus muscle/MLC-
GLUT4-null mice having 
GLUT4 in the fast-twitch EDL 
muscle, GLUT4 null mice, and 
control mice

Western blot for GLUT4 
protein (rabbit polyclonal 
antiserum)

MLC-GLUT4-null mice have less GLUT4 in WAT 
(females only) and soleus muscle, adipose tissue 
deposits, adipocyte size, and plasma free fatty acid 
levels in the fed state than the controls. Glucose 
uptake in the EDL, but not in the soleus, muscle is 
restored to normal in male and above normal in 
female MLC-GLUT4-null mice

[32]

GLUT4–loxP mice were 
crossed with aP2-driven Cre 
transgenic mic to obtain G4A-
/- mice 

Adipose tissue/G4A-/-, and 
control mice

Western blot for GLUT4 
protein in BAT and WAT 
tissues

G4A-/- mice show impaired insulin-stimulated 
glucose uptake in adipocytes, glucose intolerance, 
hyperinsulinemia, and insulin resistance in the 
muscle and liver

[35]

The G4A-/- mice[35] were 
crossed with the muscle-
G4KO mice[34] to generate 
AMG4KO mice 

Adipose tissue and skeletal 
muscle/G4A-/-, muscle-
G4KO, and AMG4KO mice

Western blot for GLUT4 
protein using antibodies 
from H. Haspel in the 
Charles River Laboratory

AMG4KO mice develop fasting hyperglycemia and 
glucose intolerance and are at risk for greater insulin 
resistance than mice lacking GLUT4 in only one 
tissue

[37]

The neuron-specific Nestin 
promoter-driven Cre 
transgenic mice were crossed 
with GLUT4-loxP mice (FVB 
strain) to obtainBG4KO mice

Whole brain/BG4KO and 
control mice

Western blot for GLUT4 
protein in the brain using 
antibody from Chemicon

BG4KO mice have glucose intolerance, insulin 
resistance, and impaired glucose sensing, suggesting 
that the brain GLUT4 may sense and respond to 
glucose

[36]

α-MHC: α-myosin heavy-chain; AMG4KO: Adipose/muscle-GLUT4 double knockout; BAT: Brown adipose tissue; BG4KO: Brain-specific GLUT4 
knockout; Cre: Cre recombinase; CK: Creatine kinase; ES: Embryo stem; EDL: Extensor digitorum longus; GLUT4: Glucose transporter 4; G4A-/-: Adipose 
tissue-specific GLUT4 knockout; GLUT4-loxP: Slc2a4 allele with exon 10 flanked by loxP sites; G4KO: GLUT4 knock out; MLC: Myosin light chain; Ref: 
References; WAT: White adipose tissue.

observations. In the end, seven representative articles that the research groups generated a specific 
knockout model to study GLUT4 and clearly described the methods of GLUT4 deletion are summarized 
here as shown in Table 1. The animal models were also used by many other groups.

In1995, the mouse Slc2a4 locus was disrupted using homologous recombination in embryonic stem 
cells which generated mice without GLUT4 expression (GLUT4-null) in the whole body[31]. The 
GLUT4-null mice showed growth retardation, enlarged hearts and complete lack of the white adipose 
tissue[31]. GLUT4-null mice have normal glucose tolerance and basal glucose turnover rates. However, 
they are insulin intolerant, suggesting insulin resistance. Later on, the GLUT4-null mice[31] have been 
used to create mice expressing GLUT4 specifically in the extensor digitorum longus muscle[32].

Tissue specific GLUT4 knockout mice have been created by crossing mice carrying a Slc2a4 allele with 
exon 10 flanked by loxP sites with those carrying Cre gene expression driven by tissue specific 
promoters[33-36]. The various phenotypes of these knockout mice help us to understand the roles of 
GLUT4 in different tissues and glucose metabolism. For example, the muscle-specific GLUT4 knockout 
mice (muscle-G4KO) were created by breeding mice carrying the Slc2a4 exon 10 flanked by loxP sites 
with mice carrying a transgene encoding Cre recombinase under the control of the muscle creatine 
kinase promoter[34]. Compared with GLUT4-null mice, muscle-G4KO mice have normal body weight 
and fat pad weight at least before 6 mo of age[34]. The skeletal muscle mass is also normal. The increase 
in heart weight is consistent with GLUT4-null mice[31] and cardiac-G4KO mice[33]. Compared with the 
shortened lifespan of GLUT4-null mice, the life span of muscle-G4KO mice is normal. In contrast to 
GLUT4-null mice and cardiac-G4KO mice, adipose-G4KO mice[35] are similar to muscle-G4KO mice. 
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Figure 1 Recombinant DNA technologies used in the study of glucose transporter 4 functions and its translocation mechanism. Slc2a4 
gene is transcribed into mRNA, which is translated into glucose transporter 4 (GLUT4) protein. The binding of insulin to its receptor leads to the activation of insulin 
signaling system, which facilitates the movement of GLUT4 from its intracellular location to the cell membrane, and in turn the entry of glucose in the cells. 
Recombinant DNA technologies have been used to alter gene expression level (1), reduce mRNA translation (2) and tracing intracellular movement of GLUT4 protein 
(3). 1. Slc2a4 gene has been deleted in the whole body via homologous recombination and in individual tissues or cells via Cre-LoxP system driven by tissue specific 
promoters. In addition, transgenic overexpression of GLUT4 in whole body or specific tissues and cells has been done using mini gene or SLC2A4 cDNA driven by 
different promoters, respectively. 2. The GLUT4 protein is knocked down using short-hairpin RNA under the control of different promoters to interfere the translation 
process. 3. Fusion or tagged GLUT4 has been created to study the insulin-stimulated GLUT4 translocation mechanism using fluorescent microscopy, and immune 
assays.

However, adipose-G4KO mice have glucose intolerance[35]. Interestingly, unlike other GLUT4 
knockout mice, the heart weight of adipose-G4KO mice is normal.

In addition, adipose and muscle Slc2a4 double knockout (AMG4KO) mice are also created by crossing 
the respective tissue knockout mice[37]. Interestingly, these AMG4KO mice develop hyperglycemia in 
the fasting state[37]. It appears that GLUT4 also plays a role in a physiological condition that does not 
need the insulin-stimulated glucose uptake.

GLUT4 knockdown studies
The deletion of a gene completely stops the genetic information flow. Another way to block the protein 
expression is to knockdown a gene’s expression, which temporarily stops or reduces the expression of 
the targeted gene. Unlike knockout, gene knockdown involves the methods interfering with RNA 
molecules (mRNA or non-coding RNA) that bridges DNA and proteins. "GLUT4, knockdown" and "
SLC2A4, knockdown" as keywords were used to search the PubMed database to retrieve relevant 
articles. Table 2 summarizes the methods of knockdown and confirmation, cells used, observations of 
GLUT4 knockdown studies.

Recently, RNAi has emerged as a powerful tool for the study of gene function in mammalian cells
[38]. After transfection, the shRNAs molecules are transcribed under promoters in constructs that drive 
the RNA synthesis within the targeted cells. Oligo nucleotides with sequences of shRNAs may be 
transfected directly into the cells[38]. In all studies summarized in Table 2, shRNAs method is used to 
achieve GLUT4 knockdown[39-41], which is delivered via recombinant retroviruses. Two of three 
studies investigated the roles of GLUT4 in 3T3-L1 adipocytes. It appears that GLUT4 expression is 
needed for the lipogenesis after differentiation in 3T3-L1 cells, but not necessary for lipogenesis during 
differentiation[41]. In addition, the insulin-regulated aminopeptidase trafficking is not always 
associated with the GLUT4 movement[40].

Transgenic studies
We have used key words “GLUT4 transgenic” (314 hits) and “GLUT4 overexpression” (609 hit) to 
search PubMed to retrieve GLUT4 transgenic studies. After going through the titles or abstracts 
containing “GLUT4 overexpression and GLUT4 transgenic”, we found 15 papers that have described 
their original methods or clearly cited the methods used by them, confirmed the GLUT4 overexpression 
in mice and provided results. Table 3 summarizes the techniques used to overexpress GLUT4, the 
methods to confirm the expression and results observed in those animals.

In 1992, a 2.4-kb fragment of 5’ flanking DNA of human SLC2A4 promoter fused with the bacterial 
chloramphenicol acetyltransferase (CAT) as a reporter construct was developed and used to show the 
SLC2A4 expression profile in mice[42]. In 1993, an 11.5-kb SLC2A4 mini gene in pHSS6 vector was 
created and used to overexpress human GLUT4 in the whole body of mice[43]. As shown in Table 3, the 
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Table 2 Methods used to knockdown glucose transporter 4 and analyze its expression in cell lines, and reported observations

Methods Cells Analysis Observations Ref.

Recombinant lentivirus was used to express 
shRNA based on SLC2A4 sequence 
(NM_001042.3)

Human head 
and neck 
squamous 
cancer cell 
lines, HSC-2

Western blot for GLUT4 protein using 
antibody from Epitomics

The knockdown of GLUT4 
expression in HSC-2 cells induced 
DDX58 and OASL protein 
expressions, and reduced cell 
migration in culture

[39]

pSIREN RetroQ system was used to obtain 
recombinant retroviruses that produce shRNAs 
corresponding to mouse Slc2a4 sequence 
GGTGATTGAACAGAGCTAC (GenBank ID was 
not provided)

3T3-L1 
adipocytes

Immunofluorescence of phase-contrast 
and epifluorescence images for GLUT4 
protein using antibodies (rabbit anti-
GLUT4, a gift from Dr. Sam Cushman 
(National Institutes of Health)

GLUT4 knockdown does not affect 
IRAP trafficking, showing that IRAP 
traffics is independent of GLUT4

[40]

Recombinant lentivirus was used to generate 
shRNA under the control of human H1-RNA 
promoter using the mouse Slc2a4 mRNA 
sequence (GenBank ID not provided)

3T3-L1 
adipocytes

Immunofluorescence microscopy and 
Western blot for GLUT4 using rabbit 
polyclonal antibody from Chemicon 
International Inc

GLUT4 knockdown in 3T3-L1 
adipocytes reduces insulin-
stimulated glucose uptake by 50%-
60%, IRAP expression of depending 
on differentiation stage, and 
lipogenic capacity of differentiated, 
but not differentiating cells

[41]

DDX58: DExD/H-Box Helicase 58; GLUT4: Glucose transporter 4; IRAP: Insulin-regulated aminopeptidase; OASL: 2’-5’-Oligoadenylate Synthetase Like; 
Ref: References; shRNA: Short hairpin RNA.

mouse line containing the 11.5-kb mini gene has been used in seven out of eight papers testing the 
effects of overexpression of human GLUT4 in the mouse whole body on metabolism[43-49]. CAT 
activity, SLC2A4 mRNA and/or GLUT4 protein level in adipose tissue and skeletal muscle and other 
tissues have been analyzed to confirm the success of transgenic expression[43,44]. In general, the whole-
body human GLUT4 overexpression reduces blood glucose in both fasting and fed states and increased 
glucose uptake in mice, but affects the blood insulin level in wild type mice and diabetic mice differen-
tially[44]. Whole body GLUT4 overexpression does not alter body weight, but can reduce blood glucose 
level and affect serum insulin level.

GLUT4 has been overexpressed in a tissue specific manner as shows in Table 4. Majority of the 
studies have been focused on adipose tissues[50-54]. There is one for the skeletal muscle[55] and one for 
adipocytes[56]. A 6.3-kb genomic DNA fragment of human SLC2A4 gene driven by the mouse ap2[50] 
promoter has been used to overexpress GLUT4 in mouse adipose tissues. This method was first 
published in 1993[50] and was used in many other studies in the genetic settings of wild-type and 
diabetic mice[51-54]. Like the papers summarized in Table 3, a human SLC2A4 gene under a tissue-
specific promoter was used to overexpress GLUT4. Human SLC2A4 cDNA was also used to overexpress 
GLUT4 in adipocytes[56], but mouse Slc2a4 gene was used to express GLUT4 in the hindlimb muscle
[55]. All adipose tissue specific GLUT4 overexpression studies[50-55] tested the SLC2A4 mRNA or 
GLUT4 protein level to confirm GLUT4 expression, which is found to be expressed in both brown and 
white adipose tissues. In conclusion, adipose tissue specific GLUT4 overexpression in mice can cause 
increases in body and adipose tissue weights[50,51]. The adipose tissue specific GLUT4 transgenic mice 
also have higher glucose disposal rate, may be caused by increased basal and insulin-stimulated glucose 
transport rate. It is interesting to find out that the elevated expression of GLUT4 in the adipose tissue 
only can increase glucose transport rate and adipose tissue weight, which is associated with the 
significant increase in body weight, suggesting the importance of GLUT4 expression in adipose tissue.

CONCLUSION
Conclusion and future perspectives
As summarized in this review, methods such as whole body and tissue specific gene knockout, 
recombinant viruses, real-time PCR, immunofluorescence, stable cell line and transgenic animals have 
been used to study GLUT4 system and insulin action in different target cells and tissues. The 
advantages of using multiple molecular biology methods allow us to confirm the functions of GLUT4 
for insulin-stimulated glucose transport in different cells and tissues, and in the regulation of whole-
body glucose homeostasis. Interestingly, GLUT4-null mice which do not have a functional Slc2a4 gene 
in the whole genome have normal glucose tolerance and basal glucose turnover rates, but they are 
insulin-intolerant which suggests insulin resistance[31]. AMG4KO mice (adipose and muscle double 
knockout) have reduced whole body glucose uptake and hyperglycemia[37]. Compared with GLUT4-
null mice, AMG4KO mice have more severe glucose homeostasis defects. Although the explanation for 
this difference is not clear, differences in genetic background and differences in developmental stages, 
where GLUT4 is deleted have been proposed. More importantly, the hyperglycemia in these double 
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Table 3 The transgenic studies using the SLC2A4 mini gene and its promoter for the whole-body expression in mice

Transgenic constructs Analysis Observations Ref.

A 11.5-kb mini gene of human 
SLC2A4 starts with a 5.3-kb 
fragment upstream of transcription 
start and terminates within exon 10 
of the gene followed by the 
bacterial CAT in pHSS6 vector

RNase protection assay and Western 
blot were used for SLC2A4 mRNA and 
GLUT4 protein in BAT, WAT, heart and 
skeleton muscle, respectively

The transgene expression was detected in WAT and BAT, heart and 
skeleton muscle of mice. Female transgenic mice have higher GLUT4 
protein in the adipose tissue and less SLC2A4 mRNA in skeleton 
muscle than male ones. Transgenic mice have higher GLUT4 protein 
level in adipose tissue, liver, heart and skeleton muscle than the 
controls

[43]

The 11.5-kb minigene with the 
CAT reporter as shown in[43]

Reverse transcription PCR was used to 
measure SLC2A4 mRNA in cardiac and 
hindquarter muscle, BAT and WAT. 
Immunofluorescent test was for GLUT4 
translocation

Transgenic mice gained more weight after 15 wk old of age, and 
have lower blood glucose in both fasting and fed states, lower 
insulin level in fasting and higher after refeeding, and higher 
glycogen contents, GLUT4 translocation in cardiac and skeleton 
muscle than the control mice

[44]

The 11.5 kb minigene with the CAT 
reporter as shown in[43]

Western blot was used to detect GLUT4 
in gastrocnemius muscles

Transgenic mice have lower serum glucose level in both fasting and 
fed state, higher insulin level during fasting and lower after fed than 
the control ones

[45]

The 11.5 kb minigene with the CAT 
reporter as shown in[43]

Western blot was used to detect GLUT4 
in the heart

Transgenic mice have higher glucose uptake, glycolysis and 
glycogen content, and lower insulin-stimulated glycolysis rate and 
glycogen synthesis in the heart than the control ones. Glucose and 
fatty acid oxidation remain the same

[46]

The 11.5 kb minigene with the CAT 
reporter as shown in[43]

Immunofluorescence was used to detect 
GLUT4 in cardiac myocytes and 
adipocytes

Transgenic mice have similar body weight, and epididymal adipose 
tissue weight and adipocyte size as the controls. Transgenic mice 
have higher levels of triglycerides, β-hydroxybutyrate and free fatty 
acids, and parametrial fat weight and lower glucose level after an 
oral glucose challenge and insulin level after an insulin injection 
than the controls.  The insulin-stimulated glucose uptake is impaired 
in transgenic mice

[47]

A 2.4-kb of 5’ flanking DNA 
fragment of human SLC2A4 
promoter fused with the CAT as a 
reporter construct

CAT activity assay and RNase 
protection assay were used to detect 
promoter activation and mRNA, 
respectively

In transgenic mice, CAT activity can be detected in the tissues that 
generally express GLUT4, including BAT and WAT, and smooth, 
skeleton and cardiac muscle, but not the liver

[42]

A 2.4-kb of 5’ flanking DNA of 
human SLC2A4 promoter fused to 
CAT as shown in[42]

Western blot was used to detect GLUT4 
in adipose and skeleton muscle tissues

Transgenic mice have slower rise of blood glucose (no difference in 
glucose and insulin levels) during pentobarbital sodium anesthesia, 
and higher glucose infusion rate (40% increase) during hyper 
insulinemic euglycemic clamp than the controls

[48]

A 2.4-kb of 5 flanking DNA of 
human SLC2A4 promoter fused to 
CAT as shown in[42]

Only cited previous publications[42] Transgenic mice have lower blood glucose, higher lactate and β-
hydroxybutyrate levels during both fasting and fed states, and 
better glucose transport in the soleus muscle when fed a high-fat 
and high-sugar diet than the controls

[49]

BAT: Brown adipose tissue; CAT: Chloramphenicol acetyltransferase; GLUT4: Glucose transporter 4; Ref: References; WAT: White adipose tissue.

knockout mice develops in the fasting state, rather than fed state[37]. This phenomenon appears to 
indicate that GLUT4 plays an important role in the control of glucose homeostasis during fasting, a state 
that insulin level is low. The translational value of these observations is that GLUT4’s physiological role 
from the integrated homeostatic point of view may be extended beyond the insulin-stimulated glucose 
uptake. Of course, more studies are warranted on this line of research.

On the other hand, the GLUT4 knockdown studies used the shRNAs method and have been done in 
cell lines to reduce GLUT4 expression. This may be helpful for us to understand the GLUT4 functions 
and the underlying mechanisms in particular cells. It appears that GLUT4 expression is not necessary 
for lipogenesis during 3T3-L1 cells differentiation. Apparently, it will be helpful when more GLUT4 
knockdown studies are done in animals.

The GLUT4 overexpression in transgenic mice at wholebody level reduces blood glucose in both 
fasting and fed states and increased glucose uptake, glycolysis and glycogen level[44]. Compared to the 
control mice, overexpression of GLUT4 in adipose tissue in mice leads to lowered blood glucose in the 
fasting state, and increase in body weight and adipose tissue weight[50]. The expression of GLUT4 in 
adipose tissue and skeleton muscle affects the rate of whole-body glucose disposal, which may be 
caused by increased basal and insulin-stimulated glucose transport rates. This lowered blood glucose 
level in the transgenic mice also indicates that GLUT4 probably plays a role in the basal glucose uptake.

For the tissue specific GLUT4 knockout, Cre-loxP–mediated gene recombination under the control of 
promoters has been the main method to delete Slc2a4 gene. Since the development of CRISPR 
technology, it has not been used to knockout Slc2a4 in whole body or tissues, which is a limitation in the 
field. We have used “GLUT4” and “CRISPR”, and “SLC2A4” and “CRISPR” as key words to search 
PubMed, and retrieved eight and two published articles, respectively. However, none of the published 
articles used the CRISPR methods to knockout SLC2A4 or Slc2A4 gene in cells or animals. All of them 
used CRISPR methods to study the components in the exocytosis process of GLUT4 translocation. As 
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Table 4 Recombinant DNA techniques to create tissue specific glucose transporter 4 overexpression in animals and cells, analysis 
performed, and observations reported

Techniques Tissue/analysis Observations Ref.

A 6.3-kb genomic DNA fragment 
of human SLC2A4 gene is under 
the control of a 5.4-kb’ DNA 
fragment of mouse ap2 promoter 
using Gateway cloning

Adipose-specific overexpression/ Western blot was 
used to detect GLUT4 in BAT and WAT

Transgenic mice have lower glucose level in the fasting, 
insulin level in the fed state, higher body weight and 
body fat at 18 to 21 wk of age, and higher basal and 
insulin-stimulated glucose transport rates in 
epididymal, parametrial, and subcutaneous adipocytes 
than the controls

[50]

Same as in[50] Adipose-specific overexpression/Only cited previous 
publications[50]

Transgenic mice have higher body weight, parametrial 
fat pad weight and adipocyte size, and glucose 
transport in both fasting and fed states, and lower 
plasma insulin and glucose levels after a glucose 
challenge than the controls

[51]

Same as in[50] Adipose-specific overexpression/Only cited previous 
publications[50]

Transgenic mice have higher glucose disposal rate in a 
glucose tolerance test, and palmitic acid-hydroxy 
stearic acid levels in serum, WAT and BAT than the 
controls

[52]

Same as in[50] Adipose-specific overexpression/Western blot was 
used to detect GLUT4 in BAT and WAT

Transgenic mice fed a high-fat diet have higher glucose 
disposal rate than those fed a low-fat diet, and stable 
GLUT4 expression in fat and no increase in body fat

[53]

Same as in[50] Adipose-specific overexpression/Western blot was 
used to detect GLUT4 in BAT and WAT

Transgenic mice have higher gonadal adipose weight, 
basal and maximum insulin stimulated glucose 
transport in isolated adipocytes, glucose transport rate, 
triglyceride synthesis and CO2 production than the 
controls

[54]

A 4.5-kb DNA fragment of the 
mouse Slc4a2 gene is under the 
control of a 3-kb fragment of the 
mouse myosin light chain gene 
promoter

Hindlimb muscle overexpression/Northern blot and 
Western blot were used to detect Slc4a2mRNA and 
GLUT4 in different tissues respectively

Transgenic mice have higher basal and insulin-
stimulated glucose uptake and turnover, higher 
glycogen content in the skeleton muscle, higher insulin 
sensitivity, higher levels of free fatty acid and ketone in 
both fasting and fed state, and lower fasting glucose 
level than the controls

[55]

The human SLC2A4 cDNA is 
driven by the CMV promoter in 
pCIS2 vector

Rat adipocytes overexpression/Immunofluorescence 
was used to detect GLUT4 overexpression

Rat adipose cell transfected with the GLUT4 construct 
had significantly higher antibody binding after insulin 
stimulation than the control cells

[56]

BAT: Brown adipose tissue; CMV: Cytomegalovirus; GLUT4: Glucose transporter 4; Ref: References; WAT: White adipose tissue.

CRISPR has been developed and used widely, GLUT4 knockout/knockdown through this system may 
be worth to be done. This may provide us another tool to manipulate the GLUT4 expression in the 
whole body or in tissue specific manners.

In addition, results of glucose tolerance are different between mice with whole body and tissue 
specific GLUT4 knockout. Therefore, whether the loss of GLUT4 in a specific tissue (muscle or fat) or the 
expression of GLUT4 in other tissues without gene deletion plays a role in this difference is worth to be 
investigated. It is safe to say that more research works are anticipated in the future to precisely define 
the role of GLUT4 in the control of glucose homeostasis at whole body and tissue levels. In so doing, we 
develop effective ways to prevent and treat type 2 diabetes mellitus.
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Abstract
BACKGROUND 
Despite the Middle East and North Africa (MENA) Region reported to have the 
highest prevalence of hepatitis C virus (HCV) globally, HCV infection levels in the 
majority of MENA countries remain inadequately characterized. Blood donor data 
have been previously used as a proxy to assess levels and trends of HCV in the 
general population, however, it is unclear how comparable these populations are 
in MENA and whether blood donors provide an appropriate proxy.

AIM 
To delineate HCV epidemiology among blood donors and the general population 
in the MENA.

METHODS 
The data source was the systematically gathered MENA HCV Epidemiology 
Synthesis Project Database. Random-effects meta-analyses and meta-regressions 
were conducted. For comparison, analyses were conducted for Europe, utilizing 
the Hepatitis C Prevalence Database of the European Centre for Disease 
Prevention and Control.

RESULTS 
One thousand two hundred and thirteen HCV antibody prevalence measures and 
84 viremic rate measures were analyzed for MENA. Three hundred and seventy-
seven antibody prevalence measures were analyzed for Europe. In MENA, pooled 
mean prevalence was 1.58% [95% confidence interval (CI): 1.48%–1.69%] among 
blood donors and 4.49% (95%CI: 4.10%–4.90%) in the general population. In 
Europe, pooled prevalence was 0.11% (95%CI: 0.10%–0.13%) among blood donors 
and 1.59% (95%CI: 1.25%–1.97%) in the general population. Prevalence in the 
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general population was 1.72-fold (95%CI: 1.50–1.97) higher than that in blood donors in MENA, 
but it was 15.10-fold (95%CI: 11.48–19.86) higher in Europe. Prevalence was declining at a rate of 
4% per year in both MENA and Europe [adjusted risk ratio: 0.96 (95%CI: 0.95–0.97) in MENA and 
0.96 (95%CI: 0.92–0.99) in Europe]. Pooled mean viremic rate in MENA was 76.29% (95%CI: 
67.64%–84.02%) among blood donors and 65.73% (95%CI: 61.03%–70.29%) in the general 
population.

CONCLUSION 
Blood donor data provide a useful proxy for HCV infection in the wider population in MENA, but 
not Europe, and could improve HCV burden estimations and assess progress toward HCV 
elimination by 2030.

Key Words: Hepatitis C virus; Viral hepatitis; Blood donors; General population; Middle East and North 
Africa; Meta-analysis; Meta-regression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We investigated hepatitis C virus (HCV) epidemiology among blood donors and the wider 
general population in Middle East and North Africa (MENA). For comparison, similar analyses were 
performed for Europe. Our results indicated that HCV antibody prevalence in the population of MENA 
and Europe appears to be declining by 4% per year. Blood donor data in MENA (but not in Europe) were 
found to provide a useful proxy for HCV infection levels and trends in the general population. Thus, the 
data can be utilized in HCV estimates and to assess, track and validate progress towards World Health 
Organization elimination goals for HCV.

Citation: Mahmud S, Chemaitelly H, Alaama AS, Hermez JG, Abu-Raddad L. Hepatitis C virus among blood 
donors and general population in Middle East and North Africa: Meta-analyses and meta-regressions. World J 
Meta-Anal 2022; 10(1): 12-24
URL: https://www.wjgnet.com/2308-3840/full/v10/i1/12.htm
DOI: https://dx.doi.org/10.13105/wjma.v10.i1.12

INTRODUCTION
In the Middle East and North Africa (MENA) an estimated 15 million individuals are chronically 
infected with hepatitis C virus (HCV), making it the global region most affected by HCV infection[1]. 
Left untreated, chronic HCV infection may lead to several morbidities, including liver cancer, fibrosis, 
and cirrhosis[2]. Prompted by development of highly efficacious direct-acting antivirals (DAAs), the 
World Health Organization (WHO) has set a global target to eliminate HCV as a public health problem 
by 2030[3].

Despite disproportionally high HCV infection levels in specific MENA countries, e.g., Egypt[4-7] and 
Pakistan[8-11], relative to global levels[1,12], only three countries in this region have conducted 
nationally representative population-based surveys[13-15]. HCV infection levels in the remaining 
countries remain inadequately characterized[1].

Blood donors have been used as a proxy population to provide a crude estimate of HCV infection 
levels in the general population[16,17]. However, in developed countries, such as the United States[18] 
and countries of the European Union[16], blood donors are not considered representative of the wider 
general population. In these countries, strict donor selection and blood safety regulations[19] have 
resulted in a large disparity in HCV infection levels between blood donors and the general populations. 
This raises two questions: How comparable are HCV infection levels between blood donors and the 
general population in MENA? Are blood donor data, which are readily available, thanks to blood 
screening, an appropriate proxy for the general population in this region?

In this context, objectives of this study were to delineate HCV epidemiology in blood donors and 
general populations in MENA, and to assess how representative blood donor data are of HCV antibody 
(Ab) prevalence in the general population of this region. The study was also conducted to infer 
programmatic implications on blood safety in the region. These objectives were accomplished through 
analyses of a large, systematically gathered database, including 2622 HCV Ab prevalence measures on 
49.8 million individuals by: (1) Estimating the pooled mean prevalence among blood donors and in 
general populations (henceforth the general population); and (2) Identifying predictors and trends of 
prevalence in these populations and sources of between-study heterogeneity. We further conducted 
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similar analyses for Europe, a region in which stringent donor selection and blood safety processes have 
been implemented[19], for comparison. We did so by utilizing a large systematically gathered database 
including 419 HCV Ab prevalence measures for 25.7 million individuals[20], to compare outcomes with 
results for MENA.

MATERIALS AND METHODS
Data sources
This study was conducted as part of the MENA HCV Epidemiology Synthesis Project[1], an ongoing 
project with the aim of delineating HCV epidemiology and informing key public health research, policy, 
and programming priorities in MENA. The source of data was the MENA HCV Epidemiology Synthesis 
Project Database[1]. The database included 685 HCV Ab prevalence measures on 46 634 214 blood 
donors and 528 measures on 2 358 944 individuals of the general population, such as pregnant women, 
healthy adults, and children. The database also included eight HCV viremic rate measures on 58 986 
blood donors and 76 measures on 14 936 individuals of the general population. HCV viremic rate was 
defined as the proportion of those who had tested Ab positive that are subsequently confirmed to be 
chronically infected by testing positive for HCV RNA – the proportion of those HCV RNA positive 
among HCV Ab-positive individuals[21,22].

The database was populated through a series of systematic reviews for HCV infection across MENA 
that were previously conducted as part of this project[5,6,8,23-28]. All reviews followed a standardized 
methodology, and specific details such as literature search strategy, databases searched, and eligibility 
criteria can be found in each of these reviews[5,6,8,23-28]. The methodology used for these reviews was 
informed by the Cochrane Collaboration Handbook[29], and all findings were reported using the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)[30]. Literature searches 
were conducted to identify primary data on HCV measures in international and national/regional 
databases, the MENA HIV/AIDS Epidemiology Synthesis Project Database[31,32], abstract archives of 
international conferences, and grey literature, including public health reports and routine data 
reporting. Literature searches were broad, with no language restrictions to ensure inclusiveness. All 
records reporting HCV measures after 1989, the year in which the virus was officially identified[33], 
were included in the reviews[5,6,8,23-28].

Blood donors are typically a diverse group with different rates of HCV Ab prevalence depending on 
the rigor of the donor selection process[19]. The vast majority of HCV Ab prevalence studies in MENA 
did not specify the type of blood donors, and therefore the term blood donors in the present analysis 
encompassed the different blood donor types, including regular voluntary nonremunerated donors, 
one-time voluntary nonremunerated donors, family replacement donors, and paid donors.

For the MENA HCV Epidemiology Synthesis Project, the MENA region was defined to include 24 
countries (Figure 1). Given the distinctive nature of the HCV epidemics in Egypt[4-7] and Pakistan[8-
11], relative to other MENA countries, separate analyses were performed for each of these countries.

HCV measures in blood donors and the general population were also analyzed for Europe, a region 
in which stringent donor selection and blood safety regulations have been implemented for decades
[19], for comparison with MENA outcomes. Europe’s HCV Ab prevalence measures were retrieved 
from the Hepatitis C Prevalence Database of the European Centre for Disease Prevention and Control
[20]. The database was populated through a systematic review[16] and multiple reports[34,35]. The 
database included 257 HCV Ab prevalence measures on 25 232 790 blood donors and 120 measures on 
410 444 individuals of the general population, such as pregnant women and healthy adults.

Pooled mean HCV Ab prevalence and viremic rate
Meta-analyses for countries and subregions were performed to pool HCV Ab prevalence in blood 
donors and the general population, whenever three or more measures were available, and a minimum 
sample size of 25 participants was met. Random-effects meta-analyses were performed using the 
DerSimonian–Laird method[36], with inverse-variance weighting to pool measures[36]. Freeman–Tukey 
type arcsine square-root transformation was used to stabilize the variance of each measure, factoring 
knowledge regarding the applicability of this transformation[37,38]. Heterogeneity was formally 
assessed[36]. Forest plots were generated and examined visually, and Cochran’s Q-test was conducted. 
Statistical significance of heterogeneity was indicated whenever P was < 0.10[36,39]. The I2 and its 
confidence interval (CI) were calculated to assess the percentage of variance that is explained by true 
differences in prevalence across studies, rather than chance[36]. Prediction intervals were also 
determined to describe the distribution of prevalence around the pooled mean estimate[36]. Meta-
analyses were also used to estimate the pooled mean HCV viremic rate among blood donors and in the 
general population. Meta-analyses and forest plots were generated using R version 3.4.3.

Predictors, trends, and sources of between-study heterogeneity 
Univariable and multivariable random-effects meta-regressions were conducted following established 
methodology[29]. A priori relevant independent variables in meta-regressions included subpopulation 
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Figure 1  Map of the countries and subregions included in the Middle East and North Africa Region.

(blood donors vs the general population), country/subregion, and year of data collection. Factors 
associated with HCV Ab prevalence at P ≤ 0.20 in the univariable analysis qualified for inclusion in the 
multivariable analysis. Here, an adjusted relative risk (ARR) P ≤ 0.05 was considered to indicate strong 
evidence for an association.

In studies in which the year of data collection variable was missing, the variable was imputed. This 
was done by first subtracting the year of data collection (when available) from the year of publication 
for each study, and using the median of these values in imputing the year of data collection. Sensitivity 
analysis was performed without the imputed observations to determine the impact of the imputation on 
the results, confirming the results of the original meta-regression. Meta-regressions were performed on 
STATA version 13 using the metan command.

RESULTS
HCV Ab prevalence among blood donors and the general population in MENA
Studies on HCV Ab prevalence among blood donors and the general population in MENA are listed in 
Supplementary Tables 1 and 2. HCV Ab prevalence data were available for 23 of the 24 MENA 
countries. The largest number of data points were retrieved from Egypt, followed by the Gulf and 
Fertile Crescent Subregions. HCV Ab prevalence in blood donors ranged from 0 to 38.20%, with a 
median of 0.86% (Table 1). Studies reporting the highest HCV Ab prevalence were reported from parts 
of Egypt in the 1990s, a period during which HCV infection was widespread following the parenteral 
antischistosomal therapy (PAT) campaigns that contributed in a major way to the HCV epidemic in 
Egypt[5-7,40]. The pooled mean prevalence was 1.58% (95%CI: 1.48%–1.69%). It was lowest in the Fertile 
Crescent Subregion at 0.21% (95%CI: 0.18%–0.25%) and highest in Egypt at 10.40% (95%CI: 
9.59%–11.23%), followed by Pakistan at 3.47% (95%CI: 2.96%–4.02%). HCV Ab prevalence in the general 
population ranged from 0 to 73.38%, with a median of 3.14%. The pooled mean prevalence was 4.49% 
(95%CI: 4.10%–4.90%). It was lowest in Iran at 0.33% (95%CI: 0.21%–0.47%) and highest in Egypt at 
13.08% (95%CI: 11.51%–14.73%), followed by Pakistan at 8.81% (95%CI: 7.62%–10.06%). All outlier high 
HCV Ab prevalence measures were investigated and found to reflect blood donors or general 
populations in specific settings that were affected by high exposure to the virus, such as specific villages 
in the Nile delta in Egypt following the PAT era[5-7,40]. There was strong evidence for heterogeneity in 
HCV Ab prevalence in all meta-analyses (P < 0.01), with almost all variation being attributed to true 
variation in prevalence across studies rather than chance (I2 > 99.4%). Heterogeneity was also confirmed 
by the estimated prediction intervals (Table 1).

https://f6publishing.blob.core.windows.net/6c9527e6-c8a6-4835-a39f-3764ef22dee8/WJMA-10-12-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6c9527e6-c8a6-4835-a39f-3764ef22dee8/WJMA-10-12-supplementary-material.pdf
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Table 1 Results of meta-analyses on studies reporting HCV Ab prevalence among blood donors and in the general population in Middle 
East and North Africa

Studies Samples HCV Ab prevalence Pooled HCV Ab 
prevalence Heterogeneity measures

Population
Total (n
) Total (n) Range 

(%)
Median 
(%)

Mean 
(%) 95%CI Q (P value)1 I² (confidence 

limits)2

Prediction 
interval (%)3

Blood donors

Afghanistan 40 737407 0.00-7.19 0.60 0.75 0.57-0.96 3046.03 (P < 
0.01)

98.7% (98.6%-
98.9%)

0.02-2.41

Egypt 116 1566669 0.00-
38.20

10.97 10.40 9.59-11.23 24513.7 (P < 
0.01)

99.5% (99.5%-
99.6%)

3.64-19.96

Fertile Crescent4 157 3488952 0.00-3.95 0.27 0.21 0.18-0.25 3674.2 (P < 
0.01)

95.8% (95.4%-
96.1%)

0.00-0.67

Gulf5 156 20891379 0.00-
27.19

0.89 0.78 0.71-0.86 29882.0 (P < 
0.01)

99.5% (99.5%-
99.5%)

0.20-1.69

Horn of Africa6 22 48076 0.0-6.03 1.0 0.97 0.57-1.45 327.8 (P < 
0.01)

93.6% (91.5%-
95.2%)

0.00-3.78

Iran 73 15971802 0.00-3.13 0.24 0.31 0.22-0.40 55740.9 (P < 
0.01)

99.9% (99.9%-
99.9%)

0.00-1.43

Maghreb7 49 2145044 0.11-6.58 0.65 0.68 0.49-0.91 13475.9 (P < 
0.01)

99.6% (99.6%-
99.7%)

0.00-2.82

Pakistan 73 1797644 0.01-
20.79

3.00 3.47 2.96-4.02 24753.7 (P < 
0.01)

99.7% (99.7%-
99.7%)

0.38-9.32

All 
countries/subregions

686 46646973 0.00-38.2 0.86 1.58 1.48-1.69 481819.0 (P < 
0.01)

99.9% (99.9%-
99.9%)

0.01-5.18

General population

Afghanistan 6 12048 0.00-4.03 0.88 0.61 0.20-1.18 21.7 (P < 0.01) 76.9% (48.5%-
89.6%)

0.00-2.68

Egypt 147 110603 0.00-
54.10

11.82 13.08 11.51-14.73 8457.0 (P < 
0.01)

98.3% (98.1-98.4%) 0.62-36.45

Fertile Crescent4 64 189456 0.00-8.87 0.19 0.42 0.24-0.64 1117.8 (P < 
0.01)

94.4% (93.4%-
95.2%)

0.00-2.39

Gulf5 85 222829 0.00-
22.54

0.83 1.41 1.0-1.88 5343.3 (P < 
0.01)

98.4% (98.3%-
98.6%)

0.00-7.66

Horn of Africa6 27 29552 0.00-8.50 1.53 1.86 1.26-2.57 262.0 (P < 
0.01)

90.1% (86.8%-
92.6%)

0.00-6.13

Iran 50 101677 0.00-2.35 0.45 0.33 0.21-0.47 206.9 (P < 
0.01)

76.3% (69.0%-
81.9%)

0.00-1.25

Maghreb7 42 1378206 0.00-6.16 0.62 0.87 0.55-1.26 7595.3 (P < 
0.01)

99.5% (99.5%-
99.5%)

0.00-4.38

Pakistan 106 301814 0.44-
73.38

6.82 8.81 7.62-10.06 13619.0 (P < 
0.01)

99.2% (99.2%-
99.3%)

0.60-24.62

All 
countries/subregions

527 2346185 0.00-
73.38

3.14 4.49 4.10-4.90 83750.3 (P < 
0.01)

99.4% (99.4%-
99.4%)

0.00-16.88

1Q: the Cochran’s Q statistic is a measure assessing the existence of heterogeneity in effect size (here, HCV Ab prevalence) across studies.
2I2: A measure assessing the magnitude of between-study variation that is due to true differences in effect size (here, HCV Ab prevalence) across studies 
rather than chance.
3Prediction interval: a measure estimating the 95% interval of the distribution of true effect sizes (here, HCV Ab prevalence).
4Countries include Iraq, Jordan, Lebanon, Palestine, and Syria.
5Countries include Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates.
6Countries include Djibouti, Somalia, Sudan, and Yemen.
7Countries include Algeria, Libya, Mauritania, Morocco, and Tunisia. Ab: Antibody; CI: Confidence interval; HCV: Hepatitis C virus.

HCV Ab prevalence among blood donors and the general population in Europe
HCV Ab prevalence data were available for 30 countries in Europe. HCV Ab prevalence in blood donors 
ranged from 0 to 3.28%, with a median of 0.06% (Table 2). The pooled mean prevalence was 0.11% 
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Table 2 Results of meta-analyses on studies reporting HCV Ab prevalence among blood donors and in the general population in 
Europe

Studies Samples HCV Ab prevalence Pooled HCV Ab 
prevalence Heterogeneity measures

Subpopulation
Total (n) Total (n) Range 

(%)
Median 
(%) Mean (%) 95%CI Q (P value)1 I² (confidence 

limits)2

Prediction 
interval (%)3

Blood donors 257 25232790 0.0-3.28 0.06 0.11 0.10-0.13 35657.5 (P < 
0.01)

99.3 (99.3-99.3) 0.00-0.51

The general 
population

120 410444 0.0-16.83 1.11 1.59 1.25-1.97 9176.9 (P < 
0.01)

98.7 (98.6-98.8) 0.0-7.57

1Q: the Cochran’s Q statistic is a measure assessing the existence of heterogeneity in effect size (here, HCV Ab prevalence) across studies.
2I2: a measure assessing the magnitude of between-study variation that is due to true differences in effect size (here, HCV Ab prevalence) across studies 
rather than chance.
3Prediction interval: a measure estimating the 95% interval of the distribution of true effect sizes (here, HCV Ab prevalence). Ab: Antibody; CI: Confidence 
interval; HCV: Hepatitis C virus.

(95%CI: 0.10%–0.13%). Prevalence in the general population ranged from 0 to 16.83%, with a median of 
1.11%. The pooled mean prevalence was 1.59% (95%CI: 1.25%–1.97%). There was strong evidence for 
heterogeneity in HCV Ab prevalence (P < 0.01), with the majority of variation being attributed to true 
variation in prevalence across studies rather than chance (I2 > 98.7%).

HCV viremic rate of blood donors and the general population 
The HCV viremic rate of blood donors in different MENA countries ranged from 61.84% to 93.33%, with 
a median of 70.78% (Supplementary Table 3). The pooled mean for the entire MENA region was 76.29% 
(95%CI: 67.64%–84.02%), indicating that approximately three-quarters of Ab-positive blood donors are 
chronically infected. The viremic rate ranged from 22.73% to 100% in the general population in different 
MENA countries, with a median of 68.27% (Supplementary Table 3). The pooled mean for the entire 
MENA region was 65.73% (95%CI: 61.03%–70.29%). There was strong evidence for heterogeneity in the 
viremic rates (P < 0.01), with most variation being attributed to true variation in the viremic rate across 
studies rather than chance (I2 > 77.4%).

Predictors and trends of HCV Ab prevalence in MENA
The meta-regressions for MENA indicated that HCV Ab prevalence in the general population was 1.72-
fold (95%CI: 1.50–1.97) higher than that in blood donors (Table 3). They also indicated substantial 
variation in prevalence by country and subregion with Egypt and Pakistan having a higher prevalence 
than the rest of MENA countries. Importantly, the analyses indicated that HCV Ab prevalence has been 
declining over the last three decades at an average rate of 4% per year (ARR of 0.96; 95%CI: 0.95–0.97). 
Subgroup analyses were conducted on the above results. The same regressions were repeated, but for 
Egypt, Pakistan and other MENA countries individually (Table 4). These analyses indicated that HCV 
Ab prevalence in the general population was 1.30-fold (95%CI: 1.07–1.59) higher than that among blood 
donors in Egypt, 2.52-fold (95%CI: 1.89–3.36) higher in Pakistan, and 1.73-fold (95%CI: 1.42–2.11) higher 
in the remaining MENA countries. The analyses also confirmed the same rate of decline for prevalence 
at 4% in the rest of MENA countries. The rate of decline was slightly higher in Egypt at 6%. There was 
no evidence for a decline in prevalence, however, in Pakistan.

In a sensitivity analysis, the same regressions were also repeated, but excluding all blood donor data 
(not shown). The analyses indicated that HCV Ab prevalence in MENA is declining at a rate of 5% per 
year (ARR of 0.95; 95%CI: 0.93–0.97), indicating a marginally higher rate of decline in the general 
population.

Predictors and trends of HCV Ab prevalence in Europe
The meta-regressions for Europe indicated that HCV Ab prevalence in the general population is 15.10-
fold (95%CI: 11.48–19.86) higher than that in blood donors (Table 5). The analyses indicated further that 
HCV Ab prevalence has been declining over the last three decades at a similar rate to that of MENA, at 
4% per year (ARR of 0.96; 95%CI: 0.92–0.99).

A sensitivity analysis was conducted on the above results. The same regressions were repeated, but 
excluding all blood donor data (not shown). The analyses indicated that HCV Ab prevalence in Europe 
is declining at a rate of 10% per year (ARR of 0.90; 95%CI: 0.85–0.96), higher than that in MENA.

https://f6publishing.blob.core.windows.net/6c9527e6-c8a6-4835-a39f-3764ef22dee8/WJMA-10-12-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6c9527e6-c8a6-4835-a39f-3764ef22dee8/WJMA-10-12-supplementary-material.pdf
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Table 3 Univariable and multivariable meta-regression models for HCV Ab prevalence among blood donors and the general population 
in Middle East and North Africa

Studies Samples Univariable analysis Multivariable analysisb

Total (n) Total (n) RR 
(95%CI) P value F P valuea Variance explained R2 

(%) ARR (95%CI) P value

Subpopulations

Blood donors 686 46646973 1 - 1 -

The general population 527 2346185 2.92 (2.41-
3.55)

< 0.001 < 0.001 10.73 1.72 (1.50-1.97) < 0.001

Country/subregion 

Afghanistan 46 749455 1 - 1 -

Egypt 263 1677272 14.89 (10.2-
21.8)

< 0.001 9.48 (6.54-13.75) < 0.001

Fertile Crescent1 221 3678408 0.52 (0.35-
0.77)

< 0.001 0.49 (0.34-0.72) < 0.001

Gulf2 241 21114208 1.24 (0.84-
1.82)

0.280 0.82 (0.56-1.19) 0.398

Horn of Africa3 49 77628 2.05 (1.25-
3.37)

0.005 1.33 (0.82-2.15) 0.244

Iran 123 16073479 0.50 (0.33-
0.77)

< 0.001 0.42 (0.28-0.63) < 0.001

Maghreb4 91 3523250 1.02 (0.66-
1.56)

0.936 0.77 (0.51-1.16) 0.207

Pakistan 179 2099458 6.96 (4.71-
10.29)

< 0.001 < 0.001 58.39 5.44 (3.73-7.93) < 0.001

Year of data collection 1213 48993158 0.95 (0.94-
0.97)

< 0.001 < 0.001 3.71 0.96 (0.95-0.97) < 0.001

1Countries include Iraq, Jordan, Lebanon, Palestine, and Syria.
2Countries include Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates.
3Countries include Djibouti, Somalia, Sudan, and Yemen.
4Countries include Algeria, Libya, Mauritania, Morocco, and Tunisia.
aVariables with P ≤ 0.2 were eligible for inclusion in the multivariable analysis.
bThe adjusted R-squared for the full model was 62.65%.
Ab: Antibody; ARR: Adjusted relative risk; CI: Confidence interval; RR: Relative risk.

DISCUSSION
Levels and trends of HCV Ab prevalence in blood donors and in the general population of MENA were 
assessed using a large standardized database. There was large variability in HCV Ab prevalence by 
country and subregion, with Egypt and Pakistan, the largest countries in MENA by population size, 
having several fold higher prevalence than the rest of MENA countries. HCV Ab prevalence in the 
remaining MENA countries was at about 1% or less, similar to that in Europe and most other countries 
globally[12,41]. These results confirm our understanding of HCV epidemiology across MENA countries 
and subregions[4-11,21-28,42-49].

Strikingly, HCV Ab prevalence is declining rapidly in both MENA and Europe, and at a similar rate 
of about 4% per year. The exception to this downward trend was Pakistan where there was no evidence 
for a decline. These declines may be reflective, in part, of the declining incidence of HCV infection 
within these regions through improvements to infection control following the discovery of this virus 
three decades ago, and scale-up of HCV treatment worldwide[3]. They also may reflect the progressive 
improvement in effective blood donor selection, such as by motivating and retaining voluntary 
nonremunerated donors to donate regularly[19].

A major finding of this study is that HCV Ab prevalence in blood donors in MENA was similar to 
HCV Ab prevalence in the general population; unlike the situation in Europe. While HCV Ab 
prevalence in the general population was almost twofold higher than that of HCV Ab prevalence in 
blood donors in MENA, it was 15-fold higher in Europe (Table 3 vs Table 5). HCV Ab prevalence in 
blood donors in MENA appears to closely reflect the background prevalence in the wider population. 
Of note that HCV Ab prevalence in blood donors is a function of not only the prevalence in the general 
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Table 4 Subgroup analyses: Univariable and multivariable meta-regression models for HCV Ab prevalence among blood donors and 
the general population in Egypt, Pakistan, and rest of Middle East and North Africa countries

Studies Samples Univariable analysis Multivariable analysisb

Total (n) Total (n) RR (95%CI) P value F P valuea Variance explained 
R2 (%) ARR (95%CI) P value

Egypt

Subpopulations

Blood donors 116 1566669 1 - 1 -

The general population 147 110603 1.25 (1.00-1.57) 0.049 0.087 2.05 1.30 (1.07-1.59) 0.008

Year of data collection 263 1677272 0.94 (0.93-0.95) < 0.001 < 0.001 24.48 0.94 (0.93-0.95) < 0.001

Pakistan

Subpopulations

Blood donors 73 1797644 1 - - -

The general population 106 301814 2.52 (1.89-3.36) < 0.001 < 0.001 19.03 - -

Year of data collection 179 2099458 1.00 (0.98-1.03) 0.648 0.648 0.00 - -

Rest of MENA countries 

Subpopulations

Blood donors 497 43282660 1 - - 1 -

The general population 274 1933768 1.80 (1.47-2.21) < 0.001 < 0.001 5.44 1.73 (1.42-2.11) < 0.001

Country/subregion 

Afghanistan 46 749455 1 - - 1 -

Fertile Crescent1 221 3678408 0.53 (0.35-0.81) 0.003 0.50 (0.33-0.75) 0.001

Gulf2 241 21114208 1.26 (0.83-1.91) 0.273 0.86 (0.56-1.30) 0.462

Horn of Africa3 49 77628 2.08 (1.22-3.54) 0.007 1.37 (0.81-2.32) 0.247

Iran 123 16073479 0.51 (0.33-0.81) 0.004 0.43 (0.28-0.67) < 0.001

Maghreb4 91 3523250 1.04 (0.65-1.64) 0.883 < 0.001 11.48 0.79 (0.50-1.24) 0.298

Year of data collection 771 45216428 0.95 (0.94-0.96) < 0.001 < 0.001 6.22 0.96 (0.95-0.98) < 0.001

1Countries include Iraq, Jordan, Lebanon, Palestine, and Syria.
2Countries include Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates.
3Countries include Djibouti, Somalia, Sudan, and Yemen.
4Countries include Algeria, Libya, Mauritania, Morocco, and Tunisia.
aVariables with a P value ≤ 0.2 were eligible for inclusion in the multivariable analysis. No multivariable analysis was conducted for Pakistan, as only one 
variable qualified for inclusion in the model.
bThe adjusted R-squared was 27.35% for the multivariable model for Egypt and 17.92% for the multivariable model for rest of MENA countries. Ab: 
Antibody; ARR: Adjusted relative risk; CI: Confidence interval; RR: Relative risk.

population, but also of the effectiveness of blood donation programs to collect blood from regular 
voluntary nonremunerated blood donors[19]. This finding suggests that risk reduction strategies 
through selection and retention of safer blood donors (regular voluntary nonremunerated blood donors) 
are not yet effectively implemented widely in MENA as in Europe[19], where the source of blood 
largely comes from such donors. Indeed regulatory framework (including legislation, regulation, 
policies and standards) and a functioning regulatory authority to enforce the regulatory framework is 
largely at its infancy in MENA[19], where, as of 2016, only 55% of MENA countries had legislation 
covering safety and quality of blood transfusions, and only two countries had achieved 100% voluntary 
nonremunerated blood donations[19,50]. Furthermore, HCV Ab prevalence in blood donors may be 
reflective of people in the general population unaware of their HCV infection status, in the context of 
which an individual aware of their positive HCV infection status would not donate blood.

Nevertheless, contingent on the quality of blood donor management systems implemented within 
countries of MENA, this finding indicates that HCV Ab prevalence in blood donors in MENA (unlike in 
North America[18] and Europe[16]) can be used for the time being as a proxy to estimate infection levels 
in the general population. This outcome has important consequences. With the lack of nationally repres-
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Table 5 Univariable and multivariable meta-regression models for HCV Ab prevalence among blood donors and the general population 
in Europe

Studies Samples Univariable analysis Multivariable analysisb

Total (n) Total (n) RR (95%CI) P value F P valuea Variance explained R2 
(%) ARR (95%CI) P value

Subpopulations

Blood donors 257 25232790 1 1

The general population 120 410444 15.57 (11.83-
20.49)

< 0.001 < 0.001 53.62 15.10 (11.48-
19.86)

< 0.001

Year of data collection 377 25643234 0.93 (0.88-0.98) 0.004 0.005 2.17 0.96 (0.92-0.99) 0.020

aVariables with P ≤ 0.2 were eligible for inclusion in the multivariable analysis.
bThe adjusted R2 for the full model was 54.27%.
Ab: Antibody; ARR: Adjusted relative risk; CI: Confidence interval; RR: Relative risk.

entative population-based surveys in most countries of this region, blood donor data, which are readily 
available, can be easily used to assess levels and trends of this infection in the wider population. They 
can also be used to generate other estimates, such as those related to the disease burden of HCV 
sequelae, and can be leveraged to assess, track and validate progress toward the WHO elimination goals 
for this infection[3]. The present study also provides adjustment factors to improve use of blood donor 
data (Table 2), so that they better reflect HCV levels in the wider population. These adjustment factors 
can be used at a regional level, or can be fine-tuned so as to be specific for individual countries.

This study had several limitations. Availability of data varied across MENA, with HCV Ab 
prevalence data being unavailable for Bahrain. The majority of HCV viremia data were collected at 
times before the launch of DAA treatment programs (Supplementary Table 3); thus, they may not 
represent the current viremic rate in blood donors and in the general population. Analysis for the 
different blood donor types was not conducted as the specification of blood donor type was not 
available for the vast majority of HCV Ab prevalence measures. The sample size of blood donors was 
larger than that of the general population; however, the sample size in the general population was still 
substantial at 2.3 million. Despite these limitations, an immense volume of data was acquired, allowing 
various analyses and an array of consequential inferences to be drawn. While high heterogeneity was 
found, most (63%) of it was subsequently explained in meta-regression analyses in terms of prevalence 
variation by country and subregion within MENA.

CONCLUSION
HCV Ab prevalence in the wider population of MENA and Europe appears to be rapidly declining by 
4% per year. Blood donor data in MENA (but not in Europe) provide a useful proxy for HCV infection 
levels and trends in the general population; at least in countries where effective blood donor selection 
and blood donor management programs are not in place. Thus, the data can be utilized in HCV 
infection and disease burden estimates and to assess, track and validate progress toward WHO 
elimination goals for this infection. While these findings are specific for MENA, they may also apply to 
resource-limited countries of other regions.

ARTICLE HIGHLIGHTS
Research background
The Middle East and North Africa (MENA) Region is the most affected by hepatitis C virus (HCV) 
infection, with approximately 20% of the global chronically infected individuals residing in this region. 
Despite this, only three countries conducted national population-based surveys to delineate HCV 
infection levels in the general population.

Research motivation
HCV infection in blood donors have been used as a proxy for HCV infection levels in the general 
population. However, it is unclear how comparable blood donors are to the general population in 
countries in MENA and whether they are a suitable proxy population.

https://f6publishing.blob.core.windows.net/6c9527e6-c8a6-4835-a39f-3764ef22dee8/WJMA-10-12-supplementary-material.pdf
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Research objectives
To delineate HCV epidemiology in blood donors and in the general population in MENA.

Research methods
The MENA HCV Epidemiology Synthesis Project Database was used as a data source. Studies reporting 
HCV in blood donors and in the general population were retrieved, and random-effects meta-analyses 
and random-effects meta-regressions were performed. For regional comparison, similar analyses were 
performed for countries in Europe, using the Hepatitis C Prevalence Database from the European 
Centre for Disease Prevention and Control (ECDC).

Research results
A total of 1213 HCV Ab prevalence measures and 84 viremic rate measures were retrieved from the 
MENA HCV Epidemiology Synthesis Project, and 377 HCV Ab prevalence measures were retrieved 
from the ECDC. The pooled mean prevalence in MENA was 1.58% [95% confidence interval (CI): 
1.48%–1.69%] in blood donors and 4.49% (95%CI: 4.10%–4.90%) in the general population, and in 
Europe was 0.11% (95%CI: 0.10%–0.13%) among blood donors and 1.59% (95%CI: 1.25%–1.97%) in the 
general population. In MENA, the prevalence in the general population was 1.72-fold (95%CI: 1.50–1.97) 
higher than that in blood donors, and in Europe it was 15.10-fold (95%CI: 11.48–19.86) higher. HCV 
prevalence appeared to be declining by 4% annually in both MENA and Europe.

Research conclusions
Blood donor data in MENA (but not in Europe) appears to be comparable with that in the general 
population and therefore can be used as a useful proxy for HCV infection levels and trends in the 
general population, at least in countries where effective blood donor selection and blood donor 
management programs are not yet firmly in place. Blood donor data may be used to estimate HCV 
infection and disease burden and to assess, track, and validate progress toward World Health 
Organization elimination goals for this infection.

Research perspectives
With the lack of nationally representative population-based surveys in most countries in MENA and 
beyond, blood donor data, which are readily available, can be easily used to assess levels and trends of 
this infection in the wider population. The study rationalizes and facilitates generation of estimates at 
low costs and demands for resources, even in resource-limited settings where population-level data are 
most scarce. While these findings are specific for MENA, they may also apply and be of relevance to 
other global regions.
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Abstract
BACKGROUND 
After cardiac and non-cardiac surgeries, elderly patients have a high probability 
of developing cardiac complications and postoperative delirium. Although 
several clinical trials have investigated whether perioperative intravenous 
dexmedetomidine can protect the heart and reduce postoperative complications 
such as delirium in elderly patients, the obtained results have been inconsistent. 
We conducted a meta-analysis to investigate the effects of dexmedetomidine on 
cardioprotection and other postoperative complications in elderly patients 
undergoing cardiac or non-cardiac surgery.

AIM 
To investigate the effects of dexmedetomidine on cardiac complications and 
delirium in elderly patients undergoing cardiac or non-cardiac surgery.

METHODS 
The PubMed, Cochrane Library, web of science, and other sources were compre-
hensively searched for all randomized controlled trials published before May 2021 
that investigated the efficacy of dexmedetomidine in the prevention of cardiac 
and postoperative delirium (POD).

RESULTS 
In total, 18 studies involving 1025 patients were included in the meta-analysis. 
Intravenous dexmedetomidine significantly reduced cardiac troponin I (cTnI) and 
the inflammatory factor tumor necrosis factor-α (TNF-α) was comparable to the 
control group. Dexmedetomidine also reduced the POD and mortality rates. 
However, patients in the dexmedetomidine group were more likely to have a 
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decreased heart rate (within the normal range) and hypotension during dexmedetomidine 
administration than those in the control group. There was no difference in the occurrence of 
myocardial infarction, bradycardia, or stroke between the two groups. Dexmedetomidine 
significantly shortened the time to extubate; however, it did not shorten the length of stay in the 
intensive care unit.

CONCLUSION 
The administration of dexmedetomidine during cardiac and non-cardiac surgeries can provide 
myocardial protection by inhibiting inflammation and cTnI, which may be beneficial for the rapid 
recovery of patients. Meanwhile, the administration of dexmedetomidine reduced the incidence of 
POD and decreased mortality (in-hospital).

Key Words: Dexmedetomidine; Cardioprotection; Postoperative delirium; Complication; Meta-analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: After cardiac and non-cardiac surgeries, elderly patients have a high probability of developing 
cardiac complications and postoperative delirium. Although several clinical trials have investigated 
whether perioperative intravenous dexmedetomidine can protect the heart and reduce postoperative 
complications such as delirium in elderly patients, the obtained results have been inconsistent. We 
conducted a meta-analysis to investigate the effects of dexmedetomidine on cardioprotection and other 
postoperative complications in elderly patients undergoing cardiac or non-cardiac surgery.

Citation: Yang YL, Hu BJ, Yi J, Pan MZ, Xie PC, Duan HW. Effects of dexmedetomidine on cardioprotection and 
other postoperative complications in elderly patients after cardiac and non-cardiac surgerie. World J Meta-Anal 
2022; 10(1): 25-36
URL: https://www.wjgnet.com/2308-3840/full/v10/i1/25.htm
DOI: https://dx.doi.org/10.13105/wjma.v10.i1.25

INTRODUCTION
Elderly patients (> 65 years old) have decreased organ functions and are prone to hemodynamic fluctu-
ations and increased cardiac oxygen consumption, which induces or aggravates myocardial ischemia 
and hypoxia, leading to severe adverse cardiac events[1]. Postoperative delirium (POD) in elderly 
patients undergoing major operations, including heart surgery, is a relatively common and serious 
complication, which is associated with higher morbidity and mortality, cognitive dysfunction, increased 
length of hospital stay, and increased medical costs[2]. In addition, POD, infection, acute renal failure, 
major adverse cardiac events, and neurological complications, including permanent or transient stroke, 
coma, perioperative myocardial infarction (MI), heart block, and cardiac arrest, are major complications
[3,4]. However, POD is the most common surgical complication in elderly patients aged 65 years and 
older[5,6]. The occurrence of delirium may significantly extend the length of hospitalization, delayed 
recovery, delayed cognitive dysfunction, and increased mortality[4]. Dexmedetomidine can reduce the 
occurrences of POD postoperative pain, nausea, and vomiting[4,7]. Meanwhile, dexmedetomidine can 
provide rapid and stable recovery and early extubation after surgery by maintaining the patient's 
hemodynamics[8].

Dexmedetomidine, a derivative of medetomidine, is a highly selective α2 adrenergic receptor agonist
[9] that can inhibit the sympathetic nervous system and act on the noradrenergic glands in the locus 
coeruleus of the pons to inhibit the release of norepinephrine[6,10]. The dorsal vagus nucleus and 
suspicious nucleus are the human parasympathetic nerve center, and the central area of the parasym-
pathetic nerve is directly controlled by the nucleus tractus solitarius. Because the nucleus tractus 
solitarius is abundant in α2 adrenergic receptors, the combination of dexmedetomidine and the nucleus 
tractus solitarius α2 adrenergic receptors can increase the activity of the vagus nerve and reduce the 
myocardial cAMP production and L-type calcium channel current, which slows down the heart rate, 
increases coronary blood flow, and plays a role in myocardial protection[1]. In addition, the anxiolytic, 
sedative/hypnotic, and analgesic effects of dexmedetomidine[2,11], including the intraoperative 
hemostatic effect, also enhance cardioprotection[12]. Regarding inflammation, dexmedetomidine can 
block the accumulation of inflammatory cells in the nervous system[10], reduce neuronal damage 
caused by immune responses, and reduce surgical complications such as stress response and 
postoperative cognitive impairment to exert its neuronal protection[9,10]. However, high-dose 
dexmedetomidine can cause adverse reactions such as hypertension, decreased reflex heart rate, 
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decreased cardiac output, and decreased drug tolerance in elderly patients, requiring special attention 
to drug dosage[1].

MATERIALS AND METHODS
This meta-analysis was reported according to the statement of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)[13]. In addition, this study was not registered with 
the PROSPERO.

Search strategy
We performed this meta-analysis according to PRISMA guidelines. PRISMA is the minimum set of 
evidence-based items used for reporting in systematic reviews and meta-analyses, and can be adopted 
as the basis for systematic reviews for reporting different types of research. We searched 1025 studies 
from PubMed, Cochrane Library, and Web of Science that were published before May 2021; other search 
systems focused on 10 studies (Google) to confirm further eligible studies.

We manually screened whether the studies we included met our final research criteria, and then 
selected 18 of them for research. The basic search strategy included the following words: 
("dexmedetomidine"[MeSH Terms] OR"dexmedetomidine"[All Fields]) AND ("cardiac"[MeSH Terms] 
OR"cardiac"[All Fields]) AND ("aged"[MeSH Terms] OR"aged"[All Fields] OR"elderly"[All Fields]). No 
language restrictions were applied during the search.

Bradycardia, hypertension, and hypotension were defined as HR < 60 bpm, SBP > 160 mmHg or 20% 
of baseline, and SBP < 90 mmHg or 20% of baseline, respectively.

Eligibility criteria
We included the following standard studies: (1) Elderly patients (> 65 years old) undergoing cardiac or 
non-cardiac surgery; (2) We selected a dexmedetomidine group combined with normal saline or other 
anesthetics, regardless of the initial administration time, dose, duration, or dose; (3) The research 
content type was randomized controlled clinical trial (RCT); and (4) The research results included 
hypertension, hypotension, heart rate, cardiac status, complications, POD, stroke, mortality, extubation 
time, intensive care unit (ICU) time, and cardiac enzyme markers.

Exclusion criteria
Non-randomized controlled trials, case reports, meeting abstracts, and comments were excluded.

Including non-elderly surgery and no results of our study were also excluded.

Study selection and data collection process
Two authors (Yang and Hu) independently conducted qualified research selection and data extraction. 
Disagreements between the two authors were discussed with the third author (Duan) to arrive at the 
final solution. The extracted data were as follows: first author, annual publication, type of surgery, 
number of patients, dose of dexmedetomidine, method of anesthesia, hypotension, hypertension, heart 
rate, myocardial infarction, bradycardia, delirium, stroke, mortality, extubation time, ICU duration, and 
myocardial enzyme markers.

Risk of bias in individual studies
Two examiners (Yang and Hu) independently used version 2 of the Cochrane tool to assess RCT 
deviation risk for methodological quality assessment. When the two examiners disagreed, the 
disagremments were resolved via discussions with a third examiner (Duan).

Statistical analysis
We employed a Review Manager 5.0 software (Cochrane Collaboration Company) for rigorous 
statistical analysis. Risk ratios (RRs) with 95% confidence intervals (CIs) and the Mantel-Haenszel 
method (fixed or random model) were adopted to analyze dichotomous data. For continuous outcomes, 
the mean differences (MD) or standardized mean differences (SMD) with 95%CIs were calculated. If 
significant heterogeneity existed (I2 > 50%), sensitivity analysis was performed, each study was ignored 
separately, and a random effects model was selected.

RESULTS
As illustrated in Figure 1. We initially identified 1035 studies by searching the database. After screening 
out duplicate studies, 486 studies entered the next step of screening: 443 studies were excluded because 
the focused on non-elderly patients, were non-RCT, were unable to obtain full-text qualifications or not 
published, etc. (Google search); 25 excluded studies did not comply with the statistical data in this 
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Figure 1  Flow chart of study selection.

article. Finally, we included 18 studies that met all eligibility criteria (Figure 1). The basic characteristics 
of the enrolled studies are presented in Table 1. A summary of the risk of bias is presented in Figure 2. 
Regarding the blindness of patients, researchers, and evaluators, 11 trials were rated as double-blind 
low-risk trials, and seven trials were rated as high-risk or unclear-risk trials because related articles were 
not clear about blindness.

Meta-analysis of intraoperative data
We determined that there was no significant difference in hypertension between the dexmedetomidine 
and control groups (Figure 3, RR: 0.99, 95%CI: 0.78-1.25, P = 0.92, I2 = 21%). However, 426 patients had 
hypotension among the 2025 patients, of whom 265 and 161 were in the dexmedetomidine and control 
groups, respectively. Therefore, it could be inferred that dexmedetomidine had a significant effect on 
lowering blood pressure (Figure 3, RR: 1.63, 95%CI: 1.40-1.90, P < 0.001, I2 = 2%).

HR was significantly lower in the dexmedetomidine group than in the control group (Figure 4, MD: 
-8.46, 95%CI: -12.56 to -4.36, P < 0.001). However, heterogeneity I2 was as high as 87%. Further 
sensitivity analysis indicated that the heterogeneity decreased to 45% after excluding Shokri and Ali 
2020[7], Tosun et al[12] 2013, and Zhou et al[14] 2019. This study was relatively unstable, and the number 
of included studies needs to be increased in the future.

Meta-analysis of other cardiac complications
In total, six studies investigated the occurrence of MI. In these studies, 26 patients developed MI in the 
dexmedetomidine group (Figure 5, RR: 0.74, 95%CI: 0.49-1.13, P = 0.16, I2 = 0%). However, there was no 
statistically significant difference between the dexmedetomidine and control groups. In addition, five 
studies participated in the study of bradycardia, and there was no significant statistical difference 
between the dexmedetomidine and control groups (Figure 5, RR: 1.51, 95%CI: 0.79-2.89, P = 0.21, I2 = 
63%). However, we performed a sensitivity analysis by excluding Turan 2020 and Zhang 2020, and the 
heterogeneity decreased to zero (P = 0.004).

Meta-analysis of cardiac troponin I and tumor necrosis Factor-α
The level of cardiac troponin I (cTnI) in elderly patients after surgery was analyzed. The obtained results 
indicated that the level of cTnI in the dexmedetomidine group was lower than that in the control group 
after surgery (Figure 6, SMD: -3.14, 95%CI: -5.16 to -1.11, P = 0.002, I2 = 97%). Statistical heterogeneity 
was absent when the studies conducted by Elgebaly 2020 and Shen 2017 were excluded, and the 
obtained results were statistically significant (SMD: -1.00, 95%CI: -1.37 to -0.63, P < 0.001, I2 = 0%).

As illustrated in Figure 6, the level of Factor-α (TNF-α) in the dexmedetomidine group was lower 
(SMD: -0.72, 95%CI: -1.30 to -0.13, P = 0.02, I2 = 52%) after surgery than that of the control group. 
Sensitivity analysis and subgroup analysis failed to eliminate the heterogeneity; therefore, a random-
effects model was adopted.

Meta-analysis of other complications
Seven studies have demonstrated that the use of dexmedetomidine use is associated with POD. The 
occurrence of POD was reported in all the RCTs. Notably, the occurrence of POD in the 
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Table 1 Study characteristics

No. of patients 
in study DEX dose

Ref.
DEX Control

Loading 
dose 
(μg.kg-1)

Infusion 
rate (μg. 
kg-1.hr-1)

Surgical procedure Anesthesia Outcome 
parameters

Aouad et 
al[26], 
2019

48 50 1 N/A Elective surgery GA Hypotension; HR

Cheng et 
al[25],  
2016

222 283 N/A 0.24-0.6 Cardiac Surgery GA Delirium; MI; 
Mortality; Stroke

Chi et al
[21], 2016

34 33 1 0.6 Off-pump coronary artery bypass graft surgery GA Hypertension; ICU 
time

Elgebaly 
et al[8], 
2020

30 30 N/A 0.4 Open-heart surgery GA HR; cTnI; ET; Length 
of ICU stay 

Ji  et al[3], 
2013

568 566 N/A 0.24-0.6 CABG or valve surgery or CABG or valve surgery 
combined with other procedures. patients excluded were 
those undergoing emergency surgery, off-pump or 
robotic surgery, surgery requiring deep hypothermic 
circulatory arrest, or surgery involving the thoracic aorta 

GA Delirium; Mortality 
stroke; MI

Lee et al
[18], 2016

20 20 1 0.5 Orthopedic surgery in supine position GA HR; Hypertension

Lee et al
[2], 2018

95 109 1 0.2-0.7 Laparoscopic major non-cardiac surgery GA Incidence of delirium

Li et al
[20], 2020

309 310 0.6 0.5 Major non-cardiac surgery GA Delirium: Length of 
ICU stay (h)

Ríha et al
[11], 2012

17 21 1 0.5-1.5 Elective CABG procedures with the use of cardiopul-
monary bypass to treat coronary artery disease

GA Length of ICU stay; 
MI; ET

Shen et al
[1], 2017

30 30 0.5 0.5 Coronary heart disease and underwent gastric cancer 
operation

GA Hypotension; cTnI; 
MI; Bradycardia

Shokri et 
al[7], 2020

144 142 N/A 0.7-1.2 Coronary artery bypass grafting GA Delirium; 
Hypotension; HR; 
Bradycardia; ET; 
Mortality

Soliman et 
al[27], 
2016

75 75 1 0.3 Aortic vascular surgery GA Hypertension; HR; 
MI; Bradycardia; 
Mortality

Sun et al
[5], 2019

281 276 N/A 0.1 Major elective noncardiac surgery GA Delirium; 
Hypotension; 
Hypertension; 
Mortality

Tosun et al
[12], 2013

18 20 0.5 0.5 Coronary artery bypass graft surgery GA HR

Turan et al
[15], 2020

398 396 0.1 0.2 Cardiac surgery GA Hypotension; MI; 
Bradycardia; 
mortality; ICU time; 
Stroke

Zhang et 
al[16], 
2020

120 120 0.5 0.3 Hip Fracture Operation GA Delirium; 
Hypotension; 
Hypertension; 
Bradycardia

Zhou et al
[22], 2019

14 14 0.5 0.5 Valve replacement surgery GA cTnI

Zhou et al
[14], 2019

53 47 N/A 0.2-0.7 Cardiac surgery GA HR; ET; cTnI

CABG: Coronary artery bypass grafting; cTnI: Cardiac troponin I; ET: Extubation time; N/A: Not applicable; DEX: Dexmedetomidine; GA: General 
Anesthesia; MI: Myocardial infarction; ICU: Intensive care unit.
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Figure 2  Risk of bias assessment according to cochrane risk of bias methods.

dexmedetomidine group was significantly lower than that in the control group (Figure 7, RR: 0.63, 
95%CI: 0.51-0.76, P < 0.001, I2 = 0%). Low heterogeneity was observed, which we rated as high-quality 
evidence. We conclude that dexmedetomidine may significantly reduce delirium.

Among the 18 high-quality studies, three studies demonstrated that there was no correlation between 
the use of dexmedetomidine and postoperative stroke (Figure 7, RR: 1.19, 95%CI: 0.59-2.40, P = 0.62, I2 = 
0%). In addition, regarding mortality, the results indicated that the dexmedetomidine group had lower 
postoperative mortality than the control group (Figure 7, RR: 0.32, 95%CI: 0.18-0.58, P = 0.0002). There 
was low heterogeneity among the studies regarding mortality outcomes (I2 = 0).

Meta-analysis of extubation time and ICU length of stay
Extubation time (ET) was recorded in 4 studies including 484 patients. The results demonstrated that the 
use of dexmedetomidine in the perioperative period can shorten ET in patients compared to control 
patients (Figure 8, MD: -2.03, 95%CI: -2.87 to -1.18, P < 0.001). With low heterogeneity (I2 = 38%), it can 
be deduced that dexmedetomidine shortens extubation time after surgery without subgroup analysis. 
However, regarding ICU length of stay, there was no statistical difference between the 
dexmedetomidine and control groups (Figure 8, MD: 0.05, 95%CI: -9.11 to -9.21, P = 0.99), and hetero-
geneity I2 was also higher at 98%.

DISCUSSION
Dexmedetomidine is a highly selective and effective α2-adrenergic receptor agonist that can provide 
dose-dependent sedation, anti-anxiety, and moderate analgesia[15], with minimal inhibition of 
respiratory functions. The central sympathetic nervous system reduces the systemic inflammatory 
response after surgery and regulates the immune system[5,16,17].
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Figure 3  Meta-analysis of the incidence of hypertension and hypotension during the operation.

Figure 4  Meta-analysis of heart rate.

First, we compared the occurrence of intraoperative hypertension and hypotension, and determined 
that dexmedetomidine could increase the risk of intraoperative hypotension; however, it could also 
lower than the HR within the normal range. This was attributed to the fact that dexmedetomidine 
stimulates vascular smooth muscle α2 receptors, thereby resulting in a transient increase in blood 
pressure and a decrease in HR[18]. Studies have shown that dexmedetomidine has an effective sedative 
effect in heart and vascular surgeries, minimizes the variability of heart rate and blood pressure, and 
reduces the response of tachycardia to painful stimulation[6,8,19].

Second, we explored cardiac complications and inferred that dexmedetomidine did not increase the 
occurrence of myocardial infarction and bradycardia[20]; however, it reduced the expression of cTnI 
and improved the protection of the myocardium. Studies have demonstrated that more bradycardia was 
observed in dexmedetomidine, which was the expected result of α2-adrenergic receptor agonists; 
however, considering that the occurrence of bradycardia was transient, intervention was required, and 
the proportion of patients was low[21]. In clinical practice, postoperative administration of small doses 
of dexmedetomidine might be an acceptable and safe strategy for patients in general surgery wards[5].

cTnI is a highly sensitive and specific marker that is adopted as the gold standard diagnostic marker 
for myocardial infarction in coronary artery bypass grafting (CABG); cTnI is also a significant predictor 
of the prognosis of patients with heart diseases[14]. The low postoperative cardiac biomarker cTnI 
exhibited cardioprotective effects of dexmedetomidine[8]. Regarding inflammation, our study 
determined that dexmedetomidine reduced the expression of TNF-α compared to the control group. 
Dexmedetomidine provides end-organ protection via anti-inflammatory, antioxidant, and anti-apoptotic 
effects[15]. With several basic effects such as surgical intervention, systemic inflammation, and oxidative 
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Figure 5 Meta-analysis of cardiac complications (myocardial infarction and bradycardia). MI: Myocardial infarction.

Figure 6  Meta-analysis of cardiac troponin I (cTnI) (mg/L) and TNF-α (tumor necrosis factor-α) (μl/L).

stress, reperfusion after myocardial ischemia increases myocardial injury and leads to myocardial cell 
apoptosis[22]. The most well-known mechanisms by which dexmedetomidine reduces inflammation 
include the NF-kB pathway, Toll-like receptors, and several inflammatory mediators[22], which in turn 
reduce the demand for opioids and benzodiazepines[15]. Several studies have shown that postoperative 
inflammation may be the cause of POD[2,15]. We also determined that the occurrence of POD reduced 
more significantly in the dexmedetomidine group than in control group after surgery. In addition, POD 
occurs within 3 d after the operation and is affected by memory loss and impaired comprehension[6,
23]. Delirium is a frequent postoperative complication in elderly patients after non-cardiac surgery that 
caused by several stressors, including neurotransmitter imbalance (especially cholinergic deficiency), 
inflammation, and electrolyte or metabolic disorders[7,15,24]. It has been reported that the incidence of 
POD in patients undergoing cardiac surgery is 20%-50%, especially in elderly patients admitted to the 
ICU and patients undergoing orthopedic surgery. This is associated with higher morbidity and 
mortality, while the longer length of hospital stay is related to ICU time, increased economic burden, 
and hospital-acquired complications[6,23]. This study also demonstrated that although the use of 
dexmedetomidine could reduce the postoperative mortality of patients, it did not reduce the risk of 
postoperative stroke. Studies have also shown that the mortality rate of patients receiving 
dexmedetomidine in the hospital, 30 d and 1 year later, was significantly reduced[3]. Stroke is a 
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Figure 7  Meta-analysis of postoperative delirium, stroke, and mortality (In-hospital). POD: Postoperative delirium.

Figure 8 Meta-analysis of extubation time (h) and intensive care unit length of stay (h). ET: Extubation time; ICU: Intensive care unit.

devastating complication of cardiac surgery. Among patients undergoing different cardiac surgeries, the 
prevalence of stroke is 1.6%-5.25%[25]; however, the exact cause of postoperative stroke remains 
unclear. Finally, we found that although the patients receiving dexmedetomidine had a significantly 
shorter postoperative extubation time than control patients, dexmedetomidine did not significantly 
shorten the time spent in the ICU. Dexmedetomidine can shorten the time of extubation, which can 
promote the rapid recovery of heart function in patients[8,9,25-27], reduce the use of psychotropic 
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drugs, and facilitate recovery from activities as soon as possible.

CONCLUSION
The administration of dexmedetomidine during cardiac and non-cardiac surgeries can provide 
myocardial protection by inhibiting inflammation and cTnI, which could be beneficial to the rapid 
recovery of patients. Furthermore, intravenous dexmedetomidine reduces POD and mortality in 
patients.

ARTICLE HIGHLIGHTS
Research background
There was also a consistent conclusion on whether dexmedetomidine had a protective effect on the 
heart and improved postoperative complications, for which we conducted a meta-analysis.

Research motivation
It has guiding significance for clinical application of dexmedetomidine on the heart and postoperative 
complications in elderly patients undergoing cardiac or non-cardiac surgery.

Research objectives
Our main goal is to investigate the effects of dexmedetomidine on cardiac complications and delirium in 
elderly patients undergoing cardiac or non-cardiac surgery.

Research methods
We collected references to randomized controlled trials examining the efficacy of dexmedetomidine in 
the treatment of cardiac and postoperative complications.

Research results
Dexmedetomidine significantly reduced the cardiac troponin I and he inflammatory factor tumor 
necrosis factor-α, and reduced the extubation time, postoperative delirium and mortality. It really brings 
benefits to patients.

Research conclusions
Dexmedetomidine has cardioprotective effects and improves patient postoperative complications.

Research perspectives
In clinical practice, we will study the effect of dexmedetomidine at an appropriate dose on the heart and 
postoperative complications which will have certain guiding significance.
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Abstract
BACKGROUND 
Unexplained infertility (UI) is usually used for any heterosexual couple who 
failed to have a successful clinical pregnancy without identifying clear causes 
after they undergo all standard fertility tests. Evidence shows that leptin is one of 
the most accurate biomarkers for UI. Nevertheless, conflicting results regarding 
leptin levels in women with UI have been reported.

AIM 
To find the serum leptin levels in women with UI.

METHODS 
All studies written in English and conducted before April 30, 2021 from 
PubMed/MEDLINE, Embase, Cochrane Central Register of Controlled Trials, 
ClinicalTrials.gov, Google Scholar, OpenGrey, OATD, and the infertility 
conference abstract were included. Studies were found eligible if they provided 
the mean and standard deviation of leptin for the case group and control group. 
The quality assessment of individual studies was evaluated using the Joanna 
Briggs Institute Quality Assessment Tool. Data synthesis and statistical analysis 
were done using STATA software version 16.

RESULTS 
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A total of 378 studies were reviewed, and just six studies that fulfilled the eligibility criteria were 
included in this meta-analysis. The pooled result showed that leptin levels were significantly 
higher in women with UI compared to fertile women, with a standardized mean difference of 0.97 
(95% confidence interval: -0.49-2.43). However, heterogeneity across studies was highly significant 
(P < 0.00001; I2 = 98.8%).

CONCLUSION 
The results of this study suggest that leptin levels are elevated in women with UI compared with 
fertile women; hence, leptin could be a potential biomarker for UI in women, and it may be useful 
for identifying women with a high risk of infertility.

Key Words: Leptin; Meta-analysis; Serum level; Unexplained infertility; Women

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A comprehensive systematic review and meta-analysis was conducted to find the serum leptin 
levels in women with unexplained infertility. Six studies were included in this meta-analysis, after passing 
all quality checkups. The pooled result showed that leptin levels were significantly higher in women with 
unexplained infertility compared to fertile women, with a standardized mean difference of 0.97. Leptin 
could be a potential biomarker for unexplained infertility in women, and it may be useful for identifying 
women with a high risk of infertility.

Citation: Abdullah AA, Ahmed M, Oladokun A. Leptin levels in women with unexplained infertility: A systematic 
review and meta-analysis. World J Meta-Anal 2022; 10(1): 37-45
URL: https://www.wjgnet.com/2308-3840/full/v10/i1/37.htm
DOI: https://dx.doi.org/10.13105/wjma.v10.i1.37

INTRODUCTION
Reproductive medicine has made many breakthroughs in the field of infertility diagnosis and treatment. 
Following this breakthrough, many untreated infertility cases now can be treated using one of the 
advanced reproduction methods such as assisted reproductive technologies[1]. Despite this, some 
infertility cases cannot still be diagnosed or treated using the current methods, especially in developing 
countries[2]. This type of infertility is widely known as unexplained infertility (UI)[3].

UI is usually used for any heterosexual couple who failed to have a successful clinical pregnancy 
without clear causes after they undergo all standard fertility tests[4]. Worldwide, the prevalence of UI 
ranges from 10% to 37%[2,5-7], and females are found to be responsible for at least 50%. The complexity 
of the reproductive process especially in females[8], makes it very hard to identify the source of UI. 
Despite this, many studies have been done to find the pathophysiologic basis and the possible 
relationship between obesity, endocrinological imbalance, genetic factors, immunological factors, and 
UI[7,9,10], but unfortunately, till now, the pathophysiology and exact role of these factors and how they 
contribute to UI have not been fully understood. To overcome this diagnostic issue, many serum 
biomarkers have been used as predictive markers for UI in females. Out of these biomarkers, leptin was 
found to be one of the most accurate biomarkers[10,11].

Leptin is an adipokinetic hormone that plays a key role in energy homeostasis and body weight 
regulation, and acts as a neuroendocrine mediator in different body systems, including the reproductive 
system[12-15]. Leptin is secreted mainly from adipocyte cells in the white adipose tissues, and altered 
with obesity[16]. Also, it can be produced from other cells related to the reproductive system in both 
males and females, such as placental syncytiotrophoblast cells, hypothalamus cells, and pituitary cells
[12]. Evidence shows that leptin receptors can be found along the hypothalamic-pituitary-ovarian 
(HPO) axis of females. Therefore, leptin has direct regulatory effects, both inhibitory and stimulatory 
depending on its concentration, on all parts of the HPO axis, and all stages of the reproductive process 
starting from puberty, menstrual cycle, pregnancy, early embryo development, and lactations[13,17].

In the context of reproduction, several scholars have tried to find a relationship between adipose 
tissue hormones (adipokines) and the female reproductive system in general, and especially between 
leptin and ovarian functions. Findings have shown that high leptin concentration inhibited ovarian 
steroidogenesis, folliculogenesis, and oogenesis. The high level of leptin is associated with low levels of 
ovarian hormones, estradiol, and progesterone, and the poor quality of produced ova[18-20]. Therefore, 
it may be considered that the concentration of leptin is related to female infertility, and it could explain 
some cases of female UI. Meanwhile, studies on the association between leptin and UI reported 
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conflicting results. Some studies showed that serum leptin levels were higher in women with UI 
compared with the fertile women[11,19-21], whereas other studies showed that there was no significant 
difference in leptin in women with UI compared to fertile women[22,23]. Thus, this study was aimed to 
find serum leptin levels in women with UI by conducting a systematic review and meta-analysis in 
order to quantitatively pool all findings from the relevant studies.

MATERIALS AND METHODS
Inclusion and exclusion criteria
All studies that defined UI based on the World Health Organization standard definition and reported 
the plasma level of leptin in women with UI and fertile women were eligible for this study. Studies were 
not eligible for this study if: (1) They were reviews, letters, editorials, or studies using animals or cell 
lines; (2) No healthy control group was included; or (3) The study enrolled participants who had 
diseases other than UI, and/or were on any kind of medication.

Information sources 
The current study was performed according to PRISMA guidelines (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses)[24]. The information was retrieved from electronic and non-
electronic database sources. Electronic sources included: PubMed/MEDLINE, Embase, Cochrane 
Central Register of Controlled Trials, and ClinicalTrials.gov. Non-electronic sources included: Direct 
Google search, Google Scholar, OpenGrey, OATD, WorldCat.org, American Society for Reproductive 
Medicine and Canadian Fertility and Andrology Society (ASRM/CFAS) Conjoint Annual Meeting, 
Abstracts of the Scientific Oral and Poster Sessions, and European Society of Human Reproduction and 
Embryology (ESHRE) Annual Meeting, Abstracts of the Scientific Oral and Poster Sessions. All those 
databases were searched from their inception to April 30, 2021, for human studies published in English.

Search strategy
The terms AND, OR, and NOT were used as Boolean search terms to develop the research strategy, and 
the final search strategy included the use of Title/Abstract related to (Women with Unexplained 
Infertility) AND (Leptin) taken from the study questions. Non-electronic sources were used combined 
with direct Google search, Google Scholar, OpenGrey, OATD, and WorldCat.org, American Society for 
Reproductive Medicine and Canadian Fertility and Andrology Society (ASRM/CFAS) Conjoint Annual 
Meeting, Abstracts of the Scientific Oral and Poster Sessions, and ESHRE Annual Meeting, Abstracts of 
the Scientific Oral and Poster Sessions. In addition, a manual search by the investigators was done for 
the grey literature and unpublished thesis/papers.

Selection process
The selection of the studies was done following these steps: (1) All retrieved studies were exported to 
the EndNote X9 citation manager, to check for duplication, and then the duplicated articles were 
removed; (2) Three authors (AA, MA, and SO) screened and evaluated the remaining studies 
independently by carefully reading the title and abstract, and all studies that mentioned the outcomes of 
the review [(Women with Unexplained Infertility)/Leptin] in their titles and abstracts were considered 
for further evaluation based on the objectives, methods, participants, and the key findings, serum levels 
of leptin in women with UI; (3) Two authors (AA and MA) independently evaluated the quality of the 
relevant studies against the checklist; and (4) Any discrepancy was resolved by discussion between the 
two authors (AA and MA), or by asking a third reviewer if consensus could not be reached. The 
selection process of the studies is presented using PRISMA statement flow diagram (Figure 1).

Data collection process 
After the selection of all appropriate articles for this study, the relevant data were extracted by two 
investigators independently (AA and MA) using a data extraction template and presented using 
Microsoft Word 2016. The investigators contacted the authors of any study who did not report the 
aforementioned data (via email) to obtain the original data and after the expiration of the 2-wk timeline, 
the studies with the missing data that could not be obtained were removed. The extraction template 
contained author name, year of publication, study design, method of serum leptin measurement, body 
mass index (BMI), age, sample size, leptin concentration, and the LH/FSH ratio (Table 1). The data 
extraction accuracy was verified by comparing the data extraction results from the two investigators 
(AA and MA), who independently extracted the data in a randomly selected subset of papers (30% of 
the total).

Data items 
The main outcome of this study was the serum leptin levels in women with UI, and it was measured by 
the direct report from the individual studies. To quantify the outcome “serum leptin levels in women 
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Table 1 Main characteristics of studies included in the meta-analysis

BMI (kg/m2) Age, years Sample size Leptin (mean + 
SD), ng/mLRef. Region Study 

design Method
UI Controls UI Controls UI Controls UI Controls

LH/FSH 
ratio

Tafvizi and 
Masomi[20], 2016

Iran Case–control EIA 23.6 ± 
0.27

23.66 ± 
0.33

29.3 ± 
4.2

31.03 ± 
3.76

40 30 31.20 ± 
2.83

24.89 ± 
2.94

0.85

Al-Fartosy et al
[21], 2019 

Iraq RCT EIA 22.3 ± 
3

21.7 ± 1.4 29.45 ± 
6.38

30.92 ± 
5.90

63 33 28.4 ± 
1.3

27.2 ± 2.3 0.61

Kamyabi and 
Gholamalizad
[22], 2015

Iran Case-control EIA 24.84 22.26 30 29 30 30 27.83 ± 
25.29

31.27 ± 
11.02

NR

Kumari et al[11]1, 
2017

Indian Case-control EIA 24.1 ± 
3.9

24.31 ± 
3.19

29.53 ± 
4.43

29.58 ± 
4.01

120 109 68.9 ± 
2.46

37.5 ± 1.84 0.85

Baig et al[23], 
2019

Pakistan Case-control RIA NR NR NR NR 235 205 35.32 ± 
0.9

37.11 ± 
1.19

2.16

Demir et al[19], 
2007

Turkey PCS RIA 25 24.5 29.3 28.9 27 30 7 ± 1 3.4 ± 1 1.17

1The serum leptin level in the original study was measured in pg, and converted to ng using the standard method.
BMI: Body mass index; EIA: Enzyme-linked immunosorbent assay; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; NR: Not reported; PCS: 
Prospective comparable controlled study; RIA: Radioimmunoassay; RCT: Randomized control trial; SD: Standard deviation; UI: Unexplained infertility.

Figure 1  Flow diagram of the studies included in this meta-analysis.

with UI”, the investigators considered studies that reported serum leptin levels in their results. The 
result is expressed as the mean and standard deviation (SD).

Study risk of bias assessment
The inclusion criteria were appraised for all retrieved articles by using their title and abstract first, and 
then, the full text was screened to check the quality of each study before the final selection. The 
following was the quality assessment criteria for the studies in the current review: (1) The diagnosis of 
female UI occurred after performing all available fertility tests; (2) The sample was representative for the 
cases and controls; (3) The controls enrolled were taken from the same population; (4) The controls had 
no any past history of UI; (5) The cases and controls were matched for age or BMI or the two of them 
together; and (6) The methods which were used to check the serum level of leptin were the same for 
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cases and controls for each individual study.
A comprehensive search (electronic/database search, manual search, grey literature search, and 

unpublished studies search) was done to minimize the risk of bias. The risk of bias from the included 
studies was individually appraised by three investigators (AA, MA, and SO) using a critical appraisal 
tool (Joanna Briggs Institute Quality Assessment Tool)[25]. The publication bias for the included studies 
was checked by visual inspection of the funnel plot and checking the statistical symmetry of the funnel 
plot using Egger’s regression test.

Effect measures
In light of the study objectives, the mean difference was used to synthesize and present the results for 
the analysis.

Synthesis methods
STATA software version 16 was used to synthesize and analyze the meta-analysis data. The 
recommendations of the I2 statistic described by Higgins et al[26] (I2 of 75/100% and above suggesting 
considerable heterogeneity) were used to perform this meta-analysis. The standardized mean difference 
(SMD) and 95% confidence interval (CI) were calculated for each study, based on the sample size, study 
mean, and SD of serum leptin levels in the case and control groups.

The potential publication bias was checked using a funnel plot and Egger’s regression test, and it was 
assumed to be significant if P values were less than 0.10. To identify the sources of heterogeneity, meta-
regression was performed to evaluate the between-study heterogeneity and to assess the influence of 
different study features, such as sample size, test method, BMI, and LH/FSH ratio.

The studies were excluded from the final review if: (1) They had missing data; and (2) They had a 
high risk of bias. The study results were reported according to the PRISMA guidelines and the findings 
of the included studies are first presented using a narrative synthesis, followed by a meta-analysis chart.

RESULTS
Study selection
As shown in Figure 1, a total of 378 articles were identified through the major electronic and non-
electronic databases, and other relevant sources. A total of 55 studies were removed due to duplication, 
and the remaining 323 studies were kept for further critical screening. From the 323 studies which were 
kept in the first phase, 308 were excluded after they went through a very careful screening according to 
their titles and abstracts. From the remaining 15 articles, 9 studies were excluded due to inconsistency 
with the study inclusion criteria. Finally, 6 studies that fulfilled the eligibility criteria, involving 515 
women with UI and 437 controls, were included for the systematic review and meta-analysis.

Study characteristics 
The circulating leptin levels in patients with UI vs controls were evaluated in all 6 studies. In 4 studies, 
serum leptin levels were measured by enzyme-linked immunosorbent assay and by radioimmunoassay 
in the remaining two studies. Two studies were done in Iran, and one in each in Pakistan, Iraq, India, 
and Turkey. All studies were matched using both BMI and age. However, one study did not report 
them, but it stated that “the study was matched using BMI and age”. In all included studies, the mean 
range was between 21.7 and 24.8 for BMI, and between 29 and 31 years for age. In addition, some 
missing information in the original studies was retrieved from the corresponding authors. Table 1 
shows the detailed characteristics of all included studies.

Results of synthesis
Figure 2 shows the result of this meta-analysis. The pooled estimate of the included studies showed that 
leptin levels were significantly higher in UI cases than in controls, with an SMD of 0.97 (95%CI: -0.49 to 
2.43). The heterogeneity across studies was highly significant (P < 0.00001; I2 = 98.8%), hence the random 
effect model was employed for the analysis.

Sensitivity and meta-regression analysis
A sensitivity analysis was conducted by sequentially excluding studies from the meta-analysis to 
further investigate the possible sources of the heterogeneity among the studies, and the results 
suggested that the meta-analysis result was stable. In addition, multivariate meta-regression was 
performed to evaluate the influence of several factors that may modify the association between serum 
leptin levels and UI, including test method, BMI, sample size, and LH/FSH ratio (adjusted P = 0.177, 
0.208, 0.997, and 0.15, respectively). However, the results showed that these confounding factors did not 
substantially affect the heterogeneity. For the test of publication bias, the funnel plots (Figure 3) were 
visually symmetric and the Egger's test for publication bias yielded a P value of 0.279, hence these 
results did not provide evidence of a significant effect.
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Figure 2  Forest plot (random-effects model) for circulating leptin levels in women with unexplained infertility.

Figure 3  Funnel plot for publication bias.

DISCUSSION
The term UI emerged due to the fact that the current knowledge on assessment and treatment of the 
reproductive system is still inadequate[3]. Many studies have been carried out to find the exact cause of 
UI and the best diagnostic biomarker. However, leptin has been found as one of the best biomarkers. 
Leptin displays biological activities by binding and activating specific leptin receptors, which are found 
in many organs including the hypothalamus-pituitary-ovarian axis (HPO axis) in females. Leptin plays 
a role in the function of the HPO axis by stimulating the release of gonadotrophin-releasing hormone, 
gonadotrophins, and aromatase enzymes from the hypothalamus, pituitary gland, and ovaries, 
respectively[13,15,17,27,28]. Also, the available evidence indicated that a high level of leptin has 
negative effects on female reproduction due to its inhibitory effect on the HPO axis, ovarian physiology, 
folliculogenesis, steroidogenesis, and the production and release of oxytocin and prostaglandin[29-32]. 
In line with available evidence, the current study showed that leptin level was significantly higher in 
women with UI compared with the control group. Similar results were found when leptin concen-
trations were pooled in endometriosis and polycystic ovary syndrome (PCOS) cases, pathological 
conditions with a strong correlation with infertility. In these studies, leptin levels were higher in women 
with endometriosis and PCOS groups compared with control groups[33,34].

Studies have suggested that factors like age and BMI have effects on leptin levels, and usually have a 
positive correlation with female infertility[35,36]. However, in the present study, all the included studies 
were matched by both age and BMI, and because of that, the effect of age and BMI on leptin level was 
not examined.

This is the first comprehensive quantitative meta-analysis summarizing available evidence to 
determine the serum leptin level in women with UI.
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CONCLUSION
The results of this meta-analysis suggest the presence of elevated levels of leptin levels in women with 
UI compared with fertile women. Hence, leptin could be a potential biomarker for UI in women, and it 
may be useful for identifying women at a high risk of infertility. However, further investigations need 
to be carried out in order to clarify the exact association between leptin levels and UI.
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