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Relationship between COVID-19 and use of Chlorine Dioxide Gas-
Releasing Agents in Elementary Schools 

 By Yoshinori Kubo, Takanori Miura, Kaoru Obinata, Ken Hisata, Mitsuyoshi Suzuki, 
Eisuke Inage, Naotake Yanagisawa, Hiromichi Shoji, Norio Ogata, Jo Shibata,  

Takashi Shibata & Toshiaki Shimizu 
 Juntendo University 

Abstract- Chlorine dioxide has an inactivating effect on various types of viruses in vitro, including 
severe acute respiratory syndrome coronavirus 2. Therefore, chlorine dioxide gas can be used as 
a new preventive measure against coronavirus disease 19 (COVID-19). However, no studies 
have been conducted to investigate the relationship between the incidence of COVID-19 and 
chlorine dioxide. We retrospectively studied the occurrence of COVID-19 in 164 public 
elementary schools under the jurisdiction of boards of education located in urban areas in 
Japan, provided with chlorine dioxide gas-releasing agents or not, from January to March 2022. 
The odds of developing COVID-19 were lower (odds ratio: 0.934, 95% confidence interval: 
0.895–0.975) in schools provided with chlorine dioxide gas-releasing agents than in schools 
without them. This suggested a relationship between the use of chlorine dioxide-releasing agents 
and the incidence of COVID-19. Further studies are needed to prove a causal relationship 
between them.  

Keywords: chlorine dioxide, COVID-19, infection prevention, elementary school, viral infectivity. 
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Relationship between COVID-19 and use of 
Chlorine Dioxide Gas-Releasing Agents in 

Elementary Schools
Yoshinori Kubo α, Takanori Miura σ, Kaoru Obinata ρ, Ken Hisata Ѡ, Mitsuyoshi Suzuki ¥, Eisuke Inage §, 

Naotake Yanagisawa χ, Hiromichi Shoji ν, Norio Ogata Ѳ, Jo Shibata ζ, Takashi Shibata £  
& Toshiaki Shimizu €

Abstract- Chlorine dioxide has an inactivating effect on various 
types of viruses in vitro, including severe acute respiratory 
syndrome coronavirus 2. Therefore, chlorine dioxide gas can 
be used as a new preventive measure against coronavirus 
disease 19 (COVID-19). However, no studies have been 
conducted to investigate the relationship between the 
incidence of COVID-19 and chlorine dioxide. We 
retrospectively studied the occurrence of COVID-19 in 164 
public elementary schools under the jurisdiction of boards of 
education located in urban areas in Japan, provided with 
chlorine dioxide gas-releasing agents or not, from January to 
March 2022. The odds of developing COVID-19 were lower 
(odds ratio: 0.934, 95% confidence interval: 0.895–0.975) in 
schools provided with chlorine dioxide gas-releasing agents 
than in schools without them. This suggested a relationship 
between the use of chlorine dioxide-releasing agents and the 
incidence of COVID-19. Further studies are needed to prove a 
causal relationship between them. 
Keywords: chlorine dioxide, COVID-19, infection 
prevention, elementary school, viral infectivity. 

I. Introduction 

ince December 2019, coronavirus disease 19 
(COVID-19) caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) (Shang et 

al., 2020; Zhou et al., 2020) has been a global public 
health problem (Chen et al., 2020; Xu et al., 2020). 
Although pediatric patients with COVID-19 often have a 
milder course than adults, the COVID-19 infection has 
had a negative impact on children in terms of lost 
learning opportunities, malnutrition, poverty, and 
disruption of health services such as routine childhood 
immunizations (UNICEF, 2022). In the first and second 
waves of COVID-19 in Japan, the proportion of cases 
under 20 years of age was less than 15% (Imamura et 
al., 2021), and children did not suffer from secondary 
infections (Ko et al., 2022). However, in the sixth wave of 
the  omicron  variant,  the  proportion  of cases under 20  
Author
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Author

 
α σ Ѳ ζ £: Taiko Pharmaceutical Co., Ltd., Osaka 550-0005, 

Japan. 
Author: Medical Technology Innovation Center, Juntendo University, 
Tokyo 113-8421, Japan. 

years of age rose to 35% (Aizawa et al., 2022). Standard 
infection control measures include routine precautions 
such as hand washing, wearing masks, and 
environmental cleaning. Thorough implementation of 
these measures is important for the prevention of 
infection. However, it has been reported that young 
children often not wash properly their hands and hand 
washing is less effective. (Harada, 2004) 

In addition, in terms of environmental cleaning, 
it is practically impossible to clean areas where hand 
contact occurs with high frequency, and standard 
precautions alone are not sufficient to prevent infection. 
Despite the prevalence of highly infectious variants in all 
age groups, parents are hesitant to vaccinate their 
children (Horiuchi et al., 2021; Yoda & Katsuyama, 
2021). Therefore, to reduce the adverse effects of 
COVID-19 on children and prevent the spread of 
infection, it is desirable to reduce the incidence of 
COVID-19 through new preventive measures. 

SARS-CoV-2 is transmitted among human 
beings primarily through close contact in confined 
spaces, droplets of respiratory origin, and contaminated 
surfaces (Cheng et al., 2020; Lai et al., 2020; Sungnak 
et al., 2020). SARS-CoV-2 can remain on the surface of 
the vector for several days (Chin et al., 2020; van 
Doremalen et al., 2020) and is stable for several hours if 
aerosolized (van Doremalen et al., 2020). Therefore, 
environmental factors can have a significant impact on 
transmission in buildings where people are in close 
proximity, such as schools (Azuma, Kagi, et al., 2020; 
Azuma, Yanagi, et al., 2020). Especially in Japan, during 
the sixth wave of SARS-CoV-2 infection, the proportion 
of infections in children in schools, nursery schools, and 
kindergartens increased, while the proportion of 
infection in the family, the main source of infection, 
decreased (Aizawa et al., 2022). Therefore, schools are 
considered an important place for the prevention of 
COVID-19 in children. 

Chlorine dioxide (CD) exists as a diffusible gas 
at room temperature that can be distributed over a wide 
area (Gates, 1998). The effectiveness of low-
concentration CD gas, which poses almost no risk to the 
human body, was demonstrated in an in vitro 
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experiment in a closed space in which 0.01 ppmv CD 
gas inactivated more than 99% of all floating viruses 
(Ogata et al., 2016). More than 99% of the viruses 
adhering to the surface of objects were also inactivated 
by 0.007 ppmv CD gas (Morino et al., 2013).In vivo 
experiments suggested that 0.03 ppmv CD gas 
prevented influenza infection in mice (Ogata & Shibata, 
2008). In vitro experiments using a CD gas-releasing 
agent have also shown inactivation of the avian 
influenza virus A (H7N9) (Sun et al., 2022). Further, 
studies in humans have suggested that the use of CD 
gas-releasing agents is effective against viral infections 
(Mimura et al., 2010; Ogata & Shibata, 2009).  

Although CD gas-releasing agents can be 
expected to be useful for COVID-19 prophylaxis, no 
studies have been conducted to investigate the 
relationship between COVID-19 infection and CD gas-
releasing agents. Therefore, the purpose of this study 
was to conduct a retrospective study of the relationship 
between the use of CD gas-releasing agents and the 
incidence of COVID-19 in elementary schools. 

II. Material and Methods 

a) Design 

This multicenter, retrospective study 
investigated the relationship between the incidence of 
COVID-19 and the use of CD gas-releasing, from 
January to March 2022, using a database created by the 
City Board of Education. This study was approved by 
the Juntendo University School of Medicine Medical 
Research Ethics Committee (Research Project No. E22-
0382). 

b) Subjects 

The subjects of this study were first- to sixth-
grade (approximately 6 to 12 years old) male and 
female students in public elementary schools under the 
jurisdiction of a municipal board of education in an 
urban area in Japan. Since there was no precedent for 
this study, the sample size could not be calculated. No 
exclusion criteria were established as this was an 
exploratory study. 

c) CD gas-releasing agent 

CD gas-releasing agents (Cleverin® pro Gel 
Large type for 50m2(Taiko Pharmaceutical Co.) and 
Cleverin Pro Pouch type for 30 m2, Taiko 
Pharmaceutical Co., Ltd., Japan) are made by adding 
sodium dihydrogen phosphate to sodium chlorite and 
solidifying the mixture by adding superabsorbent 
polymers, which then generate and release CD gas 
continuously for several months. Those agents, which 
can be safely used in an inhabited environment, were 
provided free of charge by Taiko Pharmaceutical Co., 
Ltd. to city school boards for marketing purposes. They 
were further distributed by city school boards to 
elementary schools that requested them from January 

2022 through March 2022. It was recommended that 
those agents be provided in classrooms at a rate of one 
unit per 30 m2 or 50 m2 in the case of Cleverin Pro 
Pouch type or Placeable type, respectively. 

d) Incidence of COVID-19 
The number of infections of COVID-19 was 

investigated in all elementary schools from January to 
March 2022. The parents of the children were requested 
to notify the schools when the PCR test for COVID-19 
was positive, when the antigen test was positive, or 
when a physician determined that COVID-19 was 
strongly suspected. These reports were compiled by the 
elementary schools and reported to the city's board of 
education. The city school board created a database of 
the CD gas-releasing agents provided and the number 
of COVID-19 infections. 

e) Statistical analysis 
The distribution by a number of elementary 

school students was shown as the median (25th–75th 
percentile values), since the Kolmogorov-Smirnov 
normality test did not allow for a normal distribution. The 
association between the use of CD gas-releasing agents 
and the incidence of COVID-19 was analyzed using 
crude odds ratios of the subjects who suffered from 
COVID-19. Incidence as cases were defined as the 
number of reported COVID-19 incidences, and controls 
(non-incidence) were defined as the number of children 
minus the number of reported COVID-19 infections. The 
significance level was p<0.05, and IBM SPSS 
Statistics® ver. 28 was used for statistical analysis. 

III. Results 

A summary of the elementary schools analyzed 
in this study is shown in Table 1. Sixty-eight elementary 
schools (n = 34,810) did not use any CD gas-releasing 
agent, whereas 96 (n = 38,714) used those agents. 

Table 2 shows the odds ratio for incident 
COVID-19. Elementary schools that did not use chlorine 
dioxide-releasing agents had higher odds (odds ratio: 
0.934, 95% confidence interval: 0.895–0.975) of COVID-
19 incidence than those that did. 

IV. Discussion 

This exploratory study investigated the 
relationship between the use of CD gas-releasing 
agents in classrooms and COVID-19 infections in 
elementary schools and showed that elementary 
schools that used those agents had significantly lower 
odds ratios for COVID-19 incidence than those that did 
not. 

A previous study showed that in an intervention 
study of Ground Self-Defense Forces personnel, a 
group that used those CD gas-releasing agents in a 
room had significantly lower numbers of cases of 
influenza-like illnesses than the non-intervention group 
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(Mimura et al., 2010). In addition, a retrospective 
observational study of elementary school students 
reported significantly lower cumulative absenteeism 
rates in classes where those CD gas-releasing agents 
were used than in classes where they were not used 

(Ogata & Shibata, 2009). The results of this study 
support the findings of these previous studies. A 
potential mechanism by which the CD gas-releasing 
agent suppressed COVID-19 infections is that CD gas, 
once dissolved in water, reduces the binding activity of 
the SARS-CoV-2 spike protein as demonstrated in in 
vivo experiments (Ogata & Miura, 2020, 2021). It has 
been suggested that this mechanism can reduce the 
viral infectivity of SARS-CoV-2 (Hatanaka et al., 2021). In 
summary, these findings suggest that the use of CD 
gas-releasing agents in elementary school classrooms 
could be linked to lower COVID-19 infections in 
students. 

The strength of this study is that it was a 
relatively large survey of many public elementary 
schools in the city. However, this study has several 
limitations. First, chlorine dioxide-releasing agents were 
distributed only to elementary schools that requested 
them, which may have biased the characteristics of the 
target population. Second, we did not have access to 
information from elementary schools located outside 
urban areas. Therefore, caution should be exercised 
when generalizing the results of this study. Moreover, 
the odds ratio could not be adjusted for confounding 
factors. Third, the route of infection was not considered. 
Hence, future randomized controlled trials should be 
conducted to evaluate the efficacy of CD gas-releasing 
agents against COVID-19.  

V.
 Conclusion

 

A retrospective study in an urban elementary 
schools in Japan suggested that the use of chlorine 
dioxide gas-releasing agents may be linked to the 
reduced development of COVID-19 infections. Further 
studies are needed to prove a causal relationship.
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Table 1: Characteristics 

     Chlorine dioxide 
releasing agent

 

Number of 
Elementary 

Schools
 

Number of students per elementary school
 

Total
 

Median
 

25th
 

75th
 

Not used
 

68
 

34,810
 

466
 

279
 

668
 Used

 
96

 
38,714

 
332

 
236

 
526

 
Table 2: Odds ratio for incident COVID-19

 

    CD gas-releasing 
agent

 

COVID-19
 Odds ratio 95%CI p-value Number of 

Incidences 
Number of 
Controls

    Not used
 

4,787
 

30,023
 

Reference
 

- 

 
Used

 
5,019

 
33,695

 
0.934

 
0.895-0.975

 
0.0017
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A Cancer Prevention and Treatment Opportunity
Vladimir N. Pak

“The scientific man does not aim at an immediate result. 
He does not expect that his advanced ideas will be 
readily taken up. His work is like that of the planter—for 
the future. His duty is to lay the foundation for those who 
are to come and point the way.” 

Nikola Tesla 
Abstract- Cancer disease results from mutations leading to 
apoptosis failure and immune system dysfunction. Because 
one in two people in developed counties will be diagnosed 
with cancer in their lifetimes, cancer and metastasis prevention 
should be ahead of therapies. The immune system in cancer 
patients is compromised and can be fixed with a reboot. The 
major oncofetal protein – alpha-fetoprotein – can deliver toxins 
instead of nutrients to the immune suppressor cells and kill 
them. The death of myeloid suppressor cells unleashes the 
immune attack on cancer cells, cancer stem cells, and 
metastases. Injectable and oral formulations of alpha-
fetoprotein with toxins provide an opportunity to prevent and 
treat the disease. 
Keywords: alpha-fetoprotein, myeloid suppressor cells, 
cancer prevention, metastases, cancer stem cell, 
immunotherapy, NK cell. 

I. Introduction 

      
      
       

           
        

      
        

      
    

      
      

        
        

        
    

  
From the fertilized egg, trillions of cells grow 

through duplications. Stem cells are deposited on the 
way. When stimulated to increase, a stem cell is 
undergoing an “asymmetric division” [3]. The 
proliferating daughter cell continues to divide and 
proceed down the tissue hierarchy, from stem cell to 
progenitor cell, before becoming a fully differentiated 
mature tissue cell. Multiple types of stem cells have 
been identified in a wide range of tissue, sharing 
multipotency characteristics. 
Author: Freelance Researcher, Toronto, Canada. 

e-mail: oncoshut@gmail.com 

In the bone marrow, hematopoietic stem cells 
(HSC) exist undifferentiated. They are at the peak of a 
blood cell differentiation hierarchy. The white blood cell 
ratio is neutrophils (70%)> lymphocytes> monocytes> 
eosinophils> basophils. Myeloid-derived suppressor 
cells (MDSCs) are a small heterogeneous cell 
population of immature myeloid progenitors of 

      
   
   
MDSCs can leave the bone marrow and spread 

throughout the body, becoming immune response 
calmers during pregnancy, cancer, regeneration, stress, 
autoimmune and infectious diseases, obesity, age, 
etc.[5]. Besides the bone marrow, other sites generate 
MDSCs: the placenta and umbilical cord, the tumor site, 
and the spleen [6].  

MDSCs exist in an undifferentiated state at the 
peak of the immune cell’s hierarchy. They affect innate 
and adaptive immunity cells directly and indirectly. 
MDSCs inhibit natural killer (NK) cells, DCs, and T-cells, 
induce regulatory T cells (T regs) and modulate 
macrophages, etc. [7-9].  

          
        

       
       

        
      

       
        

          
       

         
          

       
        

     
       

         
         

        
Pregnancy is a natural phenomenon that 

ensures the survival of the species. An embryo turns off 
a critical pathway required for the immune system to 
attack intruders. The suppression of the immune 
response in pregnancy is robust since the embryo cells 
have half the father’s proteins that the mother's immune 
system should recognize as foreign. Moreover, even 
surrogate motherhood is possible, with no genetic 
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granulocytes, macrophages, and dendritic cells (DCs) at
different stages of differentiation generated from a
common HSC [4].

In 1862 Rudolf Virchow was the first to link the
origin of cancers from otherwise normal cells correctly:
“every cell arises from another cell.” Indeed, 5% of
tumor-causing mutations are inherited, and tumor cells
are activated later in life, while 66% of tumor-causing
mutations appear during duplications [2]. According to
the hierarchical model, the tumor grows from a single
cell. Like in embryogenesis, a core group of stem cells
exists at the top of the tumor hierarchy, from which other
more differentiated cells are formed. Descending from
the undifferentiated cells to the most mature cells that
comprise the bulk of the tumor mass. Cancer stem cells
(CSCs) are cancer cells with characteristics associated
with normal stem cells; specifically, give rise to all cell
types found in a particular cancer sample.
Approximately 73% of current CSC surface markers
appear on embryonic or adult stem cells and are rarely
expressed on normal tissue cells. It is believed that the
elimination of CSCs could eradicate whole cancer [10].

urgery, radiation, and chemotherapy can cure
about half of cancer patients; nevertheless, in the
United States alone, nearly 600,000 people died

last year. The US cancer death rate has fallen 33% since
1991, partly due to advances in treatment, early
detection, and less smoking [1]. It is better to prevent
cancer before than to cure the disease after. A healthy
environment and lifestyle can prevent only 29% of
cancer-causing mutations [2], while everyone needs
cancer prophylactics. Each day apoptosis and the
immune system erase billions of mutants and expired
cells. The immune system is confused in cancer
patients. There is an opportunity to prevent early-stage
cancer or metastases by rebooting the immune system
with a unique delivery vehicle—alpha-fetoprotein (AFP)
and toxins.

S



relationship to the embryo. The immunology of 
pregnancy and cancer is similar [11]. Embryo and 
cancer cells exploit the mechanisms that allow them to 
grow despite the host’s immune system attacks. During 
pregnancy, the mother’s anti-embryo immune response 
is neutralized by the oncofetal proteins that re-appear 
during cancer development. 

Some of the oncofetal proteins are AFP, AFP 
receptor (AFPR), human chorionic gonadotropin (HCG), 
carcinoembryonic antigen (CAE), and pregnancy-
associated protein A. A few molecules regulate the 
immune tolerance of the mother – AFP, HCG, 
glycodelin, and pregnancy-specific β1-glycoprotein [12]. 
Cancers express oncofetal proteins at “a wrong time in 
a wrong place” to withstand immune system attacks.  

Forty years ago, oncofetal proteins were used 
for cancer patients’ vaccination. The placenta is the first 

organ that forms after conceiving—before any baby's 
organs even take shape. Immunotherapy with placental 
proteins has demonstrated a 77.1% 5-year survival rate 
and a 65.4% 10-year in 35 terminal patients [11]. (The 
handful of cancer immunotherapy drugs available today 
have demonstrated robust and durable results only in a 
minority of patients). 

AFP is the major oncofetal protein secreted in 
early post-implantation embryos of mammals; the ability 
to synthesize AFP is restricted to the visceral endoderm 
cells around the embryonic region of the egg cylinder 
[13]. Later in development, AFP is produced by the yolk 
sac, liver, and gastrointestinal tract and penetrates the 
mother’s blood (<200 ng/ml)(Fig. 1). 

 

Figure 1: AFP generated by embryo cells penetrates the mother’s blood.
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AFP can be re-expressed in adult life in a few
cancers: hepatomas, germ cell tumors, yolk sac tumors
of the ovary, and gastrointestinal cancers. The AFP
structure, functions, and clinical applications are well
covered in the literature [14-18].

AFP and its peptides have immunomodulatory
properties [19-21]. For example, AFP selectively
induced a rapid downregulation of surface MHC class II
antigens in their expression on human monocytes,
thereby making embryo/tumor cells “invisible” to the
immune system. MHC class II antigens on monocytes
are the key molecules in antigen presentation. They
differentiate between a self-cell and an “alien” embryo or
cancer cell. AFP neither alters the expression of MHC I,
CD4, CD18, CD45, and Fc receptors for IgG on the
surface of monocytes/macrophages nor affects the
functional maturation of the macrophages Fc receptors
or the ability to express antibody-dependent cell-
mediated cytolytic activity. AFP may, by reducing the
antigen-presenting capacity of monocytes/

macrophages, function as an essential factor in
maintaining a fetal allograft, as well as participate in the
downregulation of the entire immune system in cancer
[22].

Nevertheless, the primary immune regulatory
impact is AFP ligands because AFP delivers dozens of
molecules within 3-5 days of its half-life. Moreover, the
AFP-binding monocytes play a fundamental role in
regulating the immune response.

The AFP's primary function is nutrient delivery in
a shuttle manner (like oxygen delivery by hemoglobin).
AFP binds different ligands, delivers them to the AFPR-
positive cells, and releases them inside the cell
compartment with an acidic pH. The 69 kDa AFP can
hide 1-2 molecules (<2 kDa) in its hydrophobic cavity
[23]. For example, docosahexaenoic acid (DHA) is not
synthesized by the mother, who should take essential
nutrients with food. AFP grabs DHA from albumin and
transports it through the placenta [24]. Polyunsaturated
fatty acids are necessary for many purposes, for
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Figure 2: AFP/AFPR shuttle delivery system. A: AFP delivers nutrients to AFPR-positive cells. B: AFP delivers toxins.
Abbreviations: AFP – alpha-fetoprotein, DHA – docosahexaenoic acid, MDSC – myeloid-derived suppressor cell, –
AFP secretion is unknown.

example, the myelination of nerve fibers in the fast-
growing embryo’s brain.

Embryo cells and normal and malignant
peripheral monocytes/macrophages use the autocrine
AFP/AFPR system for nutrient supply (Fig. 2, A) [25].

Low-differentiated lymphocytes use AFPR
during blast transformation [26]. Monocytes/
macrophages have specific 62 and 65 kDa AFP-binding
receptors, which are involved in the physiological
regulation of the immune response [27].

Unlike AFP, many cancers express AFPR [28],
which should be considered the tumor marker and
oncofetal protein #1. The AFP gene-knockout rodent
models have demonstrated that AFP is not obligatory for
full-term delivery [29]. The AFPR gene and structure are
unknown yet to perform the gene-knockout experiment.
In any case, the AFP/AFPR duo is vital for the embryo
(and cancer).

The fact that the mother is tolerable to the
embryo for nine months demonstrates that from the very
beginning, AFP (Fig. 1) delivers nutrients to MDSCs,
“corrupting” them to generate a protective shield over
an embryo. MDSCs suppress NK cells which are
“spontaneous cytotoxic cells” involved in surveillance

against tumor cells. NK cells attack “aliens,” low
differentiated embryos, stem, cancer cells, and CSCs
[30, 31]. NK cells can erase cancer at the earlier stages
and solve the urgent problem of metastases.

II. Injectable Afp-toxins

In cancer, MDSCs are “corrupted” also [32].
The effective way to ruin corruption is to eliminate the
head. For this purpose, instead of DHA, AFP can deliver
toxins to MDSCs (Fig. 2, B). The MDSCs death
unleashes NK cells, and the whole immune system,
enabling it to recognize and attack cancer the way it
does other diseases. In addition, AFP-toxin kills AFPR-
positive cancer cells and possibly CSCs (Fig. 2, B).

Like AFP-DHA, AFP complexes with
hydrophobic/amphiphilic toxins hidden in the
hydrophobic cavity are stable in the bloodstream. They
release the toxin only inside the AFPR-positive cells.



        
   

    
         

       
   

       
      

     
   

      
         
       

          
      

       
      

     
  

      
        

      
        

          
        

      
        

   
       

     
       

         
        

        
       

      
        

         
         

          
       

    
         

     
       

       
      

        
         

      
       

    
      

         
       

      
    

      
       

       
         

         
       

         
     

      
         

        
       
     
        

    
       

         
      

          
 

 
  

  

 

   
 

  

 
 

  
  

 
 

  

 

 
 
 
 
 
 

10

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

A Cancer Prevention and Treatment Opportunity

After toxin unloading, AFP can work as a shuttle and
deliver additional toxins. DHA-daunomycin conjugate
binds AFP and inhibits tumor growth in AFP-producing
mice [33]. Most cancers do not produce AFP, but >80%
are AFPR-positive; hence, exogenous AFP with toxins
kills them. Thus, the treatment with AFP and
amphotericin B in the excess (1:60-100) for shuttling
demonstrated a response in 6 out of 8 cancer patients
and increased quality of life [34]. The cytokine storm-like
reaction, sometimes observed during the AFP with
amphotericin B infusions, preceded cancer cells’ death,
and it can indicate the consequences of MDSCs death
[18]. The potent AFP-binding toxins are expected to
provide even better than AFP-amphotericin B response
in cancer treatments.

Cancer cells can activate an AFP/AFPR
autocrine loop (Fig. 2, B) [35, 36]. MDSCs are
progenitor cells with only a few duplication steps from
stem and embryo cells, and, as well as CSCs; they
should retain an AFP-mediated nutrient delivery system.
These need research. At least, AFP is absorbed by
MDSCs, stimulating their suppressive activity [37, 38].

AFP attracts MDSCs and T regs through AFP-
binding C-C chemokine receptor type 5 (CCR5) [39-41].
These regulatory cells migrate, accumulate, and
suppress the immune attack on cancer. Targeting CCR5
reboots immunosuppressive myeloid cells [42, 43].

AFP binds to the neonatal Fc receptor (FcRn)
[44, 45]. The FcRn is found in MDSCs in pancreatic
cancer monocytes. MDSCs and DCs are elevated in
pancreatic cancer patients compared to non-cancer
donors [46]. They can be targeted through AFPR and/or
FcRn by AFP-toxin drugs.

AFPR, CCR5, and FcRn are valuable MDSCs
markers, at least for a transitory period.

Many current drugs do not eliminate CSCs,
which may be why many cancers regrow after treatment.
Immunotherapy does not act directly on cancer but
works on the immune system. Checkpoint inhibitors and
CAR T-cells are too unsafe for early-stage cancer;
complexity and cost also prevent their application.
Dissemination of cancer cells from the primary tumor
into distant body tissues and organs is the leading
cause of death in cancer patients. While most clinical
strategies aim to reduce or impede the growth of the
primary tumor, no treatment to eradicate metastatic
cancer exists at present [47]. The MDSCs- and CSCs-
targeting drugs have a bright future as they are critical in
tumor and metastasis prevention [48, 49].

More than 100 years ago, Paul Ehrlich
proposed a “magic bullet” that kills cancer cells, sparing
the healthy ones. Nevertheless, this approach did not
elevate the survival rate of cancer patients. The
additional target outside of cancer cells should be hit.
This “magic target” is a myeloid suppressor cell.
Combining “magic bullets” and the “magic target”
approach can cure cancer.

“Magic bullet” can kill “magic target” MDSC.
Paclitaxel hits both cancer cells and MDSCs [50], and
AFP potentiates its direct cytotoxic and immunotherapy
action [51]. Thapsigargin is a more potent toxin than
paclitaxel. AFP-thapsigargin complex (ACT-902)
depletes MDSCs and tumor-associated macrophages.
In mice, chemotherapy using ACT-902 and AFP with
paclitaxel demonstrated superior efficacy and safety
compared to chemotherapy alone. ACT-902 has led to
the complete regression of five out of six highly resistant
to chemotherapy POP-92 xenografts by day seven of
treatment with no further growth after this period in mice
[52]. Or the AFP-maytansine conjugate combines both
immunotherapy and targeted chemotherapy with
undetectable bone marrow toxicity. It has shown 100%
survival with no tumor re-growth after in the mice models
[53]. AFP-toxin conjugates might pave a new road to the
cancer cure [54-58]. On the other hand, unlike
complexes, artificial conjugates have the risk of immune
response to themselves.

The neuroblastoma cells may re-express
embryonal or fetal antigens, suggesting some reversion
towards an earlier stage of differentiation, and they can
incorporate AFP [59, 60]. AFP-maytansine conjugate
can kill brain tumor cells and CSCs found in human
brain tumors [61].

Glioblastoma is the most aggressive, malignant
primary brain tumor in adults. Myeloid cells are critical
regulators of immune and therapeutic responses to
glioblastoma [62]. In the glioblastoma micro-
environment, M-MDSCs represent the predominant
subset [63]. M-MDSCs can be depleted by AFP-toxin
conjugate [54].

It has been found that MDSCs account for
approximately 30–50% of the tumor mass in gliomas.
MDSCs are increased following conventional
chemotherapy treatments [64]. Targeting MDSCs in
combination with other therapies has shown promising
therapeutic effects in brain cancer [65], and AFP-toxin
drugs can be one of these therapies.

III. Oral Instead of Injectable

“Let food be thy medicine, and let medicine be thy
food.”

Hippocrates
MDSCs can be affected by ingredients from

herbs and supplements. For example, withaferin A – a
promising anti-cancer constituent of the Ayurvedic
medicinal plant Withania somnifera–reduces MDSCs
function [66]. Nevertheless, pregnant women should
avoid Withania somnifera tonic as it may induce abortion
at high doses [67]. In ancient Rome and Greece,
women used silphium, an oral herbal contraceptive. This
valuable herb is seen on a coin with a crab that once
was a cancer disease name (Fig. 3).



 
 

 

Figure 3: A coin of Magas of Cyrene c. 300–282/75 BC. Reverse: silphium and small crab symbols.
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Was silphium used not only for pregnancy
prevention but for cancer treatment too? There is no
silphium in Nature anymore to check the hypothesis.
Still, Artemisia absinthium, also used in Roman times for
birth control, contains artemisinin that prevents early
embryo implantation in animal models. Supposedly,
AFP shuttles silphium ingredients or artemisinin to
MDSCs, decreases their immunosuppressive activities,
and leads to pregnancy or cancer prevention.

AFP wins the competition with excess albumin
for binding embryo toxins such as diethylstilbestrol,
dioxin, warfarin, etc., and can lead to pregnancy
prevention or loss [18]. It can also be true for orally
administrated thalidomide, miltefosine, etc. Toxins
directly affect embryo cells, and AFP with toxins activate
the mother’s immune system like paclitaxel.

Porcine AFP and betulinic acid (1:2) gavage
inhibited mouse tumor growth. Tumor inhibition was
potentiated by the excess of betulinic acid [70]. The
beneficial effect of an extra amount of agent for tumor
growth inhibition was supported by the experiment with
the porcine AFP-ajoene (1:2) complex and ajoene in
excess [18].

In suboptimal doses, the oral porcine AFP-
atractyloside (1:2) complex has shown a response in six
of twelve metastatic colorectal cancer patients [71].
Additional spices, herbs, or supplements having anti-
cancer properties could potentiate the treatment. In
another trial, a woman with stage IV ovarian cancer took
elevated doses of the porcine AFP-atractyloside
complex and survived over ten years [18].

AFP-toxin complex absorption from the
gastrointestinal tract into the lymph nodes needs
research. It can be like IgG-antigen complex absorption
through the FcRn of the gut enterocytes [18].

AFP with AFP-binding toxins promises helpful in
disease prevention, as they require low concentrations
of AFP and toxins, like pregnancy prevention. Injectable
recombinant AFP is safe in doses higher than in
pregnant mothers’ blood (0.3 – 0.5 µg/mL) [72]. Porcine
AFP can be taken orally in high doses safely.

IV. Conclusion

AFP-toxin conjugates or AFP with AFP-binding
toxins injections deplete MDSCs, reboot the immune
system, and can prevent or treat cancer and
metastases. As a shuttle delivery vehicle, AFP can
potentiate the anti-cancer activity of the AFP-binding
toxins or drugs. Oral administration of AFP with herbs or
supplements with anti-cancer properties is possible.
Like embryo toxins do not hurt the mother but prevent
pregnancy, the simultaneous presence of AFP and AFP-
binding toxins in the bloodstream can safely prevent
early-stage cancers or metastases. Oral preparations do
not need high AFP purity, and porcine AFP can be used
instead of human protein. Taken once or twice a year
course, AFP with AFP-binding toxins can reboot the
immune system and prevent cancer and metastasis.
No conflict of interests

References Références Referencias

1. Siegel RL, Miller KD, Wagle NS, and Jemal A.
Cancer statistics, 2023. CA Cancer J Clin. 2023;
73(1): 17-48. doi: 10.3322/caac.21763

2. Tomasetti C, Vogelstein B. Variation in Cancer Risk
among Tissues Can Be Explained by the Number of
Stem Cell Divisions. Science. 2015; 347 (6217): 78–
81. doi.org/10.1126/science.1260825.31

3. Chhabra SN, Booth BW. Asymmetric cell division of
mammary stem cells. Cell Div. 2021; 16, 5.
https://doi.org/10.1186/s13008-021-00073-w

Traditional medicines and spices often contain
anti-cancer agents, such as withaferin A, ajoene,
acetoxychavicol, capsaicin, curcumin, quercetin, all-
trans retinoic acid, sinigrin, artemisinin, astaxanthin,
scutebarbatine A, etc. Small amounts of AFP naturally
existing in the body potentiate their anti-cancer activity
by the mechanism discussed earlier. To activate the
immune system significantly, AFP-binding anti-cancer
agents should be used together with exogenous AFP
[68, 69].

https://doi.org/10.1126/science.1260825.31�
https://doi.org/10.1186/s13008-021-00073-w�


        
       

   
     

     
      

      
     

  
         

       
     

       
    

 
     

      
    

 
         

       
    

    
   
    
    

    
 

         
       

      
    
 

        
        

   
        

     
  

       
      

     
    

        
       

      
        

   
 

        
     

     
  

       
     
       
    

      
     

    
     

     
  

       
     

     
      
    

       
      

   
       

     
     

 
       

      
      

    
    

 
      

     
      

   
  

         
    

       
      

      
     

       
     

      
  

      
       

 
           

      
    

      
     

         
       

    
      

    
           

 
     

12

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

A Cancer Prevention and Treatment Opportunity

4. Bronte V, Brandau S, Chen SH, Colombo MP, Frey
AB, Greten TF, et al. Recommendations for myeloid-
derived suppressor cell nomenclature and
characterization standards. Nat Commun. 2016 Jul
6; 7: 12150. doi: 10.1038/ncomms12150

5. Pawelec G, Verschoor CP, Ostrand-Rosenberg S.
Myeloid-Derived Suppressor Cells: Not Only in
Tumor Immunity. Front. Immunol. 2019; 10:1099.
doi: 10.3389/fimmu.2019.01099

6. Bizymi N, Matthaiou AM, Matheakakis A, Voulgari I,
Aresti N, Zavitsanou K, et al. New Perspectives on
Myeloid-Derived Suppressor Cells and Their
Emerging Role in Haematology. Journal of Clinical
Medicine. 2022; 11(18): 5326. www.mdpi.com/
2077-0383/11/18/5326

7. Veglia F, Sanseviero E, Gabrilovich DI. Myeloid-
derived suppressor cells in the era of increasing
myeloid cell diversity. Nat Rev Immunol. 2021;
21:485–498. doi.org/10.1038/s41577-020-00490-y

8. Nagatani Y, Funakoshi Y, Suto H, Imamura Y,
Toyoda M, Kiyota N, et al. Immunosuppressive
effects and mechanisms of three myeloid-derived
suppressor cells subsets including monocytic-
myeloid-derived suppressor cells, granulocytic-
myeloid-derived suppressor cells, and immature-
myeloid-derived suppressor cells. J Can Res Ther.
2021; 17: 1093-100. https://www.researchgate.net/
publication/354647025

9. Mohd Idris RA, Mussa A, Ahmad S, Al-Hatamleh
MAI, Hassan R, Tengku Din TADAA, et al. The
Effects of Tamoxifen on Tolerogenic Cells in Cancer.
Biology. 2022; 11(8): 1225. doi.org/10.3390/
biology11081225

10. Kim WT, Ryu CJ. Cancer stem cell surface markers
on normal stem cells. BMB Rep. 2017 Jun; 50(6):
285-298. doi: 10.5483/bmbrep.2017.50.6.039

11. Govallo VI. Immunology of Pregnancy and Cancer.
Commack, N.Y: Nova Science Publishers; 1993:1-
310. ISBN-10. 1560720964

12. Zamorina SA, Troynich YN, Loginova NP,
Charushina YA, Shardina KY, Timganova VP.
Pregnancy-Associated Proteins as a Tool in the
Therapy of Autoimmune Diseases and Alloimmune
Disorders (Review). In: Rocha, A., Isaeva, E. (eds)
Science and Global Challenges of the 21st Century
- Science and Technology. Perm Forum 2021.
Lecture Notes in Networks and Systems. 2022; vol
342. Springer, Cham. doi.org/10.1007/978-3-030-
89477-1_38

13. Dziadek M, Adamson E. Localization and synthesis
of alpha-foetoprotein in post-implantation mouse
embryos. J Embryol Exp Morphol. 1973; 43:289-313.
PMID: 75937

14. Mizejewski GJ. (Ed.). Biological Activities of Alpha-
Fetoprotein. In Biological Activities of Alpha-
Fetoprotein. 1987; Vol. I and II. Boca Raton Florida
Congresses: CRC Press, Inc.

15. Chereshnev VA, Rodionov SYu, Sherkasov VA, et al.
Alpha-fetoprotein. [In Russian], Ekaterinburg, YuD
RAS. 2004; 376 pages.

16. Terentiev AA, Moldogazieva NT. Alpha-fetoprotein: a
renaissance. Tumour Biol. 2013 Aug; 34(4): 2075-
91. doi: 10.1007/s13277-013-0904-y

17. Lakhi N, Moretti M, eds. Alpha-Fetoprotein:
Functions and Clinical Application. Protein
Biochemistry, Synthesis, Structure and Cellular
Functions. Hauppauge, New York: Nova Science
Publisher’s, Inc.; 2016: 1-420. ISBN: 978-1-63484-
875-6

18. Pak VN. Alpha-fetoprotein and Its Receptor in Fixing
the Cancer Brakes. Cambridge Scholars Publishing,
Tyne, England; 2021: 1-209. ISBN: 1-5275-6716-8

19. Munson PV, Adamik J, Butterfield LH.
Immunomodulatory impact of α-fetoprotein. Trends
Immunol. 2022; Jun; 43(6): 438-448). doi:
10.1016/j.it.2022.04.001

20. Sologova SS, Zavadskiy SP, Mokhosoev IM,
Moldogazieva NT. Short Linear Motifs Orchestrate
Functioning of Human Proteins during Embryonic
Development, Redox Regulation, and Cancer.
Metabolites. 2022; 12(5): 464. doi.org/10.3390/
metabo12050464

21. Mizejewski GJ. Alpha-Fetoprotein as an
Immunoregulator and Immune Response Modifier:
Historical Background and Current Update. Journal
of Immunology Research & Reports. 2022;
SRC/JIRR-121. doi.org/10.47363/JIRR/2022(2)120

22. Laan-Pütsep K, Wigzell H, Cotran P, Gidlund M.
Human α-fetoprotein (AFP) causes a selective down
regulation of monocyte MHC class II molecules
without altering other induced or noninduced
monocyte markers or functions in monocytoid cell
lines. Cell Immunol. 1991; 133(2):506–1810.
doi.org/10.1016/0008-8749(91)90122-R

23. Terentiev AA, Moldogazieva NT, Levtsova OV,
Maximenko DM, Borozdenko DA, Shaitan KV.
Modeling of Three-Dimensional Structure of Human
Alpha-Fetoprotein Complexed with Diethylstilbestrol:
Docking and Molecular Dynamics Simulation Study.
J. Bioinf. Comput. Biol. 2012; 10 (2): 1241012.
doi.org/10.1142/S0219720012410120

24. Hsia JC, Deutsch HF. An in Vitro Model of Placental
Transfer of Polyunsaturated Fatty Acids: The
Albumin-Alpha-Fetoprotein Exchange System. In
Biological Activities of Alpha-Fetoprotein. 1987; 1:
205–211. USA: CRC Press, Inc.

25. Esteban C, Trojan J, Macho A, Mishal Z, Lafarge-
Frayssinet C, Uriel J. Activation of an Alpha-
Fetoprotein/Receptor Pathway in Human Normal
and Malignant Peripheral Blood Mononuclear Cells.
Leukemia. 1993; 7 (11): 1807–16. PMID: 7544757

26. Torres JM, Laborda J, Naval J, et al. Expression of
Alpha-Fetoprotein Receptors by Human T-
Lymphocytes during Blastic Transformation. Mol.

https://doi.org/10.3390/metabo12050464�
https://doi.org/10.3390/metabo12050464�


      
 

          
    

       
  

         
      

     
    
   

         
    

     
    

      
      

 
          

          
        

    
      

      
 

       
   

        
       
      

 
         

     
     

  
 

         
     

    
     

       
       

     
       

       
     

 
       

      
     

     
 

          
     

       
     
 

        
      

    
     

   
       

    
       

     
     

 
         

      
   

        
       

       
     

   
 

           
       

   
          

     
  

         
     

      
    

 
           

     
       

      
 

       
      

    
    

          
    

   
 

           
     

    
     

    
 

         
    

    
 

       
    

13

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

A Cancer Prevention and Treatment Opportunity

Immunol. 1989; 26 (9): 851–57. doi.org/10.1016/
0161-5890 (89)90141-7

27. Suzuki Y, Zeng Q, Alpert E. Isolation and partial
characterization of a specific α-fetoprotein receptor
on human monocytes. J. Clin. Invest. 1992; 90:
1530-1536. doi.org/10.1172/JCI116021

28. Sedky HA, Youssef SR, Gamal DA, Houssein HF,
Elsalakawy WA. First report of the unique expression
of RECAF (receptor for alfa feto-protein) in adult B-
NHL/CLL patients. Blood Res. 2020; Dec 31; 55(4):
253-261. doi: 10.5045/br.2020.2020070

29. De Mees Ch, Laes J-F, Bakker J, Smitz J, Hennuy B,
Van VoorenP, et al. Alpha-Fetoprotein Controls
Female Fertility and Prenatal Development of the
Gonadotropin-Releasing Hormone Pathway through
an Antiestrogenic Action. Molecular and Cellular
Biology. 2006; 26 (5): 2012–18. doi.org/10.1128/
MCB.26.5.2012-2018.2006

30. Jewett A, Kos J, Kaur K, Safaei T, Sutanto C, Chen
W, Wong P, Namagerdi AK, Fang C, Fong Y, Ko
MW. Natural Killer Cells: Diverse Functions in Tumor
Immunity and Defects in Pre-neoplastic and
Neoplastic Stages of Tumorigenesis. Mol Ther
Oncolytics. 2019 Nov 29; 16: 41-52. doi:
10.1016/j.omto.2019.11.002

31. Tumino N, Besi F, Martini S, et al.
Polymorphonuclear Myeloid-Derived Suppressor
Cells Are Abundant in Peripheral Blood of Cancer
Patients and Suppress Natural Killer Cell Anti-Tumor
Activity. Front. Immunol. 2022; 12: 803014. doi:
10.3389/fimmu.2021.803014

32. De Sanctis F, Adamo A, Canè S. et al. Targeting
tumour-reprogrammed myeloid cells: the new
battleground in cancer immunotherapy. Semin
Immunopathol (2022). doi.org/10.1007/s00281-022-
00965-1

33. Deutsch HF, Tsukada TS, Sasaki T, Hirai H.
Cytotoxic Effects of Daunomycin-Fatty Acid
Complexes on Rat Hepatoma Cells. Cancer Res.
198: 43 (6): 2668–2672.PMID: 6850584

34. Pak VN, Pak NA, Reshetnikov SS, Nikonov SD,
Ogirenko AP. Method of treatment of malignant
neoplasms and complex preparation having
antineoplastic activity for use in such treatment.
United States US6878688B2, filed June 20, 2001,
issued April 12, 2005. https://patents.google.com/
patent/US6878688B2/en

35. Torres JM, Geuskens M, Uriel J. Receptor-Mediated
Endocytosis and Recycling of Alpha-Fetoprotein in
Human B-Lymphoma and T-Leukemia Cells. Int. J.
Cancer. 1991; 47 (1): 110–117. doi.org/10.1002/
ijc.2910470120

36. Esteban C, Geuskens M, Uriel J. Activation of an
Alpha-Fetoprotein (AFP)/Receptor Autocrine Loop in
HT-29 Human Colon Carcinoma Cells. Int. J.
Cancer. 1991; 49 (3): 425–430. doi.org/10.1002/
ijc.2910490320

37. Belyaev NN, Bogdanov AYu, Savvulidi PhG, et al.
The influence of alpha-fetoprotein on natural
suppressor cell activity and Ehrlich carcinoma
growth. Korean J. Physiol. Pharmacol. 2008; (12):
193-197. doi: 10.4196/kjpp.2008.12.4.193

38. Zamorina SA, Shardina KY, Timganova VP,
Bochkova MS, Uzhviyuk SV, Raev MB, Chereshnev
VA. Effect of Alpha-Fetoprotein on Differentiation of
Myeloid Supressor Cells. Dokl Biochem Biophys.
2021; 501(1): 434-437. doi: 10.1134/S16076729
21060077

39. Atemezem A, Mbemba E, Marfaing R, et al. Human
AFP binds to primary macrophages. BBRC. 2002;
296: 507–514. doi.org/10.1016/S0006-291X(02)
00909-9

40. de Oliveira CEC, Oda JMM, Guembarovski RL, de
Oliveira KB, Ariza CB, Neto JS, et al. CC Chemokine
Receptor 5: The Interface of Host Immunity and
Cancer. Disease Markers, vol. 2014, Article ID
126954, 8 pages, 2014. doi.org/10.1155/2014/
126954

41. Hawila E, Razon H, Wildbaum G, Blattner C, Sapir Y,
Shaked Y, et al. CCR5 Directs the Mobilization of
CD11b+Gr1+Ly6Clow Polymorphonuclear Myeloid
Cells from the Bone Marrow to the Blood to Support
Tumor Development. Cell Reports. 2017; 21 (8):
2212–22. doi.org/10.1016/j.celrep.2017.10.104

42. Ban Y, Mai J, Li X, et al. Targeting autocrine CCL5-
CCR5 axis reprograms immunosuppressive myeloid
cells and reinvigorates antitumor immunity. Cancer
Res. 2017; 77: 2857–68. doi:10.1158/0008-5472.
CAN-16-2913

43. Zilio S, Bicciato S, Weed D, Serafni P. CCR1 and
CCR5 mediate cancer-induced myelopoiesis and
differentiation of myeloid cells in the tumor. J
Immunother Cancer. 2022; 10(1): e003131. doi.org/
10.1136/jitc-2021-003131

44. Pyzik M, Sand KMK, Hubbard JJ, Andersen JT,
Sandlie I, Blumberg RS. The Neonatal Fc Receptor
(FcRn): A Misnomer? Front Immunol. 2019 Jul 10;
10: 1540. doi: 10.3389/fimmu.2019.01540

45. Blumberg R, Baker SK, Pyzik M, Gandhi A. Methods
to manipulate alpha-fetoprotein (AFP).
US0200031928 (2020). https://patents.google.
com/patent/EP3148567A4/en

46. Thomas J, Torok MA, Agrawal K, Pfau T, Vu TT,
Lyberger J, et al. The Neonatal Fc Receptor Is
Elevated in Monocyte-Derived Immune Cells in
Pancreatic Cancer. International Journal of
Molecular Sciences. 2022; 23(13): 7066. doi.org/
10.3390/ijms23137066

47. Twafra S, Sokolik CG, Sneh T, et al. A novel Pyk2-
derived peptide inhibits invadopodia-mediated
breast cancer metastasis. Oncogene. 2022.
doi.org/10.1038/s41388-022-02481-w

48. Law AMK, Valdes-Mora F, Gallego-Ortega D.
Myeloid-Derived Suppressor Cells as a Therapeutic

https://doi.org/10.1007/s00281-022-00965-1�
https://doi.org/10.1007/s00281-022-00965-1�
https://doi.org/10.1155/2014/126954�
https://doi.org/10.1155/2014/126954�
https://doi.org/10.1016/j.celrep.2017.10.104�
https://doi.org/10.1136/jitc-2021-003131�
https://doi.org/10.1136/jitc-2021-003131�
https://doi.org/10.3390/ijms23137066�
https://doi.org/10.3390/ijms23137066�
https://doi.org/10.1038/s41388-022-02481-w�


        
 

         
       

   
    

 
        

      
     

      
       

  
       

   
  

 
 

 
           

     
    

         
   
 

         
    

    
    

      
  

       
   

        
    

 
             

       
       

      
 

        
      

      
      

 
        

       
     

      
    

 
        

      
       

   

      
      

    
     

     
     

          
        
        
     

           
  

    
        

         
    

       
   

       
      
    

      
   

    

        
        
      

     
   

      
       

  
     

      
   

     
     

 
      

   
   

 
        

     
       

  
         

    
  

      
        

   
 

         
    

14

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

A Cancer Prevention and Treatment Opportunity

Target for Cancer. Cells. 2020 Feb 27; 9(3): 561.
doi: 10.3390/cells9030561

49. Cole AJ, Fayomi AP, Anyaeche VI, Bai S,
Buckanovich RJ. An evolving paradigm of cancer
stem cell hierarchies: therapeutic implications.
Theranostics. 2020 Feb 10; 10(7): 3083-3098. doi:
10.7150/thno.41647

50. Sevko A, Michels T, Vrohlings M, et al. Antitumor
Effect of Paclitaxel Is Mediated by Inhibition of
Myeloid-Derived Suppressor Cells and Chronic
Inflammation in the Spontaneous Melanoma Model.
J. Immunol. (Baltimore, Md.: 1950). 2013; 190 (5):
2464–7241. doi.org/10.4049/jimmunol.1202781

51. Kotra LP, Paige CJ, Bello AM, Sherman I. Drug
complexes comprising alpha-fetoprotein. 2016;
Patent WO/2016/119045A1. https://patentimages.
storage.googleapis.com/0c/a7/ee/1fd56e9fbcb392/
WO2016119045A1.pdf

52. http://alpha-cancer.com/pre-clinical-studies/act-
901-3-pre-clinical-io-studies

53. Sherman I, Boohaker R, Stinson K, Griffin P, Hill W.
An alpha-fetoprotein-maytansine conjugate for the
treatment of AFP receptor expressing tumors. J.
Clin. Oncol, 40. 2022; no. 16_suppl (June 01, 2022)
e15056-e15056. Doi: 10.1200/JCO.2022.40.
16_suppl.e15056

54. Belyaev NN, Abdolla N, Perfilyeva YV, et al.
Daunorubicin Conjugated with Alpha-Fetoprotein
Selectively Eliminates Myeloid-Derived Suppressor
Cells (MDSCs) and Inhibits Experimental Tumor
Growth. Cancer Immunol. Immunother. 2018; CII 67
(1): 101–111. doi.org/10.1007/s00262-017-2067-y

55. Zamorina SA, Rayev MB, Cherechnev VA. The use
of alpha-fetoprotein in immunopharmacology–
history of the subject. Bulletin of Perm University.
Biology. 2020; (2), 145–153. Doi: 10.17072/1994-
9952-2020-2-145-153

56. Lin B, Dong X, Wang Q, Li W, Zhu M, Li M. AFP-
Inhibiting fragments for drug delivery: the promise
and challenges of targeting therapeutics to cancers.
Front. Cell Dev. Biol. 2021; 9, 635476.
doi.org/10.3389/fcell.2021.635476

57. Gulevskyy OK, Akhatova YuS. Current Concept of
the Structural and Functional Properties of Alpha-
Fetoprotein and Possibilities of its Clinical
Application. 2021; Biotech. Acta. 2021; 14(1): 25-37.
doi.org/10.15407/biotech14.01.025

58. Sokol MB, Yabbarov NG, Mollaeva MR, Chirkina
MV, Mollaev MD, Zabolotsky AI, et al. Alpha-
fetoprotein mediated targeting of polymeric
nanoparticles to treat solid tumors. Nanomedicine.
2022; VOL. 17, NO. 18.doi.org/10.2217/nnm-2022-
0097

59. Hajeri-Germond M, Navalv J, Trojan J & Uriel J. The
uptake of alpha-foetoprotein by C-1300 Mouse
neuroblastoma cells. Br. J. Cancer (1985), 51, 791-
797. doi: 10.1038/bjc.1985.123

60. Hajeri-Germond M, Naval J, Trojan A, Jay LM,
Castillo T, Ly A, Penagos PJ, et al. Diagnostic of
CNS neoplasia – AFP and IGF-I targets. In Brain –
from development to neoplasia, and gene therapy
solution. Ed. Lambert Academic Publisher,
Germany, 2017/2018, pp 77-95 -132; ISBN: 978-
620-2-08024-8

61. Singh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins
C, Squire J, Dirks PB. Identification of a cancer stem
cell in human brain tumors. Cancer Res. 2003; Sep
15; 63(18): 5821-8. PMID: 14522905

62. De Leo A, Ugolini A, Veglia F. Myeloid Cells in
Glioblastoma Microenvironment. Cells. 2020; Dec
24; 10(1):18. doi: 10.3390/cells10010018

63. Bayik D, Bartels CF, Lovrenert K, Watson DC, Zhang
D, Kay K, et al. Distinct Cell Adhesion Signature
Defines Glioblastoma Myeloid-Derived Suppressor
Cell Subsets. Cancer Res. 2022 Nov 15; 82(22):
4274-4287. doi: 10.1158/0008-5472.CAN-21-3840

64. Salemizadeh Parizi M, Salemizadeh Parizi F,
Abdolhosseini S, Vanaei S, Manzouri A,
Ebrahimzadeh F. Myeloid-derived suppressor cells
(MDSCs) in brain cancer: challenges and
therapeutic strategies. Inflammopharmacology. 2021
Dec; 29(6): 1613-1624). doi: 10.1007/s10787-021-
00878-9

65. Lakshmanachetty S, Cruz-Cruz J, Hoffmeyer E, Cole
AP, Mitra SS. New Insights into the Multifaceted
Role of Myeloid-Derived Suppressor Cells (MDSCs)
in High-Grade Gliomas: From Metabolic
Reprograming, Immunosuppression, and
Therapeutic Resistance to Current Strategies for
Targeting MDSCs. Cells. 2021 Apr 14; 10(4): 893.
doi: 10.3390/cells10040893

66. Sinha P, Ostrand-Rosenberg S. Withaferin A, a
potent and abundant component of Withania
somnifera root extract, reduces myeloid-derived
suppressor cell function (P2103). J Immunol 1 May
2013; 190 (1_Supplement): 170.8. doi.org/10.4049/
jimmunol.190.Supp.170.8

67. Atteeq M. Evaluating anticancer properties of
Withaferin A—a potent phytochemical. Front.
Pharmacol. 2022; 13:975320. doi.org/10.3389/
fphar.2022.975320

68. Pak, VN. Alpha-Fetoprotein Binds Toxins and Can
Be Used to Treat Cancer. Medical Research
Archives, [S.l.], v. 10, n. 10, oct. 2022. ISSN 2375-
1924. doi.org/10.18103/mra.v10i10.3236

69. Pak VN. The possible drug for cancer and
metastasis prevention. Future Drug Discovery 2022
4:2. doi.org/10.4155/fdd-2022-0008

70. Pak VN. Compositions of alpha-fetoprotein and
inducers of apoptosis for the treatment of cancer.
2006; WO2007056852A1. https://patents.google.
com/patent/WO2007056852A1/en

71. Pak VN, Molchanov O, Vincent M. Treatment of
Metastatic Colorectal Cancer with Aimpila, a

https://doi.org/10.2217/nnm-2022-0097�
https://doi.org/10.2217/nnm-2022-0097�
https://doi.org/10.4049/jimmunol.190.Supp.170.8�
https://doi.org/10.4049/jimmunol.190.Supp.170.8�
https://doi.org/10.18103/mra.v10i10.3236�


  
     

 
          

  
      

      
       

  
 

15

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

A Cancer Prevention and Treatment Opportunity

Glycoside/Alpha-Fetoprotein Complex. J. Clin.
Oncol. 2007; 25 (18_suppl): 3589–3589. doi.org/
10.1200/jco.2007.25.18_suppl.3589

72. Pollard LC, Murray J, Moody M, Stewart EJ, Choy
EHS. A Randomised, Double-Blind, Placebo-
Controlled Trial of a Recombinant Version of Human
Alpha-Fetoprotein (MM-093) in Patients with Active
Rheumatoid Arthritis. Ann. Rheum. Dis. 2007; 66 (5):
687–89. doi.org/10.1136/ard.2006.059436



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

16

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

A Cancer Prevention and Treatment Opportunity



 
  

 

  
 

 
 

 
 

 
Cancer Stem Cells as the Key to Cancer: Special Emphasis on 
Prostate Cancer 

  
 

 
 American University in Dubai 

Abstract- Recent research into cancer stem cells has refined our knowledge of the origins, maintenance, 
and progression of cancer. The characteristics of tumor initiating cells and the stem-like properties of 
tumor side populations that appear to be responsible for tumor maintenance and metastasis have given 
insights into potential targets for the elimination of treatment-resistant and residual tumor cells. These 
insights have also provided inroads to understanding and preventing invasive and metastatic progression 
of cancer. In this review, we discuss recent advancements in understanding of tumor initiating cells and 
cancer stem cells and their implications on cancer pathobiology and treatment. The role of tumor initiating 
cell phenotypes on routes of metastasis and the use of stemness markers to guide prognosis and 
treatment are also discussed. Particular emphasis sections are included that focus on the role of 
stemness in the pathobiology and treatment of prostate cancer. Of particular interest is the correlation of 
stemness with decreased androgen receptor expression and resistance to anti-androgen therapy. The 
overview provided herein represents a primer for the understanding of current knowledge regarding 
cancer stem cells and their clinical implications in prostate and other cancer types.  

GJMR-F Classification: DDC Code: 616.994061 LCC Code: RC271.C5 

CancerStemCellsastheKeytoCancerSpecialEmphasisonProstateCancer
 

                                             
                                               

Strictly as per the compliance and regulations of:

  
 

 

 

 

Global Journal of Medical Research: F
Diseases     

  Volume 23 Issue 2 Version 1.0 Year 2023 
  Type: Double Blind Peer Reviewed International Research Journal
  Publisher: Global Journals 
  Online ISSN: 2249-4618 & Print ISSN: 0975-5888

By Ghayeel Abo Kassm, Gaelle Antar, Maya Atwi, Tony Butrus, Elias Hajjar, 
Osamah Jaafar, Marita Machrekeki, Eddy Mikhael, Jessica Swesa, Fadi Mikhael

& Muriel T. Zaatar

© 2023. Ghayeel Abo Kassm, Gaelle Antar, Maya Atwi, Tony Butrus, Elias Hajjar, Osamah Jaafar, Marita Machrekeki, Eddy 
Mikhael, Jessica Swesa, Fadi Mikhael & Muriel T. Zaatar. This research/review article is distributed under the terms of the 
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). You must give appropriate credit to authors and 
reference this article if parts of the article are reproduced in any manner. Applicable licensing terms are at 
https://creativecommons.org/licenses/by-nc-nd/4.0/.



Cancer Stem Cells as the Key to Cancer: 
Special Emphasis on Prostate Cancer

Ghayeel Abo Kassm α, Gaelle Antar σ, Maya Atwi ρ, Tony Butrus Ѡ, Elias Hajjar ¥, Osamah Jaafar §,  
Marita Machrekeki χ, Eddy Mikhael ν, Jessica Swesa Ѳ, Fadi Mikhael ζ & Muriel T. Zaatar £

Abstract- Recent research into cancer stem cells has refined 
our knowledge of the origins, maintenance, and progression of 
cancer. The characteristics of tumor initiating cells and the 
stem-like properties of tumor side populations that appear to 
be responsible for tumor maintenance and metastasis have 
given insights into potential targets for the elimination of 
treatment-resistant and residual tumor cells. These insights 
have also provided inroads to understanding and preventing 
invasive and metastatic progression of cancer. In this review, 
we discuss recent advancements in understanding of tumor 
initiating cells and cancer stem cells and their implications on 
cancer pathobiology and treatment. The role of tumor initiating 
cell phenotypes on routes of metastasis and the use of 
stemness markers to guide prognosis and treatment are also 
discussed. Particular emphasis sections are included that 
focus on the role of stemness in the pathobiology and 
treatment of prostate cancer. Of particular interest is the 
correlation of stemness with decreased androgen receptor 
expression and resistance to anti-androgen therapy. The 
overview provided herein represents a primer for the 
understanding of current knowledge regarding cancer stem 
cells and their clinical implications in prostate and other cancer 
types. 

I. Introduction 

espite the significant advancements in cancer 
therapy throughout the years, cancer remains the 
most common cause of death worldwide [1]. 

Knowledge of how cancer initiates and the cellular and 
molecular origins of cancer continue to grow and be 
refined. Cancers have been thought to be monoclonal, 
meaning that each primary tumor originated from a 
single mutated cell. Mutation in one of a variety of genes 
may cause cells to form a tumor, while three to seven 
mutations and/or chromosomal defects may be needed 
for the development of cancer[2]. Accumulation of 
mutations can occur over time leading to cancer[2]. 
Complicating the monoclonal view of cancer, cancer 
growth and development are impacted by tumor 
heterogeneity and cell fusion. Recent research has 
shown that tumor cells and lymphocytes can merge, 
resulting in phenotypic and genotypic variation in tumor 
cells [3].  
 
Author α σ ρ Ѡ ¥ § χ ν Ѳ : Department of Biological and Physical 
Sciences, American University in Dubai, Dubai, United Arab Emirates. 
Author ζ: Oncology Department, Mediclinic City Hospital, Dubai, United 
Arab Emirates. 
Corresponding Author £: Department of Biological and Physical 
Sciences, American University in Dubai, Dubai, United Arab Emirates. 
e-mail: mzaatar@aud.edu 

A population of self-renewing cells with a high 
tumorigenic potential has been identified in many 
cancers, which are known as cancer stem cells (CSCs). 
The continuous and uncontrolled development of 
malignant tumors is thought to be caused by CSCs, 
which are also known as cancer-initiating cells (CICs)[2]. 
These cells are also thought to have a crucial role in 
metastasis and recurrence[2]. Many theories have 
suggested that the events occurring in either stem or 
differentiated cells, such as genomic instability, an 
inflammatory environment, genetic recombination, and 
lateral genetic transformation should be taken into 
consideration as potential CSC origins [2]. The ability of 
cancer cells to proliferate and, in many circumstances, 
survive is dependent on underlying stemness[4]. 
Moreover, due to cancer stem cells' capacity to trigger 
tumor growth, self-renewal, and multi-drug resistance, 
the majority of recent cancer research has focused on 
determining their distinctive characteristics and origins. 
CSCs have been identified in a variety of tumor types, 
including head and neck, stomach, breast, pancreatic, 
lung, liver, colon, melanoma, and bladder cancers[1].  

Epithelial-to-mesenchymal transition (EMT) is a 
strictly controlled process that is essential for the 
development of tumors. EMT increases cancer cells' 
ability to migrate and invade and has a direct impact on 
the production of stem cell-like tumor-initiating cells. 
TGF-β1 plays crucial roles in the development of tumors 
and is a critical transcription factor regulating EMT [9]. 
Undoubtedly, all cells require energy for survival, 
proliferation, and cell growth. CSCs have a distinct 
metabolic flexibility in comparison to normal stem cells 
and significantly rely on oxidative phosphorylation 
(OXPHOS) as their main source of energy in contrast to 
non-CSCs, which are primarily glycolytic[5]. In the 
presence of oxygen, CSCs can alternate between 
OXPHOS and glycolysis to maintain homeostasis and 
consequently support tumor development [10].  

The inner cell mass of the preimplantation 
blastocyst is a source of Embryonic Stem Cells (ESCs), 
which are distinguished and characterized by their 
pluripotency (the capacity and ability to differentiate into 
all derivatives of the three basic germ layers: ectoderm, 
endoderm, and mesoderm) and their potential to self-
replicate without limit[6]. Apart from this, understanding 
originating cell types of cancer is a crucial step in 
determining mechanisms of tumor initiation and 
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maintenance. Long-term studies have related the 
development of prostate glands to stem cells. Prostate 
cancer is the second most prevalent cause of cancer-
related death for men in the developed world , which is 
the most commonly diagnosed malignancy in males[7]. 
Regression of the prostate occurs following androgen 
deprivation, but regeneration occurs after testosterone 
replacement[8]. The cells responsible for this are 
located in the proximal ducts and basal layer of the 
prostate. Numerous characteristics of prostate cancer 
indicate a stem cell origin[8]. Surgery, radiation, 
hormonal ablation, and chemotherapy are examples of 
traditional anti-pancreas cancer treatments. For 
individuals with severe and/or metastatic cancer, these 
treatments are ineffective despite increased attempts. 
Nevertheless, cancer treatments frequently fail because 
of residual tumor cells that survive therapy, which 
causes the reappearance of the disease [7]. It has been 
suggested that CSCs represent this residual population. 
The general findings reported in the literature illustrate 
the connection between stem cells and prostate cancer, 
its therapies, the latest research on cancer stem cells, 
and potential future technologies to overcome it, which 
are discussed herein.  

II. Stem Cells in Tumor Initiation, 

Tumor Cell Sustainability and 
Progression 

As stated in Afify and Seno (2019), “Cancer 
stem cells (CSCs), also known as cancer-initiating cells 
(CIC), are responsible for the sustained and 
uncontrolled growth of malignant tumors and are 
proposed to play significant roles in metastasis and 
recurrence.”[2] The authors clearly state that the 
initiation of cancer arises from stem cells. Furthermore, 
this statement is backed by research that was 
conducted by Mei et al. (2019), who presented very 
convincing evidence that CSCs have a substantial role 
in initiation of cancer[9]. This evidence shows that while 
there is a good understanding of how cancer cells form, 

the ability to prevent this from occurring remains 
elusive[10]. 
 

A plethora of research has been conducted that 
strongly

 
supports

 
the role that prostate cancer stem 

cells (PCSCs) play in the initiation of prostate cancer [9]. 
This drives the hypothesis

 
that prostate stem cells are 

targets for prostate cancer initiation. Furthermore, it was 
proven by Eder et al. (2016) that cancer-associated 
fibroblasts (CAFs) and prostate cancer

 
cells interact, 

which allows prostate cancer to proliferate and spread 
throughout the body [11]. Additional

 
research by Begum 

et al. (2019) further supports
 
this view [12]. They found 

that cancer-associated fibroblasts promoted CSC 
frequency, self-renewal, and metastasis in models of 
pancreatic ductal adenocarcinoma.

 

III. Inverse Correlation of Androgen 
Receptor Expression with Stemness in 

Prostate Cancer 

Cancer progression is defined by continuous 
loss of a specific phenotype and the growth of 
progenitor and stem cell features[13]. In prostate 
cancer, androgen receptor (AR) signaling is important 
for the development of cancer and therapy resistance. 
AR signaling is decreased at the transcriptional level in 
high-grade versus low-grade prostate cancer. 
Resistance to androgen receptor therapy may be 
accompanied by loss of androgen receptor signaling 
and gain of stemness since loss of AR expression is 
associated with the development of stem cell-like 
features[13]. One way to inhibit AR signaling is by using 
the AR antagonist enzalutamide, which is one of the 
main treatments used for men with castration-resistant 
prostate cancer[14]. Furthermore, MDM2, an E3 ligase, 
allows for the ubiquitination of AR in CSCs, decreasing 
total AR protein levels[15]. The loss of MDM2 allows for 
the accumulation of AR leading to differentiation into 
luminal cells and cell death[15]. Blocking MDM2-
mediated activity in concert with AR-targeted therapy 
can provide an approach for eliminating AR-negative 
CSCs in addition to AR-positive prostate cancer cells, 
which in turn decreases metastatic tumor burden and 
inhibits therapeutic resistance [15]. A study on the 
effects of AR demonstrated the influence of AR on the 
expression of CD44 and SOX2[16]. The experiment 
consisted of expressing AR in PC3 cells that are AR-
negative. The expression levels of CD44 and SOX2 were 
decreased, indicating that AR-signaling can reduce 
stemness characteristics of these cells.  

IV. Role of Stem Cells in Tumor 
Progression 

Numerous studies have introduced discrete 
identities of cells that have stem cell-like features and 

experience shifts to adapt to a changing 
microenvironment as the disease progresses. A tumor’s 
cell-of-origin determines its characteristics, such as 
metastasis, drug resistance, heterogeneity, and 
immortality[17]. A tumor that originated from cancer 
stem cells arising late in the life of tumors will have 
limited metastatic ability, a homogenous phenotype, 
and a restricted chemokine-receptor profile[17]. 
Conversely, buildup of mutations in early stem cells can 
produce tumors with increased rates of metastasis that 
are driven by a heterogeneous collection of chemokine 
receptors[17]. The aggressive nature of tumors is 
dependent on the processes of tissue formation and 
differentiation that are applied in the early embryonic 
stages. For example, ectoderm and endoderm-derived 
tumors metastasize through thelymphatics, while 
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mesenchyme-derived tumors metastasize by 
hematogenous spread[17]. 

CSCs exhibit high plasticity, meaning that they 
can change their phenotype and their appearance. 
These changes can be caused by chemotherapy, 
radiotherapeutics, senescence, and resulting changes 
in the tumor microenvironment (TME) [17]. Senescence 
can have anti-tumor effects but can also have negative 
effects, such as the promotion of cancer stemness, 
which can in turn increase plasticity, leading to tumor 
relapse or metastasis [17], [18]. Recent studies have 
indicated the importance and urgency of diagnostic 
screening of the TME prior to and during treatment since 
therapeutic efficacy and adverse effects of anti-cancer 
drugs can be affected by the TME [19]. 

In recent years, studies have provided more 
evidence that cancer stem cells play a pivotal role in the 
regulation of the TME and immunotherapeutic response 
in HCC patients. Recent construction of an HCC 
stemness subtype classifier may offer insights into the 
interaction between CSCs and the TME and may also 
be an approach for selecting immunotherapeutic 
responders in the future[20]. 

The JAK/STAT3 signaling pathway has a 
significant role in different types of cancers. Its activation 
increases metastatic and tumorigenic capability and 
chemoresistance in cancer by enhancing epithelial-
mesenchymal transition EMT, which is related to 
stemness[21]. EMT is a critical regulator of cancer 
progression, regulating cancer spread, invasion, and 
survival[21]. Once activated,STAT3 enters the nucleus 
through importin-β1 and allows expression of genes that 
promote pathways that are critical for cancer 
survival[21]. 

V. Cancer Stem Cells and Prostate 
Cancer Survival 

 

 

 

 

VI. Stem Cell Markers 

Over the years, biomarkers have been gaining 
attention, especially because they are used in diagnosis, 
therapy, and prognosis, mostly in cancer patients. 

Cancer stems cells have been known to drive tumor 
initiation and relapse[25]. Cancer stem cells originate 
from either differentiated cells or adult tissue resident 
stem cells. Their importance in disease and 
development has led to investigation and discovery of 
stem cell biomarkers. In order to identify CSCs and 
distinguish them from non-CSC cancer cells, a variety of 
markers have been used. Common markers are 
CD133, CD44, IL-6R, and ALDH[26], [27]. These 
markers, which are predominantly expressed on stem-
like cells, correlate with apoptosis resistance and tumor 
cell growth as they are prevalent on CSCs with 
enhanced cellular survival phenotypes[28]. 

Genomic stemness-regulating regions have 
been investigated for use as a marker for stemness, 
such as the ERG + 85 enhancer region for leukemia 
stem cells [29].The use of a reporter to sort an 
ERG + 85High fraction of acute myelogenous leukemia 
cells showed the ability of this population to reconstitute 
the original tumor heterogeneity and was used to 
identify a 4-Hydroxyphenyl retinamide as an inhibitor of 
leukemia stem cells. This demonstrates the use of CSC 
markers to drive drug targeting[29]. 

VII. Effects of CSCS on Anti-cancer 
Therapy 

a) Correlation of Stemness with Therapy Resistance 
CSCs are more resistant to traditional therapies 

than other tumor cells and can adapt quickly to changes 
in the microenvironment. Radiotherapy, chemotherapy, 
or the cessation of treatment can trigger CSC 
resistance[30]. Tumorcell stemness has been 
associated with immune checkpoint inhibitor (ICI) 
resistance. A recent study used RNA sequencing to 
identify a pan-cancer signature corresponding to the 
stem.sig stemness-associated gene list that was 
predictive of ICI immunotherapy response[31]. Using 
CRISPR datasets, a list of genes involved in stemness 
whose knockout resulted in enhanced tumor immune 
response was generated. This evidence indicated that 
cancer stemness is associated with immunotherapy 
resistance and provided a genetic stemness profile that 
may potentially predict immunotherapy response[32]. 

VIII. Mechanisms of Drug Resistance in 
Cancer Stem Cells 

The mechanisms that protect CSCs from 
chemotherapy or radiotherapy are an area of ongoing 
investigation. Recently, emphasis has centered on the 
role of the DNA damage response (DDR) in the 
development of tumors. It has been reported that cancer 
metastasis may be facilitated by an enhanced DDR that 
shields CSC and chemoresistant cells from the 
genotoxic pressure of chemotherapeutic medicines or 
radiation[33]. 
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A comprehensive study by Tsudenomi et al 
(2019) concluded that there is no obvious link between 
CSCs and a patient’s ability to survive; however, it is an 
integral part of establishing a prognosis [22]. 
Conversely, another study by Yi et al. (2020) effectively 
proved that prognosis and CSCs have a more direct 
correlation than previously discussed[23]. Specifically, 
an experiment was conducted by Li et al. (2020) that 
showed “that B7-H4 is a potential PCa [prostate cancer] 
stemness-associated biomarker to predict the prognosis 
of PCa.”[24] This means that the B7-H4 gene is a stem 
cell-related gene, the overexpression of which can 
cause tumors to grow, thus establishing a link between 
CSCs and poor prognosis.



CSC populations are thought to drive 
chemoresistance and cancer relapse because of the 
capacity to self-renew and specialize into a variety of 
cancer cell lineages in response to chemotherapeutic 
drugs. Additionally, CSCs have the capacity enter a 
quiescent non-proliferative state, which supports their 
capacity to resist chemo- and radio-therapy[33]. 
Commonly used chemotherapy drugs induce apoptosis 
in dividing cells. Although effective cancer treatments kill 
most growing tumor cells, some CSCs survive because 
of decreased proliferation and chemoresistance and 
can initiate a relapse [25]. 

Special Emphasis: Implications of CSCs on Anti-
Androgen Therapy Response  

Male patients with castration-resistant prostate 
cancer (CRPC) have the option of treatment with the 
androgen receptor (AR) antagonist enzalutamide [14]. 
However, there area significant number of patients that 
do not respond to the treatment, and the causes behind 
this resistance are mostly unknown. Research by 
Alumkal et al. (2020) showed that those with 
enzalutamide resistance should be enrolled in clinical 
studies to collect tissue biopsies and apply medications 
to overcome resistance [14]. Menssouri et al. (2021) 
posited that AR resistance is related to multiple 
transcriptional processes that were previously active in 
pre-treatment samples[34]. O’Reilly et al. (2019) showed 
that CSCs and tumor relapse are connected on many 
levels. Also, hypoxic conditions that result from AR 
resistance cause a variety of signaling pathways to be 
activated, which elevates stem cell markers and 
promotes prostate CSC proliferation[35]. Thus, targeting 
hypoxic signaling pathways might prevent stem cell 
appearance and lessen resistance. Androgen 
deprivation therapy resistance has been found to be 
facilitated by increased expression of Fra1 and PTTG1, 
which is induced by STAT3 binding to their 
promoters[21]. Similarly, the stemness of glioblastoma 
cells is maintained when RTVP1 expression is promoted 
by the binding of both C/EBPβ and STAT3 to the RTVP-1 
promoter, which is linked to poor clinical outcomes[21]. 
These findings open the door to a more thorough 
comprehension of the significance of CSC in castration-
resistant prostate cancer and resistance to AR 
antagonism with enzalutamide[36]. 

Recently, cell plasticity has become a target for 
therapy in prostate cancer. Tumor cells may transform 
into a distinct subtypes in response to anticancer 
therapy, such as the neuroendocrine phenotype, which 
is linked to treatment failure [37]. Sánchez et al. (2020) 
proposed a new mechanism for the plasticity of prostate 
cancervia AMP protein kinase[37]. Prostate cancer cells 
showed signs of neuroendocrine morphology and 
expressed more neuroendocrine markers and neuron-
specific enolase, which was correlated with increased 
expression of stem cell markers and resistance to AR 

[37]. In stem-like cells, overexpression of AMPK reduced 
the expression of stem markers and hypoxia-inducible 
factor (HIF-1). Also, docetaxel sensitivity was restored in 
stem-like AMPK-transfected cells [37]. 

IX. Stemness as a Therapeutic Target 

a) Sensitizing cancer stem cells to cytotoxic 
therapy/radiation 

One promising method for sensitizing breast 
cancer stem cells (BCSCs) to cytotoxic therapy is 
targeting the Fbxw7 gene, which maintains cell 
dormancy. Inhibition of Fbxw7 stimulates BCSCs to 
progress from the G0 quiescence phase can sensitize 
these CSCs to current therapies [38], [39]. The 
antirheumatic drug, sulfasalazine, has also shown to be 
effective in achieving therapy success by making CSCs 
more sensitive to radiation [38]. Targeting ATM signaling 
using an ATM inhibitor is able to 
resensitizeCD44+/CD24− BCSCs to radiation [38]. 
Similarly, inhibition of ATM/ATR signaling and 
downstream targets such as PARP1 and Wee1 
increased the sensitivity of CSCs of multiple cancer 
types to chemotherapy and radiation [40]. Moreover, the 
promotion of BCSCs development by HIF-1α in hypoxic 
conditions can be targeted using ganetespib (a second-
generation HSP90 and HIF-1α inhibitor)to sensitize 
BCSCs to chemotherapy in vivo and in vitro [38]. In 
addition, sequential treatment of patient-derived 
colorectal cancer xenografts with 5-fluorouracil (5-FU) or 
chemoradiotherapy (CRT) followed by evofosfamide (a 
hypoxia-activated prodrug) inhibited tumor growth and 
decreased the colorectal cancer initiating cell fraction 
[41]. Furthermore, Croker et al. showed that the 
inhibition of ALDH activity by using ALDH inhibitors, 
such as all-trans retinoic acid (ATRA) and 
diethylaminobenzaldehyde (DEAB), can make TNBC 
cells more sensitiveto chemotherapy and radiotherapy 
[42]. Similarly, silencing ALDH gene expression in 
ALDH-expressing ovarian CSCs reverses 
chemoresistance in these cells [43].  
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Another method for sensitizing CSCs is by 
targeting NOTCH signaling, which has been shown to 
sensitize patient-derived glioma stem cells to 
radiotherapy in vitro and to prevent xenograft formation 
[44]. In addition, inhibiting WNT/β-catenin pathway by 
using imatinib, a c-KIT/CD117 inhibitor, or anti-CD117 
siRNA can reverse chemoresistance [45]–[48]. This was 
shown in pre-clinical models where the number of 
cancer stem cells decreased in squamous cell 
carcinoma and breast cancer xenografts, allowing 
therapeutic resistance to be overcome [48]–[50][. 
Nanotechnology has offered a novel way to target CSCs 
by enhancing local drug delivery. For example, 
PEGylated gold nanoparticles fused with anti-CD44 
antibody greatly enhanced the targeting of breast and 
gastric cancer stem cells [51], [52]. In addition, using 



carbon nanoparticle-mediated hyperthermia allows 
heating of cancer stem cells to overcome resistance by 
generating intense localized heat inside these cells 
which can reach temperatures above 50 ◦C [53]. Finally, 
Hh-activated CAF targeting in patient-derived xenografts 
using smoothened inhibitors (SMOi) can inhibit FGF 
signaling to suppress CSC populations and overcome 
chemoresistance [54]. 

b) Targeted therapy directed toward cancer stem cells 
Disrupting CAF-CSC crosstalk is an attractive 

approach to targeting CSCs. Using Stattic, a STAT3 
inhibitor, to block IL-6/IL-6R/STAT3 signaling can reduce 
stemness of BCSCs [55]. Additionally, the STAT3 
antisense oligonucleotide AZD9150 exhibits antitumor 
tumor activity in refractory lymphoma and NSCLC 
clinical trials [54]. Further, CCL2-neutralizing antibodies 
and inhibitors of α- and γ-secretases that activate 
NOTCH have reduced stemness and stopped 
metastasis of breast cancer cells and glioblastoma cells 
in preclinical studies [57], [58]. Moreover, using 
AMD3100 (plerixafor) to block SDF-1/CXCR4 signaling 
greatly suppresses the CSC population in breast, colon 
and renal cancers[59]–[61]. However, these 
interventions have been relatively ineffective in patients 
with solid tumors [60]–[63]. On the other hand, using 
BKM120 or Ly294002 to block PI3K/AKT signaling can 
kill CSCs in can kill colon, prostate and breast cancers 
[66]–[69], and the PI3K inhibitors PX-866 [73], alpelisib 
[74], PQR309 [75] and pictilisib [76] were effective in 
patients with solid tumors [70]–[73].  

LGK974, Wnt-C59, and cyclosporin A, which 
inhibit the WNT/β-catenin pathway are able to inhibit the 
proliferation of CSCs in different cancers [74]–[76]. It 
has also been shown that vismodegib, a Hedgehog 
inhibitor, inhibits proliferation and triggers apoptosis in 
breast, colon, and prostate cancers [77]–[79]. 
Sonidegib, another hedgehog inhibitor, has shown to 
inhibit CAF activation and reduce the CSC population in 
triple-negative breast cancer[54]. Another approach is 
targeting the metabolism of CSCs. One of the most 
studied strategies that targets metabolism is the use of 
compounds that block electron transport chain (ETC) 
complexes, which inhibits mitochondrial respiration[80]. 
Antidiabetic drugs such as metformin and phenformin 
can act as ETC inhibitors to impair oxidative 
phosphorylation in CSCs[80]. In addition, antibiotics like 
doxycycline, tigecycline and bedaquiline can target 
mitochondrial translation and biogenesis {cite}. A 
method for selective drug delivery in mitochondria can 
be adopted using chemotherapeutics and small drug-
conjugated nanocarriers[80]. Targeting lipid metabolism 
is another pan-CSC strategy. Stearoyl-CoA desaturase 1 
(SCD-1) inhibitors have shown to target properties of 
stemness in cancer models in vitro and in vivo[80]. 
Statins can also be used to inhibit cholesterol synthesis 
via the mevalonate pathway[80]. Lipid uptake can be 

targeted using strategies revolving around inhibition of 
the transporter CD36 either pharmacologically or using 
blocking antibodies [80].  

Treatment with salinomycin-encapsulated 
lipid-PLGA nanoparticles conjugated with CD44 
antibodies has resulted in improved cytotoxic effects on 
CD44+ prostate cancer initiating cells with enhanced 
suppression of tumorsphere formation [81]. Using 
drugs, antibodies, vaccines, and CAR-T cells to target 
transcription factors, intracellular signaling pathways 
such as Hedgehog, Notch, Wnt signaling, extracellular 
factors, CSC-associated surface markers, apoptotic 
pathways, and CSC-niche interactions presents several 
effective ways to target CSCs [39], [82]. Lv et al. 
showed that vitamin C uptake via sodium-dependent 
vitamin C transporter 2 (SVCT-2) induced apoptosis in 
liver cancer stem cells in vitro and in vivo experiments 
[83]. Furthermore, in a phase II trial, Brown et al. 
demonstrated that using Metformin as a treatment 
caused a major reduction in the CSC population, a 
change in DNA methylation of carcinoma-associated 
mesenchymal stem cells (CA-MSCs), and elimination of 
increased chemoresistance caused by CA-MSCs [84]. 

c) Directing immunotherapy to cancer stem cells  
A small number of immunotherapyoptions to 

target CSCs exist to date and include adaptive T-
cells, dendritic cell (DC)-based vaccines, and immune 
checkpoint inhibitors[85], [86].The discovery of 
ICIs dramatically changed the standard-of-care practice 
in oncology allowing for the targeting of tumor 
immunity. CSCs represent a unique subpopulation of 
tumor cells that initiate and perpetuate tumors. CSCs 
are recognized as acore cause of drug resistance, 
cancer relapse, invasion, and migration. CSC self-
renewal and immune evasion can be driven by 
dysregulated FTO(Fat mass and obesity-associated 
protein)[87]. FTO has been reported to be upregulated 
in many tumors[87]. Targeting FTO helps to suppress 
tumor growth, potentiates immunotherapy, and 
attenuates drug resistance[87]. Inhibition of FTO can 
dramatically change immune response by suppressing 
expression of immune checkpoint genes[87]. It has 
been reported that two potent small-molecule FTO 
inhibitors exhibit strong anti-tumor effects in multiple 
types of cancers[87]. This study was conducted using 
samples from patients with newly diagnosed, after 
treatment, or relapsed leukemia. Through a series of 
screening and validation assays the authors discovered 
that the FTO inhibitors CS1 and CS2 displayed potent 
anti-leukemic effects in vitro by selectively suppressing 
FTO activity and signaling leading to the activation of 
apoptosis. The potent anti-tumor efficacy and minimal 
side effects of CS1 and CS2 observed in this study 
suggest a high potential for clinical application. In 
addition to hematopoietic malignancies, FTO has also 
been reported to play oncogenic roles in many types of 

21

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



solid tumors (glioblastoma, breast cancer, and 
pancreatic cancer)[87]. This evidence confirms the 
broad therapeutic potential of immunotherapy targeting 
CSCs in various types of cancers, particularly FTO 
inhibitors. 

d) Vaccination against CSCs 

 

 
 

 
  

X. Therapeutic Markers 

CSCs express immune resistance markers and 
exhibit specific immune characteristics in various 
cancers. This phenomenon can be exploited using 
immunotherapies to target CSCs [27].A literature review 
concluded that as a sub population of bulk tumors, 
CSCs resist conventional cancer therapies, escaping 
from antitumor immunity through lower expression of 
immune receptors [89]. This prompts a drive toward the 
development of smarter, CSC-targeted, therapeutic 
approaches using specific CSCs markers.  

a) Markers for the use of immune checkpoint inhibitors 

The development of ICIs marked a new era in 
anti-cancer therapy. This treatment modality has 
resulted in favorable responses and substantial 
improvement in survival in various cancer 
types. Therefore, increasing attention is being paid to 
the identification of predictive biomarkers for the efficacy 
of ICIs. Identifying predictive biomarkers can help to 
understand whether ICIs will be effective in tumor 
suppression. Such information can influence decision-
making toward individualized anti-tumor immunotherapy 
and help to monitor drug efficacy and progression of the 
disease. PD-L1 immune checkpoint ligand has been 
shown to be expressed highly in CSCs, to contribute to 
the stemness of these cells, and to mediate immune 
evasion [89]. 

XI. Looking Forward 

Tumors consist of heterogeneous cell 
populations. This heterogeneity plays key roles in 
regulating tumor initiation, metastasis, recurrence, and 
resistance to anti-tumor therapies [39]. Defining the 
regulatory mechanisms of heterogeneity is essential for 
targeting BCSCs and treating breast cancer [90]. A 
recent study outlines discoveries of novel regulators of 
BCSCs and their niches for BCSC heterogeneity[54]. In 
this study, hedgehog signaling in tumor cells led to the 
reprogramming of cancer-associated fibroblast to 
support a CSC phenotype that was resistant to 
chemotherapy. The authors highlight that using this new 
data allows for better prognosis and prediction of 
therapeutic efficacy, which may provide novel and more 
efficient treatment strategies[54].  

Hypoxia is a common feature of tumors that 
presents opportunity for future therapies, developing 
because of the rapid growth of tumors, outpacing 
oxygen supply. Hypoxia is affected by blood flow, which 
is counteracted by formation of abnormal blood vessels 
(“neo-vessels”) supplying the tumor. Tumor hypoxia is 
associated with the invasion, metastasis, tumor survival, 
suppression of anti-tumor immunity, and hampered 
therapeutic response. Several potential mechanisms 
may play a role in these phenotypes, including 
alteredgene expression, activation of oncogenes, 
inactivation of suppressor genes, genomic instability, 
and clonal selection [90]. A. Emami Nejad et al. 
studied the effects of hypoxia on tumor biology and 
possible strategies to manage the hypoxic tumor 
microenvironment [68]. The authors noted that hypoxia 
enhances the aggressiveness of tumors and creates a 
barrier to conventional cancer therapy, including 
radiotherapy, chemotherapy, and phototherapy, 
confirming that tumors that are hypoxic are associated 
with a poorer outcomes[90]. The role of hypoxic CSCs in 
tumor expansion and malignant progression favoring 
immune escape has been highlighted[54].  

The effects of hypoxia on tumor cells are 
mediated by hypoxia inducible factors (HIFs). HIFs 
upregulate the expression of angiogenic factors, 
particularly VEGF in CSCs, and promote tumor 
angiogenesis [90]. HIF proteins are master regulators of 
oxygen homeostasis. Therefore targeting HIFs is an 
attractive strategy in the treatment of tumors. Several 
approaches have been identified for targeting hypoxia 
including, hypoxia-activated prodrugs (HAPs), specific 
targeting of HIFs, and targeting downstream HIF 
signaling pathways or critical pathways specific to 
hypoxic cells (such as mTOR and UPR) [90]. A. 
EmamiNejad et al. concluded that HIF stabilization in 
hypoxic tumor cells induces the expression of specific 
target genes encoding proteins that promote neo-
angiogenesis (VEGF), metabolic changes, stemness 
and metastasis[90]. It has also been noted that effective 
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A growing body of evidence suggests that 
complete tumor eradication is impossible without 
effective elimination of cancer stem cells (CSCs). The 
resistant nature of CSCs makes conventional 
chemotherapy inefficient. For example, breast cancer 
stem cells (BCSC) activate molecular pathways that 
render them resistant to current therapies, such as the 
increased functionality of DNA-repair mechanisms, the 
overexpression of detoxifying enzymes, enhanced anti-
oxidant capabilities, and resistance to apoptosis [85].
Therefore, targeted immunotherapy using vaccines may 
be a compelling option [27]. BCSCs possess several 
mechanisms to evade the immune response, thus use 
of vaccines for the treatment of chemoresistant breast 
cancer, perhaps in combination with ICIs, may be an 
attractive modality. Currently, there are two tumor 
vaccine options that are being studied: DC (dendritic 
cell)-based vaccines [86] and vaccines consisting of 
irradiated induced pluripotent stem cells (iPSC). Both 
are undergoing clinical trials but have not thus far been 
approved for targeted immunotherapy for cancer[89].



anti-angiogenic (VEGF) therapy may be achieved in 
combination with inhibitors of tumor hypoxic adaptation 
[54]. 

XII. Conclusion 

In summary, stemness in tumor cells is an 
indicator of therapeutic resistance and prognosis. 
Refinement of the markers of stemness used to identify 
these cells and their phenotypes in cancers is leading to 
the ability to predict treatment responses and develop 
new approaches to the effective elimination of resistant 
tumor cell populations. Better understanding of the 
nature of cancer stem cells heightens our awareness of 
the appropriate application of emergent therapy 
modalities, such as immune checkpoint inhibitors, tumor 
vaccines, and hypoxia-targeted drugs. Improved 
understanding of tumor biology is not possible without 
the intimate understanding of the role of the cancer 
stem cell as a critical player in the initiation, 
maintenance, and progression of cancer.  

References Références Referencias
 

1.
 

A. K. Yadav and N. S. Desai, “Cancer Stem Cells: 
Acquisition, Characteristics, Therapeutic 
Implications, Targeting Strategies and Future 
Prospects,” Stem Cell Rev. Rep., vol. 15, no. 3, pp. 
331–355, Jun. 2019, doi: 10.1007/s12015-019-
09887-2.

 

2.
 

S. M. Afify and M. Seno, “Conversion of Stem Cells 
to Cancer Stem Cells: Undercurrent of Cancer 
Initiation,” Cancers, vol. 11, no. 3, Art. no. 3, Mar. 
2019, doi: 10.3390/cancers11030345.

 

3.
 

M. R. Atashzar et al., “Cancer stem cells: A review 
from origin to therapeutic implications,” J. Cell. 
Physiol., vol. 235, no. 2, pp. 790–803, 2020, doi: 
10.1002/jcp.29044.

 

4.
 

P. M. Aponte and A. Caicedo, “Stemness in Cancer: 
Stem Cells, Cancer Stem Cells, and Their 
Microenvironment,” Stem Cells Int., vol. 2017, p. 
e5619472, Apr. 2017, doi: 10.1155/2017/5619472.

 

5.
 

V. Snyder, T. C. Reed-Newman, L. Arnold, S. M. 
Thomas, and S. Anant, “Cancer Stem Cell 
Metabolism and Potential Therapeutic Targets,” 
Front. Oncol., vol. 8, 2018, Accessed: Oct. 27, 2022. 
[Online]. Available: https://www.frontiersin. 
org/articles/10.3389/fonc.2018.00203

 

6.

 
Y. Atlasi, L. Looijenga, and R. Fodde, “Chapter 
Thirteen - Cancer Stem Cells, Pluripotency, and 
Cellular Heterogeneity: A WNTer Perspective,” in 
Current Topics in Developmental

 

Biology, vol. 107, 
M. Rendl, Ed. Academic Press, 2014, pp. 373–404. 
doi: 10.1016/B978-0-12-416022-4.00013-5.

 

7.

 
R. Leão, C. Domingos, A. Figueiredo, R. Hamilton, 
U. Tabori, and P. Castelo-Branco, “Cancer Stem 
Cells in Prostate Cancer: Implications for Targeted 

Therapy,” Urol. Int., vol. 99, no. 2, pp. 125–136, 
2017, doi: 10.1159/000455160. 

8. S.-M. Tu and S.-H. Lin, “Prostate Cancer Stem 
Cells,” Clin. Genitourin. Cancer, vol. 10, no. 2, pp. 
69–76, Jun. 2012, doi: 10.1016/j.clgc.2012.01.002. 

9. W. Mei, X. Lin, A. Kapoor, Y. Gu, K. Zhao, and D. 
Tang, “The Contributions of Prostate Cancer Stem 
Cells in Prostate Cancer Initiation and Metastasis,” 
Cancers, vol. 11, no. 4, Art. no. 4, Apr. 2019, doi: 
10.3390/cancers11040434. 

10. A. Vicente-Dueñas, J. Hauer, C. Cobaleda, A. 
Borkhardt, and I. Sánchez-García, “Epigenetic 
Priming in Cancer Initiation,” Trends Cancer, vol. 4, 
no. 6, pp. 408–417, Jun. 2018, doi: 
10.1016/j.trecan.2018.04.007. 

11. D.-Y. Sun, J.-Q. Wu, Z.-H. He, M.-F. He, and H.-B. 
Sun, “Cancer-associated fibroblast regulate 
proliferation and migration of prostate cancer cells 
through TGF-β signaling pathway,” Life Sci., vol. 
235, p. 116791, Oct. 2019, doi: 10.1016/ 
j.lfs.2019.116791. 

12. A. Begum et al., “Direct Interactions With Cancer-
Associated Fibroblasts Lead to Enhanced 
Pancreatic Cancer Stem Cell Function,” Pancreas, 
vol. 48, no. 3, pp. 329–334, Mar. 2019, doi: 
10.1097/MPA.0000000000001249. 

13. X. Liu, W. (Jess) Li, I. Puzanov, D. W. Goodrich, G. 
Chatta, and D. G. Tang, “Prostate cancer as a 
dedifferentiated organ: androgen receptor, cancer 
stem cells, and cancer stemness,” Essays 
Biochem., vol. 66, no. 4, pp. 291–303, Sep. 2022, 
doi: 10.1042/EBC20220003. 

14. J. J. Alumkal et al., “Transcriptional profiling 
identifies an androgen receptor activity-low, 
stemness program associated with enzalutamide 
resistance,” Proc. Natl. Acad. Sci., vol. 117, no. 22, 
pp. 12315–12323, Jun. 2020, doi: 10.1073/ 
pnas.1922207117. 

15. P. Vummidi Giridhar, K. Williams, A. P. VonHandorf, 
P. L. Deford, and S. Kasper, “Constant Degradation 
of the Androgen Receptor by MDM2 Conserves 
Prostate Cancer Stem Cell Integrity,” Cancer Res., 
vol. 79, no. 6, pp. 1124–1137, Mar. 2019, doi: 
10.1158/0008-5472.CAN-18-1753. 

16. A. Srinivasan, L. Senbanjo, S. Majumdar, R. B. 
Franklin, and M. A. Chellaiah, “Androgen receptor 
expression reduces stemness characteristics of 
prostate cancer cells (PC3) by repression of CD44 
and SOX2,” J. Cell. Biochem., vol. 120, no. 2, pp. 
2413–2428, 2019, doi: 10.1002/jcb.27573. 

17. V. Richard, T. R. S. Kumar, and R. M. Pillai, 
“Transitional dynamics of cancer stem cells in 
invasion and metastasis,” Transl. Oncol., vol. 14, no. 
1, p. 100909, Jan. 2021, doi: 10.1016/ j.tranon. 
2020.100909. 

18. S. Qin, B. A. Schulte, and G. Y. Wang, “Role of 
senescence induction in cancer treatment,” World J. 

23

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



Clin. Oncol., vol. 9, no. 8, pp. 180–187, Dec. 2018, 
doi: 10.5306/wjco.v9.i8.180. 

19. L. Walcher et al., “Cancer Stem Cells—Origins and 
Biomarkers: Perspectives for Targeted Personalized 
Therapies,” Front. Immunol., vol. 11, 2020, 
Accessed: Nov. 03, 2022. [Online]. Available: 
https://www.frontiersin.org/articles/10.3389/fimmu.2
020.01280 

20. A. Chen et al., “Integrated Machine Learning and 
Bioinformatic Analyses Constructed a Novel 
Stemness-Related Classifier to Predict Prognosis 
and Immunotherapy Responses for Hepatocellular 
Carcinoma Patients,” Int. J. Biol. Sci., vol. 18, no. 1, 
pp. 360–373, Jan. 2022, doi: 10.7150/ijbs.66913. 

21. W. Jin, “Role of JAK/STAT3 Signaling in the 
Regulation of Metastasis, the Transition of Cancer 
Stem Cells, and Chemoresistance of Cancer by 
Epithelial–Mesenchymal Transition,” Cells, vol. 9, 
no. 1, Art. no. 1, Jan. 2020, doi: 10.3390/ 
cells9010217. 

22. R. Tsunedomi, K. Yoshimura, N. Suzuki, S. Hazama, 
and H. Nagano, “Clinical implications of cancer 
stem cells in digestive cancers: acquisition of 
stemness and prognostic impact,” Surg. Today, vol. 
50, no. 12, pp. 1560–1577, Dec. 2020, doi: 
10.1007/s00595-020-01968-x. 

23. L. Yi et al., “Integrative stemness characteristics 
associated with prognosis and the immune 
microenvironment in esophageal cancer,” 
Pharmacol. Res., vol. 161, p. 105144, Nov. 2020, 
doi: 10.1016/j.phrs.2020.105144. 

24. H. Li, L. Piao, S. Liu, Y. Cui, and Y. Xuan, “B7-H4 is 
a potential prognostic biomarker of prostate 
cancer,” Exp. Mol. Pathol., vol. 114, p. 104406, Jun. 
2020, doi: 10.1016/j.yexmp.2020.104406. 

25. L. T. H. Phi et al., “Cancer Stem Cells (CSCs) in 
Drug Resistance and their Therapeutic Implications 
in Cancer Treatment,” Stem Cells Int., vol. 2018, p. 
e5416923, Feb. 2018, doi: 10.1155/2018/5416923. 

26. C. Wefers, G. Schreibelt, L. F. A. G. Massuger, I. J. 
M. de Vries, and R. Torensma, “Immune Curbing of 
Cancer Stem Cells by CTLs Directed to NANOG,” 
Front. Immunol., vol. 9, 2018, Accessed: Nov. 04, 
2022. [Online]. Available: https://www.frontiersin. 
org/articles/10.3389/fimmu.2018.01412 

27. N. Badrinath and S. Y. Yoo, “Recent Advances in 
Cancer Stem Cell-Targeted Immunotherapy,” 
Cancers, vol. 11, no. 3, Art. no. 3, Mar. 2019, doi: 
10.3390/cancers11030310. 

28. Z. Wang, K. Zhao, T. Hackert, and M. Zöller, 
“CD44/CD44v6 a Reliable Companion in Cancer-
Initiating Cell Maintenance and Tumor Progression,” 
Front. Cell Dev. Biol., vol. 6, 2018, Accessed: Oct. 
27, 2022. [Online]. Available: https://www.frontiersin. 
org/articles/10.3389/fcell.2018.00097 

29. M. Yassin et al., “A novel method for detecting the 
cellular stemness state in normal and leukemic 

human hematopoietic cells can predict disease 
outcome and drug sensitivity,” Leukemia, vol. 33, 
no. 8, Art. no. 8, Aug. 2019, doi: 10.1038/s41375-
019-0386-z. 

30. M. Najafi, K. Mortezaee, and J. Majidpoor, “Cancer 
stem cell (CSC) resistance drivers,” Life Sci., vol. 
234, p. 116781, Oct. 2019, doi: 10.1016/j.lfs. 
2019.116781. 

31. M. Zhang, X. Wang, X. Chen, F. Guo, and J. Hong, 
“Prognostic Value of a Stemness Index-Associated 
Signature in Primary Lower-Grade Glioma,” Front. 
Genet., vol. 11, 2020, Accessed: Nov. 03, 2022. 
[Online]. Available: https://www.frontiersin.org/ 
articles/10.3389/fgene.2020.00441 

32. “Integrated analysis of single-cell and bulk RNA 
sequencing data reveals a pan-cancer stemness 
signature predicting immunotherapy response | 
Springer Link.” https://link.springer.com/article/ 

10.1186/s13073-022-01050-w (accessed Nov. 04, 
2022). 

33. A. Abad, D. Graifer, and A. Lyakhovich, “DNA 
damage response and resistance of cancer stem 
cells,” Cancer Lett., vol. 474, pp. 106–117, Apr. 
2020, doi: 10.1016/j.canlet.2020.01.008. 

34.
 
N. Menssouri et al., “Abstract 358: A prospective 
study of prostate cancer metastases identifies an 
androgen receptor activity-low, stemness program 
associated with resistance to androgen receptor 
axis inhibitors and unveils mechanisms of clonal 
evolution,” Cancer Res., vol. 81, no. 
13_Supplement, p. 358, Jul. 2021, doi: 
10.1158/1538-7445.AM2021-358.

 

35.
 
D. O’Reilly, P. Johnson, and P. J. Buchanan, 
“Hypoxia induced cancer stem cell enrichment 
promotes resistance to androgen deprivation 
therapy in prostate cancer,” Steroids, vol. 152, p. 
108497, Dec. 2019, doi: 10.1016/j.steroids.2019.

 

108497.
 

36.
 
J. R. Federer-Gsponer et al., “Patterns of stemness-
associated markers in the development of 
castration-resistant prostate cancer,” The Prostate, 
vol. 80, no. 13, pp. 1108–1117, 2020, doi: 
10.1002/pros.24039.

 

37.
 
B. G. Sánchez, A. Bort, D. Vara-Ciruelos, and I. 
Díaz-Laviada, “Androgen Deprivation Induces 
Reprogramming of Prostate Cancer Cells to Stem-
Like Cells,” Cells, vol. 9, no. 6, Art. no. 6, Jun. 2020, 
doi: 10.3390/cells9061441.

 

38.
 
S. Palomeras, S. Ruiz-Martínez, and T. Puig, 
“Targeting Breast Cancer Stem Cells to Overcome 
Treatment Resistance,” Molecules, vol. 23, no. 9, 
Art. no. 9, Sep. 2018, doi: 10.3390/molecules

 

23092193.
 

39.
 
C. Saygin, D. Matei, R. Majeti, O. Reizes, and J. D. 
Lathia, “Targeting Cancer Stemness in the Clinic: 
From Hype to Hope,” Cell Stem Cell, vol. 24, no. 1, 

24

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



pp. 25–40, Jan. 2019, doi: 10.1016/j.stem. 
2018.11.017. 

40. “Cancer stem cells: Road to therapeutic resistance 
and strategies to overcome resistance – Science 
Direct.” https://www.sciencedirect.com/science/ 
article/pii/S0925443918304769 (accessed Nov. 04, 
2022). 

41. J. Haynes et al., “Administration of Hypoxia-
Activated Prodrug Evofosfamide after Conventional 
Adjuvant Therapy Enhances Therapeutic Outcome 
and Targets Cancer-Initiating Cells in Preclinical 
Models of Colorectal Cancer,” Clin. Cancer Res., 
vol. 24, no. 9, pp. 2116–2127, Apr. 2018, doi: 
10.1158/1078-0432.CCR-17-1715. 

42. A. K. Croker and A. L. Allan, “Inhibition of aldehyde 
dehydrogenase (ALDH) activity reduces 
chemotherapy and radiation resistance of stem-like 
ALDHhiCD44+ human breast cancer cells,” Breast 
Cancer Res. Treat., vol. 133, no. 1, pp. 75–87, May 
2012, doi: 10.1007/s10549-011-1692-y. 

43. B. N. Landen et al., “Targeting aldehyde 
dehydrogenase cancer stem cells in ovarian 
cancer,” Mol. Cancer Ther., vol. 9, no. 12, pp. 3186–
3199, Dec. 2010, doi: 10.1158/1535-7163.MCT-10-
0563. 

44. J. Wang et al., “Notch Promotes Radioresistance of 
Glioma Stem Cells,” Stem Cells, vol. 28, no. 1, pp. 
17–28, Jan. 2010, doi: 10.1002/stem.261. 

45. W. K. Chau, C. K. Ip, A. S. C. Mak, H.-C. Lai, and A. 
S. T. Wong, “c-Kit mediates chemoresistance and 
tumor-initiating capacity of ovarian cancer cells 
through activation of Wnt/β-catenin-ATP-binding 
cassette G2 signaling,” Oncogene, vol. 32, no. 22, 
pp. 2767–2781, May 2013, doi: 10.1038/onc. 
2012.290. 

46. L. Luo et al., “Ovarian cancer cells with the CD117 
phenotype are highly tumorigenic and are related to 
chemotherapy outcome,” Exp. Mol. Pathol., vol. 91, 
no. 2, pp. 596–602, Oct. 2011, doi: 10.1016/ 
j.yexmp.2011.06.005. 

47. S. Zhang et al., “Identification and characterization 
of ovarian cancer-initiating cells from primary human 
tumors,” Cancer Res., vol. 68, no. 11, pp. 4311–
4320, Jun. 2008, doi: 10.1158/0008-5472.CAN-08-
0364. 

48. T. Nunes et al., “Targeting Cancer Stem Cells to 
Overcome Chemoresistance,” Int. J. Mol. Sci., vol. 
19, no. 12, Art. no. 12, Dec. 2018, doi: 
10.3390/ijms19124036. 

49. A. Malanchi et al., “Interactions between cancer 
stem cells and their niche govern metastatic 
colonization,” Nature, vol. 481, no. 7379, pp. 85–89, 
Jan. 2012, doi: 10.1038/nature10694. 

50. G.-B. Jang et al., “Blockade of Wnt/β-catenin 
signaling suppresses breast cancer metastasis by 
inhibiting CSC-like phenotype,” Sci. Rep., vol. 5, no. 
1, Art. no. 1, Jul. 2015, doi: 10.1038/srep12465. 

51. S. Patskovsky, E. Bergeron, and M. Meunier, 
“Hyperspectral darkfield microscopy of PEGylated 
gold nanoparticles targeting CD44-expressing 
cancer cells,” J. Biophotonics, vol. 8, no. 1–2, pp. 
162–167, 2015, doi: 10.1002/jbio.201300165. 

52. S. Liang et al., “CD44v6 Monoclonal Antibody-
Conjugated Gold Nanostars for Targeted 
Photoacoustic Imaging and Plasmonic 
Photothermal Therapy of Gastric Cancer Stem-like 
Cells,” Theranostics, vol. 5, no. 9, pp. 970–984, 
2015, doi: 10.7150/thno.11632. 

53. A. R. Burke et al., “The resistance of breast cancer 
stem cells to conventional hyperthermia and their 
sensitivity to nanoparticle-mediated photothermal 
therapy,” Biomaterials, vol. 33, no. 10, pp. 2961–
2970, Apr. 2012, doi: 10.1016/j.biomaterials. 
2011.12.052. 

54. A. S. Cazet et al., “Targeting stromal remodeling 
and cancer stem cell plasticity overcomes 
chemoresistance in triple negative breast cancer,” 
Nat. Commun., vol. 9, no. 1, p. 2897, Jul. 2018, doi: 
10.1038/s41467-018-05220-6. 

55. M. J. Bissell and D. Radisky, “Putting tumours in 
context,” Nat. Rev. Cancer, vol. 1, no. 1, pp. 46–54, 
Oct. 2001, doi: 10.1038/35094059. 

56. D. Hong et al., “AZD9150, a next-generation 
antisense oligonucleotide inhibitor of STAT3 with 
early evidence of clinical activity in lymphoma and 
lung cancer,” Sci. Transl. Med., vol. 7, no. 314, p. 
314ra185, Nov. 2015, doi: 10.1126/scitranslmed. 

aac5272. 

57. A. Tsuyada et al., “CCL2 mediates cross-talk 
between cancer cells and stromal fibroblasts that 
regulates breast cancer stem cells,” Cancer Res., 
vol. 72, no. 11, pp. 2768–2779, Jun. 2012, doi: 
10.1158/0008-5472.CAN-11-3567. 

58. X. Ding et al., “Effects of NOTCH1 signaling inhibitor 
γ-secretase inhibitor II on growth of cancer stem 
cells,” Oncol. Lett., vol. 16, no. 5, pp. 6095–6099, 
Nov. 2018, doi: 10.3892/ol.2018.9377. 

59.
 
S. Zhang et al., “CD133(+)CXCR4(+) colon cancer 
cells exhibit metastatic potential and predict poor 
prognosis of patients,” BMC Med., vol. 10, p. 85, 
Aug. 2012, doi: 10.1186/1741-7015-10-85.

 

60.
 
M. Huang, Y. Li, H. Zhang, and F. Nan, “Breast 
cancer stromal fibroblasts promote the generation 
of CD44+CD24- cells through SDF-1/CXCR4 
interaction,” J. Exp. Clin. Cancer Res. CR, vol. 29, 
no. 1, p. 80, Jun. 2010, doi: 10.1186/1756-9966-29-
80.

 

61.
 
W. Xiao, Z. Gao, Y. Duan, W. Yuan, and Y. Ke, 
“Notch signaling plays a crucial role in cancer stem-
like cells maintaining stemness and mediating 
chemotaxis in renal cell carcinoma,” J. Exp. Clin. 
Cancer Res. CR, vol. 36, no. 1, p. 41, Mar. 2017, 
doi: 10.1186/s13046-017-0507-3.

 

25

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



62. D. E. Johnson, R. A. O’Keefe, and J. R. Grandis, 
“Targeting the IL-6/JAK/STAT3 signalling axis in 
cancer,” Nat. Rev. Clin. Oncol., vol. 15, no. 4, pp. 
234–248, Apr. 2018, doi: 10.1038/nrclinonc.2018.8. 

63. K. J. Pienta et al., “Phase 2 study of carlumab 
(CNTO 888), a human monoclonal antibody against 
CC-chemokine ligand 2 (CCL2), in metastatic 
castration-resistant prostate cancer,” Invest. New 
Drugs, vol. 31, no. 3, pp. 760–768, Jun. 2013, doi: 
10.1007/s10637-012-9869-8. 

64. C. Even et al., “Safety and clinical activity of the 
Notch inhibitor, crenigacestat (LY3039478), in an 
open-label phase I trial expansion cohort of 
advanced or metastatic adenoid cystic carcinoma,” 
Invest. New Drugs, vol. 38, no. 2, pp. 402–409, Apr. 
2020, doi: 10.1007/s10637-019-00739-x. 

65. M. W. den Hollander et al., “TGF-β Antibody Uptake 
in Recurrent High-Grade Glioma Imaged with 89Zr-
Fresolimumab PET,” J. Nucl. Med. Off. Publ. Soc. 
Nucl. Med., vol. 56, no. 9, pp. 1310–1314, Sep. 
2015, doi: 10.2967/jnumed.115.154401. 

66. M. Todaro et al., “CD44v6 is a marker of constitutive 
and reprogrammed cancer stem cells driving colon 
cancer metastasis,” Cell Stem Cell, vol. 14, no. 3, 
pp. 342–356, Mar. 2014, doi: 10.1016/j.stem. 

2014.01.009. 

67. Y. Cheng et al., “Osteopontin Promotes Colorectal 
Cancer Cell Invasion and the Stem Cell-Like 
Properties through the PI3K-AKT-GSK/3β-β/Catenin 
Pathway,” Med. Sci. Monit. Int. Med. J. Exp. Clin. 
Res., vol. 25, pp. 3014–3025, Apr. 2019, doi: 
10.12659/MSM.913185. 

68. L. Wang et al., “Oncolytic Herpes Simplex Virus and 
PI3K Inhibitor BKM120 Synergize to Promote Killing 
of Prostate Cancer Stem-like Cells,” Mol. Ther. 
Oncolytics, vol. 13, pp. 58–66, Jun. 2019, doi: 
10.1016/j.omto.2019.03.008. 

69.
 
Y. Liu, X. B. Zhang, J. J. Liu, S. Zhang, and J. 
Zhang, “[NVP-BKM120 in combination with letrozole 
inhibit human breast cancer stem cells via 
PI3K/mTOR pathway],” Zhonghua Yi Xue Za Zhi, vol. 
99, no. 14, pp. 1075–1080, Apr. 2019, doi: 
10.3760/cma.j.issn.0376-2491.2019.14.008.

 

70.
 
P. Schöffski et al., “A phase Ib study of pictilisib 
(GDC-0941) in combination with paclitaxel, with and 
without bevacizumab or trastuzumab, and with 
letrozole in advanced breast cancer,” Breast Cancer 
Res. BCR, vol. 20, no. 1, p. 109, Sep. 2018, doi: 
10.1186/s13058-018-1015-x.

 

71.
 
A. Wicki et al., “First-in human, phase 1, dose-
escalation pharmacokinetic and pharmacodynamic 
study of the oral dual PI3K and mTORC1/2 inhibitor 
PQR309 in patients with advanced solid tumors 
(SAKK 67/13),” Eur. J. Cancer Oxf. Engl. 1990, vol. 
96, pp. 6–16, Jun. 2018, doi: 10.1016/j.ejca.

 

2018.03.012.
 

72. Y. Ando et al., “Phase I study of alpelisib (BYL719), 
an α-specific PI3K inhibitor, in Japanese patients 
with advanced solid tumors,” Cancer Sci., vol. 110, 
no. 3, pp. 1021–1031, Mar. 2019, doi: 
10.1111/cas.13923. 

73. S. J. Hotte et al., “A Phase II Study of PX-866 in 
Patients with Recurrent or Metastatic Castration-
resistant Prostate Cancer: Canadian Cancer Trials 
Group Study IND205,” Clin. Genitourin. Cancer, vol. 
17, no. 3, pp. 201-208.e1, Jun. 2019, doi: 
10.1016/j.clgc.2019.03.005. 

74. “Pharmacologic Wnt Inhibition Reduces 
Proliferation, Survival, and Clonogenicity of 
Glioblastoma Cells - PubMed.” https:// 
pubmed.ncbi.nlm.nih.gov/26222502/ (accessed 
Dec. 29, 2022). 

75. Y. Cheng et al., “Wnt-C59 arrests stemness and 
suppresses growth of nasopharyngeal carcinoma in 
mice by inhibiting the Wnt pathway in the tumor 
microenvironment,” Oncotarget, vol. 6, no. 16, pp. 
14428–14439, Jun. 2015, doi: 10.18632/ 
oncotarget.3982. 

76. G. Wang et al., “Cyclophilin A Maintains Glioma-
Initiating Cell Stemness by Regulating Wnt/β-
Catenin Signaling,” Clin. Cancer Res. Off. J. Am. 
Assoc. Cancer Res., vol. 23, no. 21, pp. 6640–6649, 
Nov. 2017, doi: 10.1158/1078-0432.CCR-17-0774. 

77. C. Wu, S. Hu, J. Cheng, G. Wang, and K. Tao, 
“Smoothened antagonist GDC-0449 (Vismodegib) 
inhibits proliferation and triggers apoptosis in colon 
cancer cell lines,” Exp. Ther. Med., vol. 13, no. 5, 
pp. 2529–2536, May 2017, doi: 10.3892/ 
etm.2017.4282. 

78. W. Tong et al., “GANT-61 and GDC-0449 induce 
apoptosis of prostate cancer stem cells through a 
GLI-dependent mechanism,” J. Cell. Biochem., vol. 
119, no. 4, pp. 3641–3652, Apr. 2018, doi: 
10.1002/jcb.26572. 

79. G. Valenti et al., “Cancer Stem Cells Regulate 
Cancer-Associated Fibroblasts via Activation of 
Hedgehog Signaling in Mammary Gland Tumors,” 
Cancer Res., vol. 77, no. 8, pp. 2134–2147, Apr. 
2017, doi: 10.1158/0008-5472.CAN-15-3490. 

80. P. Jagust, B. de Luxán-Delgado, B. Parejo-Alonso, 
and P. Sancho, “Metabolism-Based Therapeutic 
Strategies Targeting Cancer Stem Cells,” Front. 
Pharmacol., vol. 10, 2019, Accessed: Oct. 27, 2022. 
[Online]. Available: https://www.frontiersin. 
org/articles/10.3389/fphar.2019.00203 

81. J. Wei, J. Sun, and Y. Liu, “Enhanced targeting of 
prostate cancer‑initiating cells by 
salinomycin‑encapsulated lipid‑PLGA nanoparticles 
linked with CD44 antibodies,” Oncol. Lett., vol. 17, 
no. 4, pp. 4024–4033, Apr. 2019, doi: 
10.3892/ol.2019.10050. 

82. L. Yang et al., “Targeting cancer stem cell pathways 
for cancer therapy,” Signal Transduct. Target. Ther., 

26

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



vol. 5, no. 1, pp. 1–35, Feb. 2020, doi: 
10.1038/s41392-020-0110-5. 

83. H. Lv et al., “Vitamin C preferentially kills cancer 
stem cells in hepatocellular carcinoma via SVCT-2,” 
Npj Precis. Oncol., vol. 2, no. 1, Art. no. 1, Jan. 
2018, doi: 10.1038/s41698-017-0044-8. 

84. J. R. Brown et al., “Phase II clinical trial of metformin 
as a cancer stem cell-targeting agent in ovarian 
cancer,” JCI Insight, vol. 5, no. 11, p. 133247, Jun. 
2020, doi: 10.1172/jci.insight.133247. 

85. E. Quaglino, L. Conti, and F. Cavallo, “Breast 
cancer stem cell antigens as targets for 
immunotherapy,” Semin. Immunol., vol. 47, p. 
101386, Feb. 2020, doi: 10.1016/j.smim.2020. 
101386. 

86. Y. Gu, X. Zhao, and X. Song, “Ex vivo pulsed 
dendritic cell vaccination against cancer,” Acta 
Pharmacol. Sin., vol. 41, no. 7, Art. no. 7, Jul. 2020, 
doi: 10.1038/s41401-020-0415-5. 

87. R. Su et al., “Targeting FTO Suppresses Cancer 
Stem Cell Maintenance and Immune Evasion,” 
Cancer Cell, vol. 38, no. 1, pp. 79-96.e11, Jul. 2020, 
doi: 10.1016/j.ccell.2020.04.017. 

88. “PD‑1 blockade enhances the antitumor efficacy of 
GM‑CSF surface‑modified bladder cancer stem 
cells vaccine - Shi - 2018 - International Journal of 
Cancer - Wiley Online Library.” https://onlinelibrary. 
wiley.com/doi/full/10.1002/ijc.31219 (accessed Nov. 
04, 2022). 

89. T.-T. Liao, C.-C. Lin, J.-K. Jiang, S.-H. Yang, H.-W. 
Teng, and M.-H. Yang, “Harnessing stemness and 
PD-L1 expression by AT-rich interaction domain-
containing protein 3B in colorectal cancer,” 
Theranostics, vol. 10, no. 14, pp. 6095–6112, May 
2020, doi: 10.7150/thno.44147. 

90. A. Emami Nejad et al., “The role of hypoxia in the 
tumor microenvironment and development of 
cancer stem cell: a novel approach to developing 
treatment,” Cancer Cell Int., vol. 21, no. 1, p. 62, 
Jan. 2021, doi: 10.1186/s12935-020-01719-5. 

 

27

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

28

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

 © 2023    Global Journ als

Cancer Stem Cells as the Key to Cancer: Special Emphasis on Prostate Cancer



 

 

  
   
  

 
 

 
 

 
Inflammatory Markers and Risk Factors in Hypertensive Patients: A 
Cross-Sectional Study 

   
  

Summary- Objective: To observe risk factors that hypertensive patients present in the outpatient 
segment from the nursing perspective care.  

Method: Cross-sectional study where essential hypertensives of legal age belonging to the 
hypertension program of a municipality in Bahia were included. Those with cancer, hepatitis, HIV, 
lupus, arthritis, pregnant women, and chronic corticosteroid users were excluded. Collected 
patient demographic information and cardiovascular risk factors.  

Results: Included 61 patients with a mean age of 58±11, 56% women. A relationship was 
established between age/glucose; IL6/LDL; vitamin D/ferritin; waist circumference/BMI; BMI/CRP; 
smoking, age, blood pressure, LDL, and neutrophil/ lymphocyte ratio. The statistical analysis 
evaluated predictive variables for developing hypertension and high cardiovascular risk. In the 
cardiovascular risk stratification, 09 patients had low chance; one was intermediate, 37 high risk, 
and 02 very high risk.
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Inflammatory Markers and Risk Factors in 
Hypertensive Patients: A Cross-Sectional Study

Summary- Objective: To observe risk factors that hypertensive 
patients present in the outpatient segment from the nursing 
perspective care.  

Method: Cross-sectional study where essential hypertensives 
of legal age belonging to the hypertension program of a 
municipality in Bahia were included. Those with cancer, 
hepatitis, HIV, lupus, arthritis, pregnant women, and chronic 
corticosteroid users were excluded. Collected patient 
demographic information and cardiovascular risk factors.  

 

 

Conclusion: Although arterial hypertension has a multifactorial 
etiology, obesity, smoking, and blood glucose were the risk 
factors that correlated positively, associated with the studied 
markers. 
Keywords: cardiovascular risk; risk factors; arterial 
hypertension. 

I. Introduction 

ypertension (AH) is directly related to the 
development of cardiovascular diseases, 
accounting for 40% of deaths from stroke, 25% 

of deaths from coronary artery disease, and, in 
combination with diabetes mellitus (DM), 50% of cases 
of end-stage chronic kidney disease (1). It is a chronic 
non-transmissible condition characterized by persistent 
elevation of blood pressure (BP) (2). In Brazil, it is 
estimated that 35% of the adult population is 
hypertensive, according to data from the Ministry of 
Health (MS). Around 50% of the remaining persons do 
not know they have the disease. Considering only those 
over 60, this percentage is around 65% of the 
hypertensive people in the country. 

In most cases is asymptomatic, implying the 
difficulty of early diagnosis and without adherence to the 
treatment recommended, whether pharmacological or 
not. For this reason, AH control is still so low, making it a 
challenge for health services. Associated with the main 
risk factors such as age, gender and ethnicity, obesity 
and  dyslipidemia,  sedentary  lifestyle,  salt  and alcohol 
 
 

 

intake, and socioeconomic and genetic factors, AH 
contributes to the worsening of the patient's 
cardiovascular morbidity and mortality. 

Since 2005, ischemic heart disease and 
cardiovascular disease have been Brazil’s leading 
causes of death. Up to 2015, there was an increase of 
18.8% in deaths by the first cause and 13.3% from the 
second cause. During this period, ischemic heart 
disease moved from the second to the first cause of 
premature deaths (below 60 years), with an increase of 
8.5%(3). 

Among these risk factors related to 
hypertension, some can still promote inflammation, such 
as dyslipidemia and obesity. The fat tissue is a dynamic 
organ, the leading storage for primary, excess energy, 
has an endocrine function, and synthesizes a series of 
biologically active compounds that regulate metabolic 
homeostasis (4). 

The inflammatory profile in obese individuals is 
called metabolic or meta-inflammation(5). This whole 
process alters the adipose tissue’s functioning, thus 
characterizing a dysfunctional tissue. Among the 
characteristics of this dysfunction, the fat mass will 
present changes in its cellular composition, such as, for 
example, an increase in the number of inflammatory 
cells (4). It produces a series of substances, such as 
macrophages, which, in turn, infiltrate the adipose tissue 
during the advanced stages of obesity and participate in 
the inflammatory event by producing more cytokines, 
such as interleukin-6 (IL-6) (6, 7). 

Therefore, hypertension, known as a non-
communicable disease, imposes the need for the 
individual to adopt changes in their lifestyle, primarily 
related to those caused by restrictions resulting from the 
disease, therapeutic conditions, and clinical controls, as 
well as the possibility of recurrent hospitalizations (8). 

Considering that hypertension is a severe public 
health problem, the importance of this study for health 
surveillance is highlighted to understand how it can alter 
the population's quality of life and morbidity and 
mortality profile. 

The objective of this study is to observe the risk 
factors that a hypertensive population presents in the 
outpatient segment from the nurse’s perspective of 
care. 
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Results: Included 61 patients with a mean age of 58±11, 56% 
women. A relationship was established between age/glucose; 
IL6/LDL; vitamin D/ferritin; waist circumference/BMI; BMI/CRP; 
smoking, age, blood pressure, LDL, and neutrophil/
lymphocyte ratio. The statistical analysis evaluated predictive 
variables for developing hypertension and high cardiovascular 
risk. In the cardiovascular risk stratification, 09 patients had 
low chance; one was intermediate, 37 high risk, and 02 very 
high risk.



II. Method 

a) Design 
This is a cross-sectional, analytical study with a 

quantitative, population-based approach. 
The study was conducted in a primary health 

unit in the municipality of Barreiras in the state of Bahia, 
in the northeast region of Brazil. The unit is a reference 
in its area for the diagnosis, treatment, and follow-up of 
patients with hypertension. The sample was determined 
based on the patients linked to this health unit using the 
simple random sampling method. All patients in the 
hypertensive follow-up program were considered for the 
study. As the number of hypertensive patients (n) 
monitored by the health unit was known (70 patients), all 
were invited to participate in the study. To calculate the 
sample size a confidence level (z) of 95% was used, a 
standard deviation (p) of 0.5, and a margin of error (e) of 
+/- 5%, being estimated 60 participants. Size = [z 2 xp 
(1- p)] /e 2 /1+[ z 2 xp (1-p)]/ e 2 xn 

The inclusion period comprised October 2019 
to May 2020, and there was no impact or risk to 
participants due to the COVID-19 pandemic. 

Individuals over 18 and hypertensive patients 
enrolled in the health unit were included after their 
written consent. Patients with cancer undergoing 
treatment in the last five years, the presence of viral 
hepatitis or HIV infections, rheumatologic diseases such 
as lupus and rheumatoid arthritis, pregnant women, and 
chronic users of steroids were not considered for the 
study. 

The demographic information of each patient 
and the risk factors for a cardiovascular disease they 
presented were collected. These factors were the 
presence of dyslipidemia, diabetes, smoking, obesity, 
sedentary lifestyle, and occurrence of coronary artery 
disease.  

A blood pressure measurement for staging their 
disease was performed according to the Brazilian 
Hypertension guideline (2).  

The laboratory variables evaluated to determine 
renal function were serum creatinine, assessed by the 
modified Jaffé reaction. The estimative of the glomerular 
filtration rate (eGFR) was performed by the CKD-EPI 
equation (9, 14). 

The identification of chronic kidney disease 
(CKD) was defined as the eGFR of less than 90 
ml/min/1.73m2, according to KDIGO (10).  

The Framingham scale was used to measure 
the cardiovascular risk of each patient (11-13). 

Each patient's inflammatory status was 
assessed by measuring ultra-sensitive C-reactive protein 
(CRP), interleukin-6 (IL-6), serum ferritin, and serum 25-
OH-vitamin D. These parameters were measured by 
electrochemiluminescence. 

b) Statistical Analysis 
For the statistical analysis, the SPSS v21.0 

software was used. The Kolmogorov-Smirnov test was 
used to verify the uniformity of the data. 

Non-parametric tests were used to allow the 
analysis of variables with different distributions. 

Statistical analyses were sequentially adjusted 
for the following confounding factors: 1) mean and 
standard deviation for quantitative variables; 2) 
percentage for qualitative variables, except for variables 
describing inflammatory markers, which were described 
as mean, standard deviation, median, 25th and 75th 
percentiles, minimum and maximum. 

Spearman's correlation analyzed the 
relationships between quantitative variables, and the 
chi-square test was used for qualitative variables. A 
significance level of 0.05 (5%) was defined for this study. 
A logistic regression model was constructed to evaluate 
the predictive variables for hypertension and high 
cardiovascular (CV) risk development. 

Regardless of their significance, all quantifiable 
and non-quantifiable variables were used in the 
statistical analysis of the studied sample. 

The study followed the STROBE systematization 
for cross-sectional studies. 

The study was approved under number 
3.286.842, issued by the local ethics committee. 

III. Results 

Table 1 presents the descriptive data of the 
characteristics of the sample. Seventy participants were 
invited to participate in the study, of which 61 answered 
the call, and all 61 individuals met the inclusion criteria. 
Thus every participant was included, and no data was 
lost. 

The participants involved in this research had a 
mean age of 58±11 years, 56% female. 

Table 1: Demographic characterization of the sample and cardiovascular risk factors in Barreiras, Bahia, Brazil, 2020
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Variables Participants (n=61)

Age years) 58±11

Weight (Kg) 71.7±13.1

Height (m) 1.6±0.1

Waist circumference (cm) 95.3±9.4



  

 
  

 
  

 
  

 
  

 
  

 
  

 
 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 

 
  

 
  

 
 

 
  

 
  

 
  

 
   

 
  

 
 

 
  

 
  

 
 

 
  

  

The characterization of inflammatory markers was described in Table 2 in detail to allow identification of the 
sample amplitude, as shown in Figure 1. 

Table 2: Characterization of the laboratory parameters of the population studied in Barreiras, Bahia, Brazil, 2020 

  
Mean±SD Median Percentiles 

Minimum Maximum 
  25 75 

Hemoglobin (g/ dL ) 14.17 ± 1.69 14 12.70 15.25 11.10 18.80 

Hematocrit (%) 42.63 ± 4.63 41.90 39.40 45.30 32.90 52.60 

Creatinine (mg/ dL ) 0.91 ± 0.25 0.89 0.73 1.08 0.42 1.44 

Urea (mg/ dL ) 29.3 ± 7.65 29.00 23 34 14 51 

Neutrophil/Lymphocyte Ratio 1.67 ± 0.65 1.60 1.18 2.07 0.38 3.13 

IL-6 ( pg / mL ) 2.61 ± 1.17 2.24 1.53 3.56 1.35 6.10 

Ferritin ( ng / mL ) 173.11 ± 99.92 154 99.65 207 27.40 400 

D Vitamin ( ng / mL ) 26.18 ± 6.58 25.50 21.75 29.70 13.60 42.30 

CRP (mg/L) 0.28 ± 0.29 0.15 0.06 0.45 0.02 1.19 

Standard Deviation (SD);
 

interleukin 6 (IL-6); C-reactive protein (CRP);
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BMI (Kg/m 2 ) 27±5

Sex

Male 27 (44.3%)

Female 34 (55.7%)

Ethnicity

Caucasian 6 (9.8%)

Black 55 (90.2%)

Education

None 8 (13.1%)

Literate 4 (6.6%)

incomplete 1st grade 20 (32.8%)

complete 1st degree 10 (16.4%)

incomplete high school 3 (4.9%)

complete high school 9 (14.8%)

Incomplete higher 3 (4.9%)

Graduated 4 (6.6%)

Consumption of alcohol

Yes 12 (19.7%)

No 49 (80.3%)

Hypertensive therapy

None 2 (3.3%)

Use one medication 19 (31.1%)

Use two medications 20 (32.8%)

Use three medications 11 (18%)

Use more than three  medications 9 (14.8%)

Use of drugs

Yes 1 (1.6%)

No 60 (98.4%)

Chronic kidney disease

Yes 4 (6.6%)

No 57 (93.4%)



When cardiovascular risk (CV) was stratified, 09 
patients presented a low risk, 13 patients at intermediate 
risk, 37 patients with high risk, and 02 patients showed a 
very high risk in the sample studied. 

When calculating the glomerular filtration rate 
(GFR) in the studied sample, 55.73% (34 patients) had 

an expected result. In contrast, the others, 44.26% (27 
patients), presented an altered result when comparing 
the parameters age, creatinine, sex, and ethnicity, by the 
CPK-EPI equation (9, 14). 
 
 

Grams by deciliter (g/ dL); percentage (%); milligrams by deciliter (mg/ dL); interleukin 6 (IL-6); picogram by milliliters (pg /mL); 
nanograms by milliliters (ng/mL); C reactive protein (PCR); milligrams by liter (mg/L).

 

Figure 1: Box diagram for inflammatory marker variables

Table 3 shows the variables that presented 
correlation when analyzed among themselves. The 
relationship between age and glucose was direct (p = 
0.008), while eGFR was inverse (p < 0.001). Waist 
circumference is directly related to both BMI (p < 0.001) 
and CRP (p = 0.019), so BMI and CRP are also directly 
related (p = 0.001). An inverse relationship was found 
between IL-6 and GFR (p = 0.027), a direct relationship 

with CRP (p = 0.009), and a direct relationship between 
Glucose and Ferritin (p = 0.020).
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Table 3: Relationship between blood variables and age with BMI and waist circumference in Barreiras, Bahia, Brazil, 
2020

  

 

Glucose
 

BMI
 

GFR
 

IL6
 

CRP
 

Vitamin D
 

Age
 

      
 

Correlation Coefficient*
 

0.339
 

-0.246
 

-0.492
 

0.076
 

0.088
 

-0.022
 

 
p-value

 
0.008

 
0.056

 
< 0.001

 
0.581

 
0.502

 
0.868

 
Waist circumference

 
      

 
Correlation Coefficient*

 
0.044

 
0.752

 
-0.009

 
0.151

 
0.300

 
-0.029

 

 
p-value

 
0.738

 
< 0.001

 
0.944

 
0.272

 
0.019

 
0.823

 
BMI

 
      

 
Correlation Coefficient*

 
0.005

 - 
0.043

 
0.183

 
0.421

 
-0.034

 

 
p-value

 
0.972

 
0.744

 
0.181

 
0.001

 
0.793

 
IL6 

      
 

Correlation Coefficient*
 

-0.181
 

0.183
 

-0.298
 - 

0.351
 

-0.198
 

 

p-value
 

0.191
 

0.181
 

0.027
 

0.009
 

0.148
 Ferritin

 
      

 

Correlation Coefficient*
 

0.301
 

0.005
 

-0.001
 

-0.092
 

-0.096
 

0.191
 

 

p-value
 

0.020
 

0.970
 

0.994
 

0.503
 

0.462
 

0.141
 * Spearman correlation coefficient; body mass index (BMI); Glomerular filtration rate (GFR); Interleukin 6 (IL6); C - reactive protein 

(CRP)

It is
 
observed that the increase in blood glucose directly influences the increase in cardiovascular risk (p = 

0.027), as exemplified in table 4.
 

Table 4:
 
Association between blood glucose and cardiovascular risk in Barreiras, Bahia, Brazil, 2020

  

 

Normal Glucose
 p-value

   

 
 

Changed
 

Cardiovascular risk
   

0.027*
  

Low 7 (77.8%)
 

2 (22.2%)
 

 

Intermediary
 

6 (50%)
 

6 (50%)
 

 

High
 

11 (28.9%)
 

27 (71.1%)
 

  
Very high

 
0 (0%)

 
2 (100%)

 
* Chi-square test.

IV. Discussion 

This study was conducted in the municipality of 
Barreiras, a medium-sized city in the state of Bahia, 863 
km from the capital. It has an area of 7,538 km², with an 
estimated population of 153,831 inhabitants, and is 
considered the twelfth largest population, economic, 
political, and cultural center of Bahia (15).  

Its population is predominantly non-white and 
mixed. It is the gateway to health services through 
primary care or the regional hospital that serves the 
entire western region of Bahia. 

Although abdominal circumference provides 
independent and additive information to the body mass 
index (BMI), the hypertensive effect of weight gain was 
well recorded (2). Excessive body adiposity, especially 
visceral adiposity, is a significant risk factor for BP 
elevation, which may be responsible for 65 to 75% of 
cases of hypertension (2). 

 
Weight loss reduces BP, even without reaching 

the desired body weight. For

 

overweight or obese 
individuals, weight loss is an essential recommendation 
in treating AH(2). All participants had a waist 
circumference above 80 cm in diameter in the sample 
studied. Those with higher waist circumference also had 
higher weight and a higher BP, thus confirming that 
individuals with higher weight also had more elevated 
BP. In addition to being overweight, the mean BMI 
(27±5) and waist circumference (95.3±9.4) were above 
the recommended, corroborating the obesity of the 
studied population.

 
However, it was impossible to establish a direct 

relationship between obesity and a sedentary lifestyle 
since the frequency of physical exercise practiced by 
the study participants was not evaluated; only the 
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practice of any physical activity was verified. Nor can a 
relationship be established with the sex of the patients, 
although the highest proportion was female (55.7%). 



 However, the Brazilian Guidelines on Hypertension 
states there is a relationship between a sedentary 
lifestyle and hypertension since the lack of physical 
activity is 27.5%, with a higher prevalence among 
women (31.7%) than men (23.4%), confirming the profile 
found in the sample studied (2,16). 

 

Ethnicity is also considered an essential factor 
for hypertension because non-white individuals are more 
likely to develop higher cardiovascular risk. Non-white 
individuals (90.2%) were the majority in the study 
population, consistent with the ethnicity prevalent in the 
region (2).

 

Regarding the education/instruction of the 
individual, it is associated that the lower level of 
education can generate limited conditions of absorption 
of information to people about their health, linking to 
more illness and negative correlation with the 
prevention, control of hypertension, and treatment 
adherence. In the

 

sample, we obtained 32.8% of 
individuals with incomplete primary education and 
13.1% with no education, with a total of 43.9% of people 
with little or no education, which seems to be a more 
relevant factor for the differences in the prevalence of 
hypertension than ethnic implication itself. 

 

In addition to risk factors being predictors of 
outcomes, hypertensive patients should periodically 
undergo laboratory tests, and these, when associated 
with traditional cardiovascular risks, can assist in this 
stratification. In hypertensive patients, it is also essential 
to investigate associated comorbidities, especially DM.

 

According to the Guidelines of the Brazilian 
Society of Diabetes, fasting glucose levels for non-
pregnant adults are considered normal when they

 

vary 
between 70-99 mg/dL(17). In the study, 71.1% of the 
patients in the sample presented glycemic changes, 
which corroborates directly with the increase in CV risk 
(60.6%). 

 

Smoking is associated with the development of 
albuminuria, which may contribute to progressive kidney 
disease and increased risk of CVD (14,18). According to 
the Dialysis Morbidity and Mortality Study (DMMS) Wave

 

2, 40% of patients on dialysis are current smokers 
(16.6%) or former smokers (24.2%) (19). Smoking has 
vasoconstrictive, thromboembolic, and direct effects on 
the vascular endothelium and is a strong predictor of 
increased serum creatinine levels in non-diabetic 
patients 65 years of age and older (20, 21). 

 

Among the inflammatory markers is IL-6, a pro-
inflammatory cytokine that acts in different tissues, 
mainly concerning immune and humoral effects, and is 
released primarily by adipocytes (22-24). Visceral adipose 
tissue releases about 15 to 30% of all IL-6 production 
(23). This fact strengthens the inclusion of obesity as one 
of the risk factors for CVD (23). 

 

IL-6 also has effects on carbohydrate and lipid 
metabolism. As adipose tissue is an essential source of 

this cytokine, in obese individuals, IL-6, as a potent 
stimulator of CRP, can inhibit the activity of lipoprotein 
lipase, causing a low glucose uptake mediated by 
insulin, increasing insulin resistance, exemplified in table 
3, which shows the direct relationship of glycemia and 
IL-6, as well as CRP(25,26).

 
The neutrophil/lymphocyte ratio (NLR) can be 

used as an easy marker of integration into the laboratory 
routine at virtually no additional cost. There is an 
increase in NLR when there are inflammatory events (27).

 
High serum levels of CRP indicate a higher risk 

of the individual developing coronary and cardiovascular 
diseases, through the elevation of BP, by hemodynamic, 
hormonal, and biomechanical mechanisms

 

(28-32).

 

In the 
sample, hypertensive patients with higher abdominal 
circumference and BMI had the highest values of CRP, 
showing that obesity is directly related to hypertension. 
A direct relationship was also established between CRP 
and glycemia and IL-6, reaffirming cardiovascular risk.

 
On the other hand, Ferritin is associated with 

the presence of anemia and, in high concentrations, 
implies iron overload, resulting in oxidative stress, 
therefore participating in the inflammatory effect. No 
impact of anemia was detected in the population

 
studied. However, it is considered a non-traditional risk 
factor in the development of cardiovascular diseases, as 
it contributes to myocardial hypertrophy and indirectly to 
higher mortality of patients with CKD (17, 33). 

 The results of the present study

 

should be 
analyzed considering some limitations. Despite being a 
population-based sample, the individuals allocated were 
limited to those treated in a reference health unit linked 
to the Family Health Strategy, which may affect the 
generalization of the results. Another limiting fact is 
based on the food issue. Although eating habits have an 
important impact on BP reduction, this study should 
have evaluated them, considering the logistical difficulty 
in applying dietary recalls. However, all participants were 
asked if the unit’s professionals about adopting 
consistent eating habits to control hypertension 
instructed them.

 

Another question infers the sample 
size; although it is sufficient for the analysis, there is a 
limitation of the cross-sectional design,

 

making it 
impossible to establish causal relationships between 
exposure and disease development.

 
In conclusion, although hypertension has a 

multifactorial etiology, obesity, smoking, and glycemia 
were the risk factors positively correlated with it. Given 
this, it is essential to intensify the control of hypertension 
and cardiovascular risk factors, aiming to reduce or 
control morbidity and mortality through prevention and 
better quality of life for the population.
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review systematic review of the most significant studies on the 
belief system and attitudes of pregnant women diagnosed 
with Diabetes Mellitus Gestational (GDM) within the framework 
of the psychosocial dimensions of this condition.  

Materials and methods: A systematic review based on the 
PRISMA methodology in PubMed/Medline, Scielo, Hindawi, 
Springer Link and BMC Medicine and inclusion and exclusion 
criteria were defined. 

Results: 207 papers were found to whom the abstract was 
reviewed after duplicates were discarded, leaving 180 articles, 
to which the inclusion and exclusion criteria were applied, and 
28 articles were selected at the end that provided relevant 
information for the objectives of the study. study. Results 
found allow us to infer the presence of a belief system around 
the consequences of gestational diabetes for pregnant women 
and their babies. In addition, there is a recurring thought that 
gestational diabetes is not temporary, but rather that it 
becomes a chronic pathology. Despite this, these women are 
accompanied by a positive attitude about what can be done to 
overcome their clinical symptoms by dieting, having a good 
diet, exercising, and attending medical check-ups.  

Conclusions: Psychosocial variables such as attitudes, beliefs, 
motivation, among others, exert an influence in relation to the 
appearance and management of gestational diabetes and 
should be considered in the formulation of interventions and 
prevention programs for this condition.  
Keywords: beliefs, attitudes, gestational diabetes 
mellitus, systematic review. 
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I. Introduction 

mong the most common diseases that can occur 
gestational diabetes is found during pregnancy. Is 
characterized due to hyperglycemia with values 

that, despite being higher than normal, are lower than 
those established to diagnose diabetes. This type 
diabetes usually occurs after 20 weeks of gestation 
(World Health Organization, 2020; Palani et al., 2014). 

The definition postulated by the International 
Classification of Diseases in his 10th edition categorizes 
this condition in the section “maternal diseases that can 
affect the fetus” with the code “O24 Diabetes Mellitus in 
pregnancy”. And it is defined as “an alteration in the 
metabolism of carbohydrates, which is diagnosed for 
the first time during the state of pregnancy. It is a 
condition of insulin resistance, generally presents after 
the fifth month of gestation” (ICD-10, 2008, p.245). 

It´s necessary take into account that in 
gestational diabetes symptoms occasionally are not 
evident. However, they could present some because of 
high blood sugar levels. These include that patients may 
be thirstier than usual more frequent and heavier 
urination or feeling very tired or fatigued (Martínez de 
Salinas 2017; Gracia & Olmedo, 2017). 

Some other effects associated with impaired 
glucose recorded in various investigations are: visual 
disturbances, excessive hunger, headache, headache, 
stomach aches, disorientation, difficulty concentrating 
and lethargy (American Diabetes Association, 2002). It’s 
essential that pregnant women undergo the pertinent 
examinations, which should be carried out around the 
fifth month of pregnancy a blood glucose test to identify 
the pathology in time (González Ruiz et al., 2014). 

Researchers have been able to point out a large 
number of complications that arise in pregnant women 
diagnosed with GDM such as increased risks for fetal 
abnormalities including macrosomia, neonatal 
hypoglycemia, respiratory distress syndrome, alteration 
in the development of the islet cells and malformations 
in the development (Reyes Burgos & Guillén Matos 
2015; Crowther et al., 2005). 

Concomitant to this medical symptomatology, 
there are some factors that could have a psychological 
impact and affect the quality of life of women with 
gestational diabetes, which can even be more serious 
than the pathology itself. Some of them would be 
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associated with the severity and intensity of self-care 
tasks, the interference of these tasks in daily life, fear of 
complications and symptoms of hyperglycemia that can 
affect psychosocial and occupational functioning 
(Rubin, 2000; Craig, et al., 2020; Jones, Roche & Appel 
2009). 

Therefore, it is possible that, once the disease 
has been identified, the patients experience certain 
impediments in complying with the medical 
prescriptions, which are almost always associated with 
the lack of education and with skills in the management 
of the pathology. 

According to what has been pointed out by 
various researchers, variables related to the complexity 
of the treatment (because it is clear that long periods of 
time to recover from this condition), together with the 
lack of visible immediate reinforcements, (because the 
effects of prevention will really be seen in the long term), 
can make the diagnosis of GDM and its condition a 
heavy burden for patients (Gatchel, Oordt & Oordt, 
2003; Sacks 2014). 

Several authors affirm that the lack of effective 
communication with the health professionals and the 
costs to be incurred by patients and their families to 
deal with the problem also hinder the success of 
medical interventions (Lakshmi et al., 2018). 

It is important to mention that not all pregnant 
women have the same risk of GDM. The evidence 
shows that there are some factors that lead and can 
produce it, such as high levels of blood glucose, family 
history of diabetes, overweight before pregnancy or 
weight gain during this period, present syndrome of 
polycystic ovary, excessive amniotic fluid, unexplained 
miscarriage or stillbirth, high blood pressure, lead a 
sedentary lifestyle, be over 25 when you get pregnant, 
and having had a previous diagnosis of diabetes (ADA, 
2011; Cartin, 2011). 

Therefore, it is necessary to emphasize the 
importance of the psychoeducation of these women so 
that they can acquire habits and lifestyles. such as 
eating healthy foods, reducing fat, reduce sugar intake, 
avoid drug and alcohol use, exercise regularly, sufficient 
and adequate controls doctors, and even understand 
some references of the complications that can happen 
in pregnancy, including the presence of GDM.  

It is opportune to have information that lets the 
woman know that she is condition is a public health 
problem of great relevance and that, if not If treated 
quickly, it can cause various alterations to the mother 
and the baby. 

Delving into the psychological dimension that 
has been considered in paragraphs previous ones, it 
could be said that the literature and the evidence 
scientific report in relation to GDM. For example, various 
authors recorded the appearance of depressive 
symptoms during and after this type of diagnosis 

(Antos, Nowak, & Olszewski, 2013; Díaz, et al., 2013; 
Dame, et al., 2017). 

But in the same way there is evidence related to 
the presence of anxiety, stress, low self-esteem, feelings 
of guilt, difficulties in feeding, insomnia (Tellería, 2014; 
Hinkle, et al., 2016). I also know have pointed out 
alterations or dysfunctionalities in the social plane such 
as isolation, decreased communication with friends and 
family, difficulties with the couple, decreased function 
and sexual appetite, among others. 

As has been seen, a significant number of 
investigations have been carried out on this topic that 
can be framed within the psychosocial perspective of 
GDM. Particularly in the systematic review carried out by 
Devsam, Bogossian & Peacock, (2013), in which 19 
studies were identified who met the inclusion criteria. 

Three fundamental categories stand out in this 
work: a) reaction initial diagnosis, in which negative 
thoughts are observed, feelings of loss of control, 
identity changes and adaptation the changes; b) 
concern approach, in which there is evidence of 
concerns about the health of the baby and the 
perceived severity of the DMG. Finally, category c) 
influencing factors is recorded, which includes cultural 
roles and beliefs, social stigmas, social support, support 
professional, adequate and appropriate information, 
social roles and barriers for self-care. 

In any case, the results of this systematic review 
highlight the importance of the psychosocial 
considerations presents in this type of patients, among 
which we can mention: the psychological impact of the 
diagnosis, the importance of overcoming anxiety and 
stress to achieve better adherence to treatment, the 
necessary adaptation in the patient's relationship with 
family and health personnel, need to reduce the 
negative charge, both cognitively and affective, that 
have people who have been diagnosed with GDM, 
among other. 

Of all these psychosocial considerations, one in 
particular has generated the interest of this investigative 
group that are the beliefs and attitudes of women 
diagnosed with GDM. And that is, if it can be found a 
dimension that leads to generate some kind of model to 
help the women with GDM, it would be represented by 
the set of cognitions, attitudes and representations that 
at one moment a woman has to whom diagnosis was 
made during pregnancy. 

Around this theme there are important 
approximations, such as the research developed by 
Chávez-Courtois, et al., (2013), in which it is observed 
how the cognitive structure of women with GDM 
presents symptoms such as confusion; despair and 
recurring ideas; records of thoughts of the type: “my son 
is going to come with malformations”, “I am going to 
die”, “my son is not going to come into the world”, “this 
pathology is irreversible”, “why did it happen to me”. 
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There is also evidence of a flow of beliefs in relationship 
with guilt and low self-esteem. 

Despite how unflattering the previous results 
are, the knowledge of these beliefs, attitudes and social 
representations of women with GDM, can be an 
important input in the adequacy of guides and 
guidelines for the psychosocial accompaniment of 
women with this diagnosis, which incidentally, at least in 
the Latin American context, are quite scarce, reducing, 
in the cases in which they exist, to guides of a medical 
care type, ignoring the transcendent of both social and 
psychological variables, not only in the appearance of 
pathology, but in its management. 

It is clear then that knowledge of beliefs, 
cognitions and attitudes of women with GDM, will allow 
progress in aspects as crucial as helping patients to 
adhere to treatment, generate psychoeducational 
models, understand the pathology and its treatment and 
even involve the family group and the couple in 
managing not only the pathology, but throughout the 
pregnancy process. For this reason, it is presented this 
research that has the purpose of carrying out a 
systematic review around the cognitions and beliefs 
present in women with gestational diabetes mellitus. 

II. Materials and Methods 

•
 

Design and type of study: This is a systematic 
review carried out with the methodology of the 
Cochrane Collaboration (Higgins and Green, 2011) 
and the PRISMA statement and checklist (Moher, 
Liberati, Tetzlaff, and Altman, 2010).

 

•
 

Search strategy: Inquiries were made in the 
databases

 
of Pubmed, Scielo, Hindawi, Springer 

Link and BMC Medicine data, in order to identify 
scientific articles in English and Spanish from 2000 
to 2021. The exploration was limited to the last two 
decades due to the interest that the scientific 
community has presented in the psychosocial 
factors associated with the GDM (Jiménez-Chafey 
and Dávila, 2007). Also made supplementary 
manual searches and retrieved the articles that met 
the inclusion criteria. Descriptors were used using

 

booleans that included DMG and beliefs, attitudes 
and cognitions.

 

•
 

Inclusion Criteria: Studies with female participants 
over 18 years of age (assured in one way or another 
by the presence of a consolidated belief system) 
diagnosed with GDM. Studies on the belief system, 
cognitions, attitudes, frames of reference and social 
representations. In addition, observational studies 
were included.

 

•
 

Exclusion Criteria: Studies with samples of women
 

under 18 years old. Likewise, studies belonging to 
gray literature, studies reviewed in blogs or web 
pages of public or private institutions.

 

• Selection of studies: It is presented in the PRISMA 
flowchart described in Figure 1. Of the 85 
preselected articles, it was read the full text to arrive 
at a final selection that included 28 articles. 

• Data extraction and analysis: A matrix was 
constructed that included the consulted database, 
article title, author, keywords, methodology, results, 
conclusions. Additionally, a review was constructed 
for each of the research included in this review. 
These are the supplies principles for the analysis of 
the results and the conclusions of this study. 

III. Results 

Of the 28 articles selected to be included in this 
systematic review (Figure 1), the most important results 
are indicated below. 
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 Figura 1: Diagrama de flujo PRISMA 2009
 

A first element in the beliefs of women with 
GDM is related to

 
with what happens after diagnosis. On 

a recurring basis the Patients state that they experience 
a stress condition in which a significant number of 
cognitions associated

 
with impairment arise of the future 

health, not only of them, but of the unborn babies.
 They experience GDM as a burden and a threat 

to the baby-mother dyad (Razee et al., 2010; Tellería 
2014; Dalfrà et al., 2011). On the other hand, many of 
the women may

 
have the belief that GDM will lead to in 

chronic diabetes that they will suffer from for the rest of 
their lives.  It is important to highlight that many of the 
beliefs, including the fears that may arise derive from the 
information provided by the hospital institution and 
health personnel (Hjelm et al., 2008; Hjelm et al., 2018).

 The investigative group of Dalfrà and 
collaborators (2011), also investigated

 
in their works 

some psychosocial variables such as depression
 
and 

certain cognitions. These studies were conducted in 
both women with GDM, such as in patients with type II 
diabetes. It was possible to establish that These patients 
generally present depressive symptoms, which are 
closely related to a perception of poor health.

 

The issue for women is complicated if they have 
other children who are younger than they depend on 
them. Some have support from their extended family, 
but others they must leave their children with people 
who are not their family. Only with the purpose of 
offering a reference is the testimony of a woman 
diagnosed with GDM: “I was suddenly hospitalized with 
diabetes and I couldn't get some belongings home 
before I was hospitalized” (Araujo et al., 2013).

 

On the other hand, Chávez-Courtois et al., 
(2014) who approached the

 

system of beliefs, 
perception and experiences of women with DMG, report 
valuable findings. Several of the women with this 
condition are very certain that, although it is a delicate 
pathology, the self-care practices, physical exercise, 
diet and, in general, medical recommendations, will 
augur good results in overcoming the diabetes. The 
women interviewed for this research generally they are 
quite clear about the risks and lifestyles that are not 
healthy that can lead to the generation of GDM.
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Among the most significant answers that can be 
considered are: "I feel that the disease has to do with 
eating food with a lot of sugar, or eating late. Also, I 
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hardly ever ate breakfast. I have generally had bad 
eating habits”. In other cases, there are thoughts of 
these women, around the fact that it is a hereditary 
condition. And in several cases patients feel guilty for 
not having healthy habits before and during pregnancy.

In fact, in the study by Hjelm et al., (2018), the 
influence of these psychosocial variables. African 
migrant women residing in Sweden were compared with 
women from the European country where both groups 
were diagnosed with GDM. It was found that women 
from Africa did not know what GDM was and its causes 
and how consequently they had a passive attitude of 
self-care. Coincidentally you are patients reported more 
pregnancy-related problems. In contrast, Swedish 
women had higher risk awareness, higher concern for 
your health and that of your baby and therefore more 
self-care, including the use of medications.

The importance of culture is also evidenced in 
the research carried out in an Asian context by Ge, et 
al., (2016), in which It seems that a diagnosis of GDM 
does not cause major concerns, as it could be in 
western countries. Some of the women with these types 
of diagnoses just let nature take its course and they rely 
a lot on the type of food they consume. Thoughts 
regarding this condition are not as negative and 
generally believe will have a good prognosis, which 
makes the emotional and family effect don't be so 
dramatic.

In the meta-analysis by Chida & Hamer (2008), 
in which they wanted to establish the incidence of 
adverse psychosocial factors with poor control of 
diabetes, statistically significant associations were 
found. This was determined through pooled correlation 
coefficients r = 0.096, p = 0.006). In the same sense, 
the lack of social support also contributes to poor 
control of diabetes.

In the study carried out by Ansarzadeh et al., 
(2020), in which negative correlations between quality of 
life and the presence of GDM that reach -0.78, a positive 
correlation was found between the results obtained by 
the participants in the scale of knowledge, attitudes and 
self-care and the results obtained in social support.

Patients with GDM who have the perception that 
they have with high levels of social support and a high 
level of knowledge of the pathology, tend to have 
positive attitudes towards their condition and generally 
high levels of self-care. On the other hand, the research 
shows that the presence of levels of anguish is 
correlated negatively with self-management. That is, 
before levels of anguish, little can the person do to 
contribute from their own management to leave forward 
in the pathology suffered. In this case the correlation is 
reported in -0.857. There is also a positive correlation 
between the level of knowledge and self-management, 
equivalent to 0.848.

On the other hand, Park et al.,(2018), start from 
the assumption that breastfeeding affects positively in 

the metabolic regulation of women with GDM, also 
favoring that these pregnant patients decrease the 
probability of developing type II diabetes after 
pregnancy (Kelishadi & Farajyan, 2014; Brahm & 
Valdés, 2017).

As has been recorded through these results, 
from various perspectives that articulate the research 
and theoretical interests of health and disease with the 
social sciences, we wanted to find the incidence of 
psychosocial variables such as attitude, motivation, 
personality, beliefs, among others, in the health of 
patients and/or in the effectiveness of medical 
procedures (Limonero and Bayés, 1995; Arranz et al., 
2003; Mancuso et al., 2006; Pineapple Booksellers, 
2012; Oblitas Guadalupe et al., 2017). Which is actually 
not an easy task.

For example, in the research by Hussain et al., 
(2015), an attempt was made to explore the relationship 
between the attitude of patients, satisfaction with 
treatment and the decrease in glycemic levels in 
patients with GDM, which would give rise to thinking 
about overcoming the pathology in these women. 
Although there were no conclusive results, this study 
was able to demonstrate that the presence of negative 
attitudes and levels Low satisfaction with treatment 
correlates with high glycemic levels.

There are other investigations that, although 
they were not developed exactly with women with GDM, 
are somewhat related to variables associated with the 
appearance of this pathology.

In the work of Lindsay et al., (2019), carried out 
with pregnant women for the first time developing 
excessive body weight, it was established that These 
women do not know exactly what the line is between 
being overweight and the obesity. That is, most of the 
study participants did not they knew if their body weight 
was in the healthy range. In addition, most of the women 
had accepting attitudes towards their weight gain, which 
suggests that pregnant women have beliefs related to 
the fact that weight gain is normal among pregnant.

On the other hand, there is also research 
interested in trying to modify psychosocial dimensions 
(habits, beliefs, lifestyles) in women diagnosed with 
GDM (Represas Carrera, 2021; Jelsma et al., 
2016).Generally, these studies are carried out through 
interventions controlled. Brown et al., (2017), conducted 
lifestyle interventions with GDM in about 4501 women.

Intervention programs included physical activity, 
diet, blood glucose self-monitoring, health education. 
Results show some very important data such as the fact 
that women belonging to the experimental groups have 
a lower probability of develop postpartum depression. 
Additionally, these women improve their body weight 
significantly. From this investigative perspective there is 
quite hopeful findings for psychosocial treatment, both 
of women with GDM, as in diabetic patients of all kinds.
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Finally, systematic reviews were consulted, 
such as the one developed by Craig et al., (2020), in 
relation to attitudes, perceptions and experiences of the 
women with GDM. These authors in a rigorous search 
and after ruling out several studies, they identified some 
840 articles dealing with the theme in question.

After applying the inclusion and exclusion 
criteria, they reviewed full text 88 documents. Carrying 
out a systematization of these articles, 8 key themes of 
the experiences and subjectivities of women with GDM 
were identified: initial psychosocial impact, 
communication of the diagnosis, perception of irrigation, 
management before the DMG, load of the diagnosis of 
GDM, social support and gaining control.

IV. Discussion

The aim of this review was to conduct a 
systematic review around cognitions and beliefs present 
in women with GDM to improve knowledge of the 
pathology and adherence to treatment, generate models 
psychoeducational and involve the family group and the 
couple in the management only of the pathology, but 
throughout the pregnancy process.

In this research it was possible to establish that 
the beliefs and cognitions of women with this condition 
are located in two great edges. One of them called living 
experiences that bring happiness and the second 
experiencing experiences that cause suffering (Araujo et 
al., 2013).

Accordingly, it can be inferred that pregnant 
mothers with GDM, alternately run between these two 
polarities. surely there is some patients in whom one 
experience prevails more than the other. The most 
recurrent cognitions related to happiness are related to 
with ideas like “I am going to be a mother; I am with 
other women in the same conditions as mine and we will 
have a treatment that will help us overcome the 
pathology".

While the negative thoughts are located in the 
fact of moving away from home and in the pathology 
itself and its consequences, leading them to generate 
fear of their own death or that of their babies. Some 
recalled deaths of family members and acquaintances 
from illnesses associated with diabetes.

Going a little deeper into this negative set of 
cognitions and thoughts related to the diagnosis of 
GDM, it is necessary to mention the appearance of 
feelings of sadness, unfailingly articulated with human 
cognition system.

If the diagnosis is received untimely, as usually 
happens, recurrent thoughts full of concern associated 
with a number of events such as abrupt removal from 
home, hospitalization, loss of the continuity of daily life 
and the abrupt rupture of relationships relatives.

Other studies report the existence of beliefs 
around three themes fundamental: illness, health and 

self-care, which are formed as expected, due to the 
effects of socialization, education and previous 
experiences. Furthermore, the evidence shows that this 
system of beliefs remains stable over time (Hjelm et al., 
2018).

However, a situation that worries women 
recurrently is the real possibility of having to make 
changes in their lifestyles, especially everything on 
topics such as diet or exercise. They are also concerned 
about the possibility having to take insulin.

In the field of health and disease, beliefs report 
a central element, both in health promotion and 
prevention of the disease, fundamental axes that cannot 
be left aside. In fact, care programs must be nourished 
by dimensions derived from culture, from the 
characteristics of groups, from the idiosyncrasies of 
peoples, from values, attitudes and beliefs and from 
other number of psychosocial variables. These elements 
are taken up by authors to adapt models around social 
education in health, called Health Belief Models 
(Rosenstock et al., 1988).

Accordingly, the beliefs and in general the 
cognitive system of the women with GDM depend 
largely on cultural dimensions and on the way in which 
societies construct their social representation of disease 
in general and particular pathologies.

The study of cognitions in people with GDM is 
important not only because such aspects are necessary 
in program design aimed at improving adherence to 
treatment and reducing food harmful for this type of 
patients.

There is something even more complex, and it 
is the fact that, although research is still incipient, this 
type of psychosocial variables (conditions cognitive 
difficulties, behavioral coping and the use of social 
support) presented in a negative way, can lead to stress 
and the appearance of various pathologies (Chida & 
Hamer 2008; Luceño Moreno et al., 2004; Vieco Gómez 
& Abello Llanos, 2014; Fernandez-Prada et al., 2017). 

Ideas and cognitions that women with GDM 
have related to that this type of pathology can lead to a 
chronic disease such as type I or II diabetes, which 
some may think is irrational, Tellería (2014) highlights it 
as a belief that would act as a protective factor for 
initiate self-care behaviors in relation to eating and 
physical activity. This same author emphasizes that 
invariably the Women with this diagnosis tend to 
develop depression, anxiety, changes in their thoughts 
and attitudes about their lifestyles. The Anxiety is often 
related to future health. 

Under this consideration, it is very important 
then, that the system of beliefs of these people allows 
the existence of favorable attitudes towards 
breastfeeding and also towards activities that promote 
health, to have higher levels of self-efficacy, greater 
perceived benefit, and less alcohol consumption.
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But in reality the most relevant in relation to life 
experiences of women with this diagnosis and their 
cognitions, is that in general patients focus their 
thoughts, behaviors and motivation, around changes in 
their lifestyles to overcome the pathology and to prevent 
future problems for them and their babies, not only 
during the gestation period but also after childbirth. 

V. Conclusions

From this systematic review, firstly, it was 
observed that immediately after diagnosis women are 
invaded by a series of ruminations and thoughts that 
denote the level of concern in your belief system. 
Among the most recurrent ideas find “considering that 
this pathology will be irreversible, from now on Later I 
will have a chronic affectation, I will have to use insulin 
for life” and others. There are also ideas related to the 
fact that the pregnancy will not come to term and even 
that her life is in danger and of your baby.

Likewise, many consider that the pathology they 
are suffering from is due to the fact that they did not take 
the necessary care in relation to the diet before 
pregnancy and are generally blamed for the lifestyle 
adopted until that moment. Despite this, it is also 
recorded by many women with GDM, who in general 
terms do meet the medical prescriptions and adopt the 
recommendations of officials health to get ahead.

From what is observed, the belief system of 
doctors and nurse’s health personnel in general, notably 
influences the attitudes and thoughts of these patients. 
Hence the recommendations and instructions of this 
personnel are so important to mark habits and practices 
that lead to the permanent search for the well-being of 
these patients. In this sense, a very important power of 
reference is observed on the part of the medical staff.

Another element found is that the emergence of 
beliefs and systems of thought in relation to health and 
disease originate from of the influence of parents, 
teachers, communication systems, processes of 
socialization, among others, which is why social and 
cultural variables are so telling in the formation of a 
certain system of beliefs. In addition, research shows 
that these systems are consolidated, being sometimes 
difficult to modify.

Although the investigation is still incipient, there 
are records that allow establish that psychosocial 
variables such as attitude, beliefs, cognitions, 
motivation, among others exert an influence on related 
to the appearance of certain pathologies. Similarly, 
variables of this type, like attitudes, beliefs, cognitions 
they can be quite promising for the management of 
many pathologies.
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Abstract- Background: When Type 2 Diabetes patients are in resource-restrained environments 
with little access to sustainable care, weight increase is linked to poor glycemic control from 
insulin resistance. Safer, locally accessible, and scientifically supported methods of managing 
their health become a priority when they lack effective access to medical treatment and 
medicines as a result of poverty. Targeted lifestyle therapies have been shown to be clinically 
beneficial and reasonably priced for the prevention and management of diabetes today. This 
research seeks to assess the effectiveness of a purely Nigerian diet in helping people with type 2 
diabetes mellitus lose weight and maintain excellent glycaemic control. 

Method: Randomization was used to divide the sixty research participants into treatment (dietary 
caloric restriction intervention) and control (standard of care) groups that were matched. 
Samples were gathered for analysis at baseline, midline, and at the conclusion of the trial 
throughout the participants' 24-week follow-up period.  
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Type 2 Diabetes Mellitus Remission in Patients 
with Ideal BMI in Rivers State, Nigeria

Sokiprim Akoko α, Iyeopu M. Siminialayi σ & Sunday Chineye ρ

Abstract- Background: When Type 2 Diabetes patients are in 
resource-restrained environments with little access to 
sustainable care, weight increase is linked to poor glycemic 
control from insulin resistance. Safer, locally accessible, and 
scientifically supported methods of managing their health 
become a priority when they lack effective access to medical 
treatment and medicines as a result of poverty. Targeted 
lifestyle therapies have been shown to be clinically beneficial 
and reasonably priced for the prevention and management of 
diabetes today. This research seeks to assess the 
effectiveness of a purely Nigerian diet in helping people with 
type 2 diabetes mellitus lose weight and maintain excellent 
glycaemic control. 

Method: Randomization was used to divide the sixty research 
participants into treatment (dietary caloric restriction 
intervention) and control (standard of care) groups that were 
matched. Samples were gathered for analysis at baseline, 
midline, and at the conclusion of the trial throughout the 
participants' 24-week follow-up period. 

Result: In contrast to the outcome from the intervention group, 
which showed a considerable weight reduction after six 
months, the BMI in the standard of care group experienced a 
gradual decline in mean values (from 26.06 to 25.0), which 
was not statistically significant. Mean waist size reduced from 
88.82 cm to 80.0 cm (p=0.001), and BMI dropped from 26.76 
kg/m2 to 22.77 kg/m (p=0.001). After six months, the patients' 
HbA1c decreased from the initial visit, where the mean was 
7.617, to mean =6.017. Within the intervention group, the 
mean fasting blood sugar decreased from a group mean of 
7.97 on the initial visit to a mean of 5.35 after six months. 
Furthermore, this study demonstrated that just three of the 17 
patients with perfect BMI in the standard of care group had a 
decrease in HbA1c of 6.5 or less, but in the intervention group, 
61% of patients with ideal BMI had HbA1c of 6.5%. The 
difference that was noticed was statistically significant 
(p=0.025), nevertheless. Thus, following 6 months of 
management without the use of oral hypoglycemic 
medications, there is a strong correlation between a decrease 
in BMI and a decrease in HbA1c to a normal level in 
individuals with T2DM. 

Conclusion: In keeping with the definition of remission, 
fourteen of the 23 participant who has normal BMI maintained 
normal HBA1c for 6 months. Normalizing BMI with caloric 
restriction is an effective means of controlling blood glucose 
and type 2 diabetes mellitus. 

 
  

 

Author

 

α σ:
 
Department of Pharmacology University of Port Harcourt, 

Choba. e-mail: Sokiprim.akoko@uniport.edu.ng
 

Author

 

ρ: Department of Internal Medicine, University of Port Harcourt 
Teaching Hospital, Choba.

 

I. Introduction 

 

 

 

 

 

 
 

to modify them for usage locally. In order to design a 

47

Y
e
a
r

20
23

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2023    Global Journ als 

Keywords: type 2 diabetes, diet, intervention, hba1c, 
glycaemic control, remission, waist circumference and 
BMI.

hen Type 2 Diabetes patients are in resource-
restrained environments with little access to 
sustainable care, weight increase is linked to 

poor glycemic control from insulin resistance. Safer, 
locally accessible, and scientifically supported methods 
of managing their health become a priority when they 
lack effective access to medical treatment and 
medicines as a result of poverty and non-medication 
adherence. (Sokiprim et al, 2022). Targeted lifestyle 
therapies have been shown to be clinically beneficial 
and reasonably priced for the prevention and 
management of diabetes today.

The rise in T2DM over the past 50 years is 
strongly tied to lifestyle modifications. The number of 
those with T2DM has risen as our lives have changed to 
incorporate more processed meals and less physical 
activity (John et al., 2018). Non-communicable illnesses 
are becoming a worldwide scourge, affecting both those 
in and above poverty. Since Nigeria has the greatest 
prevalence and burden of diabetes in Sub-Saharan 
Africa, everyone in Nigeria must prioritize getting 
treatment (Chinenye et al., 2014). It is impossible to 
overstate the importance of natural antioxidants and 
nutrients in avoiding illness.

Diabetes caused just under 2 million deaths 
yearly, ranking as the sixth most common cause of 
death in the world in 2016. Africa will have a 109% 
increase in T2DM from 2013 to 2025, closely followed by 
the Middle East and North Africa with 96%. The 
estimated worldwide rise is 55%. (John et al., 2018). 
33% of male children and 39% of female children born 
after 2000 will acquire T2DM. (2014) Wilmot and Idris 
Additionally, having T2DM makes you more likely to get 
Alzheimer's as you age. (Barbaallo and Dominguez, 
2014).

Although diet and exercise are the first steps to 
successfully avoid and even manage diabetes without 
the use of medications, the main objective of dietary 
usage in treating T2DM is to lower risk factors and avert 
complications brought on by the condition. The idea that 
dietary and lifestyle choices might considerably help 
drive type 2 diabetes into remission is currently receiving 
mainstream support (John, 2018).

Since the majority of the proposed dietary 
therapies for T2DM are Western in origin and difficult for 
the average Nigerian to get or observe, it may be difficult 

W



menu for T2DM individuals that complies with normal 
operating standards, this study aims to employ regional, 
easily accessible whole plant-based choices. 

Diet however, is a known modifier of and 
regulator of NFkB through phytonutrient and antioxidant 
formation, causing a down regulation of NFkB 
production and gene modulation that occurs from NFkB 
pathway. This down regulation has not been fully 
achieved with medications in management of non 
communicable diseases. 

Finally, while many individuals may have access 
to food, they could not have the money to pay for 
medical treatment. For these people with T2DM, using 
meals they are currently accustomed to promote health 
and wellness would be very beneficial. These research 
on dietary adjustment (exclusively Nigerian foods) in 
T2DM haven't received much attention, yet the results 
will aid T2DM patients' health outcomes. 

T2DM medications are not without dangers and 
negative effects (Siminialayi et al., 2006). When 
glycaemic management was improved for 3-5 years with 
pharmaceuticals, ADVANCE Collaborative Group (2008) 
and Ling et al. (2009) found that this did not lessen 
macrovascular consequences because of epigenetic 
alterations.  

This research seeks to assess the effectiveness 
of a purely Nigerian diet in helping people with type 2 
diabetes mellitus lose weight and maintain excellent 
glycaemic control in the University of Port Harcourt 
Teaching Hospital, Rivers State, Nigeria. 

II. Materials and Methods 

a) Research Approach 

Ethical approval was sought and obtained from 
the Ethics Review Committee of the University of Port 
Harcourt (Annex 1) with reference number UPH/ 

CEREMAD/REC/MM71/001. 

Sixty study participants were randomly assigned 
and matched evenly into the two groups (Standard of 
Care-Control and Dietary Intervention-Treatment). These 
individuals were randomized into matched control 
(standard of care) and treatment (dietary calorie 
restriction intervention) groups. They were known 
diabetics who attended a diabetes clinic and were 
followed up for 24 full weeks (August 2021 to February 
2022). Throughout the trial, the control group and the 
intervention group both reported their FBS on a biweekly 
basis. 

ANOVA was used to conduct a test of 
significance for each of the two sets of observations 
(within the control and intervention group). Then, to 
completely exclude the impact of variables on the 
treatment group, a more robust statistic with better 
experimental sensitivity, such as ANCOVA, was used to 
guarantee that significance in the treatment group is 
attributable to intervention (Kpolovie, 2010). 

Microsoft Office Excel 2017 was used for the 
graphics, and Statistical Packages for Social Science 
(SPSS) version 22.0 was used for the statistical analysis. 
For the analysis of the data, the study used the following 
statistics: descriptive statistics for cleaning the data, 
stem-and-leaf plots and box plots for spotting and 
eliminating outliers, Kolmogorov-Smirnov tests, and 
histograms for determining normality. The research 
issues and study hypotheses were addressed using 
crosstab and frequency, ANOVA and ANCOVA, and 
significant variables were submitted to post hoc or 
pairwise comparison tests (i.e. Bonferroni test). The 
Mann-Whitney U test was used for independent 
samples (such as anthropometric characteristics) and 
the Wilcoxon signed-rank test was used for dependent 
samples (such as FBS) to examine the statistical 
significance of the differences between means. The 
cutoff point for statistical significance between means 
was chosen at 0.05. Using Pearson's linear correlation, 
the associations between the indices were assessed, 
with the level of statistical significance set at p 0.05 at 
95% confidence. 

b) Recruitments 
Participants were chosen from among the 

diabetes patients who visited the University of Port 
Harcourt, Nigeria's General Outpatient and Diabetes 
Clinics. Patients had to be known diabetics, 18 years of 
age or older, not be using any herbal, conventional, or 
complementary medications in the two weeks before to 
the study's start, and not be taking any drugs that are 
known to affect pancreatic or kidney function. 
Additionally, patients with poorly controlled blood sugar 
at the most recent routine clinical check, BMIs of >26 
kg/m2 and 45 kg/m2, patients with pre-existing co-
morbidities or complications of diabetes, patients who 
were critically ill, and patients who were taking drugs 
that affected the mind were disqualified. 

Each participant gave their agreement before 
the study's 60 participants were randomly assigned to 
the open label control (Standard of care) or intervention 
arms. The intervention group got a calorie-restricted 
meal made up of items that were cultivated nearby, 
whereas the control arm included diabetes patients who 
were taking at least one oral hypoglycemic medication. 
To make sure there was no statistically significant 
difference between the control and intervention groups, 
statistical tests were conducted. 

All trial participants underwent clinical 
evaluations and assessments of adherence and 
morbidity once per month. At least once a week, all 
participants were phoned on their cell phones to check 
in and address any issues that came up as the research 
went along. Participants whose clinical symptoms 
worsened were taken out of the trial and started 
receiving complete pharmacological therapy under the 
care of an endocrinologist until their circumstances 
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stabilized. Every participant underwent a self-reported 
fasting blood glucose test every two weeks. The study's 
endpoints were an FBS value that remained between 3.5 
and 5.5 mmol/l for six months and a weight loss of 5% of 
body weight. 

III. Results and Discussion 

a) Demographics 
Demographic characteristics showed no 

statistically significant difference between Age 

(p=0.934), Gender (p=0.605), and the clinical group, as 
shown in Table 1.  

 
 
 
 
 
 
 

Table 1: Demographics 

*Statistically significant (p<0.05); χ2=Chi-Square; µ=Student t-test; α=Fishers Exact p

b) Association between clinical parameters for 
Standard of Care (Control) group over 6 months

 

Results from Table 2 shows mean differences in 
the clinical parameters (FBS, waist circumference and 
BMI) of T2DM patients subjected to a standard of care 
(Control) over a 6months period. Changes in means 
were noted in FBS, and waist circumference parameters 
in the standard of care group but for BMI that had 
steady drop in mean values (from 26.06 to 25.0). 

ANOVA results of the clinical parameters on the average 
presented show no significant mean differences for all 
the measured clinical parameters after a period of six 
months. As such the null hypothesis of no significant 
mean difference is sustained. Therefore, there are no 
significant mean differences on the clinical parameters 
(FBS, waist circumference and BMI) of T2DM patients 
subjected to a standard of care (Control) over a 
6months period.

 

Table 2:
 
Descriptive Statistics showing an association between clinical parameters for the Standard of Care (Control) 

group

Variables
 

Standard of Care (Control) group
 

ANOVA
 

(F-test)
 p-value

 

 
Mean

 
SD

   

FBS CONTROL
     

Initial
 

8.570
 

3.3124
   

3 Months
 

7.003
 

2.3839
 

2.298
 

0.107
 

6 Months
 

7.367
 

3.1119
   

Overall
 

7.647
 

3.0059
   

Waist CONTROL
     

Initial
 

90.817
 

10.9359
   

3 Months
 

89.800
 

10.6298
 

0.078
 

0.925
 

6 Months
 

90.000
 

10.1608
   

Overall
 

90.206
 

10.4701
   

BMI CONTROL
     

Initial
 

26.907
 

4.5521
   

3 Months
 

26.093
 

4.5572
 

0.763
 

0.469
 

6 Months
 

25.417
 

4.9173
   

Overall
 

26.139
 

4.6662
   

 

Variable Group χ2 

(p-value) 
 Intervention 

n2=30 
Control 
n2=30 

 

 Freq (%) Freq (%)  
Age Group    

30-49 11 (36.67) 9 (30.0)  
50-69 15 (50.0) 17 (56.67) 0.934α 
≥70 4 (13.33) 4 (13.33)  

Mean (SD) 54.73 ± 11.29 57.6 ± 9.73 1.05 (0.292) µ 
Gender    

Male 13 (43.33) 16 (53.33)  
0.27 (0.605) Female 17 (56.67) 14 (46.67) 
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c) Association between clinical parameters for 
Intervention group over a 6 months Period 

Results from Table 3 shows mean differences 
on the clinical parameters (FBS, waist circumference 
and BMI) of T2DM patients subjected to Intervention 
over a 6months period.  

The One-way analysis of variance was 
conducted to investigate if there are significant mean 
differences on the clinical parameters (FBS, waist 

circumference and BMI) of T2DM patients subjected to 
Intervention over a 6months period. ANOVA results, 
presented in the above table, show significant mean 
differences for all the clinical parameters. There are 
significant mean differences on the clinical parameters 
(FBS, waist circumference and BMI) of T2DM patients 
subjected to Intervention therapy over a 6months period. 
Thus, the intervention had no significant effect on the 
Lipid profile of T2DM patients after six months.  

Table 3: Statistical descriptions of the association between clinical parameters in Intervention group

Variables Intervention group ANOVA 
(F-test) 

p-value 

 Mean SD   
FBS CONTROL     

Initial 3.8471 0.7024   
3 Months 1.9670 0.3591 7.388 0.001* 
6 Months 1.5855 0.2895   
Overall 2.8416 0.2995   

Waist CONTROL     
Initial 88.82 9.900   

3 Months 82.93 8.777 7.572 0.001* 
6 Months 80.00 8.034   
Overall 83.92 9.574   

BMI CONTROL     
Initial 26.670 4.1194   

3 Months 24.920 4.0177 7.667 0.001* 
6 Months 22.857 3.1076   
Overall 24.816 4.0487   

 

d) Percentage of Fasting Blood Sugar (FBS) Reduction 
at the Individual Level after six months of Standard of 
Care (Control) and Intervention

 

Results from Table 4 show that after a period of 
six months, the intervention controlled the FBS level of 
30% of T2DM patients, and the standard of care 

controlled the FBS level of 13% of T2DM patients. 
Therefore, the intervention has the efficacy to control the 
FBS in more than twice the number of T2DM patients as 
the standard of care. However, this observed difference 
was not statistically significant (p=0.237).

 

Table 4: Percentage of Reduction of FBS using both Standard of Care (Control) and Intervention after a period of six 
months

Group

 

All 
participants n 

(%)

 FBS Change

 

n (%)

 % Reduction
 

(No. of normal 
subjects after 

6months – Initial no. 
of normal)

 

Fishers 
exact p

 

  
Initial

 
3 Months

 
6 Months

   

Control
 

30 (100.0)
 

8/30
 

(26.7)
 12/30 

(40.0)
 12/30 

(40.0)
 12-8 

4 (13.33)
 

 
 

0.237 µ
 Intervention

 
30 (100.0)

 
11/30

 

(36.67)
 13/30

 

(43.33)
 20/30

 

(66.67)
 20-11

 

9 (30.0)
 

µ=Fisher’s exact p (recommended where cell values are <5)
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Table 5: Percentage of Normal Body Mass Index (BMI) that had reduction in HbA1c to <6.5% within the Standard of 
Care (Control) and Intervention groups after a period of six months

Group
 All 

participants 
n (%) 

BMI Change 

n (%) 
Fishers exact p

 

  Initial 3 Months 6 Months  
Control 30 (100.0)     

 
 
 

0.025µ* 

Ideal (BMI)  12/30 
(40.0) 

15/30 
(50.0) 

17/30 
(56.7) 

(HbA1c 
<6.5%)Remission 

 0 (0) 3/15 
(20.0) 

3/17 
(17.6) 

Intervention 30 (100.0)    
Ideal BMI  11/30 

(36.7) 
16/30 
(53.3) 

23/30 
(76.7) 

(HbA1c<6.5%)Remission  2/11 
(18.18) 

9/16 
(56.25) 

14/23 
(60.87) 

*Statistically Significant at P ≤ 0.05; µ=Fisher’s exact p (recommended where cell values are <5)
e) Assessing the effect of Individual on the FBS level of 

T2DM patients while controlling for the influence of 
standard of care  

The analysis of covariance was conducted to 
investigate the effect of Intervention group on the fasting 
blood sugar (FBS) level of T2DM patients over a period 
of six months while controlling for the influence of 

standard of care. ANCOVA results, presented in Table 6 
show a significant difference in mean FBS level amongst 
treatment groups [F(2, 86) = 6.790, p < .01, partial ⴄ2 
= .136]. However, the calculated effect size indicates a 
small proportion of variance accounted for about 13.6% 
change in the FBS level of the treatment group.  

Table 6: ANCOVA Summary of the effect of Intervention on FBS level of T2DM patients

Parameter Effect of Intervention on the FBS level F P-value
 

Effect Size 
ⴄ2 

 Initial Visit 3 Months 6 Months    
 Mean ± SD Mean ± SD Mean ± SD    

FBS Intervention 7.94 ± 1.97 6.42 ± 1.95 5.36 ± 1.94 6.790 0.002* 0.136 
*Statistically Significant at P ≤ 0.05

f) Assessing the effect of Intervention on the BMI level 
of T2DM patients while controlling for the influence of 
standard of care  

The analysis of covariance was conducted to 
investigate the effect of MNT therapy on the Body Mass 
Index (BMI) of T2DM patients over a period of six 
months while controlling for the influence of standard of 

care. ANCOVA results, presented in Table 7, show a 
significant difference in mean FBS level amongst 
treatment groups [F(2, 86) = 8.333, p < .01, partial ⴄ2 
= .162]. However, the calculated effect size indicates a 
small proportion of variance which accounted for about 
16.2% change in the BMI of the treatment group.  

Table 7: ANCOVA Summary of the effect of Intervention on BMI of T2DM patients

Parameter

 

Effect of Intervention on the BMI Control

 

F P-value
 

Effect 
Size 
ⴄ2 

 Initial Visit 3 Months 6 Months    
 Mean ± SD Mean ± SD Mean ± SD    

BMI Intervention  
Group 

26.76 ± 2.74 24.92 ± 2.73 22.77 ± 2.74 
8.333 0.001* 0.162 

*Statistically Significant at P ≤ 0.05

g) Assessing the effect of Intervention on the Waist 
circumference of T2DM patients while controlling for 
the influence of standard of care 

 

The analysis of covariance was conducted to 
investigate the effect of Intervention on the waist 
circumference of T2DM patients over a period of six 
months while controlling for the influence of standard of 

care. ANCOVA results, presented in Table 8, show a
 

significant difference in mean waist circumference 
(weight loss) amongst treatment groups [F(2, 86) 
=7.435, p < .01, partial eta ⴄ2 = .147]. However, the 
calculated effect size indicates a small proportion of 
variance, accounting for about 14.7% change in

 
the 

waist circumference of patients in the treatment group. 
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Table 8: ANCOVA Summary of the effect of Intervention on Waist circumference of T2DM patients

Parameter
 Effect of Intervention on the Waist 

Circumference F P-value
 

Effect 
Size 
ⴄ2 

 Initial Visit 3 Months 6 Months    
 Mean ± SD Mean ± SD Mean ± SD    

Waist Circumference 88.75 ± 6.47 82.98 ± 5.73 80.02 ± 6.74 7.435 0 .001* 0.147 

*Statistically Significant at P ≤ 0.05 

IV. Discussion 

Even with a large number of T2DM medications 
being available on the market, non-adherence to 
therapy, side effects, cost, and poor health seeking 
behaviors are a major drawback for effective glycaemic 
control. (Jaja et al., 2016; Sokiprim et al., 2022; 
Siminialayi and Eme-Chioma, 2006) This occasionally 
makes it difficult for patients with T2DM to follow through 
to their treatment. An unhealthy diet like non-vegetarian 
with processed red meat, excess fats were even 
reported to have a 3.8times chance of having diabetes 
linked to their cause of death irrespective of age and 
sex. (Snowden 1985). Although this study considered 
age, sex and dietary patterns, it did not the health 
seeking behaviours and occupations of the participant. 
It showed a mean age of 54.74±11.29 years for 
intervention group with gender equally matched (see 
Table1).  

The principles of prevention and management 
in T2DM include frequent blood glucose monitoring, 
reduction in calories etc. Blood glucose monitoring 
before and after meal will enable early recognition of 
glucose abnormalities and allow prompt action to 
prevent several diabetic complications. Particpants in 
this study had blood sugar monitored daily on self-
assessment of daily glycaemic control. Tonstadetal. 
(2013) showed that appropriate diet was associated with 
weight reduction in patients at risk for T2DM when BMI 
was adjusted. The intervention group were on 1,200kcal 
per day in this present study. A UK study demonstrates 
that a weight loss program can result in type 2 diabetes 
remission even in those with a normal body mass index 
(BMI) by reducing body fat, notably in the liver and 
pancreas. Twenty participants with type 2 diabetes with 
a BMI of 27 kg/m2 or less participated in the ReTUNE 
(Reversal of Type 2 Diabetes Upon Normalisation of 
Energy Intake in Non-obese People) experiment. 
Participants had shed 9% of their body weight after a 
year. They observed reductions in liver fat, total 
triglycerides, and pancreatic fat, and their body fat 
considerably dropped, reaching the same level as 
individuals without type 2 diabetes. This was also shown 
to be associated by increases in insulin production and 
decreases in A1c and fasting plasma glucose levels, 
Furthermore, the study showed that T2DM has the same 
etiology and pathogenesis whether BMI is normal or 
elevated. This knowledge ought to have a significant 

impact on the recommendations doctors give to their 
patients. Encourage patients to lose weight is not very 
pleasant to a patient with T2DM however, this is one of 
the dramatic aspects about dealing with people in this 
group. The improvements in T2DM are seen with 
systematic intervention programs that result in 
considerable weight reduction (Katula et al., 2013; 
Mohammed et al., 2012). For the prevention and 
treatment of diabetes, targeted lifestyle interventions 
have been demonstrated to be both clinically and 
financially successful (Shurney 2012; Herman, 2015). 
The study showed a steady drop of parameter means 
from the initial visit to six months in the intervention 
group. The fasting blood sugar dropped from a group 
mean of 7.97 on the initial visit to a mean of 5.35 after 
six months with and effect size of 0.13. (see Table 6). 
Furthermore, the study showed that twice the number of 
study participants in the intervention group had a drop in 
Fasting blood glucose (well controlled) throughout the 
study period compared to the control group in a ratio of 
almost 2:1. It is safe to document that the intervention 
had more efficacy at glycaemic control (see Table 4). 
Lim et al 2011 found normalized in the diabetic group 
(from 9.2±0.4mmol/L to 5.9±0.4 mmol/l, p=0.003). This 
finding were similar to finding in Pories et al. (1987), 
affirmed in 2017 by Schauer et al.; reaffirmed by the 
Diabetes Remission Clinical Trial (DiRECT) study and 
currently by Sokiprim et al (2022) using wholly Nigerian 
diet to achieve remission in T2DM patients. Similarly, the 
result showed substantive weight loss after six months 
of Intervention. This is revealed in the waist 
circumference mean which fell from 88.82cm to 80.0cm 
after six months, and BMI that dropped from 26.670 to 
22.857kg/m2 after six months (Table 3). The very small 
effect size of 0.16 for BMI shows no interference with the 
control (Table 7). 

This study has provided proof that a healthy diet 
may help maintain good glycaemic control and restore 
patients' health to normal. A calorie reduction over a 
period of weeks or months may cause weight loss with a 
decline in leptin synthesis, a reduction in fatty acid 
infiltration into liver and muscle cells, and the potential 
for a legacy effect. This may be the cause of the 
outcome seen with the decrease in HbA1c after weight 
loss (see table 5). All of them cause weight reduction, a 
decrease in inflammatory mediators, and an increase in 
insulin sensitivity. Dysbiosis is brought on by the 
disturbance of the microbiome caused by the Western 
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diet, antibiotics, and other factors, as well as a decrease 
in the synthesis of the short-chain fatty acid butyrate, 
which helps control blood sugar. Studies shows that a 
high fibre-based diet helped to reverse diabetes despite 
no weight loss occurring implying the type of food 
consumed impacted blood sugar regulation. (Trapp et 
al. 2010; Oputa and Chineye, 2015).  

The study's observations of changes occurred 
quickly. The participant receiving one call and two texts 
each week as follow-up for rewards and long-term 
health education might be the cause of this. They were 
reminded to take daily blood sugar readings, keep a 
chart, and follow the research protocol during the calls, 
which served as the psychological support and 
interactions they needed to deal with worries during the 
study time (Akoko et al, 2022). Additionally, it assisted in 
keeping an eye on potential problems both inside and 
across groups. If long-term lifestyle interventions are not 
supported, sustainable improvements may be phased 
out due to a lack of an adequate support structure and 
unfavorable environmental factors, such as no 
immediate financial advantage to the hospital where the 
study was conducted. According to Van Ommen et al. 
(2017), the theory and practice are different, and we are 
facing a multifaceted dilemma that calls for removing 
obstacles on the basis of the economy, society, 
psychology, and biology. 

The study provides some evidence that weight 
loss can improve glycaemic control and insulin 
sensitivity, returning to normal blood sugar levels in 
patients with T2DM and caloric restrictions to 1,200 kcal 
per day. As a result, doctors are encouraged to 
emphasize the need for selfcare in these patients once 
again. The limited sample size and persistence of the 
glycaemic control after achieving blood sugar control for 
six months are the study's shortcomings. When 
standard of care variables were taken into consideration, 
the study demonstrated the viability of diet in weight loss 
and glycemic management (control group). Evidence 
may be seen in the analysis of covariance for the FBS 
(Tables 6), BMI (Tables 7) and waist circumference 
(Tables 8). It is advised to conduct more research to 
determine the longevity of the Nigerian diet's ability to 
maintain remission and ameliorate organ effects of 
poorly controlled T2DM 

V. Conclusion 

In keeping with the definition of remission, 
fourteen of the 23 participant who has normal BMI 
maintained normal HBA1c for 6 months. Normalizing 
BMI with caloric restriction is an effective means of 
controlling blood glucose and type 2 diabetes mellitus. 

The Authors of this study declares no conflict of interest. 

The authors also acknowledge the limitations 
with the study as some results were self-reported by 
study Participants. 
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It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to 
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The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with 
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details

The full postal address of any related author(s) must be specified.

Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
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One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list 
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One should start brainstorming lists of potential keywords before even beginning searching. Think about the most 
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a 
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases, 
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.

Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

Preparation of Eletronic Figures for Publication

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only)  should  have  a  resolution  of  at  least  350 dpi  (halftone)  or 700 to  1100  dpi              (line drawings). Please give the data 
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and 
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line 
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper.

Tips for writing a good quality Medical Research Paper

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or 
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with 
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you 
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of medical research then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should 
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain 
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research 
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a 
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings. 
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the 
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A 
good quality research paper format is essential because it serves to highlight your research paper and bring to light all 
necessary aspects of your research.

Informal Guidelines of Research Paper Writing

Key points to remember:

• Submit all work in its final form.
• Write your paper in the form which is presented in the guidelines using the template.
• Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent 
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general 
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.
• Use paragraphs to split each significant point (excluding the abstract).
• Align the primary line of each section.
• Present your points in sound order.
• Use present tense to report well-accepted matters.
• Use past tense to describe specific results.
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
• Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have 
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer 
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant 
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet 
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

• Fundamental goal.
• To-the-point depiction of the research.
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

o Single section and succinct.
o An outline of the job done is always written in past tense.
o Concentrate on shortening results—limit background information to a verdict or two.
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else.

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.

Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:

Materials may be reported in part of a section or else they may be recognized along with your measures.

Methods:

o Report the method and not the particulars of each process that engaged the same methodology.
o Describe the method entirely.
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures.
o Simplify—detail how procedures were completed, not how they were performed on a particular day.
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

What to keep away from:

o Resources and methods are not a set of information.
o Skip all descriptive information and surroundings—save it for the argument.
o Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective 
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.

Content:

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
o Present a background, such as by describing the question that was addressed by creation of an exacting study.
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate.
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript.

What to stay away from:

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
o Do not include raw data or intermediate calculations in a research manuscript.
o Do not present similar data more than once.
o A manuscript should complement any figures or tables, not duplicate information.
o Never confuse figures with tables—there is a difference. 

Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.

Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain?
o Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

The Administration Rules

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS 

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals.

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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A

Accumulate · 11
Adhering · 3
Ameliorate · 64
Amplitude · 37

C

Concomitant · 45
Conjugates · 12, 13

D

Deplete · 13
Desirable · 2
Disruption · 1

E

Eradication · 27

H

Hesitant · 2

I

Impediments · 47
Incipient · 52, 53

P

Plethora · 21
Potentiate · 13
Progenitor · 8, 11, 22

Q

Quiescent · 24

S

Sedentary · 35, 36, 39, 41, 47
Squamous · 25

W

Worsening · 35
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