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PPIB Unveiled: A Comprehensive Pan-Cancer Exploration Unraveling 
Immunological Signatures and Prognostic Implications 

 By Yan Ouyang, Qi Dai, Shengming Lai, Haiyan Huang,  
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Abstract- Background: Peptidylprolyl isomerase B (PPIB) has been shown to play an essential 
role in tumor initiation and progression. However, it lacks systematic analysis and evaluation of 
the effect of PPIB on pan-cancer. 

Methods: The expression profile and survival analysis of PPIB in tumor tissues were 
demonstrated by the TIMER2.0, GEPIA2.0, and UALCAN online tools. The cBioportal, GSCA, 
TISDB, and TIMER2.0 databases were applied to analyze the correlation between PPIB and 
genetic variation, immune infiltration, and cancer-associated fibroblasts (CAFs), respectively. The 
STRING, GEPIA2.0, and TIMER2.0 databases were used to identify the co-expressed genes of 
PPIB. The DAVID online database was used for GO and KEGG pathway analysis. 

Results: PPIB was highly expressed in 20 types of tumors. Upregulation of PPIB was associated 
with a poor prognosis of 6 types of tumors (P<0.05). In most cancers, the frequency of PPIB 
genetic variation is relatively low, and the common mutation types are missense mutations and 
splices.  
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PPIB Unveiled: A Comprehensive Pan-Cancer 
Exploration Unraveling Immunological Signatures 

and Prognostic Implications
Yan Ouyang α, Qi Dai σ, Shengming Lai ρ, Haiyan Huang Ѡ, Yongsheng Huang ¥ & Shuwei Ren §

Abstract- Background: Peptidylprolyl isomerase B (PPIB) has 
been shown to play an essential role in tumor initiation and 
progression. However, it lacks systematic analysis and 
evaluation of the effect of PPIB on pan-cancer. 

Methods: The expression profile and survival analysis of PPIB 
in tumor tissues were demonstrated by the TIMER2.0, 
GEPIA2.0, and UALCAN online tools. The cBioportal, GSCA, 
TISDB, and TIMER2.0 databases were applied to analyze the 
correlation between PPIB and genetic variation, immune 
infiltration, and cancer-associated fibroblasts (CAFs), 
respectively. The STRING, GEPIA2.0, and TIMER2.0 
databases were used to identify the co-expressed genes of 
PPIB. The DAVID online database was used for GO and KEGG 
pathway analysis. 

Results: PPIB was highly expressed in 20 types of tumors. 
Upregulation of PPIB was associated with a poor prognosis of 
6 types of tumors (P<0.05). In most cancers, the frequency of 
PPIB genetic variation is relatively low, and the common 
mutation types are missense mutations and splices. The 
expression of PPIB was significantly associated with copy 
number amplification and hypomethylation (P<0.05). PPIB 
expression was significantly correlated with infiltrating 
lymphocytes and CAFs (P<0.05). In the endoplasmic 
reticulum, PPIB and its co-expressed genes are mainly 
involved in protein processing. The molecular function of PPIB 
is especially protein folding. 

Conclusions: It is revealed that the pan-cancer analysis of 
PPIB plays a pro-oncogenic role in tumorigenesis, which 
provides a new marker for the diagnosis and prognosis of 
cancers. 
Keywords: PPIB, pan-cancer analysis, prognosis. 

I. Introduction 

ancers are now the leading cause of premature 
death in 127 countries. There is a trend that 
cancer may surpass cerebral vascular disease 

(CVD) as the leading cause of sudden death in most 
countries (Bray et al., 2021). According to the 
International   Agency   for   Research   on  Cancer,  19.3 
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We have identified abnormal expression of 

Peptidylprolyl isomerase B (PPIB) in various cancers 
through preliminary database analysis. PPIB is a 
member of the cyclosporine-binding protein and is 
mainly located within the endoplasmic reticulum. It is 
associated with the secretory pathway and released in 
biological fluids. This protein can bind to cells derived 
from T- and B-lymphocytes and may regulate the 
immunosuppressive drug cyclosporine A-mediated 
immunosuppression as a cell receptor protein. The 
molecular function of PPIB is to act as a peptidylprolyl 
anti-cis isomerase (PPIase), regulating the protein 
conformation of its substrate through propyl cis-trans 
isomerization in the endoplasmic reticulum lumen and 
nucleus, and participating in protein folding, secretion, 
and post-translational modification processes. PPIB 
could catalyze the cis-trans isomerization of xaa-proline 
bonds, a rate-limiting step in protein folding, which is 
required for proteome homeostasis (Hasel KW et al., 
1991 Jul; Peddada LB et al., 1992). 

There have been some relevant studies on the 
role of PPIB in cancer. A recent study found that UTMD-
mediated miR-206 regulates the expression of 
apoptosis, migration, and invasion-related proteins by 
targeting PPIB, inhibiting the migration and invasion of 
hepatocellular cancer (LIHC) cells, and enabling cell 
apoptosis (Wu H et al., 2020 Jan-Dec). PPIB can 
enhance the JAK2/SAT3 signaling pathway in gastric 
cancer cells, thereby promoting the proliferation of 
cancer cells (Li T et al., 2017 Mar 1). Furthermore, PPIB 
can serve as a biomarker in the diagnosis and treatment 
of cancer. In ovarian cancer (OV) and head and neck 
squamous cell carcinoma (HNSC), PPIB is a potential 
prognostic marker (Pan X & X., 2020 Oct 15; Xin et al., 
2021 Mar 29). PPIB induces chemotherapy resistance 
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million new cancer cases and almost 10.0 million cancer 
deaths occurred in 2020. The global cancer burden is 
expected to be 28.4 million cases in 2040, a 47% rise 
from 2020 (Sung et al., 2021). Cancer is essentially a 
disease of the genome, which evolves and progresses 
with accumulations of somatic mutations, including 
copy‐number alterations, structural variants, and 
epigenomic alterations (Nakagawa et al., 2018; Stratton 
et al., 2009). Thus, a pan-cancer analysis of cancer-
associated genes will help understand their roles in 
cancer development.



by degrading wild-type p53 through its interaction with 
MDM2, which may serve as a predictive biomarker for 
chemotherapy resistance in the treatment of colorectal 
cancer (Choi et al., 2018 Sep). In addition, another study 
found that PPIB is also a novel indicator for evaluating 
lymph node metastasis in colorectal cancer (Yue et al., 
2009 Oct). 

This study focused on PPIB and utilized 
bioinformatics-related software and online databases to 
comprehensively analyze the differences and specific 
molecular mechanisms of PPIB in pan-cancer, providing 
a comprehensive understanding and sufficient basis for 
whether PPIB has the potential for therapeutic targets 
and detection markers in human cancers. 

II. Materials and Methods 

a) Research data sources 
The data for this study is sourced from TCGA 

and GTEx databases. We analyzed the expression level 
of PPIB and its correlation with CAFs using the 
TIMER2.0 database (http://timer.comp-genomics.org/). 
We studied the expression level of PPIB, expression 
differences in pathological staging, survival analysis, 
and correlation analysis of co-expressed genes using 
the GEPIA2 database (http://gepia.cancer-pku.cn/).We 
explored the protein expression levels of PPIB in 
different tumors using the UALCAN database 
(http://ualcan.path.uab.edu/). We investigated the 
genetic variation frequency and types of PPIB in various 
tumors using the cBioportal database 
(https://www.cbioportal.org/). We dissected the 
correlation between PPIB and methylation using the 
GSCA database (https://bioinfo.life.hust.edu.cn/gsca). 
We analyzed the correlation between PPIB and 
abundance of tumor-infiltrating lymphocytes by TISIDB 
database (http://cis.hku.hk/tisidb/index.php). We 
performed protein-protein interaction network (PPI) 
analysis using the STRING database (https://string-
db.org/). We performed KEGG pathway and GO 
analysis of PPIB using the DAVID database 
(https://david.ncifcrf.gov/). The data and analysis 
provided by these databases and tools provide a 
foundation for us to comprehensively explore the role of 
PPIB in cancer. 

b) Analysis Methods 

i. Expression Analysis of PPIB  
We used the “Gene-DE” module in TIMER2.0 to 

analyze the differential expression of PPIB in different 
tumors and adjacent normal tissues in the TCGA 
database (Li et al., 2020 Jul 2). Due to the loss of normal 
tissue samples of some tumors in the TIMER2.0 
database, we used the GEPIA2 database for analysis 
and supplementation of tumors with differential 
expression of PPIB (Tang et al., 2019 Jul 2). By using the 
“Pathological Stage Plot” module tool and the “CPTAC” 
module in the UALCAN database, we analyzed the 

correlation between PPIB expression and clinical staging 
of different cancers and the protein expression of PPIB 
in various cancers (Chandrashekar et al., 2017 Aug). 
Comparisons between groups were performed using 
two independent sample t tests. The difference was 
statistically significant at P<0.05. 

ii. Survival Analysis of PPIB 
We analyzed the relationship between the 

high/low expression status of PPIB and overall survival 
(OS)/disease-free survival (DFS) using the “Survival 
Analysis” module of the GEPIA2 database(Tang et al., 
2019 Jul 2). 

iii. Genetic Variation of PPIB 
We used the cBioportal database “TGCA Pan-

Cancer Atlas Study” module to analyze the genetic 
variation of PPIB in different tumors and display specific 
domain mutation information. Simultaneously explored 
the relationship between PPIB mutations/non-mutations 
and survival (Cerami et al., 2012 May). 

iv. DNA methylation analysis of PPIB 

We analyzed the impact of methylation status 
on PPIB expression in different tumors through the 
“Mutation” module of the GSCA database (Liu et al., 
2023 Jan 19). 

v. Analysis of the Correlation between PPIB and Tumor 
immune Microenvironment 

We used the “Gene” module of the “Immune” 
module in the TIMER2.0 database to analyze the 
relationship between PPIB and CAFs in different tumors. 
Using the “Lymphocyte” module of TISIDB database, we 
explored the relationship between the abundance of 
tumor infiltrating lymphocytes and PPIB expression in 
various tumors (Ru et al., 2019 Oct 15). 

vi. PPIB-related gene enrichment analysis 

We analyzed 50 proteins that interact with PPIB 
by using the STRING database “Protein by name” 
module (von Mering et al., 2003 Jan 1). Then, through 
the “Similar” module of the GEPIA2 database, we 
screened out the top 100 genes related to PPIB 
expression. We used the “Correlation Analysis” module 
to analyze the correlation between the top 5 genes with 
the highest correlation and PPIB expression. We 
analyzed the expression of the top 5 genes related to 
PPIB expression in different tumors using the “Gene 
Corr” module of the TIMER2.0 database. We used the 
DAVID database and the “OFFICIAL GENE SYN” 
module to screen PPIB expression-related genes from 
the GEPIA2 database for KEGG pathway analysis and 
GO analysis to provide a basis for exploring the specific 
molecular mechanisms and roles of PPIB in different 
tumors (Dennis et al., 2003). 
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III. Results 

a) Analysis of expression patterns of PPIB 
To explore the clinical significance of PPIB in 

tumorigenesis, we utilized the “Gene-DE” module in the 
TIMER2.0 database. We supplemented it with the 
GEPIA2 database to analyze the expression profiles of 
PPIB at the mRNA level in 33 types of tumors. We found 
that PPIB was differentially expressed in 22 types of 
tumor tissues compared to corresponding normal 
tissues, up-regulation of PPIB happened in 20 types of 
tumors, including bladder urothelial carcinoma (BLCA), 
breast invasive carcinoma (BRCA), cholangio carcinoma 
(CHOL), colon adenocarcinoma (COAD), esophageal 
carcinoma (ESCA), glioblastoma multiforme (GBM), 
head and neck squamous cell carcinoma (HNSC), 
kidney renal clear cell carcinoma(KIRC), kidney renal 
papillary cell carcinoma (KIRP), Liver hepatocellular 
carcinoma (LIHC), lung adenocarcinoma (LUAD), Lung 
squamous cell carcinoma (LUSC), prostate 
adenocarcinoma (PRAD), rectum adenocarcinoma 
(READ), stomach adenocarcinoma (STAD), uterine 
corpus endometrial carcinoma (UCEC), lymphoid 
neoplasm diffuse large B-cell lymphoma (DLBL), brain 
lower grade glioma

 

(LGG), testicular germ cell tumors

 

(TGCT), uterine carcinosarcoma

 

(UCS). However, down-
regulation of PPIB happened in 2 types of tumors, 
including kidney chromophobe

 

(KICH) and thyroid 
carcinoma

 

(THCA)

 

(Figure 1A and 1B).

 

This indicates 
that PPIB may play an inhibitory role in these two types 
of cancer, indicating the duality of PPIB in different 
cancers.

 

BRCA1 is a protein factor that protects breast 
tissue cells from cancer invasion. However, a recent 
study suggests that this protein may also have the 
opposite effect: in another type of cancer- 
neuroblastoma, BRCA1 helps stabilize the tumor

 

(Herold 
et al., 2019). Additionally, we also found that the protein 
level of PPIB was upregulated in four kinds of tumor 
tissues

 

(COAD, KIRC, LUAD, UCEC). It was shown that 
PPIB plays a role as a carcinogen in the above tumors.

 

Moreover, we analyzed the expression of PPIB in 
different tumor pathological stages. It was suggested 
that the

 

upregulation of PPIB was significantly linked to 
the pathological stages of KICH, KIRC, UCS, TGCT, and 
THCA

 

(Figure 1C). These results indicated that PPIB 
may be involved in promoting the metastasis 
progression

 

in these cancers.
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Figure 1: Expression profile of PPIB in different tumors
(A) Expression of PPIB in 33 types of tumor tissues.* P < 0.05; ** P <0.01; *** P <0.001.(B) Expression of PPIB in 
DLBC, THYM, TGCT and UCS tumor tissues and corresponding normal tissues.(C) Protein expression of PPIB in 
primary tumor tissues and corresponding normal tissues.(D) Relationship between expression of PPIB and 
pathological stage.

b) Survival Analysis of PPIB
We further explored the prognostic significance 

of PPIB among the 33 types of tumors based on the 
GEPIA2 database. It was found that high expression of 
PPIB is negatively correlated with overall survival (OS) in 
ACC, CESC, GBM, HNSC, KIRC, LGG, and UVM (Figure 
2A). Simultaneously, disease-free survival (DFS) 
analysis showed that upregulation of PPIB expression is 
associated with poor prognosis in ACC, CESC, CHOL, 

HNSC, KIRC, LGG, and UVM (Figure 2B). These results 
indicated that PPIB is an independent prognostic marker 
of both DFS and OS in ACC, CESC, HNSC, KIRC, LGG, 
and UVM.
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A

B

c) Genetic and Epigenetic Variation Analysis of PPIB
We analyzed the genetic variation of PPIB in 

TCGA pan-cancer using the cBioportal database. As 
shown in Figure 3A, the overall genetic variation 
frequency of PPIB is relatively low. The highest alteration 
frequency of PPIB happened in UCEC (2.84%), with 
mutations (2.46%) being the predominant. However, it is 
worth noting that genetic variation is mainly amplification
in MESO, KICH, SARC, and PRAD. In cases of gene 
variation in STAD, copy number deletion (0.68%) is the 
leading cause. Additionally, the genetic characteristics 
of PPIB were not observed in tumors such as LAML, 
ACC, CHOL, DLBC, GBM, and PCPG (Figure 3A).

We further investigated the gene mutation 
types, loci, and number of cases of PPIB. As shown in 
Figure 3B, the highest number of cases is missense 
mutations among the kinds of gene mutations of PPIB.
The data represented that there have been cases of 
missense mutations in R95C/G in BLCA, ESCA, and 
COAD. The arginine (R) at position 95 in the 
"PRO_isomerase" domain is mutated to cysteine (C) or 
glycine (G). In LGG, SKCM, and STAD cases, X115 
spliceosomes were found on the "PRO_isomerase" 
domain (Figure 3B). 

According to the high proportion of copy 
number amplification in mutations, we evaluated the 

Figure 2: Survival analysis of PPIB in 33 types of tumors.
(A) Analysis of PPIB expression and overall survival in 33 types of tumors. (B)Analysis of PPIB expression and 
disease-free survival in 33 types of tumors.



 
  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Genetic variation analysis of PPIB in tumors.

 

(A)

 

Genetic variation types of PPIB in tumors.

 

(B)

 

Mutations in various domains of PPIB. (C)

 

Correlation between 
copy number variation and PPIB expression. (D)Correlation between DNA methylation and PPIB expression.
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relationship between PPIB expression and copy number 
amplification. We found a significant positive correlation 
between the expression levels of PPIB and copy number 
amplification in 20 types of cancer (FDR<0.05), 
including UCEC, READ, COAD, OV, LUAD and LUSC
(FDR < 0.05) (Figure 3C).  Research has shown that 
DNA promoter methylation plays a crucial role in tumor 
progression (Kulis & Esteller, 2010). We evaluated the 

DNA methylation patterns of PPIB based on the GSCA 
database. The expression level of PPIB is significantly 
negatively correlated with DNA methylation in 22 types 
of tumors (FDR < 0.05), including PRAD, BRCA, LGG, 
COAD, LUAD, HNSC (Figure 3D). According to the 
above data, DNA copy number amplification and 
methylation are the two underlying causes of PPIB 
upregulation in cancers.

A B

C D

d) Correlation analysis between PPIB and the immune 
microenvironment

Malignant solid tumor tissue contains not only 
cancer cells, but also normal stromal, infiltrating 
immune, epithelial, and vascular cells. It has been 
reported that infiltrating immune cells play essential 
roles in regulating tumor growth, metastasis, and drug 
resistance (Han et al., 2020 Jun). In this study, we used 
the TISIDB platform to explore the correlation between 
PPIB expression and infiltrating immune cells. It was 
found that PPIB expression was positively associated 
with activated CD8+ T cell(Act CD8), central memory 
CD8+ T cell (Tcm CD8), effect memory CD8+T cells 
(Tem CD8), effect memory (Tcm CD4), gamma delta T 
cells (Tgd), CD56bright/CD56dim NK cells, myeloid 
suppressive cells (MDSCs) and activated dendritic cells 
(Act DCs). Nevertheless, we observed a statistically 
negative correlation between PPIB expression and 
activated/immature/memory B cells, natural killer cells 
(NK), and eosinophils (EOS) (Figure 4A). Further 

analysis revealed that most types of adaptive immune 
cells (activated/central memory/effector memory 
CD4+/CD8+T cells, Tgd cells, Th1 cells, Treg cells, 
follicular helper T cells (Tfh), and activated/immature/
memory B cells) and cell types related to innate 
immunity (neutrophils, monocytes, macrophages, mast 
cells, activated, immature dendritic cells (DCs), NK cells, 
natural killer T cells (NKT), and MDSCs) are positively 
correlated with PPIB expression levels in LGG (Figure 
4B). These results imply that NUTF2 promotes tumor 
progression by regulating infiltrating immune cells in 
LGG.

A kind of highly heterogeneous and 
hyper‐activated fibroblast named CAFs has been 
demonstrated to promote tumor initiation, migration, 
inflammation, and drug resistance via the secretion of
chemokines and cytokines, such as VEGFA and 
CXCL12(Guo et al., 2008 Jul 11; Nurmik et al., 2020 Feb 
15). Our study utilized four algorithms (TIDE, XCELL, 
MCPCOUNTER, EPIC) based on the TIMER 2.0 tool to 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:

 

Analysis of PPIB in immune microenvironment.

 

(A)

 

Correlation analysis between tumor infiltrating lymphocyte abundance and PPIB expression in tumors. (B)

 

The 
expression of PPIB in LGG is correlated with the activation of CD8+T cells, central memory CD8+T cells, Tgd cells, 
CD56 positive

 

cells, NKT cells, and monocytes.

 

(C)

 

Correlation between PPIB and CAFs calculated by four 
algorithms.

 

(D)

 

The top 6 tumors were positively correlated with expression level of PPIB.
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analyze the correlation between PPIB expression and 
CAFs in various tumors. The results revealed that the 
expression level of PPIB is positively correlated with 
CAFs in BLCA, GBM, HNSC, HNSC-HPV-, KIRC, LGG, 
and TGCT (appeared in 4 algorithms). By contrast, the 

expression level of PPIB is negatively correlated with 
CAFs in PRAD (Figure 4C). These results implied that 
the correlation between PPIB expression and CAFs 
varies among different types of tumors.

A B

C

D

e) Enrichment Analysis of PPIB co-expression genes
To investigate the potential molecular 

mechanisms of PPIB in tumor occurrence and 
development. In this study, we conducted protein-
protein interaction network analysis (PPI) using the string 
online tool. As shown in Figure 5A, we obtained 50 PPIB 
binding proteins (Figure 5A). In addition, by combining 
the expression data of all TCGA tumors, we identified 
the top 100 genes most related to PPIB expression. 
Among them, five genes with high correlation with PPIB 

were screened: PDIA3 (R=0.64), MANF (R=0.63), 
SERF2 (R=0.58), CALR (R=0.57), and SEC61B 
(R=0.54). Moreover, we substituted the top 5 genes with 
high correlation into the TIMER2.0 database and 
analyzed that PPIB is positively correlated with their 
expression levels (Figure 5B).

We identified KEGG pathways related to cancer
through functional enrichment analysis of the top 100 
genes, such as protein processing in the endoplasmic 
reticulum, biosynthesis of N-glycans, and protein output 



  
 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5:

 

Analysis of molecular mechanism of PPIB in tumorigenesis.

 

(A)

 

Analysis of protein-protein interaction network of PPIB. (B)

 

Correlation between PPIB and the first five genes in 
different types of tumors. (C)

 

KEGG

 

pathway analysis of the top 200 genes that associated with PPIB expression. (D)

 

Gene ontology analysis of the top 200 genes. 
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A

B

C

D

(Figure 5C). In addition, we conducted a Gene Ontology 
(GO) analysis on the relationship between PPIB and 
biological processes, cellular components, and 
molecular functions. Research has found that protein 
folding and protein disulfide isomerase activity may be 

involved in the role of PPIB in the cancer pathogenesis. 
These results revealed the possible molecular 
mechanisms and roles of PPIB in tumor pathogenesis
(Figure 5D).

IV. Discussion

Cancer has become one of the leading causes 
of increased human mortality. The process of cancer 
transformation is the result of cellular dysfunction. This is 
due to the accumulation of many genetic and epigenetic 
changes within cells, manifested as the accumulation of 
chromosomal or molecular abnormalities, leading to 
genetic instability (Peters & Gonzalez, 2018 Oct 1). For 
example, DNA methylation of SDC2 promotes tumor 
progression in colorectal cancer (Galamb et al., 2016).

Exogenous and endogenous factors, as well as 
individual factors, including genetic susceptibility, 
contribute to the occurrence and development of 
cancer. Environmental chemicals interact with chemical 
metabolism and endogenous signaling. Exogenous 
chemicals can form reactive intermediates with DNA 
through toxic metabolic enzymes. If not repaired by DNA 
repair enzymes, it can cause mutations in critical genes, 
such as tumor suppressors or oncogenes, ultimately 
leading to the formation of precancerous cells
(Lewandowska et al.). Amplification is mechanism of 
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activation of oncogenes such as fibroblast growth factor 
receptor 1 (FGFR1) and discoidin domain receptor 2 
(DDR2) in SCC. Intriguingly, many of these genetic 
alternations are associated with smoking status (Cooper 
et al., 2013). The intrinsic molecular mechanisms of 
tumors are complex, and there is still a need to explore 
more potential molecular markers to study the 
mechanisms of tumor occurrence further.

This study conducted a multi-omics study on 
PPIB through pan-cancer analysis and found that based 
on the TGCA and GTEx databases, the expression level 
of PPIB was significantly upregulated in 20 types of 
cancer compared to normal tissues. Moreover, high 
expression levels of PPIB are associated with a poor 
prognosis. There are differences in the expression levels 
of PPIB among different pathological stages of KICH, 
KIRC, UCS, TGCT, and THCA. According to the above 
research, PPIB has a cancer-promoting effect. The high 
expression of PPIB in tumors indicates its potential as a 
tumor marker.

In the genetic variation study of PPIB, the 
expression level of PPIB is positively correlated with 
copy number amplification. But there is no significant 
correlation between PPIB mutations and prognosis. 
Therefore, we focused on the epigenetic mechanism 
analysis of PPIB. Methylation disorders are involved in 
many diseases, including human cancer. DNA 
methylation regulates the expression of target genes 
during transcription. Loss or silencing of promoter 
methylation leads to tumor progression (Dai et al., 2021 
Mar 31; Ehrlich, 2019 Dec). Compared with normal 
tissues, the methylation level of PPIB is lower in multiple 
tumor types, and the expression level of PPIB is 
negatively correlated with the methylation level. 
Therefore, it can be considered that methylation of PPIB 
may be one of the important epigenetic mechanisms in 
tumor progression.

With the emergence and development of 
tumors, a series of soluble factors promote the influx of 
non-malignant cells (immune cells), blood vessels, and 
stroma, collectively becoming the tumor immune 
microenvironment (TME) (Bilotta et al., 2022 Oct 20). 
According to Weinberg et al, among the top ten 
characteristics of tumors, promoting angiogenesis, 
activating infiltration and metastasis, avoiding immune 
attacks, and promoting tumor inflammation are 
correlated with TME. These become essential factors in 
cancer cell behavior and disease progression (Hanahan 
& Weinberg, 2011 Mar 4). Immune cells and CAFs are 
essential components of TME. The importance of 
dynamically regulating cancer progression and 
influencing treatment outcomes is now widely 
recognized, and multiple treatment methods targeting 
various components of TME have been developed in 
recent years. Immunotherapy can inhibit the occurrence 
and development of tumors (Bejarano et al., 2021 Apr). 
The expression level of PPIB in most tumors was 

significantly correlated with most infiltrating immune 
cells in this study. Studies have shown that infiltration of 
CD8+T cells exerts anti-tumor effects, while B cell 
nuclear plasma cells can synergistically exert anti-tumor 
effects(Han et al., 2020 Jun; Wouters et al., 2018 Dec 
15). Egelston et al. proved that CD8+tumor infiltrating 
lymphocytes are related to the excellent prognosis of 
triple-negative breast cancer (TNBC) (Egelston et al., 
2022 Feb 8). CAFs are significant prognostic factors and 
therapeutic targets (Chen et al., 2021 Dec). In this study, 
the expression levels of PPIB were positively correlated 
with CAFs in BLCA, GBM, HNSC, HNSC-HPV-, KIRC, 
LGG, and TGCT. PPIB may be involved in the 
transformation and activation of CAFs. Contrary to the 
fact that PPIB plays anoncogenic role in most tumors, 
the results above indicate that PPIB in PRAD is 
negatively correlates with Treg cells and CAFs. It can be 
inferred that PPIB may play an anti-cancer role in PRAD. 
However, further specific research is needed.

This study explored the potential molecular 
mechanisms of PPIB's role in tumors through 
enrichment analysis of PPIB co-expressed genes. It was 
found that there was a significant correlation between 
PPIB and endoplasmic reticulum-related activities. Hasel
et al. proposed that PPIB is located in the endoplasmic 
reticulum and is inhibited by cyclosporine A. Inhibition of 
PPIB in the endoplasmic reticulum may reduce the 
number of correctly folded proteins that ultimately reach 
the cell surface (Hasel KW et al., 1991 Jul). This 
research result is consistent with the PPIB mechanism 
research results. Wei X et al. found that cyclosporine A-
mediated downregulation of PPIB, which can induce β
apoptosis of pancreatic islet cells and occurrence of 
endoplasmic reticulum stress (Wei et al., 2018 Nov). It 
can be inferred that PPIB has a potential role in the 
endoplasmic reticulum stress pathway, and its value as 
a targeted factor for promoting cancer mechanisms is 
highly worthy of further research.

This study is the first to explore the mechanism 
of PPIB in tumors through pan-cancer analysis, 
statistical analysis of differential expression of PPIB, 
clinical prognosis, genetic analysis, immune infiltration 
analysis, and enrichment analysis. PPIB is differentially 
expressed in most tumors and is associated with a poor 
prognosis. This study links its mechanism of action in 
the endoplasmic reticulum and infers its potential and 
value as a targeted factor in tumor treatment. Based on 
the high correlation between PPIB and endoplasmic 
reticulum stress pathway, we will further explore the 
specific location and mechanism of PPIB in the 
endoplasmic reticulum stress pathway.
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Summary- Cardiovascular diseases are the leading cause of 
death in the world, with smoking, diabetes, high blood 
pressure, dyslipidemia and a sedentary lifestyle being among 
the main risk factors. The objective of this study was to 
evaluate the self knowledge about cardiovascular risk factors 
among medical students. 

Methodology: Observational and cross-sectional study on 
students from the first to the eighth semester of medicine 
using anonymous questionnaires containing questions about 
cardiovascular risk factors.  

Results: A total of 288 students paticipeted. There was a 
higher percentage of self-declared emotional stress 
(p<0.001), and high blood pressure (p=0.007), family history 
of coronary heart disease (CAD) or stroke (0.049) in the female 
group; The group under 20 years old practiced more physical 
activity (p=0.023) and reported a balanced diet (p=0.047), the 
age group between 20 and 29 years old reported a higher 
percentage of smoking (p=0.001) and alcohol consumption 
(p=0.048), those older than 30 years old reported a higher 
knowledge about family history of CAD or stroke. Students at 
the clinical level of the medical course, between the fifth and 
eighth semesters, demonstrated a higher percentage of 
smoking (p=0.001) and alcohol consumption (p=0.030). 

Conclusion: This study demonstrated that smoking and 
alcohol consumption are higher among those who were older 
than 30 years and who were attending more advanced 
semesters of the medical course. Female students and those 
older than 30 years demonstrated higher knowledge about 
family history of coronary artery disease or stroke. Female 
medical students self-reported emotional stress and higher 
blood pressure levels. It is important to have curricular 
activities with the participation of students in activities related 
to health promotion aiming at primary prevention. 
Keywords: cardiovascular diseases, primary 
cardiovascular prevention, cardiovascular risk factors, 
risk assessment. 
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I. Introduction 

oronary heart disease (CAD) has a high 
prevalence throughout the world, representing a 
global public health challenge. Its incidence 

varies between regions and countries, influenced by 
socioeconomic factors, lifestyles, and genetic 
characteristics. In industrialized nations, the prevalence 
is often higher due to unhealthy diets, increased obesity, 
a sedentary lifestyle, and a higher incidence of 
cardiovascular risk factors such as hypertension and 
diabetes. However, there is growing concern in 
developing countries, where urbanization, and the 
Westernization of lifestyle habits contribute to the 
increase in the prevalence of coronary disease. 
Understanding this worldwide distribution is crucial to 
direct prevention strategies, early detection and effective 
treatment, seeking to reduce the impact of CAD on 
population health globally. (WHO, 2024) 

Atherosclerosis is a condition of significant 
importance, given its relationship with cardiovascular 
diseases, which are one of the leading causes of 
morbidity and mortality worldwide. The vascular 
endothelium is the starting point for the formation of the 
atherosclerotic plaque, through its aggregation caused 
by cardiovascular risk factors such as dyslipidemia, high 
blood pressure or smoking, among others. 
Consequently, there is an increase in the permeability of 
the intima to plasma lipoproteins, mainly LDL, which 
undergo oxidation. Configuring the beginning of 
atherogenesis, it occurs in a proportional to the 
concentration of these lipoproteins in plasma. 
(VISSEREN et al, 2021) (FALUDI et al, 2017) (PRÉCORA 
et al, 2021) (ARNETT et al, 2019)  

Would medical students be able to recognize 
cardiovascular risk factors? The present study had the 
objective of evaluate self-knowledge about  
atherosclerotic risk factors among medical students. As 
they will be able to contribute early to primary 
cardiovascular prevention, functioning as knowledge 
multipliers, in addition to increasing their awareness on 
the topic. 

II. Methods 

Observational and cross-sectional study 
through the application of an anonymous questionnaire 
on cardiovascular risk factors in medical students, 
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carried out between October and December 2023 due 
to the inter-exam period of the academic semester, after 
signing the free and informed consent form (FICF) by 
the participants. This study was pproved by the 
Research Ethics Committee, registered on Plataforma 
Brasil (PLATAFORMA BRAIL), number 4,482,980. 

Those who did not agree to sign were excluded. 
The participants included in this study were all medical 
students enrolled at the university, regardless of gender 
and age, who were studying medicine between the first 
and eighth semesters.  

The total group was divided into three types of 
groups to carry out statistical analysis: 1- according to 
the level of the medical course: basic level, between the 
first and fourth semester of medicine, and the clinical 
level, between the fifth and eighth semester of medical 
course; 2- according to the age: below 20 years old, 
between 20 and 29 years old, over 30 years old; 3- 
according to biological sex: female and male. The level 
of the course was chosen taking into account the level 
of knowledge of medical students. The age ranges were 
chosen based on the predominance in the course and 
the possible degree of academic maturity. Biological sex 
was chosen due to the difference in the prevalence of 
cardiovascular disease in men and women. 

Anonymous questionnaires were used to collect 
data to preserve the identity of the participants, The 
questionnaire was filled out by the volunteer student and 
immediately delivered to one of the research authors. 
The FICF was signed in advance and handed over to 
another author, in order to guarantee confidentiality and 
to be unlinked. Anonymity aimed to guarantee the 
spontaneity and reliability of responses, avoiding 
embarrassment for those who ignored them. However, it 
may have contributed to less care in the responses. 

The questionnaire was inspired by previous 
work on raising awareness of cardiovascular risk factors 
in pregnant women in the gynecology, S and obstetrics 
outpatient clinic. (JENNIFER et al, 2020) Questionnaire 
contains 20 quick answer questions about age, sex, 
declared ethnicity, weight, height, dyslipidemia, 
diabetes, high blood pressure, family history of coronary 
artery disease (CAD), or stroke, physical activity, own 
perception of emotional stress, personal history of CAD 
or stroke, smoking, alcoholism, balanced diet, 
considered DASH diet.  The answers were based on the 
student's perception, and knowledge. (BRICANELLO et 
al, 2020)  

For the sample calculation, the total number of 
students enrolled at the medical school was considered 
equal to 1,138, an error of 5%, reliability of 95% and 
percentage frequencies estimated at 50%, a value that 
maximizes the sample size. The calculation was carried 
out using the EPI-INFO program version 7.3.2.1. The 
research was carried out with 288 students who 
answered the questions in full, except for references to 

the memory of the values of the biochemical parameters 
from the last exam carried out.  

The only variables with missing information were 
recorded in the biochemical test values remembered by 
the students and statistical calculations were performed 
with the exact number of biochemical test values 
reported. 

Data were calculated using the number of 
questionnaires available, regardless of whether they 
were complete. There was double typing to avoid errors 
and the available data was used, without replacing 
missing answers. Data was entered into the Microsoft 
EXCEL (https://www.microsoft.com/pt-br/microsoft-
365/free-office-online-for-the-web) spreadsheet and the 
computer program used to obtain the statistical 
calculations was IBM SPSS in version 25 
(https://www.ibm.com/docs/en/spss-statistics/25.0.0). 

Categorical variables were expressed by 
absolute frequencies and percentages, and in the 
numerical variables by statistical measures: mean, 
standard deviation, minimum value, P25, median, P75 
and maximum value.  Association between two 
categorical variables Pearson's Chi-square test or 
Fisher's Exact test was used when the condition for 
using the Chi-square test was not verified. In the case of 
the association study between cardiac risk presented 
dichotomously (yes or no) with the variables of interest, 
the OR (Odds Ratio) and respective confidence interval 
were obtained in each cross. Confidence intervals were 
also obtained for the mean of each numerical variable. 
The confidence level used in the decision of the 
statistical tests was 5.0%, with a significant association 
being considered if p < 0.05 and the intervals were 
obtained with 95% confidence. The only variables with 
missing information were those recorded relating to the 
values of biochemical tests, SBP and DBP not 
mentioned by the interviewees. Statistical calculations 
were performed with the exact number of values 
reported. (DOUGLAS, 1991) (CONOVER, 1999). 

III. Results 

The age of the patients studied ranged from 18 
to 53 years, mean 23.12 years, standard deviation of 
5.19 years, confidence interval for mean age varied 
between 22,52 and 23, 72 years,  and median of 22.00 
years. Table 1 shows that two-thirds (66.7%) of the 
sample were between 20 and 29 years old, the majority 
(65.6%) were in the basic level of the course of 
medicine, and the remaining 34.4% the clinical level; the 
majority (63.9%) were female; the majority (75.3%) were 
those self-declared as white.  
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Table 1: Self-declared datas about of age, level of medical course, biological sex and color by medical students 

Variable n (%) 
Total 288 (100,0) 

Age range  
18 to 19 65 (22,6) 
20 to 29 192 (66,7) 

30 or more 31 (10,8) 
Cycle  
Basic 189 (65,6) 

Clinical 99 (34,4) 
Sex  

Masculine 104 (36,1) 
Feminine 184 (63,9) 

Self-declared color  
White 217 (75,3) 
Brown 54 (18,8) 
Black 17 (5,9) 

Source:  the author 
As shown in table 2, the majority (62.5%) of the 

group reported practicing physical activity at least 150 
minutes per week; the majority (59.4%) considered 
themselves stressed person; execept for three patients 
with CAD and one with stroke, the remaining 98.6% 
denied a personal history of CAD or stroke; a little more 
than half (51.0%) had a family history of CAD or stroke 
and 8.3% did not know whether or not they had a family 
history; the percentage that had a smoking habit was 
14.9% and that of alcoholism was 13.2%. It was possible 

to verify that the majority (67.7%) stated that they had a 
balanced diet; the percentage who stated that they had 
total cholesterol greater than 190 mg/dL was 6.3% and 
42.0% did not know how to provide information; the 
prevalence of HDL lower than 40 mg/dL was 5.2% and 
the majority (54.5%) did not know how to inform the HDL 
value; the percentage frequency with blood pressure 
greater than 120 x 80 mmHg was 4.5%; it was recorded 
that only one patient stated that he had diabetes 
mellitus, of which 8.3% did not know. 

Table 2: Self-declared clinical data by medical students

Variable n (%) 

Total 288 (100,0) 
Practice physical activity at least 150 minutes/week  
Yes 180 (62,5) 
No 108 (37,5) 
Self-declared as a stressed person  
Yes 171 (59,4) 
No 117 (40,6) 
Personal history of cardiovascular disease  
CAD 3 (1,0) 
STROKE 1 (0,3) 
Deny 284 (98,6) 
Family history of cardiovascular disease  
Yes 147 (51,0) 
No 117 (40,6) 
Smoking 24 (8,3) 
Yes 43 (14,9) 
No 245 (85,1) 
Alcoholism  
Yes 38 (13,2) 
No 250 (86,8) 
Medical evaluation  
Yes 36 (12,5) 
No 252 (87,5) 
Balanced diet  
Yes 195 (67,7) 
No 93 (32,3) 
Reports total cholesterol more than 190 mg/dL  
Yes 18 (6,3) 
No 149 (51,7) 
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Do not know 121 (42,0) 
Report HDL less than 40 mg/dL  
Yes 15 (5,2) 
No 116 (40,3) 
Do not know 157 (54,5) 
Reports LDL greater than 130 mg/dL  
Yes 5 (1,7) 
No 122 (42,4) 
Do not know 161 (55,9) 
Reports blood pressure greater than 120/80  
Yes 13 (4,5) 
No 261 (90,6) 
Do not know 14 (4,9) 
Diabetes Mellitus  
Yes 1 (0,3) 
No 263 (91,3) 
Do not know 24 (8,3) 

Source: the author

Data of weight, height and body mass index 
(BMI), total cholesterol, HDL cholesterol and LDL 
cholesterol, systolic and diastolic blood pressure (SBP) 
(DBP) and glucose were mentioned in table 3. The 

variability of the standard deviation was reduced in 
analyzed variables of table 3, since the value was less 
than one-third of the corresponding means, except for 
HDL cholesterol. 

Table 3: Self-reported data on anthropometric and laboratory measurements by medical students.

Variable Average SD CI 95% to mean Minimum P25 Median P75 Maximum 

Weight (n = 288)  
(kilogram) 

69,74 15,29 67.97 to 71.51 43,00 59,25 67,00 78,00 140,00 

Height (n = 288) 
 

1.69 0,09 1,68 to 1.70 1,48 1,62 1,69 1,75 1,97 

BMI (n = 288) 24,37 4,24 23.88 to 24.86 16,42 21,36 23,62 26,30 43,21 

Total cholesterol (n = 
43) 
mg/dL 

177,72 42,76 164.56 to 190.88 90 150,00 180,00 205,00 290 

HDL (n = 37) 
mg/dL 

57,78 19,40 51.32 to 64.25 29 46,00 51,00 64,50 120 

LDL col (n=26) 
mg/dL 

109,28 33,78 95.63 to 122.92 20 89,00 114,00 125,50 170 

SBP (n = 125) 
mmHG 

113,81 10,55 111,94 to 115.68 90 110,00 110,00 120,00 150 

DBP (n = 125) 
mmHg 

75,95 8,58 74.43 to 77.47 50 70,00 80,00 80,00 100 

Glucose (n = 75) 
mg/dL 

84,52 17,62 80.47 to 88.57 2 80,00 86,00 90,00 150 

 Source: the author.

The results of crossing each of the questions: 
practice of physical activity, consider yourself stressed, 
family history, smoking, alcoholism, balanced diet, high 
total cholesterol, low

 
HDL cholesterol, high LDL 

cholesterol and high blood pressure with gender, age, 
and level of the course of medicine groups are 
described in tables 4 to 7.

 

Table 4 demonstrated significant associations 
(p <

 
0.05) were verified for the level of significance 

considered (5%) between sex and self-reported stress 
and family history. percentage of self-report stress was 
higher among female than male respondents (67.4% x 
45.2%); the percentage who responded positively to 
family history was higher in the group of male students 

than female students (56.0% x 42.3%) and the opposite 
happened with those who responded negatively to the 
question, which was higher among males (50 .0% x 
35.3%).  

Information on the level of high blood pressure 
demonstrated an association with sex, with a higher 
prevalence in males than females (9.6% x 1.6%) and, on 
the contrary, it occurred with those who did not have the 
problem, with a higher value in females (93.5% x 85.6%).
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Table 4: Assessment of variables: physical activity, stress, family history, smoking, alcoholism, cholesterol data, 
according to biological sex

 biological sex   
 male female Total group  

 n (%) n (%) n (%)  
Total 104 (100,0) 184 (100,0) 288 (100,0)  
Practice physical activity    p (1) = 1,000 
Yes 65 (62,5) 115 (62,5) 180 (62,5)  
No 39 (37,5) 69 (37,5) 108 (37,5)  
Self-declared stress    p (1) < 0,001* 
Yes 47 (45,2) 124 (67,4) 171 (59,4)  
No 57 (54,8) 60 (32,6) 117 (40,6)  
Family history CV disease    p (1) = 0,049* 
Yes 44 (42,3) 103 (56,0) 147 (51,0)  
No 52 (50,0) 65 (35,3) 117 (40,6)  
Do not know 8 (7,7) 16 (8,7) 24 (8,3)  
Smoking    p (1) = 0,060 
Yes 21 (20,2) 22 (12,0) 43 (14,9)  
No 83 (79,8) 162 (88,0) 245 (85,1)  
Alcoholism    p (1) = 0,121 
Yes 18 (17,3) 20 (10,9) 38 (13,2)  
No 86 (82,7) 164 (89,1) 250 (86,8)  
Balanced diet    p (1) = 0,678 
Yes 72 (69,2) 123 (66,8) 195 (67,7)  
No 32 (30,8) 61 (33,2) 93 (32,3)  
High cholesterol    p (1) = 0,100 
Yes 3 (2,9) 15 (8,2) 18 (6,3)  
No 51 (49,0) 98 (53,3) 149 (51,7)  
Do not know 50 (48,1) 71 (38,6) 121 (42,0)  
low HDL    p (1) = 0,054 
Yes 3 (2,9) 12 (6,5) 15 (5,2)  
No 35 (33,7) 81 (44,0) 116 (40,3)  
Do not know 66 (63,5) 91 (49,5) 157 (54,5)  
Elevated LDL    p (2) = 0,077 
Yes 1 (1,0) 4 (2,2) 5 (1,7)  
No 36 (34,6) 86 (46,7) 122 (42,4)  
Do not know 67 (64,4) 94 (51,1) 161 (55,9)  
High blood pressure    p (1) = 0,007* 
Yes 10 (9,6) 3 (1,6) 13 (4,5)  
No 89 (85,6) 172 (93,5) 261 (90,6)  
Do not know 5 (4,8) 9 (4,9) 14 (4,9)  

(*) Significant association at 5%. (1) Pearson's Chi-square test. (2) Fisher's Exact Test. 

Source: the author

Table 5 shows a significant association between 
age group with practice of physical activity, family 
history, smoking, alcoholism, showing significant 
differences: the percentage who said they practiced 
physical activity was lower (41.9%) among students 
aged 30 or over, it was higher among those aged 18 to 
19 (70.8%); the prevalence of reported family history 
was lower (43.1%) among students aged 18 to 19 and 
ranged from 53.1% to 54.8% in the other two age 
groups; the percentage of smoking was highest (21.4%) 
in the 20 to 20 age group and ranged from 1.5% to 3.2% 
in the other two age groups; the percentage of those 
with a drinking habit was higher (16.7%) in the 20 to 29 
age group. Balanced eating was lowest among students 

aged 30 or over (48.4%) and ranged from 69.3% to 
72.3% in the other two age groups. 
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Table 5: Assessment of variables: physical health, personal and family history, smoking, alcoholism, according to 
age group

 age group   
variable 18 to 19 20 to 29 30 ou more Total group P value 

 n (%) n (%) n (%) n (%)  
Total 65 (100,0) 192 (100,0) 31 (100,0) 288 (100,0)  
Practice physical activity     p (1) =0,023* 
Yes 46 (70,8) 121 (63,0) 13 (41,9) 180 (62,5)  
No 19 (29,2) 71 (37,0) 18 (58,1) 108 (37,5)  
Self-declared stress     p (1) =0,587 
Yes 35 (53,8) 117 (60,9) 19 (61,3) 171 (59,4)  
No 30 (46,2) 75 (39,1) 12 (38,7) 117 (40,6)  
Family history     p (1) =0,020* 
Yes 28 (43,1) 102 (53,1) 17 (54,8) 147 (51,0)  
No 25 (38,5) 79 (41,1) 13 (41,9) 117 (40,6)  
Do not know 12 (18,5) 11 (5,7) 1 (3,2) 24 (8,3)  
Smoking     p (1) <0,001* 
Yes 1 (1,5) 41 (21,4) 1 (3,2) 43 (14,9)  
No 64 (98,5) 151 (78,6) 30 (96,8) 245 (85,1)  
Alcoholism     p (1) =0,048* 
Yes 4 (6,2) 32 (16,7) 2 (6,5) 38 (13,2)  
No 61 (93,8) 160 (83,3) 29 (93,5) 250 (86,8)  
Balanced diet     p (1) =0,047* 

 Yes 47 (72,3) 133 (69,3) 15 (48,4) 195 (67,7)  
 No 18 (27,7) 59 (30,7) 16 (51,6) 93 (32,3)  
 High cholesterol     p (2) =0,317 
 Yes 3 (4,6) 13 (6,8) 2 (6,5) 18 (6,3)  
 No 31 (47,7) 97 (50,5) 21 (67,7) 149 (51,7)  
 Do not know 31 (47,7) 82 (42,7) 8 (25,8) 121 (42,0)  
 low HDL     p (2) =0,116 
 Yes 5 (7,7) 9 (4,7) 1 (3,2) 15 (5,2)  
 No 25 (38,5) 72 (37,5) 19 (61,3) 116 (40,3)  
 Do not know 35 (53,8) 111 (57,8) 11 (35,5) 157 (54,5)  
 Elevated LDL     p (2) =0,433 
 Yes 0 (0,0) 4 (2,1) 1 (3,2) 5 (1,7)  
 No 29 (44,6) 77 (40,1) 16 (51,6) 122 (42,4)  
 Do not know 36 (55,4) 111 (57,8) 14 (45,2) 161 (55,9)  
 High blood pressure     p (2) =0,759 
 Yes 3 (4,6) 8 (4,2) 2 (6,5) 13 (4,5)  
 No 59 (90,8) 173 (90,1) 29 (93,5) 261 (90,6)  
 Do not know 3 (4,6) 11 (5,7) 0 (0,0) 14 (4,9)  
 

(*) Significant association at 5%. (1) Pearson's Chi-square test. (2) Fisher's Exact Test. 
Source: the author
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Table 6 showed a significant association 
between the level of medical school with smoking and 
alcohol consumption, percentages were higher among 
students in the clinical level, when compared with basic 

level (24.2% x 10.1% for smoking and 19.2% x 10.1% for 
alcohol consumption). No significant associations (p > 
0.05) were recorded between the cycle and self-
reported clinical variables. 

Table 6: Assessment of data variables according to the stage of the medical course.

Variable basic level clinical level Total group P value 
 n (%) n (%) n (%)  

Total 189 (100,0) 99 (100,0) 288 (100,0)  

Practice physical activity    p (1) = 0,321 

Yes 122 (64,6) 58 (58,6) 180 (62,5)  

No 67 (35,4) 41 (41,4) 108 (37,5)  

Self-declaration of stress    p (1) = 0,116 

Yes 106 (56,1) 65 (65,7) 171 (59,4)  

No 83 (43,9) 34 (34,3) 117 (40,6)  

Family history    p (1) = 0,122 

Yes 97 (51,3) 50 (50,5) 147 (51,0)  

No 72 (38,1) 45 (45,5) 117 (40,6)  

Do not know 20 (10,6) 4 (4,0) 24 (8,3)  

Smoking    p (1) = 0,001* 

Yes 19 (10,1) 24 (24,2) 43 (14,9)  

No 170 (89,9) 75 (75,8) 245 (85,1)  

Alcoholism    p (1) = 0,030* 

Yes 19 (10,1) 19 (19,2) 38 (13,2)  

No 170 (89,9) 80 (80,8) 250 (86,8)  

Balanced diet    p (1) = 0,601 

Yes 126 (66,7) 69 (69,7) 195 (67,7)  

No 63 (33,3) 30 (30,3) 93 (32,3)  

High cholesterol    p (1) = 0,826 

Yes 11 (5,8) 7 (7,1) 18 (6,3)  

No 100 (52,9) 49 (49,5) 149 (51,7)  

Do not know 78 (41,3) 43 (43,4) 121 (42,0)  

low HDL    p (1) = 0,808 

Yes 11 (5,8) 4 (4,0) 15 (5,2)  

No 76 (40,2) 40 (40,4) 116 (40,3)  

Do not know 102 (54,0) 55 (55,6) 157 (54,5)  

Elevated LDL    p (2) = 1,000 
Yes 3 (1,6) 2 (2,0) 5 (1,7)  

No 80 (42,3) 42 (42,4) 122 (42,4)  
Do not know 106 (56,1) 55 (55,6) 161 (55,9)  

High blood pressure    p (2) = 0,340 

Yes 11 (5,8) 2 (2,0) 13 (4,5)  

No 168 (88,9) 93 (93,9) 261 (90,6)  
Do not know 10 (5,3) 4 (4,0) 14 (4,9)  

(*) Significant association at 5%. (1) Pearson's Chi-square test. 
 Source: the author.

Table 7 contains the results of cross-checks 
between the cardiovascular risk factors of cholesterol 

levels and blood pressure, reported by the students, 
expressed with at least one of the four factors (High 
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cholesterol, low HDL, high LDL, and high blood 
pressure, being considered “no” if all four factors are 
negative and the category “does not know” if in any of 
the four the answer was “does not know”) with each of 
the characterization variables: sex, age group and cycle 

in addition to the practical variables of physical activity, 
is considered stressed and has a balanced diet. In 
Table 7, no significant associations (p > 0.05) were 
recorded between cardiac risk and the variables 
analyzed. 

Table 7: Assess Analysis of the characteristics studied according to the level of the medical course

 level of medical course   

Variable basic level clinical level Total group P value 
 n (%) n (%) n (%)  

Total 189 (100,0) 99 (100,0) 288 (100,0)  

Practice physical activity    p (1) = 0,321 

Yes 122 (64,6) 58 (58,6) 180 (62,5)  

No 67 (35,4) 41 (41,4) 108 (37,5)  

Self-declaration of stress    p (1) = 0,116 

Yes 106 (56,1) 65 (65,7) 171 (59,4)  

No 83 (43,9) 34 (34,3) 117 (40,6)  

Family history    p (1) = 0,122 

Yes 97 (51,3) 50 (50,5) 147 (51,0)  

No 72 (38,1) 45 (45,5) 117 (40,6)  

Do not know 20 (10,6) 4 (4,0) 24 (8,3)  

Smoking    p (1) = 0,001* 

Yes 19 (10,1) 24 (24,2) 43 (14,9)  

No 170 (89,9) 75 (75,8) 245 (85,1)  

Alcoholism    p (1) = 0,030* 

Yes 19 (10,1) 19 (19,2) 38 (13,2)  

No 170 (89,9) 80 (80,8) 250 (86,8)  

Balanced diet    p (1) = 0,601 

Yes 126 (66,7) 69 (69,7) 195 (67,7)  

No 63 (33,3) 30 (30,3) 93 (32,3)  

High cholesterol    p (1) = 0,826 

Yes 11 (5,8) 7 (7,1) 18 (6,3)  

No 100 (52,9) 49 (49,5) 149 (51,7)  

Do not know 78 (41,3) 43 (43,4) 121 (42,0)  

Low HDL    p (1) = 0,808 

Yes 11 (5,8) 4 (4,0) 15 (5,2)  

No 76 (40,2) 40 (40,4) 116 (40,3)  

Do not know 102 (54,0) 55 (55,6) 157 (54,5)  

Elevated LDL    p (2) = 1,000 

Yes 3 (1,6) 2 (2,0) 5 (1,7)  

No 80 (42,3) 42 (42,4) 122 (42,4)  

Do not know 106 (56,1) 55 (55,6) 161 (55,9)  

High blood pressure    p (2) = 0,340 

Yes 11 (5,8) 2 (2,0) 13 (4,5)  

No 168 (88,9) 93 (93,9) 261 (90,6)  

Do not know 10 (5,3) 4 (4,0) 14 (4,9)  

(*) Yes if it was registered by one of the yes factors, no if all four factors had a negative answer and don't know if at least one of the factors didn't 
know and the other factors had a no answer. (1) Pearson's Chi-square test. (2) Fisher's Exact Test 

Source: the author 
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Table 8: Assessment four risk factors according to the sample characteristics

Four cardiovascular risk factors (high cholesterol, low HDL, high LDL, high blood pressure) 

variable yes * no * Total OR (%, a 0,95) P value 

 n (%) n (%) n (%)   
Total group 41 (31,8) 88 (68,2) 129 (100,0)   

Age range     p (1) = 0,855 

18 to 19 9 (32,1) 19 (67,9) 28 (100,0) 1,33 (0,36 a 4,83)  

20 to 29 27 32,9) 55 (67,1) 82 (100,0) 1,37 (0,45 a 4,21)  

30 or more 5 (26,3) 14 (73,7) 19 (100,0) 1,00  

Cycle     p (1) = 0,343 

Basic 30 34,5) 57 (65,5) 87 (100,0) 1,48 (0,66 a 3,36)  

Clinical 11 26,2) 31 (73,8) 42 (100,0) 1,00  

Sex     p (1) = 0,284 

Masculine 15 (38,5) 24 (61,5) 39 (100,0) 1,54 (0,69 a 3,39)  

Feminine 26 (28,9) 64 (71,1) 90 (100,0) 1,00  

Practice physical activity     p (1) = 0,463 

Yes 27 (34,2) 52 (65,8) 79 (100,0) 1,34 (0,62 a 2,89)  

No 14 (28,0) 36 (72,0) 50 (100,0) 1,00  

Self-declaration of stress     p (1) = 0,950 

Yes 24 (32,0) 51 (68,0) 75 (100,0) 1,02 (0,48 a 2,17)  

No 17 (31,5) 37 (68,5) 54 (100,0) 1,00  

Family history     p (2) = 0,328 

Yes 25 (37,9) 41 (62,1) 66 (100,0) 1,52 (0,27 a 8,46)  

No 14 (25,0) 42 (75,0) 56 (100,0) 0,83 (0,14 a 4,78)  

Do not know 2 (28,6) 5 (71,4) 7 (100,0) 1,00  

Balanced diet     p (1) = 0,107 

Yes 24 (27,3) 64 (72,7) 88 (100,0) 1,00  

No 17 (41,5) 24 (58,5) 41 (100,0) 1,89 (0,87 a 4,11)  

(*) “Yes” if at least one of the factors was recorded and “no” if all four factors had a negative response. (1) Pearson's Chi-square 
test. (2) Fisher's Exact Test 

Source: the author 

In Table 8 we analyzed 129 responses to the 
questionnaire due to the exclusion of the “didn’t know” 
answers. No significant associations (p > 0.05) were 
recorded between the data reported on knowledge of 
cholesterol and blood pressure levels, blood lipids, and 
the variables analyzed. 

IV. Discussion 

Understanding the main risk factors for the 
development of atherosclerotic disease plays a vital role 
in disease prevention, and control. It is essential training 
of health professionals, especially medical students, 
contributing to early knowledge of atherosclerotic risk 
factors since the first years of medical school. This is 
particularly relevant given that cardiovascular diseases 
often begin in childhood and adolescence, making it 
crucial that future doctors are well-informed from the 

beginning of their academic journey. Furthermore, this 
study seeks to contribute with awareness about the 
importance of primary prevention of cardiovascular 
diseases for of medical students, in the context of the 
risk factors involved. By assessing the level of 
knowledge and monitoring its evolution, we will be able 
to identify areas that require greater emphasis in the 
educational curriculum and develop strategies to 
strengthen the training of future health professionals. 
The knowledge obtained from this research will benefit 
medical students themselves, and will contribute with 
promoting population’s health, as well-informed doctors 
are essential for the prevention and adequate treatment 
of cardiovascular diseases. The sample included aged 
patients between 18 and 53 years, with an average of 
23.12 years, majority of patients were between 20 and 
29 years old, representing 66.7% of the sample. 65.6% 
of respondents were in the basic level of medical 
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school. Females predominated, representing 63.9% of 
the sample.  These sociodemographic characteristics of 
the sample are important to contextualize the research 
results and understand how different groups may 
present variations in their knowledge of atherosclerotic 
risk factors. The analysis of these variables can provide 
valuable insights for discussing the results and their 
clinical and educational implications. These results 
provide a comprehensive view of the sample's 
characteristics regarding physical health, risk behaviors, 
and personal and family histories. These variables are 
essential for understanding atherosclerotic risk factors 
and their implications for the prevention and early 
diagnosis of cardiovascular diseases, aspects that will 
be discussed in detail.  

Regarding the practice of physical activity, there 
was a difference between age groups, which was more 
significant in younger groups. Around 62.5% of all 
participants reported practicing at least 150 minutes of 
physical activity per week, while 37.5% reported not 
performing this minimum amount of exercise. This data 
is relevant as regular physical activity is associated with 
a reduced risk of cardiovascular diseases. (PRÉCOMA 
et al. 2021) (MOSCA et al. 2011) (BRYAN et al, 2018) 
(BARROSO et al, 2021) 

The perception of stress was also investigated, 
with significant difference between the sexes. A greater 
number of women, 67.4%, reported considering 
themselves stressed, compared to 45.2% of men. 
Difference between female and male sexes was 
statistically significant (p < 0.001). In the total group, 
59.4% of patients self-declared emotional stress, while 
40.6% did not. Stress is a factor that can influence the 
development of cardiovascular diseases, and self-
perception is important aspect to be considered. 
Regarding the perception of stress, there was also no 
significant difference between the groups according to 
the level in the medical faculty. Both groups had similar 
proportions of students who considered themselves 
stressed regarding knowledge of a family history of 
cardiovascular diseases. However, in smoking, a 
significant difference was observed between the groups 
with a higher prevalence in the basic level group (24.2% 
vs. 10.1%, p = 0.001), as alcoholism (19.2% vs. 10.1%, 
p = 0.030). (STEPTOE et al. 2012) (DAR et al. 2019) 

Smoking and alcohol consumption were more 
prevalent among aged group between 20 and 30 years 
and those who were studying the clinical level of 
medical school. Regarding smoking, 14.9% of patients 
reported being smokers, while the vast majority, 85.1%, 
stated they did not smoke. Smoking is a main risk 
factors for atherosclerosis and cardiovascular diseases. 
Regarding alcoholism, 13.2% of participants reported 
consuming alcohol in a way that could be considered 
alcoholism, while 86.8% denied this behavior. Excessive 
alcohol consumption is also associated with 
cardiovascular health risks. (ROY et al. 2017) 

(PRÉCOMA et al. 2021) (GALLUCCI et al. 2020) (HOEK 
et al. 2022) 

The average of weight was 69.74 kg, with a 
wide range from 43.00 kg to 140.00 kg. Body Mass 
Index (BMI) demonstrated average of 24.37 (16.42 to 
43.21). Most patients had a BMI between 21.36 and 
26.30. (SIMÃO et al, 2013) (VISSEREN et al, 2023) 
(PRÉCOMA et al, 2021) (BARROSO et al, 2021) (BRYAN 
et al, 2018) 

The majority of the group reported adequate 
cholesterol levels, as well as blood pressure levels, with 
an average systolic pressure (SBP) of 113.81 mmHg 
and an average diastolic pressure (DBP) of 75.95 
mmHg; glycemia, average was 84.52 mg/dL. Regarding 
family history, there were more reports among female 
and older groups. The percentage of 51% of students 
interviewed reported a family history of cardiovascular 
diseases. A family history of cardiovascular disease may 
increase an individual's risk of these conditions. The 
high prevalence of female knowledge regarding family 
history of cardiovascular diseases may possibly be 
related to the social values of caring. Added to this, it 
can be attributed to the role of the gynecologist in 
women's health care, during prevention consultations. 
(PREISLER et al, 2018) (FALUDI et al, 2017) (LEON et al, 
2025) (NICOLAUS et al, 2023) (UNGER et al, 2020) 
(PRÉCOMA et al, 2021) (BARROSO et al, 2021) (BRYAN 
et al, 2018) 

In relation to balanced nutrition, a significant 
difference was observed between age groups. The 
youngest group (18 to 19 year old) showed a higher 
prevalence of students reporting a balanced diet 
(72.3%), followed by the group between 20 to 29 
(69.3%), and the older group had the lowest proportion 
(48.4 %). The difference between age groups was 
statistically significant (p = 0.047). These results 
indicate that the age group has a significant influence 
only on the variable related to a balanced diet. This 
information is relevant to understanding how eating 
habits can vary according to age and will be discussed 
in the Discussion section to evaluate its clinical and 
educational implications. (NICOLAUS et al, 2023) 
(BARROSO et al, 2021) (BRYAN et al, 2018) 

It was observed that, overall, 14.2% of 
participants presented at least one of the four cardiac 
risk factors, while 30.6% did not present any of the 
factors, and 55.2% did not know or did not respond. 
However, there was no difference in relation to the age 
group. The distribution of risk factors was similar across 
all age groups (18 to 19 years, 20 to 29 years and 30 or 
more years).  

When analyzed according to the level of the 
medical school, basic, and clinical level, no statistically 
significant differences were observed of risk factors. 
Both groups had similar proportions of participants with 
at least one of these factors. Regarding sex, there was 
no statistically significant difference in the presence of 

Self-Reported Cardiovascular Risk Factors among Medical Students

22

Y
e
a
r

20
24

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
IV

 I
ss
ue

 I
 V

er
sio

n 
I

  
 

(
DD DD
)

F

 © 2024    Global Journ als



risk factors between men and women. Both groups had 
similar proportions of participants with at least one of the 
factors. 

The presence of at least one of the four cardiac 
risk factors (high cholesterol, low HDL, high LDL, and 
high blood pressure) based on several characteristics of 
the sample, including age group, medical course level, 
gender, practice of physical activity, perception of 
stress, family history and balanced diet. The table also 
includes the Odds Ratio (OR) and p-value for each 
association. It was observed that, overall, 31.8% of 
participants presented at least one of the four cardiac 
risk factors, while 68.2% did not present any of the 
factors. 

When analyzing risk factors according to age 
group, no significant differences were found between 
the groups. Odds Ratio of the youngest group (18 and 
19 years old), the intermediate group (20 to 29 years 
old), and the oldest group were not statistically 
significant, suggesting no association with aged group 
and risk factors. 

When analyzed according to the phase of the 
medical course, basic and clinical level, the Odds Ratio 
was also not statistically significant, indicating that the 
level in medical school was not associated with risk 
factors. Regarding gender, the Odds Ratio for male 
group compared to female group was 1.54, but this 
difference was not statistically significant.  

The practice of physical activity also did not 
show a significant association with the presence of 
cardiac risk factors. The Odds Ratio between 
participants who practiced physical activity and those 
who did not was 1.34, but this difference was not 
statistically significant. Likewise, the perception of stress 
was not associated with the presence of cardiac risk 
factors, with an Odds Ratio of 1.02 between participants 
who considered themselves stressed and those who did 
not. 

When evaluating family history, the Odds Ratio 
for those with a family history of cardiovascular disease 
compared to those without a family history was 1.52, but 
this difference was not statistically significant. Finally, in 
relation to a balanced diet, the Odds Ratio for those who 
did not follow a balanced diet compared to those who 
did was 1.89, but this difference was also not statistically 
significant. This analysis did not identify significant 
associations between the presence of at least one of the 
four cardiac risk factors and the characteristics of the 
sample examined, including age group, medical course 
cycle, gender, practice of physical activity, perception of 
stress, family history and balanced diet. This suggests 
that these risk factors may affect medical students 
independently of these characteristics.  

Future research can investigate the gap 
between the findings found in this research and 
correlate with parallel situations, such as different 
populations, but with the same profile. University 

extension activities in a community or hospital 
environment that explore the importance of primary 
cardiovascular prevention, emphasizing self-knowledge 
about risk factors, as well as active methodologies and 
workshops on laboratory dosages and blood pressure 
measurements could contribute to greater assimilation 
about the theme. The study demonstrated that students 
in the clinical cycle and those aged between 20 and 29 
years reported a higher prevalence of smoking and 
alcohol consumption, and there may be preventive 
measures to promote co-incentives in this group. 

As limitations of this study, we could mention 
the possible lack of reliability of the values provided by 
the students, referring to blood tests and blood pressure 
measurements, since they were reported and not 
collected for laboratory analysis. However, the objective 
was to evaluate students' knowledge of their own risk 
factors and their values, therefore, the relevance lies in 
this aspect. 

As limitations of this study, we could mention 
the possible lack of reliability of the values provided by 
the students, referring to blood tests and blood pressure 
measurements, since they were reported and not 
collected for laboratory analysis. However, the objective 
was to evaluate students' knowledge of their own risk 
factors and their values, therefore, the relevance lies in 
this aspect. As much as anonymity may have 
contributed to the spontaneity of responses, it may 
generate less loyalty 

V. Conclusion 

This study demonstrated that smoking and 
alcohol consumption were more prevalent among 
students with the highest age group studied, over 30 
years old, and were also more frequent in the clinical 
cycle phase of medical school. There was a higher 
prevalence of knowledge regarding the family history of 
CAD and CVA among female students and those over 
30 years of age. Reports of self-declared emotional 
stress and higher blood pressure levels were more 
frequent among female medical students.
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Abstract-

 
Background:

 
Investment in malaria control

 
has dramatically reduced transmission. An 

estimated 663 million cases have been averted worldwide between 2000 and 2015, with 68% 
attributed to insecticide-treated nets. In recent years, prevention in Eritrea has primarily relied on 
two main methods of intervention: mass distribution of Long-Lasting Insecticide Nets (LLINs) and 
Indoor Residual Spraying (IRS) in specific areas prone to epidemics. These are complemented 
by other supporting strategies like larval source management (LSM). While LLINs remain the 
primary prevention strategy in the study area, the durability of nets distributed at different times 
has not been comprehensively assessed for their impact on: 1) survival rate, 2) fabric integrity, 
and 3) insecticidal activity.  So, this study was designed to address whether the nets distributed 
have been durable for three years under operational conditions.
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Durability of Long-Lasting Insecticidal Nets 
(Yorkool) under Operational Conditions, Anseba 

Zone, Eritrea
Mensur Yenus α, Amanuel Mhreteab σ, Henos Kiflom ρ, Amanuel Kflemariam Ѡ & Awet Mebrahtu ¥

Abstract- Background: Investment in malaria control has 
dramatically reduced transmission. An estimated 663 million 
cases have been averted worldwide between 2000 and 2015, 
with 68% attributed to insecticide-treated nets. In recent years, 
prevention in Eritrea has primarily relied on two main methods 
of intervention: mass distribution of Long-Lasting Insecticide 
Nets (LLINs) and Indoor Residual Spraying (IRS) in specific 
areas prone to epidemics. These are complemented by other 
supporting strategies like larval source management (LSM). 
While LLINs remain the primary prevention strategy in the 
study area, the durability of nets distributed at different times 
has not been comprehensively assessed for their impact on: 
1) survival rate, 2) fabric integrity, and 3) insecticidal activity.  
So, this study was designed to address whether the nets 
distributed have been durable for three years under 
operational conditions. 

Method: A community-based, prospective longitudinal study 
was conducted in the Asmat, Habero, Hagaz, and Elabered 
sub-zones to evaluate the survivorship, physical integrity, and 
insecticidal activity of newly distributed Yorkool-type LLINs. A 
total of 270 nets were included in the study.

Result: After 12 months of use, the study found a survivorship 
rate of 95.05% for nets reported as used and 97.9% for stored 
nets. Over 95% of the LLINs found in households were 
reportedly used for sleeping every night, with 82% used 
throughout the year. However, 19% of the nets were used 
outside the primary residence, such as in gardens, farmland, 
or other locations. While 20% of the nets had holes, they were 
all deemed repairable, and none required replacement.

Conclusion: The newly distributed Yorkool LLINs are expected 
to have a lifespan of approximately 3 years, maintaining their 
physical integrity, survivorship, attrition resistance, and bio-
efficacy. However, the present study identified holes in nearly 
20% of the nets after only 12 months of use. Fortunately, none 
required immediate replacement. Encouragingly, over 95% of 
the nets in the study remained intact despite the insecticide 
not meeting WHO's bio-efficacy criteria for knock-down or 
mortality rates.  Further evaluation of net durability is 
recommended to determine the ongoing protective effect 
these nets provide to the community.
Keywords: LLINs, durability, attrition or survivorship, 
physical integrity, and bio-efficacy.   

Authorα: Entomologist at ministry of Health Anseba Region.
e-mail: mensuryenus@gmail.com
Authorσ: Entomologist at ministry of health Gash-Barka Region.
Authorρ Ѡ: Public health officer at ministry of Health Anseba Region.
Author ¥: Public health officer at ministry of health Gash-Barka Region.

I. Introduction

alaria is one of the world’s most deadly 
diseases, and it is perilous for pregnant women 
and children under 5 years of age. In 2018, 67% 

of all the mortality due to malaria was attributed to 
pregnant mothers and children <5 years (WHO, 2020).
Africa is greatly affected by malaria more than the other 
continents that more than 93% of morbidity and 94% of 
mortality were from Africa (WHO, 2020). Apart from the 
consequences in mortality and the subsequent 
reduction in life expectancy, malaria affects people’s 
physical conditions, making them more vulnerable to 
other diseases (Blanco, 2018). Anemia, malnutrition, 
and other health problems can significantly increase 
one's vulnerability to malaria. This option emphasizes 
that these factors directly contribute to being more 
susceptible to malaria.

Malaria-endemic countries are heavily impacted 
by the economic burden of the disease, primarily due to:
-1- Reduced productivity: Malaria affects the workforce 
by causing absenteeism and decreased work 
performance due to illness. -2-). Reduces students’ 
attendance at school, affecting their education and 
productivity in the long run: -3-) Large of money spent 
for its prevention and treatment that could otherwise be 
used for investment in productive activities (Blanco, 
2018).

Investment in malaria control has greatly 
reduced transmission. An estimated 663 million cases 
have been averted worldwide between 2000 and 2015, 
with 68% of them attributed to insecticide-treated nets
(Bhatt, et al., 2015). Long-lasting insecticidal nets 
(LLINs) protect against malaria by acting as a physical 
barrier between mosquitos and humans, and by the 
insecticide repelling or killing susceptible mosquitoes
(Darriet et al., 1984; Lengeler, 2004 and Davies et al., 
2007). Insecticide enhances public health by reducing 
mosquito density and helping maintain the net’s 
effectiveness after holes develop (Derriet et al., 1984)).

In Eritrea, found in Sub-Saharan Africa (SSA),
malaria is still endemic in four of the six zones (regions) 
despite the rate of endemicity is different among these
regions. However, malaria is greatly reduced in Eritrea 
over the past two decades (Mihreteab et al, 2020). 
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During the last years, prevention in Eritrea has 
been based on two main methods of intervention: LLINs
mass distribution and indoor residual spraying (IRS) in 
selective epidemic-prone areas with other supporting 
strategies like larval source management (LSM) and 
larviciding using temephos.

According to WHO Global Malaria Program (a 
system to improve value for money in LLIN procurement 
through market competition based on cons per year of 
adequate coverage), the annual cost of LLINs for 
malaria control is more than 500 million US dollars; it is 
the largest commodity category in the malaria control 
budget, so do in Eritrea mainly in Anseba Zone uses 
only LLINs with other supporting activity in malaria 
prevention nowadays every individual is provided with 
the net with high cost. 

The same study was conducted in Benin, West 
Africa, to assess the physical integrity and survivorship 
of LLINs distributed to households in a community with 
similar socio-cultural characteristics. The study found 
that only 1.73% of the LLINs exhibited visible integrity 
loss after six months (Gnanguenon et al. 2014). After a 
year, the damaged nets were increased by 10.41%. This 
study revealed that the survival rate of the nets in 
households was lower than expected. However, the nets 
surprisingly met the WHO standard for physical integrity 
for a period of one year (Ahogni et al. 2020).   Different 
studies from the same country found almost the same 
result in 12 months of utilization, that more than 70% of 
the nets survived (Azondekon et al, 2014 and 
Gnanguenon et al, 2014). 

Ahogni's study found that, out of 1,134 bed 
nets, only 1.41% needed replacement, while 3.44% 
required repairs. In contrast, another study from Uganda 
reported a significantly higher rate of net damage, with 
over 33% of the nets having one or more holes (Kilian et 
al, 2011). 

LLINs are expected to remain effective for at 
least three years under typical use conditions (WHO, 
2011; Kilian et al. 2011). This recommendation from the 
WHO informs the practice of mass distribution 
campaigns every three years. However, numerous 
studies (Ahogni et al. 2020; Massue et al. 2016; Tan et 
al. 2016; Randriamaherijaona, 2017) have shown that 
various factors can compromise net lifespan, preventing 
them from reaching the expected three years.

Universal coverage campaigns often lack 
strategies to address net survivorship (resistance to 
damage and loss), attrition (nets falling out of use), and 
physical integrity (tears and holes). While the WHO 
emphasizes the importance of monitoring national 
coverage and durability (WHO, 2017), a more 
comprehensive approach is needed. Studies evaluating 
LLIN durability typically assess survivorship and attrition, 
physical integrity, and bio-efficacy (insecticide 
effectiveness). 

In Eritrea, LLINs combined with IRS and 
larviciding remain the primary tools for vector control 
(Mihreteab et al., 2020). However, despite increased 
coverage of IRS and LLINs in recent years, malaria 
cases and deaths haven't shown a consistent decline 
(Mihreteab et al., 2020). Notably, LLINs have been the 
mainstay of malaria prevention for many years, 
distributed freely throughout the country. While the 
Eritrean government's commitment to tackling 
communicable diseases and providing free bed nets is 
commendable, a critical gap exists – a lack of recent 
studies on net survivorship, fabric integrity, and 
insecticidal activity (bio-efficacy).

II. Methodology

a) Study design
This study employed a community-based, 

prospective longitudinal design in the Asmat, Habero, 
Hagaz, and Elabered sub-zones (January 2021 -
December 2020) – a period with an error.  During net 
distribution, researchers identified participants and 
followed them for six months. The study focused on the 
durability of Yorkool-type LLINs, distributed one year 
prior, where each household member received a net 
(100% coverage). A total of 101 households were 
selected, enrolling 405 Yorkool nets (263 reported as 
used and 142 stored). The nets marked for use were 
assessed for durability every six months over three 
consecutive years.

Separately, 40 Yorkool LLINs were tested for 
bio-efficacy at baseline (day zero) and distributed to 
families in four sentinel sites. After one year, the tagged 
nets were collected and transported to the Elabered 
malaria entomology laboratory for further biological 
testing. Importantly, these families did not receive new 
nets during the study, as they were considered 
additional to the standard one-to-one distribution.

b) Study area 
The study was conducted at 4-sentinel sites of 

Anseba region: Asneda (Asmat Sub-zone), Filfle 
(Habero Sub-zone), Adi Berbere (Elabered Sub-zone) 
and Hagaz town (Hagaz-Sub zone).
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Fig. (2.2): Study area: Africa, Eritrea, Anseba zone, study sites, Hagaz, Asmat, Elabered & Habero sub zones.

c) Study Population
The study population consisted of Yorkool type 

long-lasting insecticidal nets (LLINs). These nets had 
been tested for insecticidal activity at day zero and were 
impregnated with deltamethrin. Nets that were given 
away for others to use, stolen, destroyed, used for other 
purposes, or were torn (with a proportionate hole index 
between 65-642 mm) were excluded from the study. 
Furthermore marked nets in which the study HH was 
moved from the village for different purposes.

d) Sampling size determination
According to different studies, a sample size of 

250 nets per product was used to detect a 9%-point 
difference in LLIN attrition rate if the best-performing 
product has an attrition rate of 10%. An 8% buffer was
added to the required sample size to prevent any 
negative impact of the mid-course withdrawal of some 
study participants. So, a sample size of 270 LLIN 
(yorkool) were retained for the study.

e) Sampling Techniques
In this community-based study, villages were 

selected using convenience sampling, while households 
(HHs) were chosen through simple random sampling. 
Villages within each sentinel site were chosen based on 
malaria incidence and the presence of active breeding 
sites. Household selection, however, employed simple 
random sampling. First, a complete census of all HHs in 

the chosen village was conducted prior to the 
distribution of nets. Then, from this list, ten households 
were randomly selected based solely on the head of 
household's name and provided with marked LLINs, 
each tested for bio-efficacy at day zero. The remaining 
60 HHs per village were selected using the same 
method, yielding a total of 70 HHs per village to monitor 
attrition and fabric integrity of the nets.

f) Data Collection
Data was collected at the end of the malaria 

transmission season, just one year after mass 
distribution in November 2021. A standard questionnaire 
was used to collect data from an adult member of each 
household (HH) at the follow-up. Data collectors, who 
included public health officers, an entomologist, and 
insect collectors, were trained before conducting the 
survey to ensure understanding of the questionnaire. A 
pilot study was conducted by randomly selecting 10% of 
the sample size from a non-selected administrative area. 
Information collected included the status, patterns of 
use, and handling of each study LLIN distributed to the 
HH. Additionally, data on fabric integrity and the overall 
condition of the LLINs were collected.

g) Data Management and Analysis
Data were analyzed using SPSS version 23, and 

separately it was analyzed on the three factors attributed 
to durability: The number of nets in the sample, the 
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proportion of the indicator and 95% confidence interval 
was reported. 

h) Measurement of variables 

Measurement of survivorship and attrition   
The analysis included data on all nets recorded 

during the exercise at each time interval. 

Survivorship:

• Numerator: Total number of LLIN product present in 
surveyed HHs (and available for sleeping under) x 
100

• Denominator: Total number of LLIN product 
distributed to surveyed HHs

A. Attrition rate-1: for nets that have been destroyed or 
disposed of:

• Numerator: Total number of LLIN product reported 
as lost due to wear and tear (poor condition) in 
surveyed HHs x 100

• Denominator: Total number of LLIN product 
distributed to surveyed HHs

B. Attrition rate-2 for nets not available for sleeping 
under:

• Numerator: Total number of LLIN product reported 
as lost for reasons other than poor fabric integrity 
(given away, stolen, sold or used in another 
location) in surveyed households x 100

• Denominator: Total number of LLIN product 
distributed to surveyed HHs

C. Attrition rate-3 for nets used for other purposes:

• Numerator: Total number of LLIN product reported 
as being used for another purpose in surveyed HHs
x 100

• Denominator: Total number of LLIN product 
distributed to surveyed HHs For each LLIN product, 
the survivorship rate plus attrition rate-1, attrition 
rate-2 and attrition rate-3 will add up to 100%.

Measurement of Fabric integrity
Fabric integrity was analyzed for all the LLINs

found in the HHs (and used for sleeping under), and all 
the LLINs assessed for holes at each monitoring round.
Two indicators were calculated at each survey time: the 
proportion of LLINs with holes and a hole index.

Proportion of LLINs with any holes (with 95% confidence 
interval):

• Numerator: Total number of LLINs product with at 
least one hole of size 1–4

• Denominator: Total number of LLINs product found 
and assessed in surveyed HHs

The hole index was calculated by weighting 
each hole by size and summing for each net. If the 
weight of hole sizes 1, 2, 3 and 4 was A, B, C and D, 
respectively, the hole index was calculated as:

Hole index = (A x no. of size-1 holes) + (B x no. of size-
2 holes) + (C x no. of size-3 holes) + (D x no. size-4 
holes).

Measurement WHO cone bioassay:  
Standard WHO bioassays use standard 

susceptible 3–5 day old, non-blood fed Anopheles 
females exposed to netting under WHO cones for 5 
minutes. Cones will be gently fitted on the net. Five 
female mosquitoes were introduced in each cone with 5 
replicates per net sample (i.e. 25 mosquitoes per net).

After a 5-minute exposure time in each cone, 
the mosquitoes were held for 24 hours with access to a 
sugar solution. Knockdown was measured 60 minutes 
after exposure, and mortality was measured after 24 
hours. A negative control, using an untreated net, was 
included in each round of cone bioassay testing.

If the mortality in the control was between 5% 
and 20%, the data was adjusted with Abbott’s formula. If 
the mortality in the control is > 20%, all the tests were
discarded for that day. Bioassays were carried out at 27 
± 2 °C and 80 ± 10% relative humidity.

Abbott's formula:

i) Ethical Clearance
First and foremost, clearance to conduct the 

study was obtained from the Ethical Approval 
Committee at the Ministry of Health, Eritrea. Upon 
entering a selected community, the assistance of 
opinion leaders was sought to obtain permission to use 
their communities as study sites and to inform the 
communities about the study objectives and methods. 
Informed consent was then obtained from all 
participants in the study who received the nets. 
Confidentiality was ensured by not sharing any 
respondent information with anyone.

III. Result

a) Characteristics of Respondents and Housing 
Condition

Table 3.1 shows that the majority of 
respondents who completed the questionnaire were 
heads of households and parents/guardians. Among 
the interviewees, 57% had no formal education or only a 
primary level education. The housing conditions where 
the nets were placed revealed that 60% of the homes 
had concrete walls, while the rest were constructed with 
mud bricks or a combination of mud and wood framing. 
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Additionally, 74% of the floors were made of soil or 
sand.

b) LLINs Utilization and Maintenance
Table 3.2 shows that 92% of participants 

reported using their long-lasting insecticidal nets (LLINs) 
the night before the survey. Reasons for not using the 
nets included no reported malaria or mosquito 
presence. Over 95% of the LLINs found in households 
were reportedly used every night for sleeping, with 82% 
being used year-round. However, 19% of the nets were 

used outside the main house, such as in gardens or on 
farmland (Figure 3.2).

Washing frequency, materials, and drying 
location can impact insecticidal activity. As shown in 
Table 3.4, only 48% of the nets were washed one year 
after distribution. The primary cleaning material was 
local bar soap, though over 80% reported using soap or 
detergent powder for washing. In more than half of the 
cases, washed LLINs were dried in sunlight.   

Table 1: Percentage distribution of characteristics of respondents, and housing conditions (N=101), regularity of 
sleeping under, LLINs displacement and maintenance

Characteristics Hagaz Elabered Asmat Haboro Total

Interviewee
Head Of HH 48 50 40 19 39

Guardian/Parent 35 3 4 78 39
Other Adult 17 12 56 4 22

Educational Level

No Former Education 9 15 4 33 15
Primary School 52 3 32 44 42
Junior School 17 19 12 19 17
High School 17 23 36 4 20
Higher Level 4 4 16 0 6

Roof of the wall(Where 
the nets are found)

Mud Brick 45 0 0 7 13
Mud With Wood Frame 0 4 4 70 20

Concrete 55 9 76 19 61
Wood 0 0 4 0 1
Straw 0 0 0 0 0

No Wall 0 0 0 0 0
Other 0 0 0 0 0

Type of flooring in the 
Room

Soil Or Sand 69 63 95 67 74
Wood 0 0 0 15 4

Cement 31 37 5 18 23

Carpet 0 0 0 0 0

How often the being 
used is the net being 
used in the last week 

Every night 100 92 96 96 96
Most nights 0 0 0 4 1
Some nights 0 8 0 0 2

Not used at all 0 0 4 0 1

During which period is 
the net used

All year round 59 85 96 89 82.3
During transmission season 41 15 0 11 16.7

During dry season 0 0 0 0 0

Displacement of the net 
from the main house 

Taken to farm land 23 0 0 26 12.3
Taken to garden 0 4 0 4 1

Other 0 4 8 7 4.8
Not used away 77 92 92 63 81.9

LLINs maintenance
Ever washed Nets Yes 50 36 47 61 48

No 50 64 53 39 52

Washing method
washed with cold water 57 8 18 0 20

washed with a bleach/ soap 43 92 82 100 80
Those Nets Washed With 
Bleach / Soap

local bar soap 17 0 22 6 9
detergent powder 50 92 78 94 84

mix of bar and detergent 33 8 0 0 7
Drying Method exposed to sun light 29 46 73 59 51

dried in shaded place 36 54 27 41 40
dried in indoor 36 0 0 0 9
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c) Survivorship and attrition
During follow-up visits at 12 months, a total of 

250 LLINs marked as used and 139 marked as stored 
were found to be available at the households (HHs). 
While the text mentions a survival rate of 95.05% for 
used LLINs and 97.89% for stored LLINs, these 
percentages seem to be incorrect based on the 
provided data.

d) Physical Integrity 
At 12 months of use, the percentage of nets 

with hole was found to be 20%. As depicted in table 4.7, 

it was 18.57%, 28.12%, 19.69% and 14.28% in Hagaz, 
Elabered, Asmat, and Haboro respectively. The average 
proportional hole index (pHI) of Yorkool®LN mosquito 
nets after 12 month of distribution was 14.31, 10.75, 
3.36, 1.59 in Hagaz, Elabered, Asmat and Haboro 
respectively. The average of LLINs with a hole but in a 
good condition was 17.49%. However, the present study 
found that all damaged e nets could be repaired and be 
used further; besides, none of the nets was categorized 
under “to be replaced”.

Table 3.2: Survivorship

Table 3.4: Attrition

Table 3.5: Physical integrity

Table 3.6: PHI Value

Nets in the 
master list under 

use
yes use

Survivorship 
of nets in use

Nets in the 
master list under 

store

yes 
store

Survivorship of 
nets in store

Hagaz 70 64 91.43% 23.00 22 95.65%
Elabered 66 62 93.94% 39.00 37 94.87%

Asmat 64 64 100.00% 31.00 31 100.00%
Haboro 63 60 95.24% 49.00 49 100.00%

Total 263 250 95.05% 142.00 139 97.88%

Nets in the master list 
under use Attrition rate 1 Attrition rate 2 Attrition rate 3

Hagaz 70 (0/70)*100= 0% (6/70)*100=8.57% (0/70)*100=0

Elabered 66 (1/66)*100=1.52% (3/66)*100=4.55% (0/66)*100=0%

Asmat 64 (0/64)*100=0% (0/64)*100=0% (0/64)*100=0%

Haboro 63 (0/63)*100=0% (3/63)*100=4.76% (0/63)*100=0%

Total 263 (1/263)*100=0.38% (12/263)*100=4.56% (0/263)*100=0%

Sub zone
Nets in the master list 

under use
Nets with holes

Proportion of the net with 
holes

Hagaz 70 13.00 0.19

Elabered 66 13.00 0.20

Asmat 64 18.00 0.28

Haboro 63 9.00 0.14

Total 263 53.00 0.20

assessed Holes

Nets with at least one hole
Good condition 

(PHI< 64)
To be repaired

(65<=  PHI <= 642)
To be replaced 

(PHI > 624)
Hagaz 70 57(81.43%) 10(14.28%) 3(4.28%) 0(0%)

Elabered 66 53(80.30%) 10(15.15%) 3(4.54%) 0(0%)

Asmat 64 46(71.88%) 17(26.56%) 1(1.56%) 0(0%)

Haboro 63 54(85.71%) 9(14.28%) 0(0%) 0(0%)

Total 263 217(82.51%) 46(17.49%) 7(2.66%) 0(0%)

Total nets Nets with no 
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e) Bio-Efficacy 
Table 4.7 shows that 40 nets (10 nets from each 

sub zone) were enrolled for WHO bio-assay test. So the 

mean knockdown down rate was 80. 5% and the mean 
mortality rate after 24 h was 71% with 95% CI of 52.3 –
81.5

Table 3.8: Mean KD and Mean mortality rate of the LLINs after 12 month with WHO Cone Test

Sub-Zone

Hagaz Elabered Haboro Asmat
Total Yorkool LLINs 10 10 10 10

Total Mosquito Inserted (tested) 500 500 500 500
Mean Knockdown Rate 89 % 85% 77% 71%

Mean Mortality Rate After 24 Hrs. 72% 79% 68% 65%
95% CI of percent’s 56 - 82 60 - 86 51 – 79 42- 75

IV. Discussion

This study revealed that the washing frequency 
in the past year was less than half of what was expected 
for the total number of distributed nets. While washing 
frequency didn't seem to impact the overall survival rate 
of the nets, it did affect their physical integrity. This 
finding aligns with a study from Benin by Gnanguenon 
et al. (2014), which also observed a negative impact of 
frequent washing on the physical condition of LLINs. 
However, another study from Benin by Ahogni et al. 
(2020) found that even with holes, LLINs generally 
maintained a mortality rate above 50%. This highlights a 
crucial point: even if physically damaged, LLINs can still 
offer significant protection against mosquito bites, 
making their continued use essential.

The study results showed that, of the total 
observed LLINs, more than 96% was in serviceable 
condition after an average use of 12 months. The result 
also showed that almost none of the nets badly torn and 
removed from utilization. A study from Chad revealed, 
among the observed LLINs less than 30% were found to 
be serviceable after 14 months of utilization and nearly 
40% of the total were badly torn and considered 
unserviceable (Allan et al., 2012). As the study revealed 
sleeping without mattress was one of the reasons which 
reduced the serviceable life of the LLINs (Allan et al.,
2012). On the contrary a study from Benin on similar 
type of bed net revealed after eighteen months of use, 
more than two-third were found functionally survived
(Ahogni et al., 2020). 

Our study observed a low attrition rate of only 
5% after 12 months of monitoring, significantly lower 
than findings from Benin and Mozambique (Ahogni et 
al., 2020; Juliette et al., 2015). This lower rate can be 
attributed to the nets being primarily given away to 
others, unlike the other studies where misuse was 
reported. Interestingly, a study from Nepal (mention 
reference) found LLIN loss due to displacement for 
seasonal fieldwork, alongside instances of misuse 
(Ahogni et al., 2020). 

Nearly 80% of the study LLINs remained in 
good physical condition, without holes, after 12 months 
of use. Similar results were observed in Benin and 

Madagascar (Ahogni et al., 2020; Tan et al., 2016), while 
a higher proportion of torn nets was reported in Zambia 
(Kilian et al., 2011). Furthermore, the present study 
found that 82.5% of the Yorkool LLINs were in good 
working condition after 12 months of distribution. This 
finding is slightly lower than that reported by Ahogni et 
al. Additionally, the present study did not observe as 
high a proportion of torn nets as was observed in the 
study from Zambia (Craig et al., 2015). A high proportion 
of holes (pHI) compromises the physical protection 
offered by LLINs. This allows mosquitoes to feed on 
humans, thereby perpetuating human-vector contact 
and malaria transmission (Ochomo et al., 2013; Haji et 
al., 2013). Supporting this, another study demonstrated 
a direct link between the physical integrity of LLINs and 
human-vector contact. They found that damaged nets 
increased the average number of mosquito bites per 
person per night from zero to five (Gnanguenon et al., 
2014).

The study measured a knock-down (KD) rate of 
80.5% at 60 minutes and a 71% mortality rate after 24 
hours of exposure. These findings fall short of the World 
Health Organization (WHO) standards. According to the 
WHO Pesticide Evaluation Scheme (WHOPES), an 
effective LLIN should retain biological efficacy for at 
least 3 years. This is defined as at least 80% of nets 
achieving either 95% knock-down or 80% mortality 
(WHO, 2012). Ideally, LLINs should maintain their 
insecticidal activity for this timeframe (Albert, 2012).

A study conducted in Madagascar on Yorkool 
LLINs reported similar results to the present study, with 
over 75% of the nets failing to meet the WHO threshold 
(Tan et al., 2016; Gnanguenon et al., 2014). However, 
Ahogni et al. (20XX) found that 58% of their study nets 
met the WHO quality standard for both knock-down at 
60 minutes and mortality after 24 hours.

The durability and lifetime of LLINs are critical 
factors for program planners to determine the most 
cost-effective timing and distribution strategies for net 
replacements. However, the most crucial aspect 
remains the biological efficacy of LLINs. They must meet 
the WHO's minimum requirements for knock-down (KD) 
and mortality rates after 60 minutes and 24 hours, 
respectively.
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V. Conclusion

The newly distributed Yorkool LLINs are 
expected to have a lifespan of approximately 3 years, 
maintaining their physical integrity, survivorship, attrition 
resistance, and bio-efficacy. However, the present study 
identified holes in nearly 20% of the nets after only 12 
months of use. Fortunately, none required immediate 
replacement.

Encouragingly, over 95% of the nets in the study 
remained intact despite the insecticide not meeting 
WHO's bio-efficacy criteria for knock-down or mortality 
rates. Further evaluation of net durability is 
recommended to determine the ongoing protective 
effect these nets provide to the community.
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Acute Effect of Photobiomodulation with (LED) Reduces Pain in 
Individuals with Diabetic Neuropathy: A Randomized Double-Blinded 
Placebo Controlled Clinical Trial 

 By André Timóteo Sapalo, Aline Gobbi, Gabriela de Carvalho,  
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Acute Effect of Photobiomodulation with (LED) 
Reduces Pain in Individuals with Diabetic 

Neuropathy: A Randomized Double-Blinded 
Placebo Controlled Clinical Trial

André Timóteo Sapalo α, Aline Gobbi σ, Gabriela de Carvalho ρ, Elaine Caldeira de Oliveira Guirro Ѡ,  
& Rinaldo Roberto de Jesus Guirro ¥

Abstract- Introduction: Neuropathic pain is one of the reasons 
for intervention in diabetic patients, and photobiomodulation 
(PBM) is a non-pharmacological therapeutic alternative, which 
has been increasingly used in recent years, with modulatory 
actions on cellular energy metabolism.  

Objective: To evaluate the acute effect generated by 
photobiomodulation with light emitting diode (LED) on pain in 
individuals with neuropathy resulting from type 2 diabetes 
mellitus.  

Methods: The study consisted of the evaluation of the signs 
and symptoms of neuropathic pain (Douleur Neuropathique 
Questionnarie – DN4) and blood flow in the posterior and 
dorsal tibial arteries (Doppler ultrasound) after the application 
of PBM for three consecutive days in 58 patients. The 
procedure was carried out in 5 days, on the first day (pre-
treatment), the evaluation, and from the second to the fourth 
day, the application of PBM directly to the skin of both legs 
bilaterally, using a blanket (33x42cm2) of red LEDs (620nm; 
52.86 mW/cm²), infrared (940nm; 33.7 mW/cm²) or associated 
for 1.30 minutes (180 J per leg). On the fifth day, patients were 
reevaluated using the same tools as the first day.  

Results: The signs and symptoms of neuropathic pain showed 
a reduction (p<0.05) between 4.7 and 5.5 points in DN4 in all 
groups irradiated with LEDs, with a clinical effect. No change 
in arterial blood flow of the legs was observed.  

Conclusion: Photobiomodulation therapy was effective in 
reducing the signs and symptoms of neuropathic pain in the 
lower limbs of type 2 diabetic patients. 
Keywords: photobiomodulatio, neuropathic pain, diabetic 
polyneuropathy, painful polyneuropathy, type 2 diabetes 
mellitus, blood flow. 
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I. Introduction 

he causes of the onset of pain in diabetic patients 
are diverse and include mainly the metabolic 
deficit of the neuronal cell and reduced vascular 

supply, currently, these two factors are identified as the 
main reasons for early hospitalization and responsible 
for 50% of amputations of lower members globally 1-3. 

The repercussion of diabetes mellitus (DM) in 
face of vascular impairment is centered on the damage 
at the level of peripheral nerve cells, thus the micro-
vascular deficit and the constant increase in free 
radicals generate impairment in the non-myelinated 
fibers of the sympathetic system and in the cholinergic-
type vasodilator nerve endings, reducing the release of 
acetylcholine (ACh) and limiting the production of nitric 
oxide (ON), by means of the enzyme nitric oxide 
synthase (eONs) 4. 

Nervous impairment resulting from diabetes 
mellitus not only affects the sensorimotor nerve fibers 
but, at an advanced stage, can have repercussions for 
the peripheral autonomic fibers 5, thus the diabetic distal 
polyneuropathy is the most frequent of the neuropathies, 
affecting mainly the lower extremities 6-8. 

The sensory axons are the most affected 
because they have a larger mitochondrial population, 
leaving them in a condition more vulnerable to oxidative 
stress 9,10. Diabetic polyneuropathy is identified as the 
main factor for the appearance of clinical signs and 
symptoms in these patients, since 20% of patients may 
experience neuropathic pain 11. 

The choice of a non-pharmacological 
therapeutic line, which involves the relief of neuropathic 
pain in the clinical environment, still deserves further 
investigation. Clinical and experimental evidence 
suggests that changes in cell function, resulting in 
oxidative stress, act as a major factor in the 
development and progression of pain diabetic 
neuropathies 12. 

The great effects resulting from 
photobiomodulation (laser or LED) are atributed to the 
heme cofactors existing in erythrocytes and 
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mitochondria. Thus, half of the pho-tons generated by 
the irradiation are attenuated by the enzyme cytochrome 
C oxidase of the respiratory chain, although 
hemoglobin, myoglobin, and melanin may also present 
a high attenuation coefficient for photons, mainly in the 
red light spectrum 13,14.  

Today, in clinical practice, two resources are 
used for photobiomodulation (Laser and LED), although 
the laser emits collimated light, different of LED light, 
both have the same therapeutic effect 15, since this 
difference ends when the light reaches the biological 
tissues, due to its dispersion . 

Scientific evidence shows that some biological 
tissues have a high coefficient of therapeutic light 
attenuation (photobiomodulation), such as the skin 
(higher melanin concentration) 16, the erythrocyte 17,18, 
nervous tissue 19-21, and muscle tissue 22,23. Thus, when 
the light is absorbed by photoreceptors, photonic 
energy is trans-formed into chemical energy, making 
photobiomodulation a non-pharmacological alter-native 
that can generate an increase in energy metabolism 24,25, 
vasodilation, in-creased blood flow, angiogenesis, 
increased inflammatory response, accelerated healing 
process 26,27, increased oxygen affinity hemoglobin 18, 
and reduction of neuro-pathic symptoms through 
cytokine stimulation and release mechanisms 28. 

Given the above, the purpose of this study was 
to show that photobiomodulation with light emitting 
diode (LED) can improve the signs and symptoms of 
pain generated by the metabolic disorder of lower limbs 
in diabetic patients with polyneuropathy (Painful 
polyneuropathy), from the effects of metabolic increase 
and favoring biophysical photobiomodulation 
responses. 

II. Materials and Methods 

a) Ethical aspects 
This study is a randomized double-blinded 

placebo-controlled clinical trial, it was approved by the 
Ethics Committee on Experimentation with Human 
Beings of the Clinical Hospital - FMRP/USP (process no. 
3.805.967) and registered as a clinical trial on 
ClinicalTrials.gov. (NCT03369834). Patients who agreed 
to participate in the study were informed about the 
objectives and procedures and signed a free and 
informed consent form. The study was developed from 
April 2018 to March 2020. 

b) Sample and Randomization 
The sample calculation was performed using 

the Ene® software (version 3.0, Barcelona, Spain). The 
sample size was calculated based on the study by 
Lorne et al. (2004) 29, which evaluated pain in diabetic 
polyneuropathy using laser as a therapeutic tool. We 
considered the average values of the Visual Analog Pain 
Scale (VAS), based on the four evaluation periods. The 
calculation was based on the detection of comparison 

between the groups, with a mean of the reference group 
of 9 and the experimental group 9. Considering the 
statistical power of 90% and alpha 0.05, the number of 
10 patients per group was estimated. Considering a 
sample loss of 10%, 12 patients were recruited per 
group. 

Seventy patients with type 2 diabetes mellitus of 
both sexes with more than 5 years of diagnosis at the 
age of 45 to 70 years old were recruited at the Hospital 
das Clínicas de HC/USP.  58 of whom had neuropathic 
pain ranging from 4 to 6 points (DN4), classified as 
moderate to severe on the scale of diabetic distal 
polyneuropathy (DSDDP) in the lower limbs. The 
exclusion criteria involved neurological lesions that that 
impeded the proposed exams, chronic renal failure, and 
patients who have had part of the saphenous vein 
removed for myocardial revascularization. Some of the 
volun-teers took medication to control blood pressure, 
among them ACE antidiuretics and beta-blockers. All 
were instructed not to take analgesics or anti-
inflammatory drugs during the week of the study. 

Randomization was performed using a table of 
random numbers in the Excel software, which was 
placed in sealed opaque paper envelopes, opened only 
in the presence of the patient. Patients were randomly 
divided into the following groups: Control (C, n = 11), 
Sham (S, n = 12), Red LED (R, n = 11), Infrared LED 
(IR, n = 13), Red+Infrared LED (R+IR, n = 11). 

Researchers 2 and 3 and the patients 
themselves were blinded regarding the distribution of 
groups and the interventions applied. The blinding of the 
patient in relation to the groups, with the exception of 
the control, was accomplished with the use of a 
blindfold. As shown in the flowchart in Figure 1. 
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Fig. 1:

 

Flowchart of the study design

 

c)

 

Procedure  

 

The study procedures were performed in 5 
days. On the first day, the researchers collected the 
anthropometric and clinical data, applied the diagnostic 
scale for distal diabetic polyneuropathy (DSDDP) and 
the neuropathic pain questionnaire (DN4), and 
evaluated the blood flow in the posterior and dorsal tibial 
arteries through Doppler ultrasound. From the second to 
the fourth day, the patients received irradiation 

(treatment group) and the simulation of application 
(Sham group) of photobiomodulation with light emitting 
diode (LED) for one minute and 37 seconds, on 
average, in each lower limb, totaling 3 minutes per 
patient, respecting the 24-hour interval between 
irradiations. On the fifth day, reassessments were 
carried out using the same assessment tools of

 

the first 
day (Figure 2).

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

Figure 2: Description of the evaluation, intervention and reassessment during the proposed 5 days.
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d) Assessment of neuropathy 

i. Diagnostic scale for diabetic distal polyneuropathy 
To quantify the degree of polyneuropathy, the 

Diagnostic Scale for Diabetic Distal Polyneuropathy 
(DSDDP) was used, which evaluates neuropathic 
symptoms with six questions and neuropathic 
impairment with the Aquileu reflex tests and the hallux 
vibratory, painful and thermal sensitivity 30. Thus, patients 
should have a score equal to or greater than 5 for 
symptoms (ESN), associated with a score equal to or 
greater than 3 for signs (ECN). To characterize 
neuropathic pain, the patient should have a score equal 
to or greater than 4 on the Neuropathic Pain Diagnosis 
questionnaire (DN4). 

ii. Aquileu reflex test  
The Aquileu reflex test was performed using 

Buck's neurological hammer to as-sess motor changes 
in alpha-thick myelinated A-fibers 30. With the patient 
seated, the foot hanging and in a neutral position, 
percussion was performed with the reflex ham-mer on 
the Achilles tendon of both lower limbs. As a positive 
answer, the volunteer is expected to do reflex plantar 
flexion, as a consequence of percussion, and the 
absent or diminished reflex response means an altered 
result. Therefore, a second percussion was performed 
to confirm the altered result 31,32. 

iii. Vibratory sensitivity test   
For the vibration sensitivity test, a 128 Hertz 

frequency tuning fork was used to test changes in beta-
thick myelinated A-fibers 30. With the patient in the 
supine position, the vibrating tuning fork was applied 
with the end of the nail, perpendicular and with constant 
pressure, on the dorsal portion of the distal phalanx of 
the hallux and medial malleolus or tibial tuberosity, as an 
alternative, if the volunteer could not feel it in the first 
region tested. Two applications were made, alternating 
with a false application, in which the tuning fork was not 
vibrating. Because of this, the result should be negative, 
that is, the absence of protective sensitivity, with two 
incorrect answers from the three applications. The test 
was performed on both lower limbs 31,32. According to 
Perkins et al. 33, the vibration test has a sensitivity of 53% 
and specificity of 99% for peripheral neuropathy. 
iv. Pain and thermal sensitivity test  

Buck's neurological hammer needle was used 
for the painful sensitivity test, to evaluate sensory 
changes in C-thin unmyelinated fibers30. With the 
volunteer in the supine position, the tip of the reflex 
hammer was applied to the back of the hallux, bilat-
erally, with sufficient pressure to deform the skin. An 
altered result was the inability to feel the pressure 
exerted on the hallux 31,32. In the assessment of thermal 
sensitivity, the test was carried out with a test tube 
containing ice water to assess the sensitive alterations 
of delta-thin myelinated A-fibers 30. With the volunteer in 
the supine position, a test tube containing ice water was 

applied to the dorsal region of the feet of both lower 
limbs, in which the result was considered altered when 
the patient did not report the cold sensation at the test 
site 33. 

v. DN4 Questionnaire for diagnosis of neuropathic pain  
For the qualification of neuropathic pain, the 

DouleurNeuropathique 4 (DN4) questionnaire was used, 
it has seven questions and three sensory exams, which 
are able to discriminate neuropathic pain from 
nociceptive pain. It was translated to Portuguese and 
validated, with 100% sensitivity and 93.2% specificity 34. 

For scoring, DN4 assigns 1 when it is positive 
and 0 when it is negative (total score range varies from 0 
to 10). The cut-off value for the diagnosis of neuropathic 
pain is a total score equal to or greater than 4 
Assessment of arterial blood flow 

A portable continuous-wave Doppler device 
with spectral analysis (Nicolet Vascular Versalab SE, San 
Carlos, CA, USA) was used, coupled to a notebook. To 
capture and process the signals, Care Fusion 7.0 
software (Nicolet Vascular Versalab SE, San Carlos, CA, 
USA) was used, which allows the quantification of blood 
flow, including the peak systolic velocity and resistivity 
index, as well as its qualification in an interval of time. 

  

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

40

Y
e
a
r

20
24

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
V
ol
um

e 
X
X
IV

 I
ss
ue

 I
 V

er
sio

n 
I

  
 

(
DDD D
)

F

 © 2024    Global Journ als

Acute Effect of Photobiomodulation with (LED) Reduces Pain in Individuals with Diabetic Neuropathy: A 
Randomized Double-Blinded Placebo Controlled Clinical Trial

Blood flow was assessed after 10 minutes of 
rest in the supine position. Collections were performed 
in the posterior and dorsal tibial arteries, with 
frequencies of 4 and 8 MHz, respectively, in both lower 
limbs.

Photobiomodulation
Irradiation was performed individually in 58 

patients with moderate to severe diabetic distal 
polyneuropathy. Thus, 116 legs were irradiated during 
the second, third, and fourth days of therapy. The light 
was irradiated by a 33x42cm2 LED mat, using SMD5050 
diodes fed with 12-volt voltage and fixed in an ethylene-
vinyl-acetate (EVA) plate with equidistant distribution (1 
cm) between the LEDs 35. The energy applied to each 
leg was 180 J, on the anterior and posterior regions, 
bilaterally. The blanket was malleable to adapt to the 
contour of the leg, so the application of 
photobiomodulation was directly on the skin involving 
the entire leg of the patients (Figure 3).



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Application of the LED mat directly on the skin involving the whole leg bilaterally. 

All LEDs were previously checked at the 
Photobiophysics Laboratory of the Faculty of 
Philosophy, Sciences, and Letters of RibeirãoPreto, 
University of São Paulo, where the wavelengths, power, 

and power density were evaluated. 285 LEDs were used 
in both blankets (red, infrared), and 320 LEDs for the 
mixed blanket, 160 LEDs in the red spectrum (620 nm), 
and 160 in the infrared spectrum (940 nm) (Table 1).  

Table 1: Physical parameters of light-emitting diodes (LED) and photobiomodulation therapy protocol. 
Variables Red Infrared Red+Infrared 
Wave-length 620±10nm 940±10nm  

Number of diodes 285 285 320 
Diode diameter 0.125 cm² 0.178 cm²  
Power Density 52.86 mW/cm² 33.7 mW/cm²  
Diode power 0.0066 W 0.006 W  

Total blanket power 1.88 W 1.71 W 2.01 W 
Application time 96 s 106 s 90 s 

Total energy per leg 180 J 180J 180 J 

mW: milliwatt; s: Second; j: joules; W: watt 
e) Statistical analysis 

Statistical analysis was performed using SPSS 
for Windows (version 20; SPSS Inc., Chicago, IL). The 
mean differences (initial minus final value) of the groups 
and the 95% confidence intervals (CI) were calculated 
using mixed linear models, with the baseline as a 
covariate. The Bonferroni correction test was used to 
compare the groups, with a p value of 0.05. 

To determine the size of the clinical effect of the 
proposed therapies, Cohen’s d was used, with 
interpretation of the values based on the classification 

established by Cohen (1988): less than 0.2, small effect; 
around 0.5, moderate effect; and above 0.8, great 
effect. 

III. Results 

Of the 70 recruited patients, 58 were included 
and randomized. To characterize the homogeneity of the 
sample, anthropometric assessments and some clinical 
routes are available in table 2. 
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Table 2: Anthropometric and clinical data of patients with type 2 diabetes mellitus, distributed in the experimental 
groups. 

 C 
n=11 

S 
n=12 

R 
n=11 

IR 
n=13 

R+IR 
n= 11 

Age 63.66 (4.18) 61 (5.37) 61.38 (4.44) 60.08 (7.31) 61.3 (6.99) 
 
Sex 

Male 10 5 9 5 4 
Female 3 7 4 8 7 

Weight 80.15 (13.78) 80.5 (18.46) 89.36 (21.78) 86.38 (13.42) 97.54 
(19.65) 

BMI 30 (4.50) 30.25 (7.72) 32.49 (5.72) 32.39 (4.78) 36.73 (4.97) 
Time of diagnosis (years) 17.23 (6.67) 14.91 (9.17) 13.92 (6.34) 14.08 (6.76) 16.27 (8.79) 

Arterial hypertension 9 10 8 10 9 
DSDDP DM2 Symptoms 6.46±1.89 6.76±2.16 7.8±1.72 6.25±2.22 7.00±1.63 

Signals 4.61±1.12 4.07±0.75 4.54±1.21 4.00±0.73 4.23±0.83 
DN4 (pain initial) 6.3 (1.94) 5.6 (1.42) 6 (2.30) 6.9 (3.66) 6.7(1.42) 

BMI: body mass index; DM2: type 2 diabetes mellitus; DSDDP: scale for the diagnosis of diabetic distal polyneuropathy; DN4: 
Douleur Neuropathique 4 Questionnaire*p<0.05.R: red group, IR: infrared group, R+IR: red+infrared group, S: sham group, C: 
control group. 

As for the assessment of neuropathic pain by 
the DN4 questionnaire, after irradiation with LED, there 
was a significant difference in the comparison between 
the groups that received the treatment (LED) with the 
control and sham groups. Specifically, when comparing 
LED red groups with control and sham, the difference (p 
<0.001) between the means (lower limit and upper limit) 
was -4.18 (-5.95 -2.40) and -4.08 (-5.81 -2.35), 
respectively; when comparing infrared LED  with control 
and sham there were also differences (p <0.001) with 
values of -4.21 (-5.91 -2.50) and -4.11 (-5.77 -2.45) 

respectively; as well as LED red+infrared compared to 
control and sham with differences (p<0.001) of -4.58 (-
6.37 -2.80) and -4.49 (-6.23 - 2.74), respectively. In the 
comparisons between the different groups irradiated 
with LED, there was no significant difference, as well as 
between control and sham. The size of the clinical effect 
of photobiomodulation therapy in the different groups, 
using Cohen's d, had a great effect on relieving 
neuropathic pain for all groups irradiated with LED 
(Table 3). 

Table 3: Values of differences between means, 95% confidence interval, upper and lower limits, and assessment of 
effect size of different groups, considering signs and symptoms of neuropathic pain from the neuropathic Douleur 4 
questionnaires (DN4). 

Comparison between 
groups 

Difference of 
means 

95% confidence intervals 
Effect size

 
Cohen’s d

 
Inferior limit Upper limit  

R x IR 0.03 -1.66 1.73 -0.02 
R x R+IR 0.40 -1.36 2.18 -0.08 

R x C -4.18* -5.95 -2.40 -2.08 
R x S -4.08* -5.81 -2.35 -1.92 

IR x R+IR 0.37 -1.33 2.08 0.05 
IR x C -4.21* -5.91 -2.50 -2.15 
IR x S -4.11* -5.77 -2.45 -1.61 

R+IR x C -4.58* -6.37 -2.80 -2.18 
R+IR x S -4.49* -6.23 -2.74 -1.07 

C x S -0.09 -1.82 1.63 -0.01 

* p<0.05. R: red group, IR: infrared group, R+IR: red+infrared group, S: sham group, C: control group. 

As for the qualitative assessment of the signs 
and symptoms of DN4, there was a reduction from 75% 
to 100% for responses to pain qualification after the 
application of LED and from 50% to 85% in responses to 
physical examination of pain. Considering the groups, 
the table shows that the reduction in pain, with regard to 
their qualification, occurred in the three groups 
irradiated in an equitable way, unlike the groups sham 
and control that did not present any changes. For the 

answers to the exams, it is observed that only in 
red+infrared there was pain reduction (Table 4).
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Table 4: Number of patients who present the characteristics/symptoms of pain before and after application of LED, in 

the Douleur neuropathic 4 questionnaire (DN4). 

DN4 R IR R+IR S C 
Features / Symptoms Pre Post Pre Post Pre Post Pre Post Pre Post 

Burning 8 0 8 1 8 2 6 7 7 7 

Painful cold sensation 7 0 5 0 6 1 5 5 4 4 

Electric shock 8 1 8 1 7 0 5 5 7 7 

Tingling 7 1 11 1 8 1 8 8 10 10 
Pinned and needled 8 0 11 1 7 1 6 6 6 6 

Fall asleep 7 1 10 1 6 0 7 7 8 7 

Itching 5 1 8 2 4 0 3 4 3 3 

Exams  
Hypoesthesia to the touch 2 3 1 1 7 1 5 5 6 6 

Needle prick hypoesthesia 2 3 1 1 8 3 5 5 6 6 

Brushing 6 3 6 6 6 3 5 5 6 6 

R: red group, IR: infrared group, R+IR: red+infrared group, S: sham group, C: control group. 

Considering that neuropathic pain could be 
associated with circulatory restriction, we opted for the 
Doppler flow assessment of the lower limb arteries, 
distally. The results did not show significant changes 
(p> 0.050) for the PVS, IR, IP, and HR parameters for 
any of the groups, despite presenting a clinical effect 
size between mild to moderate for the groups irradiated 
with LED (Table 5).
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Discussion
 

The hypothesis that photobiomodulation
 

with 
LED could be effective in reducing the signs and 
symptoms of neuropathic pain of the lower limbs was 
confirmed, being an effective therapy in short-term 
intervention, with a great clinical effect for all groups 
irradiated with LED.

 According to Kallenborn-Gerhardt et al. (2013) 
36, the main causes of pain in peripheral neuropathy still 
need further studies. In diabetic patients, the emergence 
of neuropathy is believed to be due to multiple factors, 
including the increased production of reactive oxygen 
species at the mitochondrial level, reduced antioxidant 
capacities such as superoxide dismutase catalase and 
glutathione in enzymatic and non-enzymatic cells 37, and

 vascular impairment generated by chronic 
hyperglycemia 38,39. These factors are identified as the 
main causes of reverse neuroinflammation, which 
promotes an imbalance in the production of ATP and the 
induction of apoptosis in nerve cells. Thus, the results of 
this study open a window so that photobiomodulation 
can be used as a non-pharmacological alternative, 
contributing to the reduction of pain generated by 
painful neuropathy.

 
In the light of the evidence, the results of Cg et 

al. (2015) 40

 
corroborated the results found in this study, 

based on the hypothesis that the biophysical responses 
generated by photobiomodulation may control 
neurological pain in diabetic patients with 
polyneuropathy. Thus, it is highlighted that the three LED 
irradiations in the leg were sufficient to reduce pain in 
the lower limbs. Gobbi et al. (2020) 41

 
report that PBMT 

applied for a short period does not bring important 
gains for the muscular performance and functionality of 
diabetic individuals.

 
As it is a subjective experience, pain has some 

limitations regarding its measurement. The use of a 
standardized and validated questionnaire that involves 
other aspects than just its intensity is important since it 
contemplates the subjective experience, involving the 
affective responses associated with pain. Thus, the 
application of DN4 sought to expand this analysis. 

The quantification of pain through  DN4 showed 
a reduction between 4.7 and 5.5 points, on a 10 point 
scale, in the LED groups, so it is believed that this 
response is due to the effects of metabolic increment 
and favoring biophysical responses generated by 
photobiomodulation, as proposed by Janzadeh et al. 
(2016) 42 in an animal model, where they emphasized 
that photobiomodulation can generate an increase in 
the levels of antioxidants, such as superoxide dismutase 
catalase and glutathione, improve mitochondrial 
function, safeguard the survival of neural cells, and 
improve symptoms of pain. 

It speculates that the affective responses 
associated with pain reduction in the red+infrared LED 
group are caused by the proportional increase in the 
metabolic

 
effect generated by the combined irradiation 

of the two light spectra. Since the two lengths tend to 
improve electrochemical activity and increase ATP re-
synthesis14. In addition, irradiation with LED in the 
infrared spectrum promotes an increase in the 
concentration of oxyhemoglobin and total 
oxymyhemoglobin, which increases the availability of 
oxygen 18

 
that may favor aerobic metabolism.

 Although the main factor for the emergence of 
neuropathic pain is assigned to metabolic stresses 
(ROS)43, it is also emphasized that the vascular 
impairment, generated by reduced flow and 
hypoperfusion

 
due to hyperglycemia, can lead to the 

failure of several tissues and contribute to the onset of 
neuropathic pain early 44.

 Although there were no significant changes in 
blood flow, the clinical effect was also in favor of the 
irradiated groups.

 Considering that oxidative stress plays a central 
role in the development of microvascular complications 
of diabetes 45, as well as a secondary variable, the blood 
flow of the posterior and dorsal tibial arteries was 
measured in order to support the context of blood 
circulation in the appearance of neuropathic pain. 
Although there was no significant improvement in the 
quantitative assessments of Doppler ultrasound, it is 
believed that photobiomodulation tends to improve 
blood flow and reduce arterial resistance, since there 
was an improvement from mild to moderate in the effect 
size in the irradiated groups, for the peak systolic 
velocity variables and the resistivity index in the three 
therapeutic intervention groups.

 
The mechanisms 

proposed to explain the vascular changes induced by 
glucose and lipids in diabetes include the accelerated 
formation of advanced glycation end products (AGEs), 
activation of protein C kinase, inflammatory signaling, 
and oxidative stress 46. Accordingly, the deficits in the 
bioavailability of nitric oxide and the large concentrations 
of ROS are the main responsible for vasculopathy in 
diabetic patients, 47,48

 
responses that can be reversed 

with PBM.
 According to our searches, in order to confront 

the findings of the influence of LED light on blood flow, 
there was an absence of studies that analyzed vascular 
resistance (IR) and improved blood flow (PVS) in 
patients with pain secondary neuropathic diabetes 
mellitus, what leads to a limitation in the discussion of 
the results presented.

 In view of the results obtained, we believe that 
the irradiation time of three days is one of the factors 
that can be extended, allowing a longer response time 
of the tissues in face of photobiomodulation, allowing an 
effect that can generate changes that can be reflected 
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at the level of macrocirculation. In addition, using 
different means of evaluation, such as microcirculation, 
tissue perfusion of the lower limbs, biomarkers of 
neuronal dysfunction, and systemic inflammation, could 
complement the analysis of neuropathic pain and 
vascular c condition, secondary to diabetes mellitus. 

Thus, despite the positive limitations faced due 
to lack of equipment to better assess the painful 
polyneuropathy caused by type 2 diabetes mellitus, this 
study opens a new window for photobiomodulation by 
light-emitting diode (LED) in the red, infrared, or 
associated spectrum is now filled as a non-
pharmacological therapeutic line for reducing the signs 
and symptoms of neuropathic pain in patients with type 
2 diabetes with polyneuropathy of the lower limbs. 
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& Nadya da Silva Castro Ragagnin ¥

Abstract- Acute kidney injury (AKI) is one of the main 
secondary manifestations developed in patients with COVID-
19. Based on this aspect, the present study aimed to identify 
the main biomarkers used to predict acute kidney injury and 
prognosis in COVID-19 and gather information about the 
biomarkers studied. Articles published in the Virtual Health 
Library, between January 2020 and February 2022, in English, 
Portuguese and Spanish were evaluated, with the guiding 
question “What is the scientific evidence on new biomarkers 
for diagnosis and determination of the prognosis of induced 
acute kidney injury?” in COVID-19?”. Initially, more than 75 
thousand articles were identified, however, with the attribution 
of inclusion and exclusion criteria, 8 articles were selected and 
analyzed during the present study. The findings of the present 
review emphasize that early diagnosis has a strong influence 
on the prognosis of AKI and that new biomarkers are useful for 
detecting and predicting the prognosis of the injury early. The 
potential of these assays with new biomarkers proved to be 
significant and could allow their use in future research. 
Keywords: acute kidney injury, biomarkers, COVID-19, 
diagnosis, glomerular filtration, performance, prognosis, 
secondary manifestations, serum creatinine. 

I. Introduction 

uring the COVID-19 pandemic, part of the 
individuals infected with SARS-CoV-2 manifested 
a mild to moderate respiratory illness, however, 

many elderly people and people with other 
comorbidities evolved to severe conditions1.

 
Patients in 

the intensive care unit (ICU) developed secondary 
complications, such as liver damage, venous 
thromboembolism, acute kidney injury (AKI), and 
others2.

 
AKI in this case is correlated with poor 

prognosis and a higher risk of patient mortality3. 

Currently, the definition and staging of acute 
kidney injury are based on the KIDGO (Kidney Disease 
Improving Global Outcomes) criteria, which unifies the 
RIFLE (Risk, Injury, Failure, Loss and End-Stage) and 
AKIN (Acute Kidney Injury Network) criteria4. Thus, 

KDIGO  uses  changes  in  serum creatinine and urinary 
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output, requiring at least two serum creatinine values 
obtained in 48 hours5.  

Serum creatinine levels increase as a 50% drop 
in renal function occurs, that is, it is not directly 
correlated with the decrease in glomerular filtration rate 
(GFR), which makes early diagnosis impossible6. Given 
this, in recent years, studies with new biomarkers for AKI 
have gained emphasis in different clinical settings. 
Among the new biomarkers tested are: Cystatin C, 
Lipocalin Associated with Human Neutrophil Gelatinase 
(NGAL), N-acetyl -Β-D-glucosaminidase (NAG), Kidney 
Injury Molecule-1 (KIM-1), Interleukin-18 (IL -18), Netrin-1 
and others7,8. 

Given the difficulty of diagnosing AKI using 
serum creatinine and the inefficient prognosis in COVID-
19, the use of biomarkers such as Cystatin C and 
interleukin-18 is suggested9. Cystatin C is a cysteine 
proteinase inhibitor protein, which is related to several 
pathological processes. It is freely filtered in the 
glomeruli, as it has a low molecular weight, but is almost 
completely reabsorbed in the proximal tubules10. 
Interleukin-18 is a pro-inflammatory cytokine that 
induces the release of inflammatory cytokines and TNF, 
thus acting as a mediator in the immune system6. 

 

II. Methods 

a) Instrument for selection of studies and inclusion 
criteria 

The instrument for selecting the studies was the 
Relevance Test (TR), based on Pereira's model (2006)11. 
This consists of forms containing four selection steps, to 
include or exclude the articles found with the search 
strategy.  

Initially, TR1 was applied to the references to 
select studies that meet the following inclusion criteria:  

• Publications made from January 2020 to February 
2022;  

• Published in Portuguese, English and Spanish. 

D 
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The present work is a systematic review of the
comprehensive literature, with the main objective of
exploring biomarkers for the early diagnosis of AKI
induced by COVID-19. Predicting and/or determining the
patient's prognosis, as this is of clinical importance and
is extremely necessary to apply as a laboratory practice.
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TR2 was applied in the title and abstract of the 
studies, with the help of the search platform. At this 
stage, the defined inclusion criteria were: primary and 
complete article; study with humans; work with 
biomarkers; study with COVID-19 or SARS-CoV-2.

TR3 was applied only in the abstract of articles 
containing the following inclusion criteria: studies that 
address AKI in people diagnosed with COVID-19; and 
studies using renal biomarkers.

TR4 is the final step of the procedure, which 
was applied to the entire article and intended to answer 
the following questions defined as inclusion criteria: Was 
the kidney disease due to COVID-19? Were there 
specific biomarkers for AKI? Was there a correlation 
between changes in biomarkers and prognosis for AKI-
COVID?

As exclusion criteria, those who did not meet 
the criteria described above were considered.

b) Definition of descriptors and search in the literature
A literature search was performed by crossing 

the following descriptors in Health Sciences/Medical 
Subject Headings (DeCS/MeSH) available on the VHL 
network: Acute Kidney Injury and COVID-19 “OR” SARS-
CoV- two. The articles were searched using the 
advanced method, using the term “title/abstract/subject” 
with the combination of descriptors and the Boolean 
operators “AND” and “OR”.

c) Data extraction and analysis
Taking into account the methodological rigor of 

a systematic literature review (SLR), a form was 
prepared to extract the following information from the 
included studies: bibliographic reference, type of study, 
research objectives, methodology, and results 
obtained12. To synthesize as much information as 
possible about the biomarkers for the prognosis of AKI, 
the following data were collected: characteristics and 
clinical conditions of the patients, criteria for diagnosing 
AKI, biomarkers used, the value of the biomarker and 
serum creatinine on admission and whether there was 
any change in the glomerular filtration rate (GFR), 
biomarker performance for AKI prognosis and clinical 
outcomes.

III. Results

Bearing in mind that new articles are inserted in 
the databases every day, April 24, 2022, was chosen to 
carry out the bibliographic research of this RSL. A total 
of 75,631 articles were obtained, of which TR1 was 
applied. After applying the first test, a total of 13,531 
articles were included, in which the TR2 was applied in 
the titles and abstracts with the help of the search 
platform, 12,492 studies were excluded and 1,039 were 
included. In the next step, TR3 was applied to the 
abstracts of previously selected articles, which resulted 

in several 30 selected. All 30 articles were accessed in 
full, so TR4 was applied to these by reading the full 
article, which resulted in the exclusion of 22 articles and 
the inclusion of 08 articles for this review. Finally, the 08 
articles were submitted for analysis and data extraction, 
as shown in Figure 1.
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Figure 1: Methodological approach used in the Systematic Review of the Literature on biomarkers for the prognosis 
of acute kidney injury induced by COVID-19 (BVS, 2022).

After analyzing the eight studies selected for 
this SLR, a summary of the general characteristics was 
prepared and made available in synoptic tables. In 
Frame 1, information and characteristics of the articles 
analyzed during the study are presented.
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Frame 1: Information and characteristics of the articles selected during the study

Reference Study design Selection of participants
Temiz et al. 
(2022)

A prospective pilot study Participants were selected from the urology and ICU departments 
suspected, suspected of COVID-19 and with specific findings on 
tomography

Shakked et al. 
(2022)

Prospective observational 
investigation

Adults (≥18 years) and patients who test positive for Covid-19

Husain-Syed 
et al. (2021)

Prospective, observational, 
single-centre study

Patients were included if they consented to the linkage with 
administrative data for longterm follow-up

Gradin et al. 
(2021)

Study is a sub-study of a larger 
prospective observational

Adult patients with COVID-19 admitted to the ICU and with informed 
consent, in addition to urinary samples included in the study

Vogel et al. 
(2021)

Cohort of COVID-19 patients in 
this prospective observational 
clinical trial

Patients presenting with acute symptoms of respiratory infection. The 
secondary outcome was a composite of acute kidney injury, ICU 
admission, and death

Indirli et al. 
(2022)

A single‐centre, observational, 
retrospective, case–control study

Data were retrospectively extracted from the COVID‐19 Network registry

Fukao et al. 
(2021)

Retrospective study Used data from all patients with COVID-19 seen

Wang et al. 
(2021)

Prospective observational 
investigation

Patients admitted to for COVID- 19, were eligible for this study

Biomarker predictors of poor prognosis such as ICU stay, renal replacement therapy (RRT), or death were 
observed for patients with AKI in COVID-19, as shown in Frame 2.

Frame 2: Prognostic predictor biomarkers for AKI in COVID-19

Reference Biomarker Prognosis
Temiz et al. (2022) KIM-1/creatinine and

NGAL/creatinine
Death

Shakked et al. (2022) Serum creatinine
Serum cystatin C and
NGAL

AKI
AKI aggravation
RRT needs
Admission in ICU

Husain-Syed et al. (2021) Urinary DKK33 AKI Chronification

Gradin et al. (2021) Serum creatinine
Urinary KIM-1
Urinary NGAL

Correlation with urinary cytokines
AKI aggravation

Vogel et al. (2021) Serum creatinine
urinary KIM-1
urinary NAG

AKI, ICU e Death

Indirli et al. (2022) MR – Serum ProADM
serum copeptin

Sepsis and AKI;
Death, ICU or
Hospital complications.

DKK33 Dickkopf-related protein 3, KIM-1 Kidney Injury Molecule 1, AKI Acute Kidney Injury, NAG N-acetyl-β-D-glucosaminidase, 
NGAL Neutrophil gelatinase-associated lipocalin, MR – ProADM Mid-regional pro-adrenomedullin, TRS Therapy Renal 
replacement, ICU Intensive care unit.
Two studies evaluated biomarkers that were useful for early diagnosis, these markers are shown in Frame 3.

Frame 3: Biomarkers for early diagnosis

Reference Biomarker

FUKAO et al. (2021) L-FABP and
urinary β2MG

WANG et al. (2021) Serum procalcitonin (PCT)

β2MG β2-microglobulin, L-FABP Liver-type fatty acid binding protein.

When analyzing the characteristics of the 
clinical conditions of the populations of the eight 
studies, it was observed that among the eight studies, 
the size of the population with COVID-19 ranged from 18 

to 389 patients, with three studies presenting, in addition 
to the COVID-19 cohort, a control group, such as can be 
observed in Table 1.
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Table 1: Characteristics and clinical conditions of patients with COVID and AKI

Reference Sample No. AKI (%) Age (average or 
median + IQ)

Comorbidities

Temiz et al. (2022) 75 COVID-19
11 Control

16 55,77 ± 17,47 Hypertension

Shakked et al. (2022) 52 42,3 66 Heart failure, hypertension, chronic kidney disease, 
cerebrovascular disease

Husain-Syed et al. 
(2021)

55 10,45 54 Hypertension, diabetes, chronic kidney disease, 
coronary artery disease

Gradin et al. (2021)
29 COVID-19

9 Control
66 57 ± 3

Hypertension, chronic lung disease, and diabetes 
mellitus

Vogel et al (2021)
54 COVID-19

26 Control
14,8 56,8

Hypertension, chronic lung disease, and diabetes 
mellitus

Indirli et al. (2022)
116 3 66

Hypertension, diabetes, obesity, and coronary 
artery disease

Fukao et al. (2021) 18 11 64,0 (44,0–74,5)
Hypertension, diabetes mellitus, and coronary 
heart disease

Wang et al. (2021) 389 7,8 66 (15) Hypertension diabetes mellitus, liver disease

In Frames 4 and 5, the general characteristics 
of six out of eight studies are presented in detail. It was 
observed that among the eight selected studies, four 
are prospective and two are retrospective. These 

studies were carried out in Turkey (1), the United States 
(1), Germany (2), Sweden (1), Italy (1), Japan (1), and 
China (1), published among the years 2021 and 2022.

Frame 4: General characteristics of studies with biomarkers for prognosis

Reference Type
of study

Objectives Methodology Conclusions

Temiz et 
al. (2022).

Prospective 
pilot

Investigate whether 
there is kidney 
damage during 
COVID-19;
Identify the 
predictive value of 
renal biomarkers 
and estimate 
survival.

KIM-1/creatinine and NGAL/
creatinine ratios were compared 
among 36 patients with COVID-
19 and 11 controls.
Mortality rates were determined 
using the Kaplan-Meier method.

Urine KIM-1/creatinine ratio 
associated AKI with COVID-19-
specific death.
In clinical practice, serum Cystatin 
C (sCysC) and urine KIM-
1/creatinine are associated with 
survival.

Shakked et 
al. (2022).

Prospective, 
observational

To evaluate the 
usefulness of 
serum CysC 
(sCysC) and serum 
NGAL (sNGAL).

Demographic data of 52 patients 
were retrieved from medical 
records.
sCysC, serum creatinine, and 
serum and urine NGAL were 
analyzed.

sCysC was an excellent early 
predictor of AKI and the need for 
RRT in patients with COVID-19, but 
it did not outperform serum 
creatinine. While sNGAL showed 
good performance for the 
diagnosis of AKI.

Husain-
Syed et al. 
(2021).

Prospective, 
observational

Evaluate the role of 
renal biomarkers to 
monitor the 
progression of 
COVID-19.

Spot urine samples were 
collected from 55 patients daily 
and for analysis of uDKK3 and 
IL-6 it was collected three times 
a week from hospital admission 
until the day of discharge.

Biphasic patterns of urinary uDKK3 
and IL-6 in patients with a greater 
decrease in eGFR are suggestive 
of a chronification of AKI and 
commonly used urinary markers 
may be less suitable.

CysC Cystatin C, eGFR Estimated Glomerular Filtration Rate, IL-6 Interleukin 6, KIM-1 Kidney Injury Molecule 1, AKI Acute kidney 
injury. NGAL Neutrophil gelatinase-associated lipocalin, RRT Renal replacement therapy, uDKK3 Urinary Dickkopf-3.

https://link.springer.com/article/10.1007/s10157-021-02101-z#auth-Yusuke-Fukao�
https://pubmed.ncbi.nlm.nih.gov/?term=Pode%20Shakked%20N%5BAuthor%5D�
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Frame 5: General characteristics of studies for early diagnosis of AKI

Reference Type
of study

Objectives Methodology Conclusions

Fukao et
al. (2021).

Prospective 
observational 
clinical trial

Investigate relationships of 
tubular injury, COVID-19 
severity, and markers of 
inflammation
To address cytokine-
mediated mechanisms in 
the development of AKI.

Analysis of markers and 
respiratory status was 
performed in 18 patients 
with COVID-19.
Correlation analysis among 
levels of tubular and 
laboratory markers.

Urinary markers L-FABP and 
uβ2MG were significantly 
associated with IL-6 levels 
even in patients without overt 
AKI.
It is suggested that L-FABP 
and urinary uβ2MG are useful 
as early diagnostic 
biomarkers.

Wang et al. 
(2021).

Exploratory

To assess the value of PCT 
in predicting AKI during 
COVID-19.
Build a risk classification 
score.

The biomarker 
concentrations of 28 
patients with COVID-19 were 
analyzed.
A multivariate risk score was 
created.

Single PCT value is a valuable 
predictive marker of AKI in 
patients with COVID-19.
The risk score can help assess 
the possibility of developing 
AKI.

β2MG β2-microglobulin, IL-6 Interleucina 6, L-FABP Liver-type fatty acid binding protein, AKI Acute kidney injury, PCT Procalcitonin.

After analyzing the studies, it is observed that 
the classification used for the detection of AKI was 
KDIGO (2012), having been used in seven of the eight 
studies found, and only one study did not present this 
information. Biomarkers were analyzed in blood and 
urine samples, with analysis of serum biomarkers being 

the most prevalent among the eight studies. The dosage 
of these markers was carried out from the moment of 
consultation in the emergency department or hospital 
admission. In summary, this information is available in 
Frames 6 and 7.

Frame 6: Biomarkers for AKI prognosis in patients with COVID-19.

Reference Biomarker
Serum or 
urinary

Biomarker value 
on admission

(median ± IQR)

Biomarker performance for early diagnosis and 
prognosis

Temiz et al. 
(2022)

Creatinine Serum
0,75 +/- 0,39 
(mg/dL)

Elevated KIM-1/creatinine: death from COVID-19.

Cystatin C Serum
0,96+/- 0,59 
(mg/L)

Higher elevation of urinary KIM-1/creatinine and 
NGAL/creatinine levels in the ICU.
Increased levels: death from COVID-19.

KIM-1 Urinary
12,95 +/- 5,82 
(ng/mL)

Increased uKIM-1/creatinine: death from COVID-19.

NGAL Urinary
61,26 +/- 75,35 
(ng/mL)

Altered uNGAL/creatinine levels: death from COVID-19.

KIM-1/
Creatinine

Urinary Increased levels: death from COVID-19.

Decrease in GFR

Shakked et 
al. (2022)

Creatinine Serum
0,76 (0,71–0,92)
(mg/dL)

It was increasingly correlated with the increase in the 
severity of AKI.
AUC: 0.86 to predict AKI and AUC: 0.94 to need RRT.

Cystatin C Serum
0,82 (0,74–0,99)
(mg/L)

It correlated increasingly with AKI severity.
Excellent for predicting AKI (AUC: 0.87) and RRT 
requirement (AUC: 0.94).
Moderate performance in predicting the need for ICU 
admission.

NGAL Serum
57,6 (49,1-95) 
(ng/mL)

Moderate performance for predicting ARL (AUC: 0.81) 
and TRS (AUC: 0.87).
Significantly elevated levels among patients with severe 
AKI requiring RRT.
Moderate performance in predicting the need for ICU 
admission.
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Decrease in GFR

Husain-
Syed et al. 
(2021)

Creatinine Serum
Média + IQR 1,23 
(1,04–1,45) mg/Dl

There was no correlation.

α1MGCR/ 
Creatinine

Urinary
82,7 (50,2–136,2) 
mg/g

There was no correlation.

uDKK33/ 
Creatinine

Urinary
3781 (1402–
10192) pg/g

Biphasic uDKK33 patterns in patients with greater eGFR 
decline were suggestive of AKI-CKD transition.

Cystatin C Serum

1,62 (1,35–1,94) 
mg/L

TFGe ≥5 
mL/min/1,73 m

There was no correlation.

Gradin et 
al. (2021)

Creatinine Serum 68 (62-81) mmol/L Maximum creatinine correlated significantly with 19 
cytokines.

KIM-1

NGAL

Urinary

Urinary

5,3 (2,7 - 10,6) 
ng/g UCr

33 (13 - 130) U/g 
UCr

Correlation with many urinary cytokines of incidence and 
worsening of AKI.

Cytokines Urinary
31 cytokines were associated with the maximum stage of 
AKI, ie, the need for RRT.

Decrease in GFR

Vogel et al.
(2021)

Creatinine Serum 0,95 (0,77–1,26) 
mg/Dl

Significant increase in patients who achieved the 
composite outcome of AKI, ICU, and death.

KIM-1 Urinary
1316(485–2316) 
ng/g UCr

Elevated levels in patients who achieved the composite 
endpoint of acute kidney injury, ICU, and death. For 
predicting ICU admission, AUC was obtained: 0.76.

NAG Urinary
4,75 (1,54–10,7) 
U/g UCr

Elevated in COVID-19 patients who have suffered from 
AKI.

Decrease in GFR

Indirli et al. 
(2022)

Creatinine Serum 0,9 (0,7–1,1) mg/Dl
Significant increase in patients achieving the composite 
endpoint.

MR-proADM Serum
0,9 (0,6–1,3) 
nmol/L

The value on admission was useful for predicting sepsis 
and AKI during hospitalization.

Copeptin Serum
13,2 (6,3–30,8) 
pmol/L

The value on admission was useful for predicting sepsis 
and AKI during hospitalization.
It was useful for predicting the composite outcome of 
death, ICU, or hospital complications.
Copeptin was associated with length of stay and a more 
complicated clinical picture.

Decrease in GFR

AUC Area under the curve, α1MGCR α1-microglobulin-creatinine ratios, CKD Chronic kidney disease, eGFR Estimated glomerular 
filtration rate, KIM-1 Kidney Injury Molecule 1, MR – ProADM Mid-regional pro-adrenomedullin, NAG N-acetil-β-D-glicosaminidase, 
NGAL Neutrophil gelatinase-associated lipocalin, AKI Acute kidney injury, GFR Glomerular filtration rate, RRT Renal replacement 
therapy, uα1MG Urinary α1 microglobulin, uDKK3 Urinary Dickkopf-3, ICU Intensive care unit.

Frame 7: Biomarkers for early diagnosis of AKI in patients with COVID-19

Reference Biomarker
Serum or 
urinary

Biomarker value on 
admission

(median ± IQR)

Biomarker performance for early 
diagnosis and/or prognosis

Fukao et al. 
(2021)

NAG Urinary 32,5 U/L There was no correlation.

β2MG Urinary 10.516 μg/L Elevations in L-FABP and uβ2MG 
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α1MG Urinary 65,8 mg/L reflected early tubular injury.

L-FABP Urinary 47,9 μg/gCr

Decrease in GFR

Wang et al. 
(2021)

Creatinine Serum 160 (65–293) umol/L

PCT correlated with AKI in patients with 
COVID-19.

Procalcitonin Serum 0,440 (0,133–2,433) ng/ml

Urea 
nitrogen

Serum
15,40 (6,50–30,65) mmol/L

Uric acid Serum 408 (235-670) (umol/L)

Decrease in GFR

α1MG α1 microglobulin, β2MG β2-microglobulin, L-FABP Liver-type fatty acid binding protein AKI Acute kidney injury, 
NAG N-acetil-β-D-glicosaminidase, PCT Procalcitonin, GFR Glomerular filtration rate.

Regarding the results for prognosis, it was seen 
that the biomarkers used were predictors of poor 
prognosis. KIM-1/creatinine and NGAL/creatinine ratios 
were predictors of death from COVID-1913. Serum 
creatinine and cystatin C were indicators of AKI, 
worsening of the lesion, and need for RRT. The NAG 
marker was significant for predicting AKI in patients with 
severe AKI who required RRT14. Elevation in the urinary 
biomarker uDKK33 at six months from hospital 
admission was suggestive of AKI chronicity by COVID-
1915. Serum creatinine and urinary biomarkers KIM-1 
and NGAL correlated with urinary cytokines of incidence 
and worsening of AKI16. Serum creatinine and KIM-1 
were significantly elevated in patients who achieved the 
composite endpoint (acute kidney injury, ICU, and 
death) and the NAG marker was significantly elevated in 
patients who suffered from AKI17.

In Frame 7, the results of two studies with 
biomarkers for the early diagnosis of AKI in COVID-19 
are available.

IV. Discussion

The electronic survey involved studies carried 
out during the COVID-19 pandemic, published between 
2021 and 2022. Given the pandemic context, one can 
observe agility in carrying out the surveys. In addition, 
according to the analyzed studies, it is observed that the 
search for new AKI laboratory biomarkers for the 
identification and progression of AKI continues to 
advance.

Despite the size of the sample (18 to 389 
participants), no influence was verified on the 
characteristics and clinical conditions of the patients. It 
was observed that among the eight studies, the patients 
who developed AKI were over 50 years old, and were 
hypertensive or diabetic. In addition, the KDIGO 
diagnostic criteria, GFR calculation using the CKD-EPI 
formula, and biomarker analysis (ELISA) were also 
similar among studies. In addition to this, nephelometric 
tests were also used, mainly to analyze Cystatin C, 
which helps in the comparison between them. Although 

unusual, Cystatin C is considered an early marker of AKI 
and its dosage has been performed with nephelometric 
tests, as they are considered quite stable18.

Among the biomarkers, urinary KIM-1 stood out 
as the most promising for the diagnosis and prognosis 
of AKI. Significant elevations were found in the KIM-
1/urinary creatinine ratio in patients with AKI and specific 
deaths from COVID-1913. Consistently, a significant 
increase in KIM-1 levels between 24h and 48h after 
admission to the ICU in patients with septic AKI due to 
other diseases who did not survive was also verified19. In 
a study by 16, a correlation of urinary KIM-1 with several 
urinary cytokines related to the incidence and worsening 
of AKI in COVID-19 was observed. The results of 17

showed elevations in urinary KIM-1 levels in COVID-19-
positive patients with a composite outcome of AKI, ICU 
admission, and death. Similarly, in a study carried out 
with patients hospitalized with AKI in other diseases, the 
increase in urinary KIM-1 and NAG levels at the time of 
consultation with a nephrologist were predictors of the 
composite outcome of RRT or in-hospital death20.

The second prominent biomarker was NGAL, 
both for serum concentrations and urinary levels. Serum 
NGAL was useful for predicting AKI, need for RRT, ICU 
stay, and expressly highs in severe AKI requiring RRT14. 
NGAL/creatinine was useful as a good predictor of 
mortality in patients with COVID-19 and AKI13. Similar 
results were found in a study with critically ill patients 
due to other diseases, where 40% more cases of AKI 
were detected with the evaluation of NGAL and 
creatinine than when using creatinine alone, and in 
these patients, the risk of ICU admission, need for TRS 
and death was higher21,22.

Another biomarker with prognostic results for 
AKI was sCysC, whose elevation exceeded the urinary 
KIM-1/creatinine and NGAL/creatinine ratio in ICU 
patients, but was not considered a predictor of specific 
mortality from COVID-1913. Serum and urine creatinine 
were used in all eight studies, as it is the standard AKI 
diagnostic marker. On admission, serum creatinine was 
similar to sCysC for predicting AKI and the need for 
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RRT14. However, the elevation of sCysC compared to 
serum creatinine may have been influenced by high 
doses of corticosteroids15.

In the analysis of urinary dickkopf-3 (uDKK3), a 
new biomarker of CKD progression. uDKK3 levels 
remained high 6 months after hospital admission for 
COVID-19 in patients with AKI and a greater decline in 
glomerular filtration. The existence of a secondary AKI 
over an unresolved AKI has been suggested, which may 
contribute to the transition from AKI to CKD at 6 months 
post-discharge15. These findings are similar to what is 
in the literature, since in a study with post-cardiac 
surgery patients, urinary DKK3 was associated with a 
risk of severe loss of glomerular filtration after the 
transition from AKI to CKD during the patients' follow-up 
period23.

As for biomarkers for early diagnosis of AKI, the 
highlights were β2MG and L-FABP, which were elevated 
in urine samples as a reflection of the onset of AKI24. L-
FABP is a protein present in the liver that plays an 
important role in regulating the metabolism of fatty 
acids. In addition, it has a high affinity for lipid 
peroxidation products, which promotes its elimination in 
the urine25.

26 Evaluated common biomarkers, but included 
serum PCT dosage in their study, which in turn was 
useful for early detection of AKI in patients with COVID-
1927.

Although the cost of testing may still be a 
limiting factor, the results have shown promise for 
assessing the incidence of AKI with new 
biomarkers16,28,14,17, predict AKI severity, help identify 
patients who need RRT16,14 or ICU28,14,17, predict 
death28,17,13 and perform early detection of AKI in COVID-
1924,26, thus minimizing the cost of the test.   

With the use of new biomarkers detected before 
serum creatinine, it was possible to detail the AKI 
caused by COVID-19 for the first time in the literature13. 
The evaluation of biomarkers such as KIM-1 and 
Cystatin C at admission can provide diagnostic data
and help to outline the prognosis of AKI, which can 
influence medical decisions and thus increase the 
chances of better outcomes17,14. In addition, it is 
considered important to evaluate the renal system in 
COVID-19 with AKI biomarkers, as well as to consider 
their continuous evaluation during hospitalization13.

The application of new sensitive biomarkers for 
AKI proved to be important for the diagnosis and 
prognosis of the lesion in the COVID-19 scenario.

Different biomarkers were able to predict AKI 
severity, need for RRT, hospitalization, and death. The 
poor prognosis of AKI in COVID-19 observed in the 
analyzed studies highlights the importance of identifying 
new biomarkers and applying them in laboratory 
practice and different clinical scenarios.

Although the use of some of these biomarkers 
is limited due to the high cost of the necessary reagents, 

the potential of these assays with new biomarkers has 
proved to be significant and may enable their use in 
future assays and research. In addition, to improve the 
clinical evaluation, aiming to favor clinical outcomes, it is 
suggested to measure these biomarkers in the first 
contact with the patient, that is, since the positive test 
result for SARS-CoV-2.

As observed in the RSL, the prominent marker 
to predict different outcomes of patients with AKI was 
KIM-1. Thus, in the future, the use of this biomarker, 
combined with serum creatinine and other markers, may 
make the diagnosis of AKI more assertive and identify 
the risks of worsening AKI early.
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The Impact of Smoking on Systemic Arterial Hypertension in the 
Latin American Population 

 By Pérez Vázquez Sarahi Irasema, Ladewig Bernaldez Guillermo Ivan, 
Mondragón Morales Josué, Ruiz Espinosa José David & Bautista de Anda Rocío 

  Abstract-
 

Systemic Arterial Hypertension (SAH) is the most important risk factor for the 
development of cardiovascular diseases being one of the most prevalent diseases worldwide. 
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Abstract- Systemic Arterial Hypertension (SAH) is the most 
important risk factor for the development of cardiovascular 
diseases being one of the most prevalent diseases worldwide. 
Tobacco use has been linked with the development of 
systemic arterial hypertension or with a difficult control of it, 
However, it has not yet been universally accepted or 
demonstrated whether this relationship is directly proportional 
to vascular damage in people who consume it. The purpose of 
the study is to compare the effect of smoking on hypertensive 
smokers vs non-smoking hypertensive patients. 

Results: 409 participants were obtained, 55% were men, the 
mean age was between 55 and 60 years, the most frequent 
academic grade in smokers and former smokers was high 
school with 25.4% and 31.3% respectively. Most people had 
less than ten years of diagnosis in smokers with 53.2% of the 
population and a minority had a diagnosis under 30 years. The 
statistical analysis did not show a relationship between 
smoking history and the number of antihypertensive agents for 
disease control (p= 0.736, 95% CI), as well as the number of 
years of diagnosis of hypertension and history of smoking (p 
= 0.160, 95% CI). 

Conclusions: Patients who have been smoking for more than 
30 years tend to have a higher smoking rate and therefore 
consume more antihypertensive drugs so, the more tobacco 
use and longer being hypertensive, the greater the pulmonary 
complications, In addition, patients who have stopped 
smoking or never smoked have a better control of blood 
pressure, since we found that, the lower the year of diagnosis 
of arterial hypertension, fewer drugs are needed for blood 
pressure control. 
Keywords: systemic arterial hypertension, smoking, 
blood pressure, smoker, latin american, antihypertensive, 
cigarette. 

I. Introduction 

ystemic Arterial Hypertension (SAH) is the most 
common risk factor for the development of 
cardiovascular diseases, it is diagnosed when 

blood pressure (BP) is ≥140/90 mmHg after repeated 
examination. HAS has been divided into primary and 
secondary HAS, with primary (essential) multifactorial 
HAS, with direct effects on cardiovascular and renal 
structure and function, while secondary HAS occurred 
as consequence of one or several diseases, half of 
hypertensive people do not have adequate BP control 
and  of  these,  only  half  are  controlled. Worldwide, the  
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prevalence of resistant hypertension is 10.3% (Guirguis-
Blake et al. 2021). The main risk factors for developing 
HAS are advanced age (Campos-Nonato et al. 2021), 
sex, obesity, family history of HAS (being 2 times more 
common in subjects who have 1 or 2 hypertensive 
parents), black population, reduced number of 
nephrons, low socioeconomic level, high intake of 
sodium >3 g/day, excessive alcohol intake, physical 
inactivity, diabetes mellitus, family history of premature 
brain vascular disease in 1st degree family, it has also 
been found that exposure to tobacco is related to a 
difficult control of blood pressure levels requiring 
treatment with 2 or more antihypertensive drugs 
(Guirguis-Blake et al. 2021). According to a study by 
Kaplan et.al., smoking >5 packs of cigarettes per year 
increases the risk of hypertension up to 30% not being 
proportional the percentage of cigarettes with a higher 
risk of suffering hypertension or a difficult hypertension 
control (Kaplan et al. 2021). In addition, smoking has 
been directly linked to ischemic strokes in young adults, 
this is directly proportional to the number of cigarettes 
smoked during their lifetime (Markidan et al. 2018), the 
effects of electronic cigarettes are currently under 
investigation, however, more research is needed(Shi et 
al. 2023). It has also been related that the increased risk 
of hypertension could be attributed to low levels of 
vitamin D induced by exposure to tobacco, this has 
been demonstrated by measuring cotinine in the body, 
which is a chemical substance formed by the 
breakdown of nicotine in the body, used to measure 
active and passive smoking, having vitamin D deficiency 
increases the concentration of cotinine in the body, 
which increases the risk of hypertension (Wu et al. 
2022). 

Several studies have evaluated the acute effect 
of cigarette smoke on blood pressure (BP) and have 
shown consistent results that cigarette smoking 
temporarily increases BP. This could be explained by 
the effect of nicotine on the activation of the sympathetic 
nervous system; however, chronic smoking should not 
be overlooked as this behavior leads to several harmful 
effects on the cardiovascular system (Chen et al. 
2022a). 

Environmental factors, air pollution and green 
spaces have been associated with hypertension in the 
field of environmental epidemiology (Chen et al. 2022b).  
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The increase in arterial stiffness occurs with old 
age, with the development of chronic conditions such as 
high blood pressure and the presence of cardiovascular 
risk factors such as smoking, it has been shown that 
these two factors make a marked increase in arterial 
stiffness (Scallan et al. 2010). Levenson et.al. decided to 
analyze the different independent cumulative effects of 
hypertension and smoking, they shown that 
hypertension and smoking affect blood flow properties 
and arterial wall behavior, these changes are 
characterized by several abnormalities such as 
increased blood and plasma viscosity, increased 
hematocrit, and blood proteins(Levenson et al. 1987). 

Smoking undoubtedly confers a significant 
cardiovascular risk and therefore smoking cessation is 
one of the best cost-effective measures in the field of 
medicine. Certain observations have documented that 
smokers who remove smoking before middle age 
typically have a life expectancy like non-smoking 
population (Lu et al. 2018).According to research by 
Tamotsu Nagao et. al. concluded that by reducing 
alcohol intake and smoking, the risk of hypertension is 
considerably reduced (Nagao et al. 2021). As 
mentioned above, chronic smoking has a direct 
influence on the development of vascular resistance, 
producing systemic arterial hypertension regardless of 
age, sex, and environmental factors, that’s why it is of 
great relevance to know how the increase of blood 
pressure develops in smoker patients. Smoking has 
been linked to the use of 2 or more medications for the 
proper control of arterial hypertension (Kaplan et al. 
2021), which leads us to a public health problem and 
health expenses. 

II. Methods 

Our study is an observational, cross-sectional, 
prospective, projective, descriptive, and comparative 
study, the research was carried out in the General 
Hospital of Zone Number 58 and in the General Hospital 
“La Villa” Mexico. We interviewed 409 patients aged 40 
to 60 years with a diagnosis of SAH through a google 
forms questionnaire. These patients were divided into 
two groups depending on smoking history. Pregnant 
patients, patients with comorbidities, such as chronic 
kidney disease, pheochromocytoma, vascular or renal 
anatomical abnormalities were not included, and 
incomplete questionnaires were removed. The protocol 
was reviewed and approved by the Research Ethics 
Committee and the Local Health Research Committee of 
the Mexican Social Security Institute.  

Data analysis was performed using the SPSS 
and STATA v.14.2 program. The normality test of the 
variables was calculated using the form measures of 
bias and curtosis, as well as the Shapiro-Wilks test. The 
frequency measure to estimate smoking prevalence was 
obtained by the ratio of people who currently smoke 

divided by the total sample, multiplied by 100 for its 
interpretation in percentages. The statistical significance 
value was established at p <0.05, with a 95% 
Confidence Interval(CI). 

III. Results 

1. Characterization of the study population according 
to sex 

Of a total of 409 patients, 55.5% were men and 
44.5% were women, 63.7% were aged between 55 and 
60 years and the most frequent school level was primary 
school (42.8%), followed by high school (45.8%), and 
University (20.3%)) (Table 1) (Graph 1). 

 
Of the 409 patients, 48.2% have never smoked, 

32.1% are former smokers and 19.8% are active 
smokers (Graph 2). 

 
Almost half of the patients (44.6%) used one 

antihypertensive drug to control their BP, followed by 
those who used two (37.8%), three (15%) and four drugs 
(2.5%).
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Table 1: Study population characterization (n=409).

Variables.
 

Total (n=409) (%)
 

Sex
  Women

 
182 (44.5)

 Men
 

227 (55.5)
 Age (n=408)

  40 to 50 years old
 

69 (16.9)
 50 to 55 years old

 
79 (19.4)

 
55 to 60 years old

 
260 (63.7)

 Schooling (n=408)
  I don’t write and read
 

8 (2.0)
 I only know how to write and read

 
13 (3.2)

 Primary school
 

101 (24.8)
 High school 1

 
91 (22.3)

 High School 2
 

96 (23.5)
 University

 
83 (20.3)

 Master’s degree
 

13 (3.2)
 PhD

 
3 (0.7)

 Smoking (n=405)
  Never

 
195 (48.2)

 Ex smoker
 

130 (32.1)
 Smoker

 
80 (19.8)

 
SAH evolution (years) (n=401)

  <10 years
 

197 (49.1)
 10-20 years

 
122 (30.4)

 20-30 years
 

50 (12.5)
 >30 years

 
32 (8.0)

 Number of antihypertensive drugs (n=399)
  1 178 (44.6)

 2 151 (37.8)
 3 60 (15.0)

 4 10 (2.5)
 

2. Characterization of the study population according 
to smoking history 

Among former smokers, 59.2% were men, a 
similar proportion in those current smokers (61.2%), 
being more frequent to find women without a history of 
smoking (71.8%) (Table 2).  

In the three categories according to smoking 
history, more than half of the population was aged 
between 55 and 60 years. Regarding schooling, among 
non-smokers it was more common to find people with 

the primary school level (28.7%) followed by high school 
(21.5%). In former smokers and smokers, the highest 
proportion was found in those with high school 
education (25.4% and 31.3%, respectively). 

The type of cigarette most used among 
smokers and ex-smokers was conventional cigarette 
(96.1% and 92.5%, respectively), only 3% used 
electronic cigarettes and among ex-smokers, 0.8% 
employed both, and in the case of smokers it was 3.8% 
(p value< 0.000)(Graph 3). 

The World Health Organization (WHO) classifies 
smoking severity according to cigarettes consumed per 
day, mild (less than 5 cigarettes per day), moderate (6 

to 15 cigarettes per day) and severe (more than 16 
cigarettes per day)(Londoño Pérez et al. 2011; Chang et 
al. 2021). In our study, most smokers were classified as 
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mild smokers (62.8% and 58.2%), followed by moderate 
smokers (27.7% and 35.4%), and 15.5% of former 
smokers were classified as severe smokers, compared 
to 6.3% of smokers.  

A higher prevalence of cases with less than 10 
years of diagnosis of SAH was observed in the 
categories of former smokers (50%), smokers (53.2%) 
and non-smokers (47.9%), while the minority of patients 
had a diagnosis over 30 years of evolution.  

Finally, with respect to the number of 
antihypertensives used to treat SAH, a similar proportion 
was found among the categories of former smokers, 
smokers, and non-smokers, being more than 40% those 
who use a single antihypertensive, followed by two 
antihypertensives (greater than 30%), three 
antihypertensives (greater than 10%), and finally, less 
than 4% employed four or more antihypertensives 
(Graph 4). 

Table 2: Population characterization according to smoking history.

Variables
 Ex-smoker 

(n=130) 
Smoker 
(n=80) 

No smoker 
(n=195) 

P Value  
(95% CI) 

Sex     
0.000 Women 53 (40.8) 31 (38.8) 140 (71.8) 

Men 77 (59.2) 49 (61.2) 55 (28.2) 

Age (n=408)     
40 to 50 years old 15 (11.6) 21 (26.3) 33 (16.9)  

0.072 50 to 55 years old 27 (20.9) 17 (21.3) 35 (18.0) 

55 to 60 years old 87 (67.4) 42 (52.5) 127 (65.1) 

Schooling (n=408)     

I don’t write and 
read 

2 (1.5) - 6 (3.1)  
0.416 

I only know how to 
write and read 

2 (1.5) 2 (2.5) 8 (4.1) 

Primary school 30 (23.1) 14 (17.5) 56 (28.7) 

High school 1 31 (23.9) 17 (21.3) 42 (21.5) 

High School 2 33 (25.4) 25 (31.3) 38 (19.5) 

University 29 (22.3) 17 (21.3) 37 (19.0) 

Master degree 2 (1.5) 4 (5.0) 7 (3.6) 
PhD 1 (0.8) 1 (1.3) 1 (0.5) 

Type of cigarette     

Conventional 124 (96.1) 74 (92.5) -  
0.000 Electronic 4 (3.1) 3 (3.8) - 

Both 1 (0.8) 3 (3.8) - 
Smoker severity 
(n=208) 

    

Mild 81 (62.8) 46 (58.2) - 0.03 

Moderate 28 (27.7) 28 (35.4) -  

Severe 20 (15.5) 5 (6.3) -  

Smoking Index     
Mild risk (<10) 96 (73.9) 62 (77.5) - 0.422 
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Moderate risk (10-20)
 

17 (13.1) 14 (17.5) -  

Intense risk (21-40)
 

8 (6.2)
 

1 (1.3)
 

- 
 

High risk (>40)
 

9 (6.9)
 

1 (1.3)
 

- 
 SAH evolution in 

years (n=401)
 

    

<10 years
 

65 (50.0)
 

42 (53.2)
 

90 (47.9)
  0.160

 10-20 years
 

36 (27.7)
 

30 (38.0)
 

53 (28.2)
 

20-30 years
 

19 (14.6)
 

4 (5.1)
 

27 (14.4)
 

>30 years
 

10 (7.7)
 

3 (3.8)
 

18 (9.6)
 Number of

 antihypertensive 
drugs (n=399)

 

    

1 59 (46.5)
 

37 (48.1)
 

80 (41.9)
  0.736

 2 49 (38.6)
 

27 (35.1)
 

75 (39.3)
 

3 18 (14.2)
 

10 (13.0)
 

30 (15.7)
 

4 1 (0.8)
 

3 (3.9)
 

6 (3.1)
 

3. Relationship between the diagnosis of arterial 
hypertension and smoking history 

Through the Pearson correlation, a weak 
negative relationship of-0.10 was observed between the 
years of diagnosis of arterial hypertension and the 
smoking index a lower year of diagnosis of arterial 
hypertension, lower the smoking index (p = 0.8850). 

In addition, a positive relationship of 0.3672 was 
observed between the years of diagnosis of SAH and 
the number of antihypertensives used, that is, to older 
years of diagnosis of arterial hypertension, greater need 
to employ more antihypertensive (p value < 0.000). 

IV. Discussion 

In our research we observed that mostsmoker 
patients are men, for that reason we can associate it 
with sex since the majority of patients with lung diseases 
or even with Chronic Obstructive Pulmonary Disease 
(COPD) are mostly men, so also that men smoke more 
than women has a socio-background cultural since the 
Latin American idiosyncrasy urges the male to a greater 
consumption of substances(Kuntz et al. 2018; Chang et 
al. 2021), also the majority of our population is between 
55 to 60 years of age (63.7%), which gives us to 
understand that the older group smoked or smoked 
more than the younger people (16.9% are 40 to 45 years 
old and 19.4% are 50 to 55 years old)(Agustí and Hogg 
2019). 

Subsequently, if we analyze the time taken by 
each patient with the diagnosis of SAH, most of patients 
have less than 10 years of evolution (about 49.1%) and 
only 8% had more than 30 years of evolution, therefore 
we observe that in several cases of our population 
group the onset of SAH occurs in people who are adults 
or elderly and this is not directly related to smoking but 
to the aging process. Although active smoking poses a 
significant cardiovascular risk, the effect of passive 
smoking on hypertension is rarely studied. According to 

Zhang et. al. passive smoking is significantly associated 
with an increased prevalence of hypertension, as well as 
a lower rate of disease control(Zhang et al. 2021).In our 
study passive smoking was not valued and the final 
results did not coincide with the results of Zhang, we 
considered that race and ethnicity were decisive for the 
results obtained. 

Furthermore, it was observed that about half of 
the patients was treated with a single antihypertensive 
drug(about 44.6%), while only 37.8% use two, 15% 
employed three, and 2.5% used four antihypertensives 
drugs, for this reason we perceive that most patients 
having little time being hypertensive require fewer doses 
of drugs to achieve their antihypertensive treatment 
goals, however, there is also a minority that requires four 
or more drugs, we linked this relationship with a greater 
number of years of SAH evolution, which coincides with 
the recent literature. Regarding the patient’s schooling, 
we found a significant relationship with smoking, since a 
large number of our patients reported smoking during 
teenage, specifically during high school, at 25.4% and 
31.3% respectively, whereas non-smoking patients were 
people with 28.7% of primary school attendance, which 
reflects that during the process of teenage and the 
search for identity is yielded to social pressure for the 
use of harmful substances, among them tobacco, so 
smoking as psychosocial factors play an important role 
in the development of hypertension(Wu et al. 2016; 
Herrera et al. 2017). 

In our population the use of electronic cigarettes 
was studied, however, the relationship with hypertension 
was not statistically significant, we consider that the 
variable and the size of the population consuming 
electronic cigarettes was not sufficient. The relationship 
between these two variables is currently being studied 
(Ruokolainen et al. 2021; Falk et al. 2022). According to 
the WHO classification we can observed that the 
correlation of tobacco in patients with SAH does not 
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reflect a significant statistical relevance since our 
patients are mostly mild smokers and therefore due to 
the inequality in the number of participants 
corresponding to each degree of smoking index would 
need to perform more studies to obtain evidence 
focused on moderate and severe smoking groups. 
Currently there are no studies that relate the smoking 
index with SAH, so it cannot be assert that such a 
relationship exists, and in turn we believe that more 
research is needed (Zhao et al. 2023). After reviewing 
the data we can associate the years suffering from 
hypertension and consumption of antihypertensive 
drugs since the greater number of years SAH evolution, 
the greater amount of consumption of antihypertensives 
drugs, in the matter of SAH and smokers we can say 
that with less years being hypertensive decreases the 
value of smoking index of our population, which shows 
us that if there is influence of tobacco consumption in 
the hypertensive population.  

V. Conclusions 

For years the relationship between hypertension 
and tobacco consumption has been the subject of 
discussion among the scientific community. In multiple 
scientific articles it has been described that there is no 
relevant relationship between these two factors while in 
other publications it is mentioned that if a relationship 
exists, the relationship between smoking and patients 
who have been diagnosed with high BP for years opens 
up a series of interesting proposals to carry out more in-
depth and detailed research in the Latino American 
population, we conclude that patients who have been 
smoking for more than 30 years tend to have a higher 
smoking index and therefore consume more 
antihypertensive drugs so, the more tobacco 
consumption and longer being hypertensive, greater are 
the pulmonary complications. In addition, the patients 
who have stopped smoking or never smoked have a 
better control of BP, since we found that, to the lesser 
year of diagnosis of SAH, fewer antihypertensive drugs 
used in BP control. 
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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 
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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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Dissected · 3

I

M

Malignant · 7

R

Reticulum · 1, 9, 13, 15

Abundance · 3, 9
Accumulation · 11, 15
Amplification · 12
Anonymity · 19
Agility · 64
Assertive · 66
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C

Contemplates · 52

E

Emitting · 42, 43, 44, 47, 54, 55

Impeded · 43
Irradiation · 43, 44, 48, 52

Mortality · 8, 14, 28, 29, 33, 36, 37, 38, 65

P

Percussion · 45
Perilous · 29

S

W

Worsening · 64, 65, 66

Secretion · 1, 8
Sedentary · 18
Spontaneity · 19, 29
Susceptibility · 12
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