


Editor-in-Chief

Dr. Yuegang Zuo

University of Massachusetts Dartmouth, United States

Editorial Board Members

Si Zhou, United States
Ayman Abdel-Aziz Swelum, Egypt

Rajiv Janardhanan, India
Yousef Mohammed Rabaa Hawsawi, Saudi Arabia

Mamta Jaiswal, USA
Shisan XU, China

Sílvia Rocha Rodrigues, Portugal
Francesca Marta Elli, Italy

Oluranti Babatope Familoni, Nigeria
Thanh Ngoc TRAN, Vietnam

Shailesh Kumar, India
Deepanshu Jain, United States

Saiful Izwan Abd Razak, Malaysia
Ramachandra Ramachandra Reddy Pamuru, India

Raksha Goyal, India
Zaddouq Hanane, Morocco

Ayman KHALIL, Syrian Arab Republic
Jia Liu, China

Najya Abdullah Attia, Saudi Arabia
Qinghe Meng, United States

Ya Li, China
Maria Ines Vaccaro, Argentina
Pramod Kumar Sharma, India

Padinjare Melepat Deepa, India
Svetlana Stepanovna Moisa, Russian Federation

Vahideh Hassan-Zadeh, Iran
Fraidoon Kavoosi, India

Kaushik Pandit, India
Naouel Dhouib Guirat, Tunisia
Nikola A. Slijepcevic, Serbia

Vladimir Mikhailovich Pushkarev, Ukraine



Dr. Yuegang Zuo
Editor-in-Chief

Journal of
Endocrinology Research

Volume 3 Issue 1 • January 2021 • ISSN 2630-5224 (Online)



Volume 3｜ Issue 1｜ January 2021｜ Page1-45

Journal of Endocrinology Research

Contents
ARTICLE

Copyright
Journal of Endocrinology Research is licensed under a Creative Commons-Non-Commercial 4.0 International 
Copyright (CC BY- NC4.0). Readers shall have the right to copy and distribute articles in this journal in any form in any 
medium, and may also modify, convert or create on the basis of articles. In sharing and using articles in this journal, the 
user must indicate the author and source, and mark the changes made in articles. Copyright © BILINGUAL PUB-
LISHING CO. All Rights Reserved.

Processed Radio Frequency towards Pancreas Enhancing the Deadly Diabetes Worldwide     

Md. Rahimullah Miah   Mohammad Abdul Hannan   AAM Shazzadur Rahman   

Md. Shahariar Khan   Md Mokbul Hossain   Ishrat Tasnim Rahman   Md. Sabbir Hossain   

Chowdhury Shadman Shahriar   Mohammad Basir Uddin   Mohammad Taimur Hossain Talukdar

Mohammad Shamsul Alam   S.A.M. Imran Hossain   Alamgir Adil Samdany   

Shahriar Hussain Chowdhury    Alexander Kiew Sayok 

Metformin and Lactic Acidosis in Diabetic Patients  

Baiyan Zhao   Zhilu Li   Zhangyi He   Xinxin Zhou   Yiying Yu   Kerong Ren   Pingping  Yan

Effect of Metformin on Lactate Metabolism in Normal Hepatocytes under High Glucose Stress in Vitro  

Xinxin Zhou   Xinliang Liu   Ling Zhang   Yongyan Chen   Shaoliang Guo   Yiying Yu   Zhilu Li

Pingping Yan

Onur Oral   George Nomikos   Nikitas Nomikos

1

21

32

REVIEW

Covid-19 Mutations and the Effect of Different Vaccines on Immune Memory

Xanya Sofra

27

41



1

Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jer.v3i1.2826

Journal of Endocrinology Research
https://ojs.bilpublishing.com/index.php/jer 

ARTICLE 
Processed Radio Frequency towards Pancreas Enhancing the Deadly 
Diabetes Worldwide  

Md. Rahimullah Miah1*   Mohammad Abdul Hannan2   AAM Shazzadur Rahman3   
Md. Shahariar Khan4   Md Mokbul Hossain5   Ishrat Tasnim Rahman6   Md. Sabbir Hossain7   
Chowdhury Shadman Shahriar8   Mohammad Basir Uddin9   Mohammad Taimur Hossain Talukdar10   
Mohammad Shamsul Alam11   S.A.M. Imran Hossain12   Alamgir Adil Samdany13   Shahriar 
Hussain Chowdhury14    Alexander Kiew Sayok15 

1. Department of Health Information Technology, Northeast Medical Pvt. Limited, Sylhet, Bangladesh.
2. Department of Endocrinology, North East Medical College & Hospital, Sylhet, Bangladesh. 
3. Department of Medicine, North East Medical College, Sylhet, Bangladesh. 
4. Department of Paediatrics, North East Medical College & Hospital, Sylhet, Bangladesh.
5. Department of Pharmacology, North East Medical College and Hospital, Sylhet, Bangladesh.
6. Ananda Niketan, Sylhet, Bangladesh.
7. Department of Pathology, North East Medical College and Hospital, Sylhet, Bangladesh.
8. USA and Ex-student of North East Medical College, Sylhet, Bangladesh.
9. Department of Paediatrics, North East Medical College and Hospital, Sylhet, Bangladesh.
10. Department of Clinical Oncology, North East Medical College and Hospital, Sylhet, Bangladesh.
11. Department of Forensic Medicine, North East Medical College and Hospital, Sylhet, Bangladesh.
12. Department of Oral and Maxillofacial Surgery, North East Medical College, Sylhet, Bangladesh.
13. Department of Orthopedics, North East Medical College, Sylhet, Bangladesh.
14. Department of Dermatology, North East Medical College, Sylhet, Bangladesh.
15. IBEC, University Malaysia Sarawak, Kota Samarahan, Sarawak, Malaysia.

ARTICLE INFO ABSTRACT

Article history
Received: 21 January 2021
Accepted: 29 March 2021
Published Online: 31March 2021

Diabetes  is a chronic and debilitating disease, which is associated with a 
range of complications putting tremendous burden on medical, economic 
and socio-technological infrastructure globally. Yet the higher authorities of 
health services are facing the excruciating cumulative reasons of diabetes 
as a very imperative worldwide issue in the 21st century. The study aims to 
relook at the misapplication of the processed radio frequency that frailties 
in the pancreas within and around the personal body boundary area. The 
administered sensor data were obtained at laboratory experiments from the 
selected specimens on dogs and cats in light and dark environments. The 
study shows the frequent urine flow speed varies with sudden infection due 
to treated wireless sensor networks in active open eyes. The overweight 
and obese persons are increasingly affected in diabetes with comprehensive 
urinary pressure due to continuous staying at dark environment. The findings 
replicate the increasing tide of diabetes globally. The study also represents 
the difficulties of physicians to provide adequate diabetic management 
according to their expectancy due to insecure personal area network control 
unit.Dynamic sensor network is indispensable for healthcare but such 
network is at risk to health security due to digitalized poisoning within GPS 
positions. The study recommends the anti-radiation integrated system policy 
with user’s security alternative approach to inspire dealing with National 
Health Policy and Sustainable Development Goals 2030.
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Diabetes
Radio frequency
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Active open eyes
Body boundary
Network security



2

Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jer.v3i1.2826

1. Introduction

Diabetes is a non-communicable and simple disease. 
But its media creates phobia belongs to patient’s condition. 
This disease continues long-term condition with a major 
impact on the lives and well-being of individuals world-
wide [1]. This disease also affects persons of all ages and 
races [2], which is a leading cause of mortality and reduced 
life expectancy [3]. It is a deadlier disease than coronavirus 
disease, with 2.5 million people dying from corona in one 
year but 4.2 million dying from diabetes [4]. Diabetes is one 
of the deadliest silent diseases in history with a major con-
sequence on the lives and well-being of individuals, fami-
lies and societies worldwide. It is among the top 10 causes 
of death in adults and was estimated to be USD 727 billion 
for global health diabetes expenditure4. The cutting-edge 
sensor technology affects on augmenting causes of dia-
betes [5]. Wireless sensor networks have unlocked up new 
scenarios in healthcare systems [6];[7].This network is actual-
ly valuable in several medicare applications, which can be 
inserted into human body for healthcare services [8];[9];[10];[11]. 
Sensor networks are planned to fulfill the scarcities like 
measurement, tracking, detection and data classification 
[12], particularly the field of non-communicable diseases 
like diabetes. Flexible and wearable health-monitoring 
provides a revolutionary technology [13];[14], which serves 
as an alternative to traditional diagnosis methods, putting 
healthcare data on a path that is more remote, portable, and 
timely [15];[16];[17];[18]. These healthcare data can be used by 
a physician to evaluate body condition like diabetes with 
an artificial intelligence (AI), internet of everything and 
deep-learning algorithm [19];[20];[21]. 

Wireless sensor network has a great advantage on dia-
betes to identify the classical symptoms of polyuria, poly-
dipsia and polyphagia. Diabetes is a chronic progressive 
debilitating disease that occurs when the pancreas is not 
adequately enough able to produce insulin or when the 
body cannot utilize the insulin that produces inside the hu-
man body due to insulin resistance [22];[23];[24]. This disease 
is a pancreatic disorder, whose prevalence is increasing 
day by day [25]. The effects of the disease have spread 
rapidly to the human body from the last 20 to 25 years, 
which has not increased this much in the history of the 
world in any other decade. The main reason is the misuse 
of mobile technology with global positioning systems and 

global navigation satellite systems. The mobile phone is 
intimately involved with the body, without which we are 
not. Many people are suffering from this disease, espe-
cially as the frequency of radio frequency is increasing. 
For example, regular painful conditions in the body - un-
healthy eating, western lifestyle [26];[27]. Beyond the effects 
of diabetes, excessive abuse of radio frequency, abnormal 
thirst and hunger, sudden urinary pressure and urination 
immediately become cloudy. The causes of diabetes are: 

(i) radio frequency consumption [28];
(ii) obesity [29];
(iii) birth [30]; 
(iv) genitalia [31]; 
(v) pancreatic abnormalities [32];[33];
(vi) liver abnormalities [34];[35];
(vii) irregular eating and living conditions [36];[37]; 
Several researches have summarized the progress 

of flexible electronic devices and their applications in 
health-monitoring [38];[39];[40];[41];[42];[43]. Human body with 
diabetes has an augmented risk of increasing a number 
of severe health problems [44];[45]. Moreover, people with 
diabetes have an increased risk of developing a number of 
serious health problems [46]. Diabetes is a condition that im-
pairs the body’s ability to process blood glucose[47]. Con-
sistently high blood glucose levels can lead to a high risk 
affecting the heart and blood vessels, eyes, kidneys, nerves 
and teeth [22]. According to WHO [23] that the adults with di-
abetes have a two to three fold augmented risk of the major 
cause of heart attack and strokes [48]. Severe acute respira-
tory syndrome coronavirus infection itself might represent 
a worsening factor for people with diabetes [49]. According 
to Health Hub [50], the diabetes is a medical condition in 
which the blood glucose levels remain persistently higher 
than normal [51] due to exposing to electromagnetic efflu-
ence cause higher plasma glucose level [52]. 

The study aims to assess the misusing of processed 
wireless sensor networks towards pancreas within the 
body boundary and GPS position to identify the individu-
al’s frequent urinary infection tends to prone diabetes. 

2. Research Methods

2.1 Study Site

The study site is at laboratory and GPS field positions 

*Corresponding Author:
Md. Rahimullah Miah, 
Head, Department of Health Information Technology, North East Medical Pvt. Limited, Sylhet, Bangladesh; 
Email: rahinemc@yahoo.com or drmrmiah@gmail.com
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of Universiti Malaysia Sarawak (UNIMAS), Malaysia. 
The GPS positions include longitude, latitude and ellip-
soid height in dark and light environments. There are 
several parameters to collect primary and secondary data 
from diverse sources including ISNAH Experiment, spe-
cies selection with body mass index, tracking process in 
light and dark environment, data compilation and analysis. 
The method was conducted at as PhD research work from 
October 2014 to October 2017 at the UNIMAS, Sarawak, 
Malaysia. 

2.2 Sample Size and Study Design 

The sample size was 14 individuals among two species 
viz. cat and dog, showed in Table 1. All specimens were 
housed in a room with controlled temperature 36.4°C in 
cat and 36.7°C in dog with breathing rates, respiration, 
blood pressure and feline body mass index [53].

Table 1. Sample category of cat and dog

Specimens

Feline Body Mass Index (FBMI)

Underweight Normal weight Overweight & Obesity

Cat 3 1 3

Dog 3 1 3

The experimental design were randomly divided into 
three experimental groups with Feline Body Mass Index: 
(i) Underweight, (ii) Normal weight, and (iii) Overweight 
and Obesity. The study design was linked with different 
parameters, such as: physical parameters (Table 2), speci-
men’s selection, Impact of Sensor Networks towards An-
imals and Human beings (ISNAH) experiment, data col-
lection and compilation, data analysis and interpretations. 
The study design showed different parameters in Figure 1.

Table 2. Sample specimens with physical parameters

Specimens

Physical Parameters

FBMI
Breathing 

rate
Respiration Temperature

Blood 
pressure

Cat
24.2 
(avg)

210 bpm per minute 23 36.4°C
121/175 
mmHg

Dog
24.7 
(avg)

192 bpm per minute 25 36.7°C
122/180 
mmHg

It observed the impact of wireless sensor networks 

towards pancreases among them in the light and dark 
environments. The study necessitates an integration of 
methods used in wireless sensor networks towards ani-
mals’ body and identified its implication. This envisaged 
the research taking in matter-of-fact research elements to 
investigate issue hoisted in the study, primarily targeted at 
SMART devices like telematics’ users towards specimens. 
Telematics is a smart device, consists of a scanner, Global 
Positioning System (GPS) and Global Navigation Satellite 
System (GNSS). The fieldwork conducted in the studied 
area within January 2015 to January, 2017. The tracking 
design was shown with different components in Figure 1.

Figure 1. Tracking Design

2.3 Tracking Process

ISNA Experiment implies the experiment on the impact 
of Sensor Network on Animals (ISNA). The cyber tracker 
misuses sensor technology to augment non-communicable 
diseases among animals and human body [54]. The study 
examined into two specimens, one is dogs and another one 
is cats among 14 individuals for identification of this mis-
use application. These animals are available in the study 
area and suitable for experiment. The study selected sound 
health two species with Feline Body Mass Index (FBMI), 
breathing rate, body temperature, respiration and blood 
pressure measurement in light and dark environment. For 
the study of FBMI calculation, the study was used web 
calculator through using rib case circumference and length 
of the lower back leg from the knee to the ankle [55]. 
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Figure 2. ISNAH Process [5].

The experiment took in dark and light conditions. The 
specimens stayed in specific geographic location and put 
the individual inside the iron case (size: 3.5′x 2′x2.5′). 
Then measurement of individual’s coordinates location 
includes longitude, latitude and ellipsoid height with GPS 
and GNSS identifiers. From the field observation, the 
Automated Radio Telemetry System is more effective in 
dark than light environment. For this purpose, the study 
has examined the system with on (i) smart cell phone, 
(ii) telematics device, (iii) iron cage and (iv) individual 
species separately. The ISNA experiment interlinked with 
tracking process. This process included several steps 
which enhanced to fulfill the Sensored observation. The 
study was observed the physical conditions including 
non-communicable diseases of animals like diabetes af-
fected by the telematics device through misapplication ra-
dio frequency through tracking process as shown in Figure 
2. Different stages of Tracking Process of Radio Frequen-
cy towards animals are listed as below: (a) Selective com-
munication devices, (b) Searching object and scanning of 
individuals body organ, (c) Identify body organ and light 
and dark environment, (d) Sensored the specimens with 
high, normal and low radio frequency, (e) Observed and 
compared the specimens status, (f) Feedback meeting and 
illustrated the consequences at result and discussion.

2.4 Data Accumulation

All primary and secondary bio-sensor data were col-
lected through ISNAH experiments from GPS positions 
while secondary data were gotten from miscellaneous 
sources. All accumulated data were assembled with updat-

ed software for analysis according to the objectives of the 
research.

2.5 Data Analysis and Interpretation

The compiled and processed data were involved in 
the preparation of data master sheet and assimilated into 
suitable systems used in the results and other segments 
consecutively. The data were analyzed for presentation 
and interpretation using standard data analysis software 
like MS Office Suite 2019, R version 3.4 and SPSS ver-
sion 26. 

All general information regarding the occurrence of 
specimens, status and affected condition were checked 
for accuracy from the different sources and sources of 
information were also verified by the higher authority of 
University Senate, UNIMAS, Malaysia.

3. Result

The species was identified the fixed location from the 
combination of retina scanning and GPS sensoring. Then 
the species was fixed in numbness body from GPS sensor 
scanning and tracking at pancreas through wireless sen-
sor networks. The study identified species location from 
sensor device at light and dark environment conditions. 
Individual’s location is recognized with body reflection 
through sensor technology within GPS coordinates. Using 
optical distance through processed radio frequency, the 
sensor device scanned individual’s location at species lon-
gitude, latitude and ellipsoid heights. 

3.1 Pancreas Scanning and Tracking 

Due to tracking of processed radio frequency towards 
pancreas of sensored species in dark and light environ-
ments, they felt urination within averages 11 minutes and 
18 minutes respectively. When range increasing of pro-
cessed radio frequency, their urination pressures were also 
increased and urinated instantly. The experiment observed 
that the sensor-affected dog and cat felt urinary infections 
due to dissemination of processed radio frequencies with 
sensor GPS positions with active eyes within body bound-
ary areas, which as shown in Figure 3. The overweight 
and obese species suffer in diabetes at more time within 
dark environment but less in light environment. In the 
time of medication, the species were altered body tem-
perature and due to pain at sciatica, and blocked pancreas 
due to fluctuated wireless sensor networks. The findings 
are also observed from ISNA Experiment that the both 
species were felt in body complications including: (i) 
weakness, (ii) sudden weight loss, (iii) reduced nutrition 
absorbtion, (iv) persistent urinary pain, (v) sudden teeth 

DOI: https://doi.org/10.30564/jer.v3i1.2826
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grinding, (vi) frequent comprehensive pressure in micturi-
tion.

Once the location of the selected person is determined, 
his or her entire body is scanned, then the scanned body 
is sensed to a specific organ (such as the pancreas), then 
tracked and digitally poisoned at the coordinates point of 
the GPS location to block blood, air and liquid substanc-
es and obstructs the movement of water, air and blood 
etc. like electrons transmission. The person immediately 
experiences a urinary tract infection and the urinary com-
prehensive blood pressure rises, leading to psychological 
problems such as anxiety and depression. If the person 
then stays in the designated digital poisoning place, the 
urinary disorder later turns into diabetes. If the person 
closes tightly their eyes immediately after feeling a uri-
nary tract infection, wears black sunglasses and dress and 
quickly moves away, or is placed in another position, the 
person will not suffer in diabetes. Again, if he/she is suf-
fering from diabetes for any reason, all those involved in 
its services and treatment, especially doctors, nurses, lab 
technicians and relatives will wear sunglasses and no one 
including the patient will be able to keep a mobile phone 
with everyone. If it is too low, it will have a serious effect 
on the patient’s diabetes. Everyone must be aware of this.

Figure 3. Occurring Sensor Diabetes due to processed 
wireless sensors

3.2 Light Environment

Individuals suffered in sensor diabetes in light envi-
ronment, which was observed in cat and dog through the 
study at longitude, latitude and ellipsoid height within the 
tracking time. The study illustrated the diabetes occurring 
period at clouding system, which is indicating the equa-
tion through regression analysis. The equation expressed 

the variable approaches as below:
y= -14x2+54x-25          (i)
R2=1        (ii)

The value ‘y’ indicates the diabetes occurring period 
on the pancreas of the species, where the value of ‘x’ in-
dicates the sensor effect time among underweight, normal 
and overweight of body mass index at the sufficient light 
conditions. The (i) equation has stated in the step of R2 
(co-efficient of multiple factor of 1 with standard error 
of approximation on detected value. The value of R2 is 
equivalent to nearly 1, which showed the tracking time 
was exaggerated towards individual’s ampulla of vater 
in pancreas. So, the definited equation is accepted. The 
documented equation was formerly active to stirred indi-
vidual’s diabetes responsiveness regarding processed and 
mixture wireless sensor networks towards underweight, 
normal weight and overweight individuals. The tracking 
time also showed the polynomial line in Figure 4. The 
light environment is suitable for diabetes patients accord-
ing to polynomian value.

Figure 4. Processed wireless sensor networks tracking 
time in pancreas of different BMI Individuals at light 

conditions.

3.3 Dark Environment

From the ISNAH experiment in a dark environment, 
the study observed that overweight individuals were 
suffered in diabetes less time. The tracking time was 5 
minutes and 7 minutes between cat and dog respectively. 
But underweight cats affected in diabetes within 6 min-
utes and dogs in 8 minutes. The normal weight took more 
time, particularly 12 minutes for cat and 14 minutes for 
dog, which is shown in Figure 5. The wireless sensor net-
work is prone to active in dark environment towards dog 
and cat. Here the study stated the tracking method with 
the following equations as: 
y= -3.6053x2+13.342x       (i)
R2=0.7778       (ii)

The equations indicate “y” and “x” two variables with 

DOI: https://doi.org/10.30564/jer.v3i1.2826
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tracking time towards dog and cat in a dark environment. 
The individuals were underweight, normal weight and 
overweight to compare the affected time among them. 
Equation (i) has an attuned R2 (co-efficient of multiple 
determinant of 0.7778 with standard error of estimation 
on experiential value (Figure 5). The value of R2 is near to 
1, which showed sensored time was affected towards in-
dividual’s body, specifically in pancreas. So, the definited 
equation is accepted. 

Figure 5. Processed wireless sensor networks tracking 
time in pancreas of different BMI Individuals at dark 

environment.

3.4 Occuring Steps of Sensor Diabetes

There are several steps to occur diabetes due to mis-
using of wireless sensor technology at GPS positions. 
Firstly, identification of individual’s body with GPS, 
wireless sensor technology and active open eyes. Then 
the whole body scanning with MRI and GPS Innoculation 
Sensor and select the pancreas. Again identification the 
ampulla of vater inside body and blocked its edge with 
processed radio frequency. As a result, the electron trans-
fer was blocked at pancreas. It obstructs the transmission 
of bile duct or electron in various parts of the pancreas’s 
body, and impedes the flow of electrons in the body, and 
it also hampers the optimum growth of insulin in pancre-
as. When ampulla of vater was blocked by tracking with 
processed wireless sensor networks within GPS positions, 
then individual felt uneasy, tiredness, sleepiness, weight 
loss, weakness and abdominal pain. After certain time, the 
weak individuals suffer in fluctuating urination within the 
network boundary of clouding system, which tends to sen-
sor diabetes successively type-1 or type-2 and other prob-
lematic functions in pancreas (Figure 6). Again, tracking 
continues in bladder, she/he suffers frequent comprehen-
sive urination. It is mentioned that ampulla of vater is the 
2nd part of duodenum, where pancreatic duct and common 
bile duct open.

Figure 6. Blocking electron movement at the ampulla of 
vater with processed wireless sensor networks

Thus, individuals were suffered from symptoms of 
diabetes, which as shown in Figure 7. In this way, individ-
uals fall ill and tracked several times; eventually expose 
to die due to processed radio frequencies. Due to wireless 
sensor tracking, individuals were sick twice times in the 
light than dark environment. Sensor technology, however, 
is more sensitive to dark environments than light to make 
these animals sick. If the time and frequency of the ex-
periment could be increased or doubled, it would have a 
negative effect on the animals/ human beings. 

Figure 7. Different Steps to augment Sensor Diabetes due 
to Wireless Sensor Technology

3.5 Status of Wireless Sensor Network Security

The study continued the collection opinions on the 
wireless sensor networks security systems stated on 
participant’s perception among three categories includ-
ing secured security system, restricted location and no 

DOI: https://doi.org/10.30564/jer.v3i1.2826
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comment. Approximately 96% of respondents opined for 
effective secured security systems, 3% restricted location 
and 1% no comment, which as shown in Figure 8. For 
sound health and sound minds, the secured wireless sensor 
networks are essential for the present and upcoming users. 
Because, we can’t move a single moment without WiFi, 
wireless and mobile phone.The study represents the secure 
wireless sensor networks for free from different sensor 
diseases among human beings and animals. The research 
also illustrates that the secure wireless sensor networks 
help individual taking effective decision due to free from 
unwanted tension and sound health network. This sound 
mind in health connected with neuron networks to help 
lower blood sugar levels and improves overall glucose 
tolerance, body’s insulin secretion and insulin sensitivity, 
which can help better control of diabetes.

Figure 8. Security perception of wireless sensor network 
among participants

3.6 Global Diabetes Patients Status

Diabetic patients are increasing every year worldwide 
due to affecting of processed radio frequency within GPS 
body boundary. There were about 151 million diabetic 
patients in the year of 2000, while it was increasing preve-
lance 463 million in 2019 (Figure 9), which is alarming to 
all living human beings.

Figure 9. Increase Prevelance of Diabetes Worldwide

Here the study expressed the approach through the fol-
lowing equation, 

y= 149.45ln(x)+112.64       (i)
R2=0.9495          (ii)

Where, y is the affected time on sensor users and x is 
the affected time in diabetes. Sensor users and subscribers 
increase and diabetes disease also increases in successive 
year.

Equation (i) has connected with R2 (co-efficient of 
multiple determinant of 1 with standard error of esti-
mate on observed mean. The value of R2 is equivalent to 
0.9495, which indicated sensor users/individuals were 
affected in urinary infection or frequent urination within 
the stipulated period due to lack of sensor security. So, 
the stated equation is accepted, which indicated the aug-
mented diabetic patients. The stable equation was then 
active to stimulate human’s diabetes perception regarding 
processed wireless sensor networks with high frequencies 
in clouding systems towards, underweight, normal weight 
and overweight/obese in BMI status. If the value of R2 is 
negative, then the approaches were vice versa due to re-
covery of diabetes. 

3.7 Smart Mobile Phone Users

Smart mobile phone users increase in the world due to 
expansion of wireless sensor technology. In 2015, there 
were 2.3 billion SP users and 7.1 billion of MP subscrib-
ers in the world, but these users and subscribers are in-
creasing 3.2 and 8.3 respectively (Figure 7) unwantedly 
in 2019 due to cutting-edge technology. Due to lack of 
effective security, these persons have been surreing in di-
verse diseases, particularly sensor diabetes during uses of 
insecure wireless sensor networks.

Figure 10. Globally mobile phone users and subscribers 
from 2015 to 2019.

DOI: https://doi.org/10.30564/jer.v3i1.2826
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4. Discussion

The findings of the study on processed wireless sensor 
networks towards the ampulla of vater in pancreas cause 
the frequent urinary infection tends to symptoms with 
sensor diabetes. The ampulla of vater is purposefully po-
sitioned at the flowing together of the pancreatic and com-
mon bile ducts, which is the termination and having its 
own entrance into the duodenum[129];[130];[131];[132]; [135]. This 
organ position is suitable for blocking with sensor device 
in active open eyes. The finding symptoms were weight 
loss, frequent urination, anorexia, tiredness and pain, 
which are similar with patients in diabetes [131].

The research signifies the sudden comprehensive flow 
speed of micturition occurred due to tracking of processed 
wireless sensor networks in active open eyes. From the 
ISNAH experiment, the study finds that healthy people 
also suffer from diabetes due to misuse of sensor technol-
ogy but more risk in patients with overweight and obesity 
[133];[134]. Therefore, wherever the diabetic patient is locat-
ed in the world, his GPS location can be known through 
sensor technology and can be further diseased in various 
ways, such as: (a) if his eyes are open, (b) if his breathing 
is in full swing, (c) If he speaks aloud, (d) makes a noise, 
(e) has a mobile phone with him, (f) has another mobile 
phone nearby, (g) stays in a designated place for a long 
time, such as: bedroom, dining room, bathroom, office 
room or reading room, (h) with GPS device, (i) with sen-
sor device, (j) with CCTV, (k) with Wi-Fi network, (l) 
electre4ic pole or if the transformer is around, (m) if air 
is leaked or flatus, (n) if urinal-toilet, (o) if he/she stays in 
the global navigation satellite system, and (p) if hiccups-
sneeze-cough occurs, the current position of the person 
can be determined, which is shown in Figure 11.

Figure 11. Diabetic Patient identifies through different 
sensor parameters in GPS location.

4.1 Treatment

Healthy nutrition is an essential component of dia-
betes management [56]. Diabetes is a debilitating disease 

that none can treat easily one’s at a time due to follow-up 
sophisticated health maintenance knowledge. Because, 
diabetes is a minor common problem but someone suffers 
from this problem, mentally this problem is like a gigantic 
burden in his thoughts and consciousness. The patient’s 
idea is that he has diabetes, but the disease will never get 
better. So, he will die in diabetes? But my research says- 
that person’s diabetes will be recovered for a better life. 
Healthy nutrition is an essential component of diabetes 
management [56]. It is consequently vital for people with 
diabetes to eat a diverse and balanced diet to keep their 
blood glucose levels steady and improve their immune 
system. Healthy eating, regular exercise, avoiding high 
calorie foods and smoking, and weight control can help 
prevent diabetes. If diabetes is not under control, it will 
be more serious. So, the patient and his family need to be 
aware to prevent this disease. More than half of individ-
uals with diabetes do not diagnose they have the disease. 
Experts say that people over the age of 30 are generally 
at higher risk for developing all types of diabetes due to 
insulin deficiency. It is possible to prevent such diabe-
tes in 80% of the cases by changing the diet, exercising 
regularly and careful use of sensor devices [11]. The most 
urgent awareness for this and doctors, nurses, mobile net-
work companies and telecommunication institutions can 
play a big role in this work. Specially nurses can make a 
significant difference in diabetes care if they are proactive 
[57]. They can teach patients positively how to control their 
diabetes including blood tests and insulin [58];[59], then dia-
betes services are likely to change dramatically. There is 
no substitute for raising awareness if they want to prevent 
it. If diabetes is a type of sensor technology, its treatment 
is simple. It is very difficult to get proper treatment due to 
instant effective initiative. Although various companies 
and organizations are talking about the discovery of an-
ti-diabetes systems, how effective it will be in curing the 
disease is a matter of dynamic research. The research has 
shown that 80% of the disease needs to be treated through 
psychological and 20% with physical therapy and medi-
cine [11]. 

Moreover, the advice of a doctor experienced in medi-
cal sensors can be taken in this regard to enhancement the 
field of non-communicable disease care. If a person lives 
in a remote area where there is no regular registered doc-
tor, he follows the open-close-eyes treatment rules as an 
alternative arrangement [60]. Moreover, the advice of an ex-
perienced doctor in medical censorship can also be taken 
in this regard. The whole world today is worried about the 
treatment of diabetes. Therefore, with the joint efforts of 
doctors, nurses, administration and the general public, we 
need to move fast to recover from this disease. Therefore, 
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the following rules will help to recover of sensor diabetes. 
The rules are: (a). if a person suddenly suffers frequent 
urination, hiccup, cyanosis, runny nose, flatus, chills, 
headache, discomfort, micturition or gasps after being in 
a certain place, immediately closes his eyes tightly, wears 
sunglasses (anti-radiation glass) and quickly changes his 
existing place to a new place. This must do and no mobile 
phone beside him/her, (b). if individuals feel sick or grue-
some, he/she must change the position of the bed or GPS 
positions from time to time and be very cautious using the 
smartphone or sensor device for good health. If you do not 
recover, consult an expert endocrinologist instantly, (c) no 
other religious activities or entertainment through sensor 
devices without personal area network control unit. These 
can be functioned or heard by placing a mobile phone 6 
feet away from the boundary of individual’s location and 
be ensured wearing sunglasses. Therefore, mobile phones 
cannot be used in clouding systems, particularly in reli-
gious places, temples, schoolrooms, laboratories, confer-
ence rooms, etc., and system security and institutional net-
work control units must be used in these places. Diabetes 
treatment has suffered dramatic deviations throughout time 
that can be attributed to breakthroughs in cutting-edge-tech-
nology [61]. Various treatment types are patients with diabetes 
in light and dark environment, but light environment is suit-
able for adult patients [62]. These treatments include:

(i) open-closed eyes treatment [60], 
(ii) technological treatment [63], 
(iii) psychological treatment [64], 
(iv) physical mentoring-administrative treatment [65], 
(v) herbal treatment [66],
(vi) ethical treatment [67];[68], 
(vii) environmental treatment [69];[70],
(viii) nutrtional treatment [71];[72];[73];[74], 
(ix) yoga treatment [75];[76];[77];[78],
(x) medical treatment [79].
The physicians assist the patients in diabetes treatment 

options that are appropriate for individuals through the 
above mentioned rules. The serious patient in diabetes is 
essential alternative health experts for dynamic treatment 
team including health scientist, foot doctor, nutritionist, eye 
specialist and health sensor technologists. Because,due to 
augmenting causes of sensor diabetes occur in a clouding 
system according to your movement all day long with is a 
significant step for the primary disease diagnosis, treat-
ment, and management [80];[81];[82];[83];[84];[85];[86]. Overall, the 
individual can follow the open-close-eyes treatment sys-
tems, which are shown in Figure 12. This system is easy 
and profitable for effective treatment except physicians. 

Figure 12. Open-Closed Eyes Treatment System

4.2 Alarming of Augmenting Sensor Diabetes

Wherever you are alive in the world, your diabetes can 
increase through the misuse of GPS sensor technology 
through inoculation of sensor particles. Because GPS 
sensor tracks inside the body [87]. Your position is known 
through different organs. Many of us are not aware of this. 
Because, many of us do not know about the effect of radio 
frequency. These waves do us both good and bad, within 
certain ranges. Because our body produces certain waves, 
our body has normal frequency for urination. However, if 
the amplitude or fluctuated or processed of these waves 
is different, it has a negative effect on our body. Suppose 
individuals are staying in the bedroom now (GPS location 
A), then he/she is going to Amber Khana (GPS location B), 
from there to Dargah Gate (GPS location C), then to Zind-
abazar (GPS location D) and finally to Bandarbazar office 
(destination place) in Sylhet (GPS location-identified 
with processed frequency), Bangladesh, which as shown 
in Figure 13. Because individuals have a mobile phone 
with insecure network, individual’s location in these 
places is known through network graphs. Besides, they 
have a mobile phone and open active eyes. On the other 
hand, Cyber hackers have tracking switch-on in clouding 
systems at GPS and GNSS locations. In these five places 
affected persons can feel the urination. There are at least 
five people in these places who abuse radio waves to hu-
mans through telematics. So, change the current position 
quickly from wherever individuals feel like urinating. In 
this case, individuals do not think that they have diabetes. 
This has been the effect of applying additional radio fre-
quencies. If we don’t have radio frequency in our body, 
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we will not urinate. But processed and fluctuated frequen-
cies enhance frequent urination, after certain time it tends 
to diabetes. We need to urinate because radio frequency 
is generated, but in the hereafter the radio frequency of 
the people of Paradise will not be generated, so they will 
not have it. This is the blessing of Allah (God). And in the 
life of the world, cyber hackers are involved in these mis-
deeds. From the study, it is alarming to all for augmenting 
sensor diabetes due to misusing of cloud sensor technolo-
gy, which as shown in Figure 13.

Figure 13. Flow diagram of augmenting diabetes due to 
misusing of sensor technology within body boundary area

Diabetes is one of the highest wide-reaching public 
health problems, which can be managed and prevented by 
dietary factors, insulin therapy and positive psychological 
catalists for protection of central nervous systems [88];[89];[90]

;[91];[92];[93];[94]. However, individuals can control the diabetic 
complications with medication and daily lifestyle changes 
due to controlling personal wireless network zone [95]. De-
spite the challenges of cutting edge sensor technology and 
nutritional research can be helpful to clinicians, patients, 
and the public [96]. Overall, augmenting consciousness 
among people for early diagnosis and treatment can recov-
er long-term diabetes [97]. Adult individuals with pre-exist-
ing health conditions with diabetes, cardiac arrest, chronic 
kidney disease and acute respiratory distress syndrome 
(ARDS) etc. CASID [60] appear to be more susceptible 
to becoming severely sick with the Coronavirus. When 
individuals with diabetes affect a common acute sensor 
infection and disorder (CASID), it can be more difficult 
to recover due to uncertainties in blood glucose stages [98] 
and conceivably the complications of existing diabetes.

4.3 Diabetes with Mental Pollution

Diabetes connects with mental pollution of patients in-
ducing with a thought, critical remark, accusation, visual 
image, insult, memory [99] disseminated from processed 
sensor technology. It is exposed to change by several 
psychological progressions linking with neuroscience 
[100];[101];[102]. Mental pollution increases in the risk of in-
dividual’s health complications with diabetes due to 

presence of wildfire smoke [103];[104]. With the cutting edge 
sensor technology, people are directly affected to mental 
pollution with diverse elements of environment to influ-
ence diabetes within GPS location [105];[106];[107]. Everyone 
uses mobile phone, but none can be aware fully its envi-
ronmental exposures to mental health, which associated 
to diabetes that have reliably revealed to associate with 
insulin resistance [108];[109];[110]. Because, insulin resistance 
is closely related to human health. On the other hand, air 
pollution is an important global health problem [111];[112], 
which is increasingly in focus for diabetes epidemiology 
[113];[114]. Diabetes is a chronic disease that reduces the hor-
mone insulin leading to high blood sugar levels in pres-
ence of mental pollution in an unwanted environmental 
consequences.

4.4 Diabetes in Chief Executives

According to sensor clouding systems, the study stated 
that any person will be affected in health problems by cy-
ber hackers through misusing of processed wireless sensor 
technology [60]. For example, President, Prime Minister, 
Chief Justice, Chief of Army, Inspector General of Police, 
Vice Chancellor, Chairman, Managing Director, Profes-
sor, Principal, Manager, Scientist, Expert, Specislist and 
or Senior Executives presides the leader in his/her office 
regularly within a GPS location. When he/she is ready to 
sign for providing decision or judgement or speech deliv-
ery with active open eyes to the audience. As audience, 
nearby cyber hackers track at his/her bladder. Then he/she 
suddenly feels uneasy with frequent urination. If he/she 
changes location instantly to control the unwanted urina-
tion. Otherwise, he/she fixes in GPS positions with com-
prehensive urination feelings, so he/she urinates in his /her 
chair or sitting place/bed. It is mentioned that the Chief 
Executives have sufficient security forces, but lack of dy-
namic sensor security in GPS and GNSS positions, he/she 
is weak easily through misusing of wireless sensor. After-
ward, cyber hackers expose to the media as he/she (Prime 
Minister / Chief Justice) suffers in diabetes. General pub-
lic health is in jeopardy due to misuse of advanced sensor 
technology. Actually, he/she was not suffered in diabetes, 
but the switch-on of cloud sensor device was active at 
processed wireless sensor networks. Cyber hackers mon-
itor chief executives and general people  with GPS sensor 
camera due to their open active eyes, making a noise or 
other voices at dark and light environment, then they se-
lect the targeted executive at GPS position for tracking 
with diabetes or other sensor diseases like CASID.
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4.5 Risks

Frequent urination is a sign of diabetes, which occurs 
in tracking processed sensor networks [115]. Impact of 
processed radio frequency is a prime concern to sensor 
network threats in frequent urination within GPS posi-
tions [116]. In-body GPS systems with magnetic resonance 
imaging (MRI) scans reflect radio signals of the patient 
[87], which is risky in unrestricted nano-sensor signals. 
Besides, intrusion detection systems devised for wireless 
sensor networks [117] with sensor and medical data, which 
obscures the existing security challenges [118]. Misuse of 
active eye-sight is also risk due to cutting-edge sensor 
technology [60]. Devotion to most diets in the longer term 
for patient is an important challenge [119]. Diabetes re-
search in uncertainty and controversy remains in sudden 
complications [96], though the proportion of adults with di-
abetes augmented with age [124]. The vital security encoun-
ters in locked health data gathering are confidentiality and 
reliability of DNA sequencing data for sensor diabetes 
management. Major risk is misuse of false interface on 
diabetes test report and media exposure as an infodemic 
with phobia statement debilitating negative psycho-
logical approach towards patients during movement at 
clouding networks[120];[121];[122];[123];[136]. Cutting edge health 
sensor technologies can educate patients about diabetes 
on self-management and awareness [125];[126]. On the other 
hand, due to initial identification and consequent growing 
of diabetes are challenges for global healthcare systems 
[127;128]. Overall, processed wireless sensor networks in-
cluding clouding systems are at risk for global public 
health security.

5. Conclusions

From the study, diabetes is indeed measured and cured 
due to controlling individual’s body boundary area. The 
research has shown the impact of processed wireless sen-
sor networks towards the ampulla of vater for being caus-
es of sensor diabetes. The recovery of diabetes delays to 
the patients in overweight and obesity in dark environment 
than other environmental conditions. It is consequently 
vital for individuals with sensor diabetes to take a specific 
miscellaneous and balanced diet keeping their blood glu-
cose levels steady for improvement of immune systems.
Moreover, human body is in risks due to misapplication 
of wireless sensor networks with active open eyes in GPS 
positions. Finally, the study suggests that individuals 
must use personal area network control units within GPS 
location and wear sunglasses with tightly closed eyes and 
black cloths till to recover. 
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Metformin is the basic drug in the clinical treatment of Diabetes, often used 
in the treatment of Type 2 Diabetes Mellitus (T2DM).Its effect has been 

of T2DM with metformin, there is still a certain probability of related lactic 
acidosis, and the fatality rate is high. Therefore, is the use of metformin 
drug treatment a direct risk factor for lactic acidosis in diabetic patients? 
This paper will review the hypoglycemic mechanism of metformin and 
related studies on lactic acidosis, so as to further explore the relationship 
between metformin and lactic acidosis in diabetic patients, and provide 
help and reference for metformin drugs in the clinical treatment of T2DM.

Keywords:
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Lactate acidosis

1. Introduction

Metformin is a widely used oral hypoglycemic drugs, 
have good hypoglycemic effect and the advantages of 
high safety, strong tolerance, be like the Chinese diabetes 
society (CDS), Japan diabetes association (JDA), and 
other academic organizations as type 2 diabetes (T2DM) 

than academic organization pointed out such as in patients 
without liver and kidney dysfunction and dose appropriate 
cases, metformin will always as a treatment of choice for 
patients with diabetes drug [1-3]. However, some studies 
have shown that taking metformin may be one of the caus-
es of lactic acidosis, with a mortality rate of up to 50% [4].

-
ten accompanied by one of the serious adverse reactions, 
clinical trials in recent years, studies have shown that 
doses of Metformin treatment result in the correlation of 

lactic Acidosis (MALA) cases are rare, but if the dose is 
too high, and not considering the circumstances of the 
body function in patients with abnormal could also lead 
to plasma lactic acid accumulation, and even cause cor-
relation lactic Acidosis (LA) [5]. This article will focus on 
the mechanism of metformin associated lactic acidosis 
(MALA) and its related factors to systematically review, 
in order to further clarify the relationship between the 
clinical use of metformin and diabetic lactic acidosis.

2. Hypoglycemic Mechanism of Metformin

Metformin is often combined with sulfonamide drugs 
in clinical use, which can effectively reduce blood glu-

-
betic patients, and the hypoglycemic effect is confirmed 

[6]. Its hypoglycemic effect mainly includes the following 
three aspects.
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2.1 Inhibition of Glucose Absorption and Promo-
tion of Glucose Utilization

The amount of blood sugar in human body mainly 
depends on the extent to which glucose is absorbed and 
utilized by tissues or organs. Glucose is absorbed mainly 
through the intestines. Glucose absorption by intestinal 
wall and other tissues is mainly through active transporta-
tion and glucose uptake by the carrier and ATP [7]. Several 
recent studies have shown that endotoxin derived from gut 
microbes may increase the disruption of intestinal barrier 
function and increase glucose uptake, leading to the devel-
opment of type 2 diabetes. Some studies have shown that 
[8]metformin can affect the microflora of mice and reduce 
the abundance of endotoxin-producing mucin-degrading 
G (-) anaerobes Akkermansia muciniphila in the intestinal 
tract of mice, thereby inhibiting excessive glucose absorp-
tion and thereby reducing the incidence of type 2 diabetes 

[9，10]. Glucose use is regulated mainly by hormones, the 
most important of which is insulin. Experimental results 
show that the oral metformin can improve mice to mice 
pancreas litres of blood sugar hormone kind of peptide 1 
(glp-1) content, but its mechanism is still unclear, glp-1 
have promote insulin secretion, enhance tissue sensitivity 
to insulin, alpha cells glucagon secretion inhibition, and 
by increasing the body’s insulin levels, in turn, promote 
the use of glucose [11-13]. Therefore, metformin, on the one 
hand, can reduce the absorption of glucose in the intesti-
nal wall, and on the other hand, it can promote the utiliza-
tion of glucose by regulating GLP-1 to increase the level 
of insulin.

2.2 Inhibition of Liver Glucose Output

In the regulation of human blood glucose, the liver 
plays an extremely important role in maintaining blood 
glucose balance. It can not only reduce blood glucose 
concentration through metabolic methods such as liver 
glycogen synthesis, but also increase blood glucose con-
centration through liver glycogen decomposition and glu-
coneogenesis. Metformin reduces liver glucose production 
primarily by adenosine activated protein kinase (AMPK). 
Main effect of metformin on the respiratory chain com-
plexes I to block the mitochondrial respiratory chain 
reducing intracellular ATP production, in turn, activates 
AMPK, its possible mechanism is: ① After metformin 
into cells, by influencing the LKB1 / AMPK signalling 
to reduce the concentration cAMP, promote response el-
ement binding protein 2 (CRCT2) phosphorylation, inhi-
bition of sugar dysplasia the expression of related genes, 
thereby reducing glycogenesis [14]. ② AMPK can activate 
liver deacetylase (SIRT1) and promote the acetylation and 

ubiquitination degradation of CRTC2, thereby inhibiting 
the transcription of genes related to gluconeogenesis [15]. 
③ Metformin activated AMPK upregulates the expression 
of orphan nuclear receptor (SHP), which competes for the 
binding site of CRTC2 and inhibits the formation of tran-
scriptional complexes, thereby inhibiting the expression 
of glycogenic related genes [14]. In addition, metformin 
can also reduce gluconeogenesis through other pathways, 
the possible mechanisms of which are as follows: ① Mi-
tochondrial respiratory chain is blocked by acting on re-
spiratory chain complex I and ATP production is reduced, 
and ATP has allosteric inhibition on key enzymes in 
glycolysis [16]. ② The decrease of ATP is accompanied by 
the increase of AMP, which inhibits the increase of blood 
glucose by inhibiting the glucagon signaling pathway [17].
③ Metformin directly inhibits mitochondrial glycer-
ol-3-phosphate dehydrogenase, enhances cytoplasmic 
reductive state, and inhibits the conversion of glycerol and 
lactic acid to glucose.

2.3 Improve Insulin Sensitivity and Insulin Resis-
tance (IR)

After absorption into blood, metformin can act on or-
gans around the liver, increase the number of insulin re-
ceptors and tyrosine kinase activity, and also improve the 
ability of insulin receptors and insulin binding, so as to 
improve the responsiveness of tissues and organs around 
the liver to insulin. Carolina et al. showed that when met-
formin was applied in clinical treatment, it could increase 
the insulin responsiveness of tissues and organs around 
the liver, so as to improve the utilization of glucose by 
tissue cells guided by hypoglycemic hormone [18]. Met-
formin also increases glucose transporter 4(GLUT-4) gene 
expression in skeletal muscle cells, thereby increasing the 
number and activity of GLUT-4 in skeletal muscle cells, 
thereby reducing peripheral insulin resistance (IR) [19]. In 
adipose tissue, metformin inhibits the phosphorylation 
of carbohydrate response element (ChREBP) and sterol 
binding element -1c (SREBP-1c) through AMPK signal-
ing pathway, promotes the reconversion of free fatty acids 
(FFA) to triglycerides and inhibits the decomposition of 
triglycerides. AMPK can also directly reduce acetyl-CoA 
carboxylase (ACC) activity and β-oxidation, thereby indi-
rectly improving IR [20].

3. Metguanidines and Lactic Acidosis

Lactic acidosis is a type of anion gap metabolic acido-
sis that occurs when lactic acid production is increased 
or metabolic pathways are blocked. When the disease is 
severe, it often involves multi-system organ function and 
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has a high-risk of death [21-22]. The hypoglycemic effect of 
guanidine drugs is mainly realized by inhibiting liver glu-
cose production and glucagon secretion and other mecha-
nisms. It can play a role in lowering blood glucose in di-
abetic patients with normal or abnormal insulin secretion, 
but has no significant lowering effect on blood glucose 
in non-diabetic patients [23]. The most common adverse 
reaction in the treatment of formin drugs is lactic acidosis, 
and MALA is a rare adverse reaction of metformin with a 
high fatality rate up to 50% [24], which is caused by the en-
hanced effect of formin drugs on the metabolism of reduc-
ing glucose. Metformin has been recognized as one of the 
first choice drugs for the treatment of type 2 diabetes due 
to its superior hypoglycemic effect, good tolerance and 
high safety. Metformin reduces lactic acid gluconeogen-
esis, thereby reducing the production of glucose, thereby 
accumulating lactic acid and thereby increasing the possi-
bility of lactic acidosis in diabetic patients [4,23,25].

In clinical studies, cases of MALA are rare. There have 
been reports of cases of LA in type 2 diabetic patients tak-
ing metformin, but these reports do not have a large num-
ber of data to show a clear causal relationship between 
metformin and lactic acidosis, and medical evidence is 
lacking. However, a large number of previous meta-anal-
yses have shown that the use of metformin has no signif-
icant correlation with the incidence of lactic acidosis and 
the mortality caused by lactic acidosis [23]. Previous studies 
have shown that MALA patients are often associated with 
secondary diseases that accelerate metabolic decompensa-
tion, usually infection, acute kidney, liver failure, or heart 
failure [26-28]. Although a possible role cannot be ruled out, 
most researchers agree that metformin does not consis-
tently correlate with the degree of acidosis. It is generally 
believed that the associated exacerbation of high-risk dis-
eases such as heart, kidney, and respiratory failure is the 
cause of the high mortality of lactic acidosis rather than 
the effect of metformin [29]. Scale et al. believed that com-
pared with metformin, the organic changes of tissues and 
organs caused by diabetes itself were more of a risk factor 
for LA, and the possible mechanism was that microvascu-
lar lesions caused by diabetes caused tissue hypoxia, thus 
increasing the risk of LA [30]. However, there are no sub-
stantial data showing a clear causal relationship between 
appropriate doses of metformin and lactic acidosis in pa-
tients without liver or kidney impairment.

3.1 Factors Influencing Metformin - Associated 
Lactic Acidosis (MALA)

As mentioned earlier, metaguanides are associated with 
an increased risk of lactic acidosis in diabetes treatment. 
However, due to the differences in molecular structure and 

chemical properties, metformin does not inhibit the release 
and metabolism of lactic acid. Therefore, the possibility 
of LA occurrence caused by metformin is much lower 
than that of other metformin drugs, and it is a relatively 
safe drug. According to many clinical studies, the occur-
rence of LA in the treatment of diabetes with metformin 
is very rare, and most of the cases are often accompanied 
by cardiopulmonary insufficiency, renal dysfunction and 
other diseases. Meanwhile, the incidence of lactic acidosis 
caused by metformin is also related to age and dosage [31].

3.2 Renal Insufficiency and MALA

Metformin is mainly excreted after the formation of 
water-soluble compounds through the treatment of oxi-
dative reducing water and other processes of the kidney. 
In general, metformin is mainly excreted through renal 
tubules, so as to ensure an appropriate level of metformin 
in the body. Thus, when renal function is normal, clinical 
treatment with medical doses of metformin does not re-
sult in lactic acidosis. When kidney dysfunction occurs, 
metformin cannot be effectively excreted, leading to 
metformin deposition in the body, which leads to elevated 
lactic acid levels in the body. Tian Hui et al. carried out an 
experiment, selected 243 elderly patients with T2DM, and 
observed the blood lactic acid level of patients before and 
after metformin alone, combined with other oral hypo-
glycemic agents or combined with insulin, and found that 
there was no statistical significance in the fluctuation of 
blood lactic acid content in patients, and no lactic acidosis 
event was observed [32]. Our guess is that severe kidney 
failure leads to a significant increase in lactate levels in 
the body.

3.3 Hypoxia and MALA

3.3.1 Cardiac Insufficiency and MALA

Most clinical studies have shown that the probability of 
metformin directly causing LA in patients is very small, 
while the probability of lactic acidosis in an anoxic state is 
sharply increased [33]. Diabetic patients are far more likely 
to suffer from heart failure than healthy people. If acute 
heart failure, myocardial infarction and other diseases 
occur in the body, it will lead to cardiac pumping dysfunc-
tion, which will lead to the decline of human circulation 
function, resulting in hypoxia of tissues and organs and 
lead to functional disorders. Therefore, the ability of im-
portant organs such as liver and kidney to remove lactic 
acid may decrease, and the lactic acid content may be 
affected and tends to rise, and even lactic acidosis may 
occur in the human body. Moreover, due to the increase 
of lactic acid accumulation, the K+ channel of cardiomyo-
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cytes is stimulated to expand and the K+ outflow degree is 
increased. The adverse effect is inhibited on the Ca+ chan-
nel, resulting in the decrease of cellular ion concentration, 
and then the weakening of cardiac systolic function, form-
ing a chain of adverse reactions [34-35].

Therefore, metformin is often contraindicated for heart 
failure patients in clinical practice. Studies the selection 
of diabetes patients with heart failure in 1997-2006 (n 
= 10920), these patients through the use of metformin 
or sulfonylureas fall blood sugar, such as drug therapy, 
patients at the same time of voluntary participation in 
research study until the end of 2006, finally found a total 
of 6, 187 (57%) patients died, the process and no lactic 
acidosis patients in experimental [36]. Evans et al., Roussel 
et al., also reached the same conclusion in the same year 
[37,38]. Relevant literature has shown that metformin plays 
a certain role in antioxidant protection of cardiovascular 
disease [39]. Therefore, when the body does not have hy-
poxia caused by acute cardiac dysfunction, metformin can 
be used in patients with diabetes and cardiac dysfunction, 
but follow-up experimental studies are still needed to ver-
ify this.

3.3.2 Alcohol Intake and MALA

Long-term alcohol intake may lead to liver damage and 
even terminal liver disease. Liver is the main place for 
lactic acid metabolism, and metformin also causes the in-
crease of lactic acid by inhibiting the metabolism of lactic 
acid in the liver. Therefore, in the case of liver injury, the 
use of metformin will lead to the increase of lactic acid 
content in the body, leading to lactic acidosis. Krzymie ń, 
etc, according to a study in 29 patients with correlation 
lactic acidosis (8 cases of metformin treatment, 21 cases 
of other glucose-lowering drugs or treatment), 12 cases of 
alcoholic patients, 5 cases of death cases, 3 cases of met-
formin treatment, therefore the literature suggests that pa-
tients with diabetes with correlation of lactic acidosis with 
metformin use has no obvious relation, and with greater [40] 
the correlation of alcohol abuse. The specific mechanism 
is that alcohol stimulates the intestinal wall and produces 
a large amount of lactic acid accumulation, which needs 
to be transformed with the help of the liver. If the patient 
is alcoholized and the lesion involves the liver, ethanol 
metabolism in the liver cells has a synergistic effect with 
the conversion of pyruvate to lactic acid, and it can also 
inhibit the degree of glycoeogenesis of pyruvate. There-
fore, chronic alcoholism may impair liver parenchyma, 
thereby attenuate hepatic gluconeogenesis. Metformin 
has a similar effect to alcoholism, both promoting lactic 
acid production and preventing lactic acid metabolism [41]. 
They work in synergy. Therefore, heavy alcohol intake 

and chronic alcoholism may increase the incidence of 
MALA.

3.4 Age and MALA

With the increase of age, the liver and kidney functions 
of the elderly gradually decrease; meanwhile, the long-
term lesions of the microvessels in the elderly diabetic 
patients tend to cause hypoxia in the surrounding tissues, 
resulting in the increase of metformin and lactic acid con-
tent, which eventually leads to lactic acid accumulation 
and poisoning [33]. Based on the data analysis of 12 diabet-
ic patients with lactic acidosis caused by clinical treatment 
with metformin by Hua Zhong et al., it was shown that 
MALA was mainly characterized by older age, more liver 
and kidney insufficiency, irregular medication, etc [42,43]. 
Again, age was strongly associated with the incidence of 
MALA. Therefore, in the treatment of elderly diabetic pa-
tients, patients with serious liver and kidney dysfunction 
should be careful to take biguanidine drugs.

4. Summary and Prospect

A rare lactic acidosis occurs during the use of met-
formin. Is it metformin that is the culprit? Comb through 
the literature at home and abroad were reviewed, found 
that most of the research results show that has no direct 
correlation between metformin and lactic acidosis, at 
the same time a large number of clinical randomized 
controlled support metformin, there is no direct causal 
relationship between lactic acidosis and [44-45], but the real 
relationship also need to develop a large number of clin-
ical trials conducted in-depth research for them. What’s 
more, metformin can significantly increase the incidence 
of lactic acidosis when used in patients with liver and 
kidney insufficiency and heart failure. Although the inci-
dence of lactic acidosis is very low, the characteristics of 
high mortality still need to be paid attention to by clinical 
workers. Therefore, patients’ conditions, risk factors and 
physical conditions should be fully evaluated before the 
use of metformin in the treatment of patients, in order to 
effectively reduce the adverse reactions of metformin in 
the clinical treatment of diabetes, including metformin as-
sociated lactic acidosis (MALA).
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Objective To study the effect of metformin on lactate metabolism in 
hepatocytes in vitro under high glucose stress. In vitro LO2 cells, liver 
cells were randomly divided into blank control group, 25 tendency/L 
glucose solution, 27 tendency/L glucose solution, 29 tendency/L glucose 
solution, 31 tendency/L glucose solution, 33 tendency/L glucose solution, 
35 tendency/L glucose solution treatment group, the optimal concentration 
of 31 tendency after L, use 30 tendency for L metformin solution, and then 
divided into blank control group, the optimal concentration of glucose 
solution, normal liver cells + metformin solution normal liver cells. The 
optimal concentration of glucose solution normal liver cells + metformin 
solution respectively in the 12 h, 24 h, 48 h on cell count plate to calculate 
the number of liver cells, and using lactic acid determination kit the 
optimal concentration of glucose solution + normal liver cells and normal 
liver cells + the optimal concentration of glucose solution + metformin 
solution respectively in the 12 h, 24 h, 48 h of cell cultures of lactic acid 

significant increase in the number of surviving hepatocytes in the high-
glycemic control group compared with that in the high-glycemic control 
group without metformin. Metformin has no significant effect on lactic 
acid metabolism of hepatocytes under high glucose stress in vitro, and has 
a protective effect on hepatocytes under high glucose stress. Based on this, 
it is preliminarily believed that metformin is not the direct factor leading to 
diabetic lactic acidosis.

Keywords:
Metformin
Liver cells
Metformin associated lactic acidosis (MALA)

1. Introduction

With the change of people’s lifestyle and habits, the in-

cidence of diabetes has been on a straight rise. At present, 

1.01 million new diabetes patients are newly diagnosed 
in China every year. It is predicted that the number will 
reach 59 million in 2025, and more than 90% of the pa-
tients will be type II diabetes mellitus (T2MD) [1-3]. China 

*Corresponding Author:
Pingping Yan, 
Clinical Skills Center, Hainan Medical University, Hainan Haikou 570100, China;
Email: 1289762133@qq.com



28

Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0

has the largest number of diabetic patients [4]. Because the 
occurrence and development of diabetes involve a variety 
of factors, the pathogenesis is complex, and there is a va-
riety of damage mechanism interaction, so far there is no 
cure.

Clinically, traditional hypoglycemic drugs have played 
a good role in controlling blood glucose and delaying 
the occurrence of complications, but there are still some 
limitations and adverse reactions. Metformin is an oral 
metformin antidiabetic drug, which is widely used in 
clinic because of its significant hypoglycemic effect and 
multi-faceted clinical application value. Metformin is also 
regarded as the preferred hypoglycemic drug in the world. 
Home and DDP studies have demonstrated the safety 
and efficacy of metformin in the treatment of diabetes [5]. 
However, with the increasing application of metformin in 
clinical practice, some side effects have been gradually 
shown in the use of metformin as a hypoglycemic agent, 
among which lactic acidosis (LA) has been a concern 
of clinicians. Patients taking metformin caused by lac-
tic acidosis, called metformin correlation lactic acidosis 
(MALA), MALA is the use of metformin treatment in the 
process of unusual and severe adverse reactions, is due to 
the metformin hindered the pathways of the lactic acid to 
glucose in the mitochondria, the cause of lactic acid in the 
body to generate too much or too little, caused the body 
to produce the metabolic disorders, the mortality of the 
disease is very high [6-7]. Studies have shown that the lactic 
acidosis caused by metformin may be related to the severe 
diseases of diabetic patients [8], which is mainly related to 
renal insufficiency, cardiac insufficiency and hypoxia of 
patients. Based on this, this paper will elaborate the effects 
of metformin intervention on lactic acid metabolism of 
normal liver cells under high glucose stress in vitro, and 
then explore whether metformin has a direct correlation 
with lactic acid metabolism, so as to provide reference for 
the clinical treatment of diabetes and the rational use of 
metformin.

2. Materials and Methods

2.1 Main Reagents and Instruments

Reagents: LO2 liver cell line, DMEM medium, trypsin, 
penicillin-streptomycin double antibody mixed solution, 
metformin, 10% fetal bovine serum, lactate assay kit (all 
purchased from Haikou Ruike Biological Technology Co., 
Ltd.) were selected.

Instruments: microscope, ultra-clean biological plat-
form, CO2 cell incubator.

2.2 Experimental Methods

2.2.1 Cell culture

LO2 cells with 10% fetal bovine serum DMEM culture 
completely, at 37 ℃ and 5% CO2 incubator in the breed-
ing, cultivation to the cell wall, routine cell culture, 1 ~ 2 
days in a fluid, when the culture cell coverage was 80% ~ 
90%, subculture, repeated operation, will have a bottle of 
the represented the cells cryopreserved, in order to avoid 
accident cause lack of LO2 liver cells to experiment.

2.2.2 Group Model Establishment Control Exper-
iment

2.2.2.1 Establishment of High Glucose Model
Before the beginning of this experiment, LO2 liver 

cells were pretreated with high Glucose, and the optimal 
concentration of Glucose (G) was tested. The concen-
tration gradient of G was set as 0 mmol/L, 25 mmol/L, 
27mmol/L, 29mmol/L, 31 mmol/L, and 33 mmol/L. The 
preexperiment obtained 31 mmol/L as the optimal concen-
tration, and the lactic acid content was measured with the 
lactic acid kit.

2.2.2.2 Establishment of Metformin Model
In this experiment, metformin hydrochloride tablets 

were diluted to 30mmol/L into cell culture medium to pre-
treat LO2 hepatocytes with metformin for 12 h, 24 h and 
48 h.

2.2.2.3 Establishment of Intervention Model
In this experiment, 30mmol/L of metformin hydrochlo-

ride culture solution and 31mmol/L of glucose solution 
were added into the culture flask. After culture for 12 h,24 
h and 48 h, the lactic acid content was measured with the 
lactic acid kit.

2.2.3 Hepatocyte Proliferation was Determined by 
Cell Count Method

Trypsin was used to decompose the cells, and after 
digestion for a period of time, the culture solution was 
added to stop digestion, and then the culture solution was 
transferred to the counting plate with pipetting gun, and 
the cells were counted in strict accordance with the cell 
counting rules.

2.2.4 Lactic Acid in Samples was Detected by Kit 
Method

In addition, metformin solution and high-glucose treat-
ed cell solution were added and put into carbon dioxide 
cell incubator for culture for 12 h, 24 h and 48 h, and the 
lactic acid value in the cell culture medium was measured 
by the lactic acid kit respectively, so as to judge the effect 

DOI: https://doi.org/10.30564/jer.v3i1.2864



29

Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0

of dimethyldiplastema on cells under high glucose.

2.3 Statistical Methods

Statistical analysis SPSS25.0 statistical software was 
used for data processing. Sample t test was used for sam-
ple mean and one-way analysis of variance was used for 
multiple mean. P < 0.05 was considered statistically sig-
nificant.

3. Results and Analysis

3.1 Selection of the Most Suitable Liver Cells with 
High Glucose Concentration

After this experiment, the most suitable concentration 
of G in LO2 liver cells under high glucose stress was ex-
plored, as shown in Table 1. When the concentration of G 
was 31 mmol/L, the most appropriate concentration was 

found.

3.2 Effects of Metformin on Lactic Acid Metab-
olism of Normal Liver Cells under High Glucose 
Stress

30 mmol/L metformin was prepared in the medium, 
and the control group and the experimental group were 
set. Normal liver cells, high glucose + normal liver cells, 
metformin + normal liver cells, and high glucose + met-
formin + normal liver cells were designed respectively. 
The changes of lactic acid concentration measured at 12 h, 
24 h and 48 h of culture were shown in Table 2.

According to the experimental group and control group, 
the metformin itself does not cause liver cells to produce 
lactic acid, under the environment of high sugar, accord-
ing to the results of the experiment concerning group con-
trast, before adding metformin, the concentration of lactic 

Table 1. Selection of the most suitable liver cells with high glucose concentration (normal liver cells)

The concentration of added glucose (mmol/L) 25 27 29 31 33 35 0

Number of surviving liver cells (12h) 1.12×10*7 1.06×10*7 1.02×10*7 0.98×10*7 0.88×10*7 0.40×10*7 1.30×10*7

Number of surviving liver cells (13h) 2.04×10*7 1.97×10*7 1.95×10*7 1.92×10*8 1.72×10*8 1.25×10*8 2.60×10*7

Number of surviving liver cells (14h) 3.99×10*7 3.92×10*7 3.79×10*9 3.76×10*9 3.63×10*9 3.19×10*9 5.20×10*7

Number of surviving liver cells (15h) 1.68±0.29 2.46±0.79 3.27±1.38 3.48±1.42 4.63±1.63 5.34±2.26 0

Number of surviving liver cells (16h) 3.89±1.42 4.79±1.68 5.24±2.17 5.89±2.64 6.23±2.79 8.98±2.86 0

Number of surviving liver cells (17h) 6.72±2.33 8.43±2.56 9.14±2.99 9.28±3.11 10.87±3.34 11.27±3.39 0

Table 2. Effects of metformin on lactic acid metabolism of normal liver cells under high glucose stress

Group 1 (liver cells in normal group) Group 2 (normal + high glucose)

12h 24h 48h 12h 24h 48h

Add glucose concentration mmol/L / 31

Add metformin concentration (mmol/L) / /

Lactic acid concentration (mmol/L) 0 0 0 3.48±1.42 5.89±2.64 9.28±3.11

Number of surviving liver cells (1) 1.30×10*7 2.60×10*7 5.20×10*7 0.98×10*7 1.92×10*8 3.76×10*9

Group 3 (normal group + metformin) Group 4 (hepatocytes + high glucose + metformin)

12h 24h 48h 12h 24h 48h

Add glucose concentration mmol/L / 31

Add metformin concentration (mmol/L) 30 30

Lactic acid concentration (mmol/L) 0 0 0 3.30±1.39 5.83±2.63 9.17±3.08

Number of surviving liver cells (unit) 1.30×10*7 2.60×10*7 5.20×10*7 1.15×10*7 2.24×10*7 4.79×10*7
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acid in culture medium of high glucose + normal liver 
cells increased from 1.42 mmol/L to 3.48 mmol/L in 12 h, 
and the highest value increased to 5.89 mmol/L after 24 h, 
After 48 h, the increase rate of cell number began to de-
crease significantly, and the lactic acid concentration also 
increased to 9.289 mmol/L, and after adding metformin, 
There were no significant changes in lactate concentration 
and cell number compared with those under high glucose 
stress alone.

4. Discussion

A large number of studies have shown that lactic acido-
sis is a rare and serious complication of diabetic patients, 
most of which occur in patients who take guanidine drugs 
and are accompanied by liver and kidney insufficiency, 
heart failure, etc [9-10]. In recent years, studies have sug-
gested that Metformin Lactate Acidosis (MALA) caused 
by normal therapeutic doses of Metformin is rare, but it 
may also lead to elevated plasma lactic acid levels and 
even Lactate Acidosis (LA) if it is improperly used in 
clinical practice [11]. Liver is an important organ of glucose 
metabolism. Liver can absorb and use glucose to reduce 
blood sugar, and can convert glucose into liver glycogen 
for storage. Patients with cirrhosis have increased insu-
lin resistance, which will affect glucose metabolism and 
cause hepatogenic diabetes. Diabetes can also affect the 
liver, especially patients with type 2 diabetes who are 
prone to liver function damage and non-alcoholic fatty 
liver disease [12]. As a traditional hypoglycemic agent, met-
formin can promote the metabolism of glucose, increase 
its anaerobic colysis, improve the level of lactic acid and 
lead to lactic acidosis. In addition, metformin can inhibit 
the utilization of lactic acid by the liver and muscle and 
inhibit gluconeogenesis, thus reducing the production of 
glucose, and thereby increasing the risk of lactic acid poi-
soning by accumulation of lactic acid [13-15].

In this study, it was found that metformin had little 
effect on the metabolism of lactic acid in liver cells under 
high glucose environment, and there was no significant 
difference in the content of lactic acid measured between 
the experimental group and the control group after add-
ing different levels of metformin, but different levels of 
metformin could promote cell proliferation. High glucose 
environment can inhibit the proliferation of liver cells, 
the reason may be that high glucose induces the expres-
sion of STC2 in liver cells, and overexpression of STC2 
can further enhance the proliferation inhibition ability of 
liver cells induced by high glucose [16]. In addition, high 
glucose has also been shown to promote the secretion 
of inflammatory cytokines such as TNF‐α, IL‐6, and 
regulate the expression of apoptosis-related molecules 

B lymphoma 2 and Bax, thereby inducing apoptosis of 
hepatocytes[17]. Metformin promotes the proliferation of 
hepatocytes, possibly because it inhibits the secretion of 
inflammatory cytokines and the activity of nuclear fac-
tor-κB (NF-κB) through AMPK-dependent pathways, so 
as to promote cell proliferation [18].

In conclusion, metformin has no significant effect on 
lactic acid metabolism of hepatocytes in high glucose en-
vironment, but different concentrations of metformin have 
a protective mechanism for hepatocytes and can promote 
cell proliferation.
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We traced the coronavirus classification and evolution, analyzed the 
Covid-19 composition and its distinguishing characteristics when compared 
to SARS-CoV and MERS-CoV. Despite their close kinship, SARS-CoV 
and Covid-19 display significant structural differences, including 380 
amino acid substitutions, and variable homology between certain open 
reading frames that are bound to diversify the pathogenesis and virulence 
of the two viral compounds. A single amino acid substitution such as 
replacing Aspartate (D) with Glycine (G) composes the D614G mutation 
that is around 20% more infectious than its predecessor 614D. The B117 
variant, that exhibits a 70% transmissibility rate, harbours 23 mutants, 
each reflecting one amino acid exchange. We examined several globally 
spreading mutations, 501.V2, B1351, P1, and others, with respect to the 
specific amino acid conversions involved. Unlike previous versions of 
coronavirus, where random mutations eventually precipitate extinction, the 
multiplicity of over 300,000 mutations appears to have rendered Covid-19 
more contagious, facilitating its ability to evade detection, thus challenging 
the effectiveness of a large variety of emerging vaccines. Vaccination 
enhances immune memory and intelligence to combat or obstruct viral 
entry by generating antibodies that will prohibit the cellular binding and 
fusion with the Spike protein, restricting the virus from releasing its 
contents into the cell. Developing antibodies during the innate response, 
appears to be the most compelling solution in light of the hypothesis 
that Covid-19 inhibits the production of Interferon type I, compromising 
adaptive efficiency to recognize the virus, possibly provoking a cytokine 
storm that injures vital organs. With respect to that perspective, the potential 
safety and effectiveness of different vaccines are evaluated and compared, 
including the Spike protein mRNA version, the Adenovirus DNA, Spike 
protein subunits, the deactivated virus genres, or, finally, the live attenuated 
coronavirus that appears to demonstrate the greatest effectiveness, yet, 
encompass a relatively higher risk.
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1. Coronavirus Evolution 

The corona virus is a positive RNA virus enveloped 
by a membrane that was first identified in Wuhan in 2019 

(SARS-CoV2 or Covid-19). It is classified under the beta 
coronaviruses category along with SARS-CoV (Severe 
Acute Respiratory Syndrome) and MERS CoV (Middle 
East Respiratory Syndrome). There are other beta type of 
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human coronaviruses that cause enteric and upper respi-
ratory tract infections, experienced during the common 
cold, such as the HCoV-OC43 and HCoV-HKU1. On the 
other hand, HCov-229D and HCoV-NL63 come under the 
alpha classification. Feline (FCoVs) and canine corona vi-
ruses (CCoVs) are also sorted under the alpha group. The 
remaining coronaviruses fall under the genera of gamma 
and delta categories that primarily affect poultry, wildlife 
and other birds, although rather sparce information is 
available regarding the delta division [1-2]. Very different 
types of viruses such as the Bafinivirus infects fish, while 
the Aterivirus is isolated in specific species including 
mice, monkeys, horses and pigs [3]. 

The highly contagious Covid-19 pandemic, resulting 
in 172,666,073 cases and 3,711,545 deaths globally by 
May 2021, has been one of the primary focuses of sci-
entific research and review. Unlike the MERS-CoV that 
uses adenosine deaminase complexing protein 2, also 
known as Dipeptidyl peptidase-4 (CD26), as its primary 
receptor, both SARS-CoV and Covid-19 (SARS-CoV2) 
target and fuse with the angiotensin-converting enzyme 2 
(ACE2) that serves as the viral portal into the cell. During 
their multiplication process, all viruses evolve to outlive 
the immune counterattack. Interestingly, these mutations 
appear to enhance the effectiveness and transmissibility 
of Covid-19, in contrast to other types of coronaviruses 
which are adversely affected by repeated mutations, even-
tually becoming extinct.

2. Coronavirus Composition

The genome of corona viruses is composed by se-
quences of around 26,000-32,000 variations of the ribonu-
cleic acid (RNA) nitrogenous bases: adenosine, cytosine, 
guanine, and uracil. It harbours 6-11 open reading frames 
(ORFs), 67% of which encode 16 non-structural proteins 
(nsps) that direct virus assembly, transcription and repli-
cation in connection with the host, and the rest encode the 
accessory and structural proteins. Structural proteins in-
clude the main surface trimeric Spike glycoprotein (S) that 
binds and fuses with the ACE2 receptor, a key to lock pro-
cess that releases the viral RNA into the cells; the smaller 
surface envelope (E) protein, the membrane (M), and the 
nucleocapsid (N) viral protein that defensively surrounds 
the genome. The N protein offers protection and signature 
sequences, equipping the virus with adaptation skills that 
enable it to survive the adversities of the host’s environ-
ment. The immune defence assembled against the antigen 
is composed by: A/ antibodies (innate immune system) 
that prophylactically cover the ACE2 receptor to obstruct 
the Spike’s contact and fusion with the human cells; and 
B/ the adaptive immune response comprised by a num-

ber of cells including cytotoxic T-killer cells or CD8+ 
that clasp onto the infected cells’ antigens, and obliterate 
them by releasing perforin and granzyme that is absorbed 
through the cellular pores [4-5].

2.1 The Kinship between SARS-CoV and Covid-19

The SARS-CoV and Covid-19 genomes are similar, 
however, there are important differences that may hinder 
upon the Covid-19 rate of infectiousness and virulence. 
Covid-19 is missing the 8a accessory protein that is pres-
ent in SARS-CoV. The Covid-19 8b accessory protein has 
37 more amino acids than SARS-CoV; and the SARS-
CoV 3b has 132 more amino acids than Covid-19. Over-
all, SARS-CoV and Covid-19 have significant structural 
differences that amount to 380 amino acid substitutions; 
for example, the non-structural nsp3 protein has 102 vari-
ations in its amino acid sequence, the nsp2 has 61 amino 
acid conversions, and the Covid-19 Spike protein has 27 
different amino acids’ exchanges than SARS-CoV [6-7]. 
Therefore, despite their kinship, the two viral configura-
tions, SARS-CoV and Covid-19 are packed with different 
messages that are bound to have important implications 
pertaining to their pathogenetic effects. 

The S gene that encodes the Spike protein in Covid-19 
is approximately 24% different from the S gene in SARS-
CoV, and 65% different from the S gene in MERS-
CoV. The N gene that encodes the nucleocapsid protein 
has around 90% homology between SARS-CoV and 
Covid-19, but only 48% between MERS-CoV and 
Covid-19. The E and M proteins’ genes of Covid-19 have 
a 94% and 90% similarity with the SARS-CoV E and 
M genes respectively. Moreover, a comparison between 
Covid-19 and SARS-CoV has unveiled significant differ-
ences between the open reading frames ORF3a, ORF6, 
and ORF8, with homology rates of only 72%, 68%, and 
40% respectively. The ORF7a appears to have the highest 
similarity rate, approaching 85% [8-10].

The trimeric spike (S) protein undergoes a structural 
transformation while binding with the ACE2 receptor. As 
a result, the S1 subunit sheds, allowing the S2 subunit to 
fuse with the receptor. This process is common in both 
SARS-CoV and Covid-19. The structural transformation 
of the S1 subunit consists of two conformation states, the 
up that exposes and makes the viral receptor available and 
the down that closes off the receptor. However, in SARS-
CoV the down conformation of the receptor binding 
domain clicks into the N-terminal domain of the trimeric 
Spike (S) protein, while in the Covid-19, the down recep-
tor fits into the central cavity of the trimer. [11-12]. This may 
be of significance under the assumption that the N-terminal 
domain remains available, in light of recent findings that 
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certain human antibodies bind with the N-terminal domain 
(NTD). NTD targeting human antibodies can be added to 
those binding with the receptor binding domain (RBD) for 
greater therapeutic efficiency [13-14].

2.2 Covid-19 Neutralizing Antibodies

Covid-19 neutralizing antibodies are Y shaped proteins 
that can recognize the S1 RBD and fit into the viral an-
tigens like a key to a lock. This prohibits the virus from 
binding with the ACE2 cellular receptor, thus preventing 
viral entry. Other antibodies can neutralize the heptad re-
peat 2 (HR2) domain to impede S2 fusion with the ACE2 
receptor, so even if the Spike protein can bind with the 
ACE2 receptor, the second step of antigen/receptor fusion 
is compromised, disallowing Covid-19 entry into the cells, 
without which the virus can neither replicate, nor spread 
inside the body [15].

A recent study experimented on a powerful monoclonal 
antibody, LY-CoV555, that binds with the Covid-19 spike 
protein obstructing it from fusing with the cells’ ACE2 
receptors. The results of 309 patients who received the LY-
CoV555 antibody treatment were compared to 148 patients 
who received placebo. Eighty percent of all 452 partici-
pating patients had mild Covid-19 symptomatology. By 
the 11th day of clinical observation both experimental and 
placebo group had a significantly reduced viral load, with 
the treated patients exhibiting a modest advantage. The 
experimental group patients who received a 2800mg anti-
body dose had a -0.53 difference from the placebo group 
(p=0.02 / p<0.05), which is a statistically significant result; 
notably, however, neither a lower dose of 700mgs (p=0.38) 
nor a higher dose of 7000mgs (p=0.7) were statistically 
significant. Importantly, when the rate of hospitalizations 
was examined on the 29th day, the percentage of the viral 
load in the experimental group that was treated with LY-
CoV555, was 1.6%, contrasted with the significantly high-
er viral load of the placebo / control group that was 6.3%. 
Further analysis focusing on high risk aged (>65) and 
obese (BMI>35) individuals denoted a diminished hos-
pitalization rate of 4.2% for those receiving LY-CoV555, 
when compared to 14.6% of non-treated patients [16]. 

2.3 Immune Memory

Immune memory that develops from milder forms of 
coronaviruses such as the HCoV variants (229E, NL63, 
OC43, HKU1) which cause the common cold, may be a 
significant factor contributing in the activation of immune 
defences to obstruct the virus, and/or reduce the viral load 
that diminishes contagion [17-18]. Immune memory pertains 
to antibodies that are secreted by B cells, the adaptive 

immune system killer-T cells (CD8+) that obliterate in-
fected cells, and helper T cells (CD4+) that are in charge 
of activating cytokines [21]. Unfortunately, recent studies 
have shown that individuals infected with milder forms 
of coronavirus related to the common cold do not develop 
neutralizing antibodies that can be useful in Covid-19 [19]. 
However, the cytotoxic CD8+ T cells have indicated a lon-
ger lasting SARS-CoV viral recognition, as illustrated by 
research evidencing that CD8+ T cells were reminiscent 
in 60.9% of SARS-CoV recovered patients for at least six 
years, whereas these patients’ B cells specific memory, 
that is crucial in generating antibodies, appeared to be 
negligible or absent [20]. Obviously, the longer lasting the 
immune memory, the superior the immune intelligence. 
This is the purpose of vaccination: to enhance inherent 
immune memory by presenting the Spike protein that in-
forms the immune system of the malevolence of the ene-
my, thus prohibiting future binding and fusion between the 
Spike trimer and the ACE2 receptors. This type of innate 
immune “education,” designed to obstruct viral entry alto-
gether, is particularly useful in the elderly, whose adaptive 
immune response is compromised due to aging, and who 
will be inherently more vulnerable in combating the anti-
gen via the adaptive immune defences, once Covid-19 has 
invaded human cells and has started multiplying [21]. 

2.4 Robust CD4+ T and CD8+ T cells Memory

A recent study has identified CD4+ T cells which ap-
peared to be reactive to Covid-19 Spike (S) glycoprotein of 
83% of Covid-19 patients, targeting epitomes in both the N 
and C terminals of S, as well as in 34% of healthy controls, 
despite the fact that the target was limited to the C termi-
nal. These investigators entertained the possibility that the 
CD4+ T cells found in healthy controls that were reactive to 
Covid-19 S protein, may be the result of previous exposure 
to the common cold variant virus under the HCoV umbrel-
la [22]. Another recent study revealed that Covid-19 patients 
have 70% of reactive CD8+ cytotoxic cells and 100% of 
CD4+ helper cells, which appeared to recognize the Spike, 
Membrane and Nucleocaspid proteins, as well as certain 
non-structural proteins (nsp3, nsp4) and open reading 
frames (ORF3a and ORF8). Additionally, they identified 
50% of CD4+ T helper cells and 20% of CD8+ T cytotoxic 
cells reacting to the Spike, Membrane, and non-struc-
tural proteins in individuals that had tested negative to 
Covid-19, again suggesting that these cytotoxic and helper 
T cells’ reactivity was obtained from previous exposures to 
milder coronavirus forms such as HCoV-OC43 and HCoV 
NL63 which, as previously noted, are responsible for the 
“common cold.” The CD4+ and CD8+ cells’ reactivity to 
open reading frames (ORFs) is significant, considering that 
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ORFs encode both non-structural and structural proteins as 
well as assembly ones [23].

The immune memory of CD4+ and CD8+ T cells is an 
encouraging finding. However, allowing Covid-19 to enter 
the system which will occur in the absence of antibod-
ies, may be already too late, especially in the elderly, or 
immunosuppressed individuals. The optimum method of 
fighting Covid-19 is focusing on antibodies that can block 
viral invasion in the first place. This is important for two 
reasons: a/ Preventing viral entry into the cells is the safest 
option. Once Covid19 enters the cells, the CD8+ cells must 
exterminate the infected cells, a necessary intervention, but 
a casualty nevertheless, that can often injure the host. b/ 
There is evidence that coronavirus inhibits the interferon 
type I production and therefore, it suppresses the ability of 
the adaptive immune system to recognize the virus, possi-
bly leading to the destruction of healthy cells. This is illus-
trated by the cytokine storm that indiscriminately attacks 
and rampages the host’s vital organs [24-26]. What seems 
to happen during the cytokine storm is that the adaptive 
immune system is informed about the lethal danger, but 
has difficulty identifying the enemy that is evasive and 
imperceptible due to insufficient availability of Interferon 
I. As a result, immune counterattack is persistently fierce 
yet, undifferentiating, with deleterious consequences for 
the human body. The inhibition of the interferon type I 
production that compromises adaptive efficiency can be 
particularly detrimental to aged individuals with compro-
mised immunity, who are faced by viral influx, and rely on 
the adaptive immune system for protection. This is why 
neutralizing antibody treatments have become so promis-
ing in the treatment of older Covid-19 patients. 

3. Vaccines

Covid-19 messenger ribonucleic acid (mRNA) based 
vaccines, like the two-dose Pfizer/BioNTech and Moderna 
vaccines, that have now received emergency use authori-
zation from the FDA, are developed by first sequencing 
the gene of the S protein, followed by a transcription of 
its mRNA, and finally encapsulating the nucleotide-modi-
fied messenger in a lipid nanoparticle that is subsequently 
delivered within a sterile saline solution, acting as a di-
lutant, into the muscles of the host’s upper arm. mRNA 
is a single stranded molecular sequence that can be read 
by the host’s ribosomes. The intention is to introduce the 
immune system to the configuration of the Spike protein, 
provoking it to produce the specific antibodies that can 
defensively wrap around the Spike protein to prohibit vi-
ral binding, fusion and entry into the human cells [27]. The 
Moderna vaccine encodes the Covid-19 S1 subunit of the 
spike trimer that binds with the ACE2 receptors, as well 

as the S2 one that fuses with the ACE2 receptors, releas-
ing the viral RNA into the cells. For additional safety, the 
S2 subunit is stabilized by substituting two amino acids at 
two consecutive positions, 986 and 987, by prolines which 
are secondary amines that do not contain the amino-group 
-NH, often used in the biosynthesis of proteins.

The vaccine’s effect on children under twelve years of 
age, pregnant women and individuals with specific pre-ex-
isting conditions is currently unclear, since the above 
mentioned populations were excluded from the clinical 
studies. Additional unknowns involve the vaccine’s inter-
action with a wide range of medications; the durability of 
immune protection against viral infection; and the vaccine 
efficiency against new viral mutations [28]. 

Two other vaccines are produced by inserting the Ad-
enovirus’ DNA which also contains an S protein, after 
deleting part of its genetic sequence, hence rendering it 
unable to replicate. The AstraZeneca vaccine uses the 
Adenovirus found in chimpanzees, while the Johnson and 
Johnson vaccine uses an Adenovirus derived from hu-
mans. Other vaccine research companies like the Novavax 
and Sanofi-GlaxoSmithKline produce the spike protein 
vaccines in insect cells out of recombinant baculovirus [29]. 
Protein subunit vaccines utilise an isolated protein, in this 
case the Spike protein, which is purified from any viral 
infectious components to establish safety, and provide im-
munocompromised individuals with the best alternative. 
The problem arises when the isolated protein becomes 
denatured, losing its quaternary, tertiary or secondary 
structure as well as its functionality, thus failing to stim-
ulate the immune production of the necessary antibodies 
that can ultimately protect the system against Covid-19. 
Therefore, its high safety may be undermined by its po-
tentially compromised efficiency [30].

An alternative method is vaccination with a Covid-19 
virus that has been deactivated and therefore, it is unable 
to reproduce, like for example, CoronaVac, a deactivated 
vaccine, produced by the Beijing based biopharmaceutical 
company, Sinovac. Deactivated vaccines’ research started 
by obtaining different Covid-19 strains from hospitalized 
patients around the world including China, Italy, Switzer-
land, United Kingdom and Spain, and has chemically inac-
tivated the hazardous viral features, leaving a purified, dis-
armed Covid-19 version that can no longer assail the body. 
Introducing the sight of the inactivated virus prepares the 
body to anticipate future viral invasion and encompass im-
mune defences by eliciting potent antibodies, which have 
so far demonstrated an ability to neutralize at least 10 viral 
mutations in mice, rats and nonhuman primates. The PiCo-
Vacc was formed by deactivating the CN2 strain and test-
ing it against CN3, CN5 and OS6, as well as the CN1 and 
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OS1, which are closely related to the Covid-19 mutations 
observed in Wuhan that evinced severe clinical symptoms. 
These investigators report that the purified inactivated virus 
exhibited genetic stability, despite multiple passages. The 
comparison of the different purification stages unveiled 
minor amino acid substitutions in the Envelope protein 
- residue 32, which replaced Alanine (A) with Aspartate 
(D). It also presented an interchange between Threonine 
(T) with Isoleucine (I) in the non-structural protein nsp10 - 
residue 49. Genetic stability persisting despite inactivation, 
signifies that the immune system should be able to recog-
nize and create antibodies to potentially protect the cells 
from future mutations. Immune recognition should occur 
despite future alternations of the Spike protein, designed 
to disguise it, so that it eludes antibodies, inconspicuously 
succeeding in infecting the cells [31-32].

3.1 Vaccines’ Comparison

Theoretically, the protein subunit, as well as the RNA / 
DNA vaccines appear to demonstrate both safety and effec-
tiveness. The Spike mRNA can only express the S protein, 
which is only one out of around 29 primary proteins that 
compose Covid-19, thus making it impossible for the virus 
to replicate. The DNA vaccine is not even based on the 
Covid-19 virus and its genetic sequence is altered to disable 
reproduction within the cell. As a result of the vaccination, 
the B cells can produce antibodies for the particular S pro-
tein configuration presented, thus obstructing the Covid-19 
spike protein from targeting and fusing with human cells. 
However, any formation of immune memory resulting from 
this process can be rendered ineffective by a viral mutation 
that substantially disguises the S protein to be unrecogniz-
able by the immune system. On the other hand, the genetic 
stability of inactivated vaccines could perhaps offer protec-
tion against several mutated strains; however, it is unclear 
whether accurately examining and mapping certain current 
strains can extend to future emerging ones. Additionally, 
it is unclear how many vaccine dosages will be warranted 
with the inactivated virus vaccines; and what will be their 
final level of effectiveness and durability [33].

Live attenuated virus vaccines are based on whole 
viruses that have been modified and hence weakened. A 
single dosage can stimulate immune responses against a 
wide variety of viral proteins, without infecting the body 
with the disease. However, a mutation in live attenuated 
viral compounds could potentially reinstate their harmful 
potency; or they may have deleterious consequences in in-
dividuals with compromised immunity. Moreover, in light 
that Covid-19 is excreted in the feces, there is a risk of 
transmitting the attenuated viral compound to healthy in-
dividuals, and the potential of viral fusion with alternative 

wild-type Cov versions [34]. 

4. Covid-19 Mutations

Covid-19 represents a mutation with a higher contagion 
rate when juxtaposed against SARS-CoV. Covid-19 Spike 
(S) protein binds with the ACE2 receptor in a manner that 
is 10 times more secure and steadfast than the juncture 
formed between the SARS-CoV spike protein with the 
ACE2 receptor. This finding pertains to both the Covid-19 
increased rate of viral infection and transmissibility, 
explaining the speed with which Covid-19 has spread 
globally [35]. Since it first appeared in Wuhan, Covid-19 
has mutated from 614D to 614G, basically exchanging 
the amino acid Aspartate (D) with the amino acid Glycine 
(G) in the genome’s 614 position [36]. Korber et al. (2020) 
looked at single amino acid changes in 28,576 sequences 
of the trimeric spike (S) protein that included both the 
subdomain Spike 1 (S1), which mediates the binding with 
the ACE2 receptor, and the Spike 2 (S2) subdomain that 
accomplishes the membrane fusion, ultimately resulting 
in the release of viral contents into the cell. These investi-
gators found that the Spike variant D614G that exchanges 
Aspartate with Glycine had a significantly higher rate of 
transmissibility globally, when compared to its prede-
cessor 614D. Several countries were affected including 
Eurore, the USA, Canada and Australia. This new mu-
tation D614G varied only 0.3% from the original 614D 
Covid-19 sequence that was identified in Wuhan. Inter-
estingly, this mutation that was solely based on a single 
substitution of the amino acid Aspartate (D) by the amino 
acid Glycine (G) in Spike’s 614th amino acid position, re-
sulted in an increase of at least 20% in the viral infectious-
ness rate [37]. While 614D only involves one conformation, 
D614G exhibits two to three Spike protein conformations, 
thus increasing the probability of contagion [38].

Covid-19 genome has undergone several mutations, 
usually based on one or two amino acid substitutions that 
reflect the virus’ adaptation to each host’s diverse biolog-
ical apparatus to maximize viral survival and transmis-
sibility. Some of these changes may not be as important 
as others. Van Dorp et al (2020) reported changes in the 
non-structural proteins Nsp6, Nsp11, Nsp13 as well as the 
trimeric spike [39]. However, if instead of the Nsp6, Nsp11 
and Nsp13, the non-structural proteins Nsp7, Nsp8, and 
Nsp12 in association with Nsp14 were involved, the an-
tigen’s capacity to replicate long viral RNA would have 
been compromised. Research on previous versions of 
the antigen indicated that the mutation of the nsp8 resi-
dues P183 and R190 that are involved in the interphase 
between nsp8 and nsp12 as well as K58 had deleterious 
effects for the virus [40].
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Another variant, the A222V that substitutes Alanine 
with Valine on the 222nd position, was linked to Italy and 
Spain and appeared to represent about 11.2% of the ge-
netic sequences collected from Covid-19 patients between 
June and October 2020. This mutant seemed to primarily 
affect immune recognition since it occured in the S protein 
segment that binds with the ACE2 receptor [41-42]. Overall 
D614G was manifested in around 86.5% of Covid-19 
infections, while other mutants, such as the A222V, were 
relatively less frequent. D614G was often present along 
with A222V, as well as other common mutations such as 
the S477N that exchanged Serine (S) with Asparagine (N) 
at the 477th position and L5F. Several other mutations have 
been identified such as the L18F reflecting a Leucine (L) 
exchange with Phenylalanine (F), the A262S involving a 
switch between Alanine (A) and Serine (S) and other far 
less frequent ones such as the T632N (Threonine to As-
paragine), V3G (Valine to Glycine), D574Y (Aspartate to 
Tyrosine), P272L (Proline to Leucine), D1163Y (Aspartate 
to Tyrosine), and others. The S protein contains around 
98,699 amino acid sequences, each consisting of around 
1273 amino acids. Around 3205 of these amino acid se-
quences that compose the Spike protein are unique, sug-
gesting that Covid-19 has evolved significantly, obtaining 
genetic diversity from previous versions of coronavirus. [43].

Recently, a highly contagious new mutant, the B117 
appeared in the UK in September 2020, currently ac-
counting for around two thirds of the UK cases, only after 
three months. Since then it has already spread to around 
24 USA states, and was recently identified in a few cases 
in Hong Kong. The B117 may have emerged as the virus 
multiplied within an infected immunocompromised pa-
tient, and it appears to be up to 70% more transmissible 
[44]. It combines around 23 mutants, primarily affecting 
the Spike protein, that include substitutions of amino acid 
Asparagine (N) with Tyrosine (Y) at the 501 position 
forming the mutant N501Y; amino acid Alanine (A) with 
Aspartate (D) at the 570 position, composing A570D; the 
D614G variant discussed above that involves replacement 
of Aspartate (D) with Glycine (G) at the 614 position; 
P681H entailing an interchange of Proline (P) with His-
tidine (H) at the 681 position; T716I reflecting a switch 
of Threonine (T) with Isoleucine (I) at the 716 position; 
the S982A featuring an exchange between Serine (S) 
and Alanine (A) at position 982; D1118H representing a 
commutation between Aspartate (D) with Histidine (H) 
at position 1118, etc [44]. Seventeen out of these 23 alter-
ations appear to have occurred simultaneously, expressing 
a successful viral transformation with the purpose to dis-
guise viral proteins compromising the antibodies’ efficacy 
against the infection. The mutation N501Y modifies the 

structure of the S protein camouflaging it from immune 
detection and threatening to eventually render ineffective 
all vaccines targeting the S protein. What is remarkable is 
that after undergoing around 300,000 mutations, Covid-19 
mutants have evolved into being more effective and con-
tagious rather than disintegrating into extinction, which 
is what would be expected if such accumulated mutations 
were random. As if there is some calculated intelligent 
programming within Covid-19 that renders mutations 
purposeful – something that has never been encountered 
previously in naturally occurring coronaviruses [45-46]. 

The 501.V2 variant which is at least as dangerously 
transmissible as the UK B117 has also been spreading 
globally. It is known to have three main substitutions of 
amino acid Lysine (K) to Asparagine (N) at the 417 posi-
tion (K417N); the variant E484K that involves Glutamate 
(E) being switched into Lysine (K) at position 484; and 
the mutant N501Y where Asparagine (N) is replaced by 
Tyrosine (Y) at the 501 position of the genetic sequence. 
The N501Y that is shared by both the B117 and the 501.
V2 and which enhances the affinity between the Spike 
protein and the ACE2 receptor appears to be compromised 
by the K417N and E484K variants, possibly rendering 
the African mutation less infectious and effective than the 
British one. These two transformations’ deleterious effects 
are based on the action of E484K and K417N resulting in 
disrupting the salt bridges developed by E484 and K417 
after these two variants have been transformed into 484K 
and 417 N that do not support salt bridges with BD23 
R108 / H11013 R52 and C105 E96/E99 respectively [47].

Additional highly contagious mutations like the 501Y.
V2 or, as otherwise termed, B1351, that shares a lot of the 
variants composing B117, and the P1 from Brazil have 
recently emerged. The 501Y.V2 includes 19 mutations, 
with nine of them located in the Spike protein including 
the N501Y (Asparagine being replaced by Tyrosine), the 
E484K (Glutamate being replaced by Lysine) and K417N 
(Lysine being exchanged by Asparagine). It also lodges 
mutations on the N-terminal domain, including L18F - 
replacing Leucine (L) with Phenylalanine (F) in the 18th 
position, D80A – transposing Aspartate (D) with Alanine 
(A) at the 80th position, and D215F that substitutes Aspar-
tate (D) by Phenylalanine (F) at the 215 position [48]. The 
P1 mutation displays 17 unique amino acid reversals, four 
nucleotide insertions and four deletions. P1, B117 and 
501Y.V2 all harbour the N501Y mutation that enhances the 
contact affinity between the Spike protein and the ACE2 
receptor, rendering the variant significantly more conta-
gious.A new variant that was first detected in India is now 
spreading around the world, diminishing the effectiveness 
of the Pfizer/BioNTech and AstraZeneca vaccines from 
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93% to 88% and from 66% to 60% respectively. 

5. Conclusions

Viral mutations have been long considered as random 
events, or mistakes during the RNA replication of a virus. 
Usually, what can go wrong will go wrong; therefore, re-
peated mutations lead to the extinction of a virus. Howev-
er, with Covid-19 the opposite has occurred. The aggregate 
result of over 300,000 Covid-19 changes has expanded the 
virus’ transmissibility and infectiousness. Covid-19 muta-
tions have not degraded the virus; they have empowered 
and facilitated its disguise to evade detection; which poses 
the question: Is this really a random mindless process or 
are we witnessing the unfolding of a learning expedition 
driving this virus to adjust and adapt, thus ensuring its 
maintenance and survival? 

Moreover, there is the hypothesis that Covid-19 in-
hibits the interferon type I production, compromising 
adaptive immunity from recognizing the virus; eventually 
leading to the deleterious consequences of the cytokine 
storm where the CD8+ killer cells injure the vital organs 
of the host. It may appear improbable that there is a pre-
meditated strategy to debilitate key systemic defences and 
prevail, yet, it may not be entirely impossible that evo-
lution has programmed Covid-19 with an adeptness, that 
distinguishes it from all previous coronavirus versions. 
If that is the case, the danger is exponentially increasing 
and our current observations are no more than a prelude to 
more elusive, inconspicuous, and far more sophisticated 
versions of this pandemic. 
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Obesity is a multifactorial and complex health problem that is affected by 
several factors including genetic, environmental, social, behavioural, and 

behavioural factors such as sedentary lifestyle, high-calorie nutritional 
intake, and the inadequate expenditure of energy are acknowledged 
as important aspects that cause obesity, the issue of inheritance is 
indisputable. The study aims to investigate the effects of inheritance on 
obesity and examine how understanding and detecting genetic reasons 
behind obesity may benefit the treatment and prevention of the obesity 
epidemic. The relationship between common gene variants and obesity is 
now being studied through the emergence of GWAS. It is undeniable that 

obesity is currently being studied. It may be possible to prevent and treat 
obesity with the detection of certain genes. 
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1. Introduction

Obesity is a public health concern worldwide. Obesity 
cases show a significant increase in both developed and 
developing countries. The disease is now considered an 
epidemic since it threatens public health in a global sense. 

also social and economic terms [1]. Obesity is known to be 
a factor that induces several other diseases such as stroke, 

T2D, depression, etc. Therefore, it is argued that obesity 
decreases average lifetime [2 3 4]. Exercise has many ben-

eficial effects, leads to less telomere attrition and may 
diminish the risk of cancer, these two outcomes are possi-
ble resulted by a reduction in oxidative stress and chronic 
inflammation [5]. Hippocrates was the first to recognize 
the need for a balanced diet and exercise and the fact that 
different age has different needs [6]. Hippocrates’ innova-
tive spirit laid the foundations of modern medicine and 
the wellbeing movement: Exercise Is Medicine (EIM) ®, 

such as the American College of Sports Medicine (ACSM), 
the American Medical Association (AMA) and Harvard 
Medical School [7].
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Obesity is a multifactorial and complex health problem. 
Even though a wide number of studies indicate that genet-
ics played a role for 40 to 70% of obese patients by pro-
voking weight gain, it cannot be suggested that genetics 
only cause this disease [8 9]. Obesity is affected by several 
factors including genetic, environmental, social, behav-
ioural, and biological aspects. In this sense, it is important 
to emphasize that one factor only does not directly lead to 
obesity. For instance, it is possible for an individual who 
has a genetic tendency to obesity, to stay healthy and have 
a normal BMI by adjusting their physical and nutritional 
habits [10]. In fact, in a study, Xiang et al. compared those 
who carry a genetic variant that may cause obesity and 
the control group without the variant. The study indicated 
that following the right nutrition program and with ade-
quate physical activity, a person with the genetic variant 
can reach a normal weight and live a healthy life [11]. For 
this reason, while it is severely important to examine the 
impact of inheritance on obesity, it is also important to un-
derstand the interaction of the genes with the environment 
and other aspects.

1.1 Types of Obesity

In a general sense, obesity can be divided into catego-
ries based on its etiology. These categories include mono-
genic obesity, syndromic obesity, and polygenic/common 
obesity. Monogenic obesity, which is also known as single 
gene obesity, is not a common but quite severe type of 
obesity. The reason for monogenic obesity is a single gene 
mutation or deficiency. Syndromic obesity is considered 
to be linked to mental retardation and certain abnormities 
in the development of organs. Polygenic obesity is caused 
by multiple polymorphic genes. It is a common type of 
obesity that is known to be seen more frequently in socie-
ty and increases the risk for other diseases [12].

1.2 Genetic Basis of Obesity

The importance of inheritance in the practice of medi-
cine and community health has gained quite significance. 
Since inheritance is considered an issue significant to 
community health, genetics pose a crucial factor for ur-
gent health problems that threaten people’s health. Obesi-
ty, being of those public health problems, is considered a 

Table 1. Single genes are known to be linked to obesity

NAME GENE MIM MODE of INHERITANCE CHROMOSOMAL POSITION

Leptin LEP 164160 AR 7q32.1

Leptin receptor LEPR 601007 AR 1p31.2

Proopiomelanocortin POMC 176830 AR 2p23.2

Melanocortin 4 receptor MC4R 155541 AD/AR 18q21.32

Single-minded Drosophila 
Homologue-1 SIM1 603128 AD 6q16.3

Nurotrophic Tyrosine Kinase 
Receptor Type 2 NTRK2 600456 AD 9q21.33

Kinase suppressor of Ras2 KSR2 610737 AD 12q24.22-q24.23

Carboxypeptidase CPE 114855 AD 4q32.3

Proconvertase 1 PCSK1 162150 AR 5q15

Brain Derived Neurotropic factor BDNF 113505 AD 11p14.1

SH2B adaptor protein SH2B1 608937 AD 16p11.2

Tubby, Homogue of Mouse TUB 601197 AR 11p15.4

AD= Autosomal dominant, AR = Autosomal recessive.
For detailed information and references, refer to Online Mendelian Inheritance in Man using the MIM number: 

https://www.omim.org
*Reprinted from “Genetic And Epigenetic Causes Of Obesity” by V. V. Thaker, 2017, Adolesc Med State Art Rev.; 28(2): 379–405. Copyright 2017 by 
Adolesc Med State Art Rev.[13]
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severe risk factor for other diseases such as coronary heart 
disease (CHD) [14 15].

The fact that obesity has a genetic origin is indisputa-
ble. Even though the influence of other environmental and 
behavioural factors such as sedentary lifestyle, high-cal-
orie nutritional intake, and the inadequate expenditure of 
energy are acknowledged as important aspects that cause 
obesity, the issue of inheritance is a considerable factor. 

Earliest findings of the association between obesi-
ty and inheritance date back to 2007 [16 17]. Along with 
the improvements in technic and analysis methods, ge-
nome-wide association studies (GWAS) started. GWAS 
is an approach that helps scientists to reveal and discover 
the genetic reasons behind certain diseases. According to 
GWAS, common variants altogether can pass on through 
the family (International HapMap Consortium, 2005) [18]. 
With this information, scientists were able to detect nearly 
80% of common gene variations [19 20].

1.2.1 MC4R Deficiency

The melanocortin-4-receptor (MC4R) is encoded by the 
MC4R gene. It is a G-protein coupled seven-transmem-
brane receptor G protein-coupled receptor and is proven 
to be associated with obesity disease. It regulated the 
nutritional behaviour in the hypothalamus [22]. α-melano-
cyte-stimulating hormone (α-MSH) binds and activates 
MC4R and this helps control appetite. Appetite regulation 
is linked to MC4R [23]. Thus, one of the most common rea-
sons for obesity based on genetics is certain mutations in 
MC4R. This type of obesity is quite prevalent in societies 
at a rate of 0.5-6% [24 25 26].

2. Discussion

Many researchers are studying genetics’ influence on 
obesity and twin studies are quite common. These studies 
suggest that a similar phenotype is observed in the other 
twin or either of the parents, indicating the inheritability 
of obesity [27 28 29]. According to several studies conducted 
on families, twins, and adopted family members, BMI is 
affected by genetics by 70-80% [30 31 32 33]. Similar findings 
are seen in studies conducted on societies from various 
ethnic groups [34].

According to the studies in the field of epidemiology, 
as the degree of affinity lowers, so does the risk of obesi-
ty. Therefore, it is argued that inheritance is an important 
factor. In twin studies, it is indicated that dizygotic twins 
demonstrate a concordance rate by less than half of the 
monozygotic twins (~ 0.68 vs~0.28) [35 36].

Similarly, in studies conducted on families with adopt-
ed children, it was observed that the adopted children’s 
BMI is more proximate to their biological parent com-
pared to the BMI of their legal parents. This significantly 
emphasizes that environmental factors such as a mutual 
home environment are still important but the influence of 
inheritance on obesity is undeniable [37 38].

Farooqi et al. examined the MC4R deficiency or mu-
tations and obesity relationship in a study conducted 
with families. Endocrine and metabolic analyses were 
performed on subjects. The study reported that 5.8% of 
the patients that suffered from obesity showed MC4R 
mutations. Farooqi et al. indicated in this wide-ranging 
study that the monogenic type of obesity is associated 
with MC4R deficiency. However, it is noted that in similar 
studies conducted on diverse ethnic populations, this rate 

Table 2. Comparison of phenotypic features of monogenic forms of obesity

Gene Obesity Birth weight Endocrine abnormalities Hyperphagia Inheritance Chromosome

LEP Severe Normal Low leptin Hypogonadism High thyroid-stimulating 
hormone High insulin + Recessive 7q31.3

LEPR Severe ?
High leptin Pituitary dysfunction Hypogonadotrophic 

hypogonadism Hypothalamic hypothyroidism 
Sympathetic dysfunction High insulin

+ Recessive 1p31

POMC Severe Normal Red hair pigmentation ACTH deficiency, 
hypocortisolism Lowa-MSH + Recessive 2p23.3

PC1 Severe ?
Hypogonadotrophic hypogonadism Hypocortisolism  

High proinsulin, low insülin Postprandial 
hypoglycemia High POMC

? Recessive 5q1.5–2.1

MC4-R Severe Normal Not observed + Dominant 18q22

NROB2 Mild High Mild hyperinsulinemia - Dominant 1p36.1

* Reprinted from “Diabetes Mellitus A Fundamental and Clinical Text (3rd Ed.)” by D. LeRoith, S.1. Taylor and J.M. Olefsky, Copyright 2004 by Lip-
pincott Williams & Wilkins.[21]

DOI: https://doi.org/10.30564/jer.v3i1.2977
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was lower [39].
Bonnefond et al. reported that even though obese indi-

viduals that have monogenic MC4R mutations are suitable 
for bariatric operations. These patients lose less weight 
after the operation compared to people that have common 
obesity. Bonnefond et al. Lapsen et al. [40 41] Collet et al. 
conducted a study on patients with MC4R mutations and 
a control group. While the group carrying the mutation 
was treated with Setmelanotide which is known to be an 
MC4R agonist, they lost an average weight of 3,5 kilo-
grams. However, the control group receiving placebo 
treatment lost 0,85 kilograms within the same period [42].

3. Conclusions

Obesity is a multifactorial epidemic and it is the result 
of various factors. Genetics plays a crucial role in the oc-
currence of the disease. The relationship between common 
gene variants and obesity is now being studied through 
the emergence of GWAS. Regarding our extensive litera-
ture review, it is understood that it is undeniable that ge-
netic mutations and gene deficiencies particularly MC4R 
deficiency are significant factors. The process of detecting 
genes that create the tendency to obesity is currently being 
studied. It may be possible to prevent and treat obesity 
with the detection of certain genes. Investigation of genet-
ic factors on obesity should be further studied for future 
and current patients to maintain a healthier life.
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