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ABSTRACT: Objectives: The goal of this study is to estimate autoimmune biomarkers that characterize the
development and severity of arthritis, but probably normalize following successful therapy.
Materials and methods: In this study a total of 109 subjects were used out of which treated and untreated
arthritics were 48 and 44 respectively, the remaining 17 were healthy individuals which were used as control.

Samples were collected from patients attending Rheumatology and Orthopedic clinic of Federal Teaching
Hospital Ido-ekiti, Ekiti State Nigeria. Antinuclear antibody was estimated using Enzyme Linked
Immunosorbent Assay (ELISA) while Lupus Erythematosus cells were ascertained microscopically using
Leishman staining technique. All parameters were assessed in treated and untreated arthritic patients relative
to healthy subjects. Body mass index was also calculated. Statistical analysis was done using SPSS. Results:
Body mass index and Antinuclear antibodies were significantly higher in treated and untreated arthritics
compared to control (P<0.05). When treated and untreated arthritics were compared, Body mass index and
Antinuclear antibody were found to be significantly higher in untreated arthritics (P<0.05). Antinuclear
antibody and Age correlated directly in untreated arthritics. Lupus Erythematosus cell prevalence was found to
be higher in untreated arthritics having a percentage Lupus Erythematosus test positivity of 6.8% compared to
the 2.1% seen in treated arthritics. Conclusion: It was found that Autoimmunity in arthritics can be
significantly lowered through treatment with Arthritic drugs, diets, life style modifications over a period of
time. The study suggests that Antinuclear antibody and Lupus Erythematosus estimations could be adopted as
markers of diagnosis, prognosis and monitoring of arthritis.
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INTRODUCTION:
Arthritis means inflammation or swelling of one or According to the National Centre for Disease
more joints 1. Arthritis occurs when the joints in Control and Prevention (CDC) ! in 2015, arthritis
the body are inflamed or there is a breakdown of is the leading cause of disability in people 15 years
cartilage in the joints. When cartilage breaks down of age and older. Globally, it imposes a huge
in a joint, the bones rub together. financial burden through wage loss along with the

cost of medications I,

Corresponding Author: E
ODEWUSI, Odeyinka Olufunsho,

Department of Medical Laboratory Science, Afe-Bablola University,
Ado-EKkiti, EKiti State

Email- yinksdadon@yahoo.com

International Journal of Medical Laboratory Research (Vol. 7 Issue 1, 2022) www.ijmlr.com/IJMLR© All rights are reserved 5 3


https://www.ijmlr.com/
https://www.ijmlr.com/
mailto:yinksdadon@yahoo.com

ISSN No. 2456-4400
Int J Med Lab Res 2022, 7(1):53-61

International J | of
lJIVILR edica taboratory Research

Arthritis describes more than 100 conditions that
affect the joints, tissues around the joint, and other
connective tissues. The factors that trigger arthritis
include possible cartilage damage, shortage of the
synovial fluid and infections . Specific symptoms
vary depending on the type of arthritis but usually
include joint pain and stiffness. Arthritis can also
occur when the immune system, which normally
protects the body from infection, attacks the body’s
tissues as seen in autoimmune arthritis. Most
outbreaks are seen for Osteoarthritis, Rheumatoid
arthritis and Gout arthritis, whereas remaining
others are less frequent 1°l. Cartilage tissue covers
the bone surfaces to prevent from direct rubbing
against each other thereby smoothening limb
movement without causing pain or bone erosion
due to friction. The cavity in the joint is filled with
synovial fluid produced by the cells from the
synovial membrane which is aligned with the
ligaments within the joint cavity [®. Therefore,
cartilage is the cushion that protect the jointts from
pressure thereby making movements smooth. When
cartilage breaks down in a joint, the bones rub
together, pain, swelling, and stiffness then occur !
Autoimmunity on the other hand can be defined as
a specific immune effector response against self-
components, causing harm on the host !, The self-
damaging response is inflammatory in nature, but
other effector mechanisms such as complement
activation by autoantibodies bound to self-
structures, can also be the major cause of pathology
Pl Autoimmune disease occurs when the antigens
of an organism are attacked by the autoantibodies
as a result of disturbed self-tolerance on a
multifactorial ~ basis  involving inflammatory
pathogens, genetic background, altered receptors or
radiation 1'%, Generally, this relationship leads to
humoral or cell-mediated immune reactions against
one or more of the body's self-structures ['!!. While
many autoimmune diseases are rare, collectively
these diseases afflict millions of patients 2!,

A marker, as defined by the Food and Drug
Administration (FDA) of the United States, is any

characteristic that is objectively measured and
evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention 1. Some
examples of Autoimmune biomarkers include
Antinuclear Antibody, Rheumatoid factor, C-
reactive Protein, Erythrocyte Sedimentation Rate,
Lupus Erythematosus cell and Anti-cardiolipin.
Antinuclear antibodies (ANA) mostly target
specific antigens in the nuclear part of the cell. The
most recognized clinically useful antigens are
RNA-protein or DNA-protein complexes [,
ANAs are found in many disorders, as well as some
healthy individuals. They are usually subdivided
according to their specificity, and each subset has
different propensities for specific disorders ],
Autoantibody screening is useful in the diagnosis of
autoimmune diseases and monitoring levels helps to

predict the progression of the disease %],

LE cell was described as a mature
polymorphonuclear  leukocytes ~ which  had
phagocytosed the liberated nuclear material of
another leukocyte 7. As athritis have been
associated with inflammation and autoimmunity,
this study is aimed at evaluating the levels of
Antinuclear antibodies and LE cell positivity in
arthritis patients

MATERIALS AND METHODS:

STUDY AREA

The study area which is Ido- Ekiti is located in Ido-
Osi Local Government Area of Ekiti State, Nigeria.
with latitude 7.8431° N, and longitude 5.1823° E.

STUDY DESIGN

This study involved the use of a case-control
sampling method. Stratification was by age and
therapy. A total of 109 subjects were investigated
17 apparently healthy subjects were used as control
subjects, 44 were newly diagnosed arthritic subjects
while the remaining 48 were arthritic subjects on
therapy. Each participant received written and
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verbal explanations about the nature of the study
before signing an informed consent form.

INCLUSION CRITERIA

Subjects recently diagnosed of the disease without
treatment yet and those that have been receiving
treatment for a while were included. Age limit of 35
years and above. For control samples, healthy
participants were non-athletes, non-smokers and
non-alcoholics at age 18 years or more without the
history of arthritis

EXCLUSION CRITERIA

Subjects with respiratory and cardiac diseases and
conditions associated with neurological symptoms
were excluded from both groups. In addition,
subjects who have renal diseases, hepatic disorders,
those on nonselective p blockers and presence of
malignancy were also excluded.

ETHICAL CLEARANCE

Ethical approval was sought for, from federal
teaching  hospital, ido-Ekiti,  Ekiti - state.

SAMPLE COLLECTION

Sample required: Whole blood (defibrinated) and
Serum

Venous blood sample of About ten milliliters(10ml)
was collected from the cubital fossa using 22G
needle and syringe. 6ml of whole blood was placed
into a sterile universal container with glass beads
and processed for the detection of LE cell. The
remaining 4ml was placed in a plain bottle and
allowed to clot, then centrifuged. The supernatant
serum was placed into a plane bottle (non-
anticoagulated bottle) and was stored at 4°C for up
to seven days before it was assayed.

GROUPING

Treated arthritics are those that have been
diagnosed of having arthritis and have been on
treatment for at least 2months.

Untreated arthritics are those that have just been
newly diagnosed of having arthritis and have not
been on treatment

Controls are those that are healthy subjects without
arthritis.

METHODS OF DETERMINATION OF
PARAMETERS

a. Body Mass Index

The height and weight of each subject was
measured using stadiometer to which a weighing
scale  (ZT-120 health scale) was attached %I,
Measurements were taken with patients standing
erect, wearing light clothing and putting on no
footwear. Height was measured to the nearest
0.0lmeter (m) and weight to the nearest
0.5kilogram (kg) ). The body mass index was
calculated using the formula: BMI= Weight (kg)/
Height (m?)

b. LE cell was determined using Rotary bead
method

Principle: L.E. Cell using Rotary bead method

Leukocytes are broken down in vitro allowing the
abnormal plasma protein to react on the altered
nuclear material. Agitation enhances the nuclear
deterioration and phagocytoses. Leishman-stained
slides are prepared and examined for the peculiar
“L.E.” cell.

¢. Antinuclear antibody was estimated using
ELISA based method

Specific anti ANA polyclonal antibodies pre-coated
onto the microwell plates and the enzyme labelled
antibody and a serum containing native antigen is
mixed, resulting in the native antigen and the
antibodies to form a sandwich complex. After
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equilibrium is attained, the antibody bound fraction
is separated from unbound antigen by decantation.
The addition of substrate and stop solution results
in a yellow-colored complex. The density of color
produced is proportional to the concentration of
ANA present in the sample captured in the plate.
The concentration of ANA in the samples is then
determined by comparing the O.D. of the samples
to the standard curve.

Statistical Analysis

Results obtained were subjected to statistical
analysis using Statistical Package for Social
Sciences version 23 (SPSS 23). All parameters
were expressed as Mean + SD. Values were
statistically significant or otherwise at p<.05.
Results were illustrated with the aid of tables and
charts wherever they are necessary.

RESULTS:
Distribution of examined subjects

A combined total of One hundred and nine (109)
subjects; Ninety-two (92) subjects were arthritic
and seventeen (17) subjects that does not have
history of arthritis were used as control samples.
Figure.1

Control,
16%

Arthritics,
84%

ARTHRITICS

CONTROL

Figure 1: Distribution of examined subjects

Distribution of arthritics according to treatment

A combined total of Ninety-two (92) arthritics
subjects; forty-four (44) subjects were untreated
and forty-eight (48) subjects were on treatment.
Figure.2

Figure 2: Distribution of arthritis patients according
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Distribution of arthritics according to gender

A total of Ninety-two (92) arthritics were
examined; Twelve (12) of which are male subjects
and Eighty (80) subjects were female. This finding
shows that the incidence of arthritis is higher in
female than in males. Figure.3
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Figure 3: Distribution of arthritics according to
gender
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Mean = SD, t-value and p-value in treated and
untreated subjects compared with control for all
parameters

Both BMI and ANA were significantly higher in
both treated and untreated arthritis subjects
compared with control, and also when untreated
arthritis were compared with treated arthritis.
Table.1

Table 1: Mean + SD, t and p-values, when all
parameters in treated and untreated arthritics were
compared with control.

Table 2. LE cell positivity in treated and untreated
arthritis subjects

GROUP (N) TREATED UNTREATED(N=44) CONTROL
(N=48) (N=17)

BMI (KG/M?) | 31.23+11.70°  21.50 + 1.86" 23.13+3.52

ANTINUCLE

AR 10.7144.94% 13.49+6.36 6.3542.77

ANTIBODY

(U/L)

a=significant at P<0.05 when treated arthritics were compared with control
b= significant at P<0.05 when untreated arthritics were compared with control
c=significant at P<0.05 when treated were compared with untreated arthritics

LE Cell characterization of treated and
untreated arthritics

A total of ninety-two (92) arthritics were examined;
48 were treated out of which one (1) was positive
and 47 were negative. The percentage of treated
arthritics that were positive for the LE test was
2.1%. On the other hand, out of the 44 untreated
arthritics, three (3) were also positive while 41 were
negative resulting in a percentage LE positivity of
6.8%. It appears treatment lowers the possibility of
LE positivity in arthritis subjects. Table. 2

Group LE positive cases/group % LE Positivity
total

Treated arthritics 1/48 2.1

Untreated arthritics 3/44 6.8

Control 0/17 0

Levels of BMI and ANA in all groups on
treatment relative to control and untreated
subjects

It can be deduced from the chart that NSAIDs are
the best drug for normalizing ANA levels in
patients on treatment relative to untreated and
control. The BMI levels were significantly higher in
treated subjects. Opioid analgesics are seen to be
the best drugs for normalizing LE positivity in
patients on treatment relative to untreated and
control subjects. Figure. 4
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Figure 4: Levels of BMI and ANA in all groups
relative to control and untreated subjects.
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Levels of ANA in all groups relative to control
and untreated subjects

The best drug to keep serum ANA levels under
check in treated subjects is the NSAIDs relative to
untreated and control subjects. However, ANA
level was significantly higher in untreated subjects
than control subjects. This shows that without the
use of drugs, ANA levels are increased in the
subjects. Figure .5
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Figure 5: Levels of ANA in all groups relative to
control and untreated subjects

Level of BMI and ANA in different age
classifications

BMI and ANA were observed to increase with
advancement in age. Figure. 6
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Figure 6: BMI and ANA in different age groups
relative to control and untreated subjects.

Showing all parameters in males and females in
all groups relative to untreated and control
subjects.

BMI was significantly higher in treated male and
female arthritics subjects compared to untreated and
control subjects.

ANA level in treated male subjects was
significantly lower than in female treated arthritic
subjects compared to untreated subjects and
significantly higher when compared to control
subjects. ANA level for female arthritic subjects
was significantly lower in treated arthritic subjects
compared to untreated subjects and significantly
higher when compared to control subjects. There
was no significant difference in ANA level between
male and female in treated arthritic subjects.
Figure. 7
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Figure 7: Age, BMI and ANA in Male and Female
Treated, Untreated arthritic subject relative to
control.
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DISCUSION:

Arthritis is a major cause of inability and disability
' and has been presumed to be an
arthrodegenerative disease. This research therefore
was designed in addition to BMI to assess and
ascertain the ANA concentration and LE positivity
in treated and untreated arthritics relative to control.
Secondly, it was designed to assess the effect of
treatment or otherwise, gender and age on all
estimated parameters.

Body mass index (BMI) is a measure of weight
adjusted for height, calculated as weight in
kilograms divided by the square of height in meters
(kg/m2) U Although BMI is often considered an
indicator of body fatness, it is a surrogate measure
of body fat because it measures excess weight
rather than excess fat ?2l. In this research, BMI was
significantly higher when both treated and untreated
Arthritics were compared with control (p<.05). This
finding agrees with the works 223! by Ajeganova et
al. and others where there was a direct association
between obesity and the activity of the disease in
patients with long term Arthritis, reason being that
being overweight increases the load placed on the
knee joints thereby possibly elevating mechanical
stress that hasten the breakdown of joint cartilage
with concomitant increase in joint pain.
Furthermore, BMI was significantly higher in
treated compared to untreated arthritics (p<.05).
BMI showed a pattern of increase with
advancement in age. Also, females were observed
to have higher BMI than males, a finding that
agrees with the works of Akili et al. [*® where
females were found to have a higher body mass
index than males, possibly because females tend to

Antinuclear antibodies are specific class of
autoantibodies that have the capability of binding
and destroying certain structures within the nucleus
of the cells 7). In this research, serum Antinuclear
antibody levels was seen to be significantly higher
in treated and untreated arthritics when compared to
control (p <.0001). Also, a significantly higher
serum ANA level was observed in untreated when

compared to treated arthritics (p < .0001). This
finding agrees with various works 2% 2°! by of
Criswell et al., (2005); Zhernakova et al., where it
was found that serum ANA levels were increased in
Arthritics when compared with control. In this
research, ANA was seen to be highest in the age
group 51-60, while there was a steady pattern of
increase with advancement in age. This finding is in
line with the works of Hayashi et al. % where an
abundance of ANA in elderly individuals was
observed. Also, serum ANA levels were
significantly higher in treated and untreated female
arthritics than their male counterparts. A finding
that goes along with various works B! %1 where
female dominance in ANA production suggests that
hormones might play a role in this process. In this
research, with respect to ANA, treatment was seen
to be most effective in those treated with NSAIDs,
as subjects on these drugs exhibited the lowest
levels of ANA. A more critical examination of this
finding shows that drug treatments have been able
to bring ANA level closer to that seen in controls,
the essence of therapy being to, at least close the
gap in the levels of parameters seen in arthritics and
bring it towards that viewed in controls.

LE cells are
polymorphonuclear

described  as  mature
leukocytes ~ which  have
phagocytosed the liberated nuclear material of
another leukocyte 7). In this study, it was found
that there is a higher prevalence of LE cells in
untreated arthritics having a percentage LE test
positivity of 6.8% as compared to the percentage in
treated arthritics where 2.1% were positive. This
finding goes along with that of Monto et al. ¥
where the frequency of LE cell positivity was found
to be higher in rheumatoid arthritis patients. The
question of whether there is any relationship
between LE cell positivity and arthritis, can

therefore be boldly answered in the affirmative.
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CONCLUSION:

In this research, increased serum Antinuclear
antibody, as well as Lupus Erythematosus
positivity, are indications of Arthritis. It also found
out that ANA levels and LE positivity increases
with age, weight and being of the female gender.

REFERENCES

[1]. Waite M. Oxford English Dictionary. Oxford:
OUP; 2012. p.35. ISBN: 9780199640942.

[2]. Centers for Disease Control and Prevention.
Adult BMI. In: Arthritis Basics [Internet].
Available from:
https://www.cdc.gov/arthritis/basics/index.htm
1 [cited 2021 Aug 10].

[3]. Maetzel A, Li LC, Pencharz J, Tomlinson G,
Bombardier C. The economic burden
associated with osteoarthritis, rheumatoid
arthritis and hypertension: a comparative
study. Ann Rheum Dis. 2004;63:395-401.

[4]. Lawrence RC, Felson DI, Helmick CG.
Estimates of the prevalence of arthritis and
other rheumatic conditions in the United
States. Part 1L Arthritis Rheum.
2008;58(1):26-35.

[5]. Felson  DT.  American  College  of
Rheumatology; European League Against
Rheumatism. American College of
Rheumatology/European  League  Against
Rheumatism  provisional  definition ~ of
remission in rheumatoid arthritis for clinical
trials. Arthritis Rheum. 2011;63(3):573-86.

[6]. Perricone N. Overview of joint anatomy and
physiology: a basis for understanding and
assessing  rheumatic  conditions.  1984.

Available from:
https://journals.sagepub.com/doi/abs/10.1177/2
16507998403200706

[7]. Wittenauer R, Smith L, Aden K. Background
Paper 6.12 Osteoarthritis. 2013. Available
from:
https://www.who.int/medicines/areas/priority
medicines/BP6_120steo.pdf

[8]. Viswanath D. Understanding autoimmune
diseases: a review. IOSR J Dent Med Sci.
2013;6:8-15. do0i:10.9790/0853-0660815.

[9]. Donath J, Landsteiner J. Ueber paroxysmale
Hamoglobinurie. Munch Med Wochenschr.
1904; 51:1590-3.

[10]. Salamunic 1. Laboratory diagnosis of
autoimmune diseases—new technologies, old
dilemmas. Biochem Med (Zagreb). 2010;
20:45-56.

[11]. Lernmark A. Autoimmune diseases: are
markers ready for prediction? J Clin Invest.
2001; 108:1091-6.

[12]. Thomas K, Juliane F, Heinz-Theodor M,
Anne G. The Autoimmune Disease Database: a
dynamically  compiled literature-derived
database. BMC Bioinformatics. 2006; 7:325.

[13]. Atkinson AJ, Colburn WA, DeGruttola
VG, DeMets DL, Downing GJ, Hoth DF.
Biomarkers and surrogate endpoints: preferred
definitions and conceptual framework. Clin
Pharmacol Ther. 2001; 69:89-95.

[14]. Satoh M, Vazquez-Del Mercado M, Chan
EK. Clinical interpretation of antinuclear
antibody tests in systemic rheumatic diseases.
Mod Rheumatol. 2009; 19:219-28.

[15]. Kavanaugh A, Tomar R, Reveille J,
Solomon DH, Homburger HA. Guidelines for
clinical use of the antinuclear antibody test and
tests for specific autoantibodies to nuclear
antigens. Arch Pathol Lab Med. 2000; 124:71—
81.

[16]. Klippel JH, Stone JH, Crofford LJ, White
PH. Primer on Rheumatic Diseases. 13th ed.
Chapter 2. Springer; 2008. p.15-20.

[17]." Hargraves MM, Richmond H, Morton R.
Presentation of two bone marrow elements: the
"tart" cell and the "LE" cell. Proc Mayo Clin.
1948; 23:25-8.

[18]. Hanna T, Kari K, Tiina L, Herman W.
Recommendation for indicators, international
collaboration, protocol and manual operations
for chronic disease risk factor surveys. 2002.

[19]. Darshini DB, Rajesh J. Body weight
perception and weight control practices among
teenagers. ISRN Nutr. 2013; 2013:395125.

[20]. Eknoyan G. Adolphe Quetelet (1796—
1874)—the average man and indices of
obesity. Nephrol Dial Transplant. 2007; 23:47—
51.

[21]. United States Department of Health and
Human Services, Centers for Disease Control
and Prevention. BMI for practitioners
[Internet]. Available from:

International Journal of Medical Laboratory Research (Vol. 7 Issue 1, 2022)

www.ijmlr.com/IJMLRO All rights are reserved



https://www.ijmlr.com/
https://www.who.int/medicines/areas/priority_medicines/BP6_12Osteo.pdf
https://www.who.int/medicines/areas/priority_medicines/BP6_12Osteo.pdf

ISSN No. 2456-4400
Int J Med Lab Res 2022, 7(1):53-61

International J | of
lJIVILR edica taboratory Research

https://www.cdc.gov/obesity/downloads/bmifo
rpactitioners.pdf [cited 2021 Aug 10].

[22]. Anandacoomarasamy A, Caterson I,
Sambrook P, Fransen M, March L. The impact
of obesity on the musculoskeletal system. Int J
Obes (Lond). 2008; 32:211-22.

[23]. Amine B, Ibn YY, Laatiris A, Wafki F.
Prevalence of overweight in Moroccan patients
with rheumatoid arthritis and its relationship
with disease features. Clin Rheumatol. 2012;
31:479-82.

[24]. Ajeganova S, Andersson ML, Hafstrom I;
BARFOT Study Group. Association of obesity
with worse disease severity in rheumatoid
arthritis as well as with comorbidities: a long-
term follow-up from disease onset. Arthritis
Care Res (Hoboken). 2013; 65:78-87.

[25]. Akilli H, Kayrak M, Bekci TT. Gender-
related changes of the epicardial fat thickness
and leptin in obstructive sleep apnea.
Echocardiography. 2014; 31:411-9.

[26]. Walravens M. Systemic disease and the
detection of nuclear and anticytoplasmic
antibodies: a  historical review. Clin
Rheumatol. 1987; 6:69-117.

[27]. Criswell LA, Pfeiffer KA, Lum RF, et al.
Analysis of families in the Multiple
Autoimmune Disease Genetics Consortium

(MADGC) collection: the PTPN22 620W
allele associates with multiple autoimmune
phenotypes. Am J Hum Genet. 2005; 76:561—
71.

[28]. Zhernakova A, Eerligh P, Wijmenga C,
Barrera P, Roep BO, Koeleman BP.
Differential association of the PTPN22 variant
with autoimmune diseases in a Dutch
population. Genes Immun. 2005; 6:459-63.

[29]. Hayashi N, Koshiba M, Nishimura K, et al.
Prevalence of disease-specific antinuclear
antibodies in the general population: estimates
from annual physical examinations of residents
of a small town over a S5-year period. Mod
Rheumatol. 2008; 18:153-60.

[30]. Grimaldi CM. Sex and systemic lupus
erythematosus: the role of the sex hormones
estrogen and prolactin on the regulation of
autoreactive B cells. Curr Opin Rheumatol.
2006; 18:456-61.

[31]. Oliver JE, Silman AJ. Why are women
predisposed to  autoimmune rheumatic
diseases? Arthritis Res Ther. 2009; 11:252.

[32]. Monto RW, Rizek RA, Rupe CE, Rebuck
JW. The L.E. Cell: significance and relation to
collagen disease. Henry Ford Hosp Med J.
1964; 12:389-94.

Cite of article: Odewusi OO, Abdulmumin MJ, Olaniyan OO. An assessment of autoimmunity in arthritis
patients. Int ] Med Lab Res. 2022;7(1):53-61. http://doi.org/10.35503/IJMLR.2022.7108

CONFLICT OF INTEREST: Authors declared no conflict of interest
SOURCE OF FINANCIAL SUPPORT: Nil

International Journal of Medical Laboratory Research (IIMLR) - Open Access Policy
Authors/Contributors are responsible for originality of contents, true references, and ethical issues.
IJMLR publishes all articles under Creative Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC).

https://creativecommons.org/licenses/by-nc/4.0/legalcod

International Journal of Medical Laboratory Research (Vol. 7 Issue 1, 2022)

www.ijmlr.com/IJMLRO All rights are reserved



https://www.ijmlr.com/
https://www.cdc.gov/obesity/downloads/bmiforpactitioners.pdf
https://www.cdc.gov/obesity/downloads/bmiforpactitioners.pdf
http://doi.org/10.35503/IJMLR.2022.7108

