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Aim. The aim of the study was to review the characteristics, surgical outcomes, complications, and long-term
outcomes of two-stage operations for acute right-sided colonic obstruction (RSCO) in a single institution.
Summary background data. Although patients with acute RSCO can be treated by resection of the tumor with
a primary anastomosis, longer procedure times and bigger wounds can result in more mortality and compli-
cations. A two-stage operation by diverting loop ileostomy was another surgical option. However, the out-
comes of two-stage operations are lacking.

Material and methods. The retrospective study reviewed the patients who underwent emergency surgery for
acute RSCO in a tertiary center from 2004-2018. First-stage operations other than diverting loop ileostomy,
incomplete obstructions that could be treated medically, or pathologies other than adenocarcinomas were
excluded. Perioperative data such as first and second operations, operative times, lengths of stay, harvested
lymph nodes, and any complications were included. We assessed overall survival (0S) and disease-free sur-
vival (DFS) for the oncologic outcomes.
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Results. Sixty-nine patients were included. Seven patients had surgical complications related to ileostomy.
Three of them died within 30 days of first admission. Thirty-one patients received a second-stage operation
by right hemicolectomy. None had anastomosis leakage or 30-day mortality. Only 9.7% of patients had fewer
than 12 harvested lymph nodes. One-year OS was 34% in the patients who received only ileostomy, and 89%
in those who received two-stage operations (P < 0.001). Among 26 patients who underwent curative resec-

tion of tumor, 3-year DFS was 61.5%.

Conclusions. A two-stage operation is associated with low mortality and morbidity rates in an emergency
setting. The subsequent right hemicolectomy can harvest more lymph nodes than emergency resection.

Long-term survival benefits can be expected.

Introduction

Colorectal cancer (CRC) is a very common dis-
ease. It is the third most commonly diagnosed
malignancy worldwide, with 1.8 million new cas-
es and almost 861,000 deaths in 2018 accord-
ing to the World Health Organization GLOBOCAN
database. The incidence of CRC in eastern Asia
in 2018 was 3.06% [1]. Although most patients
with CRC have no symptoms and are diagnosed
as a result of screening, 7-47% present with
colonic obstruction as the first diagnosis [2].
Among these cases, about 20—30% patients are
of right-sided CRC [3,4]. For such cases, surgical
options include resection of the tumor with a pri-
mary anastomosis with or without a temporary
proximal diversion, resection without an anas-
tomosis and with an end colostomy, or proximal
diversion with a colostomy to stabilize the patient,
followed by elective definitive resection at a sec-
ond operation and, occasionally, self-expandable
metallic stent (SEMS) placement.

Because of the lower bacterial counts [5] and
better blood supply to the small intestine [6], most
patients with right-sided colonic obstruction can
be treated by resection of the tumor with a primary
anastomosis [5,6]. A research compared the sur-
gical interventions and outcomes for patients with
right-sided colonic obstruction. Surgical interven-
tions in the research including resection with pri-
mary anastomosis, resection with primary anasto-
mosis and loop ileostomy resection without anas-
tomosis, defunctioning ileostomy, and by-pass.
Postoperative mortality and morbidity were simi-
lar between patients who underwent an ileostomy
at initial surgical stage and those who underwent
colectomy with primary anastomosis [7]. However,
these patients are commonly old, often have some
comorbidities and a period of poor nutrient intake.

Journal of Medical Science 2023;92(2)

Longer procedure times and bigger wounds can
result in more complications. Even the anastomo-
sis itself can have leakage rates of 4.2-10% [8,9]
which may lead to the need for further surgery and
increase patient mortality [8,10,11].

Resection without an anastomosis avoids the
risk of anastomotic leakage, but the procedure
takes more time than two-stage procedures such
as SEMS placement and diverting loop ileostomy.
According to ASCO resource-stratified guideline,
diverting ostomy was recommended in patients
with late-stage colorectal cancer associated with
obstruction from primary tumor or from perito-
neal metastases [12]. To minimize morbidity and
mortality, most patients with a right-sided colon-
ic obstruction receive diverting loop ileostomy as
the first-stage emergency operation in our hospi-
tal. The aim of this study is to review the charac-
teristics, surgical outcomes, complications, and
outcomes of such cases.

Material and methods

Patients

From January 2004 to December 2018, all patients
who underwent emergency surgery for acute
obstructive right-sided CRC in the Tri-Service
General Hospital, Taipei, Taiwan, were reviewed
retrospectively. The right colon was defined as
including the proximal two-thirds of the trans-
verse colon, the ascending colon, and cecum
by abdominal and pelvic computed tomogra-
phy (CT) scans. Acute obstruction was defined
based on clinical findings (abdominal pain, bloat-
ing, nausea or vomiting, and absence of flatus
and/or bowel movement) and CT findings (tumor
obstruction with proximal colon and/or small
bowel dilatation). Emergency surgery was defined



as the need to receive surgical intervention within
24 h of admission.

First-stage operations other than diverting
loop ileostomy, incomplete obstructions that
could be treated medically, or pathologies other
than adenocarcinomas were excluded.

This study was reviewed and approved by the
Tri-Service General Hospital institutional review
board for human subjects (No. 1-108—05-038).

Procedures

Patient characteristics such as age, gender,
American Society of Anesthesiologists (ASA)
score, body mass index, and comorbidities were
recorded. All operations were performed by seven
colorectal surgeons in our tertiary referral hospi-
tal. Clinical stage was determined by preopera-
tive CT scans.

The surgical approach was a joint decision
between the surgeons and the oncologists. Deci-
sion making depended on location of the tumor,
patient factors, surgeon's expertise, and the
available resources [13]. To complicated cases,
they would be discussed in Tri-Service General
Hospital Cancer Committee, which was com-
posed of multidisciplinary teams.

Surgery of diverting loop ileostomy was per-
formed with steps of making a transverse inci-
sion at the right lateral border of rectus abdomi-
nis muscle, dividing the anterior rectus sheath,
rectus abdominis muscle and posterior sheath,
delivering the terminal ileum into the wound out-
side the peritoneal cavity, forming a small hole at
the omentum and the mesenteric border of the
terminal ileum, opening the terminal ileum, and
matured to the skin.

Another group of patients received a second
operation of right hemicolectomy for resection of
the tumor. Further right hemicolectomy could be
performed as the colon without distension and
the patient's general condition keeping stabilized
[14]. The optimal time interval between diverting
ileostomy and right hemicolectomy was decided
by the surgeon.

Pathology stage was reported by pathologists
according to the seventh edition of the American
Joint Committee on Cancer. Perioperative data
included first and second operations, first and
second operative times, first and second lengths
of stay, and any complications. Overall survival
(0S) was determined by the patient's status at the

last visit. Disease-free survival (DFS) was defined
by the length of time the patient survived after
right hemicolectomy without evidence of cancer
recurrence at follow-up.

Endpoint

The primary endpoints in the study included mor-
tality, surgical complications, first and second
lengths of stay, and the length of time the patient
survived after right hemicolectomy without evi-
dence of cancer recurrence.

Statistical analysis

Quantitative data are reported as medians and
25" and 75" percentiles. Categorical data are
reported as absolute numbers and percentages.
Patients who received only ileostomy and ileos-
tomy plus right hemicolectomy were divided into
two groups. For these cases, quantitative data
were analyzed using the Mann—-Whitney non-
parametric U test. Categorical data were com-
pared using chi-squared or Fisher's exact tests,
as appropriate. OS and DFS were estimated using
the Kaplan—Meier method. Log-rank analysis
was used to determine statistical significance.
A P value < 0.05 was considered statistically sig-
nificant. All analyses were performed using IBM
SPSS Statistics for Windows (Version 25.0; IBM
Corp., Armonk, NY, USA).

Results

In total, 69 of 70 patients receiving emergency
diverting loop ileostomy over the 15 years of the
study were included in the analysis; one patient
who underwent exploratory laparotomy with
right hemicolectomy was excluded. The median
age of the patients was 77 years (25" and 75"
percentiles: 64.5 and 83.5 years, respectively).
Thirty-nine (56%) patients were male. Forty-six
patients had an ASA score of IlI-V. Fifty of the
69 cases had major comorbidities. The median
operation time for diverting ileostomy was 54 min
(42.5 and 77.5 min), and the median length of stay
was 9 days (7 and 15.5 days; Table 1).

Among the 69 patients, 31 received a sec-
ond operation for resection of the tumor (Fig-
ure 1). Table 2 shows the characteristics of the
two groups of patients. The median age of the
patients who received right hemicolectomy
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Table 1. Characteristics

Patients (n = 69) at 1 admission

Age(years) 77(64.5;83.5)
Male(%) 39(56.5)
BMI(kg/m?) (n = 57%) 22.1(19.6;24.4)
ASA class**

-1l 23

ni-1v 45

\ 1
Clinical stage

| 0

Il 12

1] 23

\ 34
Comorbidities 50

HCVD 32

DM 17

CAD 6

Renal disease 8

TB 2

COPD 4

0ld CVA 10

Arrhythmia 9

Parkinsonism 4
Other cancer 4 (HCC; Sqcc of penis; Prostate Ca; Breast Ca)
Operation time of ileostomy (mins) 54(42.5;71.5)
30-day Mortality 3
Length of stay 9(7;15.5)

* 11 patients' BMI couldn't be counted.

BMI - Body mass index, ASA class — American Society of Anesthesiologists Classification,
HCVD - Hypertensive cardiovascular disease, DM — Diabetes mellitus, CVA — Cerebrovascular
accident, CAD - Coronary artery disease, HCC — Hepatocellular carcinoma, Sqcc — Squamous
cell carcinoma, Ca - Cancer.

Patient Flowchart

Acute obstruction due to right-sided
colorectal cancer

l

Surgeon’s decision of two-stage treatment

38 patients only underwent
69 patients underwent ileostomy —» ileostomy — did not received 2nd
l stage surgery

31 patients received 2nd stage surgery
with right hemicolectomy

Figure 1. Among the 69 patients, 31 received a second operation for resection of the tumor. The other 38 pa-
tients received only ileostomy.
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Table 2. Characteristics between two groups of patients.

Only ileostomy (n = 38)  lleostomy+right hemicolectomy (n=31) P value

Age (y) 80.5 (75;88.25) 68 (59:78) <0.001
Male (%) 20 (52.6) 19 (61.3) 0.470
BMI (kg/m?) 21.1 (19.3;24.0) (n = 29) 22.9 (20.6;24.9) (n = 28) 0.127
ASA class at 1 admission 0.156
-1l 10 13
-1v 28 17
v 0 1
Clinical stage 0.017

Il 3 9

1l 1 12

1\ 24 10
Pathologic stage

] N/A 8

Il N/A 13

1\ N/A 10
Mean number of harvested LNs N/A 17 (13;21)
Comorbidities

HCVD 16 16

DM 9 8

CAD 2 4

Renal disease 3 5

TB 1 1

COPD 0 4

Old CVA 4 6

Arrhythmia 4 5

Parkinsonism 3 1

Other cancer 2 (Prostate Ca; Breast Ca) 2 (Sqcc of penis; HCC) 0.465
Operation time for ileostomy (mins) 55.5(43;79.5) 51 (39;77)
Operation time for right hemicolectomy (mins) N/A 236 (199.75;274.25)* 0.039
Length of stay(1*) (days) 10.5 (7;21) 8 (6;12)
Length of stay(2") (days) N/A 9.5 (7;13.25)*

* One of the patients underwent right hemicolectomy at other hospital.

BMI - Body mass index, ASA class — American Society of Anesthesiologists Classification, LNs — Lymph nodes, HCVD - Hypertensive cardi-
ovascular disease, DM - Diabetes mellitus, CAD — Coronary artery disease, TB — Tuberculosis, COPD - Chronic obstructive pulmonary dis-
ease, CVA - Cerebrovascular accident, Ca — Cancer, Sqcc — Squamous cell carcinoma, HCC — Hepatocellular carcinoma.

was 68 years (25" and 75" percentiles: 59 and
78 vyears, respectively), which was significantly
younger than those who received only ileostomy
(P < 0.001). The patients who received only ileos-
tomy had more advanced clinical cancer stages
(P < 0.017) and longer hospital stays for ileosto-
my (medians: 10.5 vs. 8 days; P < 0.039). However,
no significant difference was found in the opera-
tion time for ileostomy between the two groups
(55.5 vs. 51 mins). Most patients in both groups
had major comorbidities.

Seven patients had surgical complications
related to ileostomy, including ileostomy pro-
lapse, parastomal hernia, pneumonia, and 30-day
Mortality. Six of these received only ileostomy.

The other patient who suffered an ileostomy pro-
lapse subsequently received right hemicolecto-
my. Three of the patients died within 30 days of
first admission. All of these patients had clinical
stage IV colon cancer. Two of the patients died
from nosocomial pneumonia, and the other one
died from acute myocardial infarction (Table 3).

For patients who received a second operation,
only three of them had surgical complications
related to right hemicolectomy; none had anasto-
mosis leakage or 30-day mortality (Table 4).

The mean follow-up time was 8.37 + 1.14
months in the patients who received only divert-
ing loop ileostomy, and 109.11 + 13.42 months in
those who received two-stage operations. Dur-

Journal of Medical Science 2023;92(2)
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Table 3. Surgical complications of ileostomy.

Only ileostomy (38)

lleostomy+right hemicolectomy (31)

Parastomal hernia 1 0
lleostomy prolapse 1 1
Pneumonia 1 0
30-day Mortality 3 0

Table 4. Surgical complications of right hemicolectomy (n = 31).

Pneumonia

Wound infection

Hernia

Anastomosis leakage

30-day Mortality

olo|l=|=—

ing follow-up, 19 of 38 patients who received only
diverting ileostomy and seven of 31 who received
two-stage operations died. The median survival
time was 7.51 months for patients who received
only ileostomy; this end point was not reached for
the other group of patients. One-year OS was 34%
vs. 89%, respectively, between the two groups (P
< 0.007; Figure 2).

Thirty-one patients received a second-stage
operation by right hemicolectomy (four by lap-
aroscopic surgery). In three of the patients, fewer
than 12 lymph nodes were harvested. The mean
number of harvested lymph nodes was 17 (13
and 21, respectively). Comparing tumor stages Il

505

o8

[ll, and 1V, the 1-year OS rates were 100%, 90.9%,
and 87.5%, respectively, and the 3-year OS rates
were 100%, 70.1%, and 62.5%, respectively. No
significant difference was seen in OS between
the two groups (P = 0.211); however, a trend was
observed (Figure 3). Among the patients, 26
underwent curative resection of tumor and nine
had a tumor recurrence. Three-year DFS was
61.5%. The median DFS was not reached during
the follow-up period (Figure 4). Comparing tumor
stages Il, lll, and 1V, the 3-year DFS rates were
100%, 57.8%, and 20%, respectively. DFS was sig-
nificantly different between patients with stage Il
and IV tumors (P = 0.017; Figure 5).

Operation type

leostomy
—ITleostomy+R't hemi

|
—+

06

04

Cumulated Survival

o2

0o

] 20 40 &0 80

100 120 140 160

Overall Survival (months)

Figure 2 The median survival time was 7.5T months for patients who received only ileostomy; One-year 0S
was 34% in the patients who received only ileostomy, and 89% in those who received two-stage operations
(P <0.001). R't hemi - right hemicolectomy.
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10 = lleostomy+R't
hemi (n=31)
~Istage Il (n=8)
=~ Istage Il (n=13)
08 —Istage IV (n=10)
_ —}= stage Il censared
o —}=stage Il censored
F — —}=stage IV censored
5 o8 I —
w
o
]
i
3 04
£
=]
[&]

1] 20 40 G0 a0 100 120 140 160

QOverall Survival (months)

Figure 3. Comparing tumor stages Il, lll, and 1V, no significant difference was seen in 0S between the two
groups (P = 0.211). R't hemi - right hemicolectomy.

lleastomy+Curative Rt hemi
10 7 n=28)
_|_Ileost0m +Curative Rt hemi
censore
08
©
=
z
5 os
w0 o +
=
2
o
3 04
£
3
Q
0.0

o 20 40 60 80 100 120 140 160

Disease-free Survival (months)

Figure 4. Three-year DFS of ileostomy and curative right hemicolectomy group patients was 61.5%, n = 26. R't
hemi - right hemicolectomy.

10 lleostomy+Curative
R't hemi (n=26)
=i Tstage Il (n=8)
= Tstage Il (n=13)
o ) = Tstage IV (n=5)
— - —}—stage Il censored
g +Stage Il censored
g 06 o ~+—stage IV censared
@ +—t
o
2
o
3 04
£
3
Q
02

o 20 40 60 80 100 120 140 160

Disease-free Survival (months)

Figure 5. Comparing tumor stages Il, Ill, and IV, DFS was significantly different between patients with stage Il
and IV tumors (P = 0.017). R't hemi - right hemicolectomy.
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Discussion

Elderly patients are known to have high rates of
emergency colorectal surgery for tumor obstruc-
tions or perforations [15]. The median age of the
patients in our study was 77 years, consistent
with the literature. Patients who have obstructive
CRCs also have more comorbidities and higher
ASA tumor scores than those who have nonob-
structive CRCs [2,16]. In the present study, 46 of
the 69 patients had ASA tumor scores of IlI-V at
first admission, and 50 had major comorbidities.
These data indicate the fragility of our patients.

Although some reports have advocated the
benefits of palliative resection of the primary
colon tumor for patients with unresectable meta-
static CRCs, this remains controversial [17-19]. In
the present study, 38 of the 69 patients received
only ileostomy. It is not surprising that most of
these patients had an unresectable metastatic
CRC. Fourteen patients in this series had clinical
stage Il or Ill CRCs and did not receive curative
treatment. The reasons for this included major
comorbidities, poor performance status, incur-
able second cancers, and old age.

Unlike left-sided tumor obstructions, acute
tumor obstructions in the right colon are usu-
ally treated by resection with a primary ileocolic
anastomosis. However, the reported leakage rate
is 4.3-16.4%, which could lead to death in some
patients [2,3,20,21]. In the literature, the mortal-
ity rate for emergency surgery for proximal colon
tumor obstruction ranges from 10.1 to 14.7%
[3,21,22]. Although our patients had higher ASA
tumor grades and more comorbidities compared
with those in other reports [3,22], the surgical
complications rate, including the mortality rate
for first-stage operations, was extremely low.
There are some possible reasons for this. First,
we avoided prolonged operation times in emer-
gency settings. The median operation time for
an ileostomy was <1 h, which is shorter than that
needed for resection of the obstructed tumor.
Second, to make an ileostomy, we only need to
create a small incision. Compared with the long
midline incisions needed for laparotomy, an inci-
sion at the lower right quadrant of the abdomen is
less painful. Third, we did not perform an anasto-
mosis, meaning that we avoided the risk of anas-
tomotic leakage, which could lead to the need for
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another operation, prolong the length of hospital
stay, and increase the mortality rate.

The surgical complications of the second
operation in this study were minor. No anastomot-
ic leakage or 30-day mortality was found, even
though 18 of 31 tumors had ASA scores of Ill or IV
at the first operation. The patients could build up
their nutrition, stabilize vital signs, and have bet-
ter circulation during the interval between opera-
tions. All of these factors probably improved the
outcomes of the second operations.

Emergency resection for an obstructing CRC
can make it difficult to harvest a sufficient num-
ber of lymph nodes because of the dilated proxi-
mal bowel and limited surgical field. In the litera-
ture, 19.3-19.8% of patients had inadequate num-
bers of harvested lymph nodes [2,23]. This could
lead to tumor understaging and poorer progno-
sis, especially among elderly patients [24,25]. In
our study, 31 patients received two-stage opera-
tions. Less than 10% of patients had fewer than
12 harvested lymph nodes, and 74% had lymph
node invasion, which is higher than that in previ-
ous reports [2,26]. Although the case number was
small, four patients received laparoscopic right
hemicolectomy with D3 lymphadenectomy at the
second operation. Better oncological and cos-
metic outcomes can be expected compared with
emergency laparotomy.

It is not surprising that the patients who
received only diverting loop ileostomy had signif-
icantly shorter OS. Even though 24 of 38 patients
had a clinical stage IV CRC, their OS was short-
er than that reported previously [27]. This result
could be explained by the old age and multiple
comorbidities of these patients. The patients
who received two-stage operations had longer
0S. Although five patients who had unresectable
metastatic CRCs received a right hemicolectomy,
the OS showed no significant difference among
patients with stage II, I, or IV tumors. This result
may imply the benefit of resecting primary tumors,
even though the case number was small [17].

The patients who received curative two-stage
operations had better DFS than that reported in
the literature [28]. This may be explained by our
use of elective curative surgery and adequate
numbers of harvested lymph nodes. However,
some patients who were too weak to undergo fur-
ther surgery were excluded. Thus, the long-term



survival benefit of two-stage operations remains
to be proven by further prospective studies.

Self-expandable metal stent (SEMS) used
for obstructive CRCs as a bridge to surgery
help avoid the need for emergency surgery and
reduce the risk of postoperative complications
and mortality. It seems to have the same ben-
efits as diverting loop ileostomy and avoids the
creation of a stoma. However, SEMS insertion
for right-sided tumor obstruction is associated
with a higher technical failure rate than that for
left-sided tumor obstruction [29,30]. Once per-
foration occurs, the patients’ oncologic outcome
will be significantly worse.31 It must be noted
that the stent procedure can increase the num-
bers of circulating tumor cells by compressing
the tumor, and this is related to worse oncologic
outcomes [32,33].

Our study had several limitations. First, it was
a retrospective cohort analysis, and all cases
were from a single tertiary center, which could
have introduced bias in this 15-year series. Sec-
ond, most of the patients with an acute right-sid-
ed colonic obstruction in our hospital received
two-stage operations. Thus, we could not compare
the outcomes between emergency resection and
two-stage operations in our institute. Third, only 69
patients were included in our study, and this small
sample size might have caused some bias.

Conclusions

Although a two-stage operation by diverting loop
ileostomy is not usually the first procedure con-
sidered for acute right-sided colonic obstruction
because of the need to create a temporary stoma,
it is associated with low mortality and morbid-
ity rates in an emergency setting. Diverting loop
ileostomy associates with few oncologic adverse
outcomes, and moreover, the subsequent right
hemicolectomy harvests a large number of
lymph nodes. Long-term survival benefits can be
expected from this approach.
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ABSTRACT

Background. Several studies suggest that the pleiotropic properties of betanin may interfere with different sig-
naling pathways. Our previous studies on human hepatocytes showed that betanin activated the nuclear fac-
tor erythroid-2-related factor 2 (Nrf2) signaling pathway. To further understand the exact mechanism of action
of betanin, we evaluated its effect on the levels of signal transducers and activators of transcription (STATs) and
KRAB domain-associated protein 1 (KAP1) in hepatoma cells (HepG2) and normal human hepatocytes (THLE-2).
Material and methods. HepG2 and THLE-2 cells were treated with 2 or 10 pM betanin for 72 h. The levels of
STAT3, STAT5a, STAT5b, and KAP1 proteins in cytosolic and nuclear fractions were assessed by Western blot.
Results. At a concentration of 10 pM, betanin significantly decreased the levels of STAT3, STAT5a, and STAT5b
proteins in the nuclear fraction of HepG2 cells. On the other hand, no significant changes in the levels of STAT
proteins were observed in THLE-2 cells. In HepG2 cells, betanin at both tested doses increased the level of
KAPT. In contrast, in THLE-2 cells, betanin at a dose of 10 uM decreased the nuclear level of KAP1.
Conclusions. Betanin modulated the levels of STAT3, STAT5, and KAP1 proteins, especially in hepatoma
cells. Thus, it may be considered a potential therapeutic agent for the treatment of hepatoma.

Introduction
involves continuous hepatocyte death, inflam-

Hepatocellular carcinoma (HCC) is the major form
of primary liver cancer. It is one of the most seri-
ous human cancers, the pathogenesis of which

matory cell infiltration, and compensatory liver
regeneration. Understanding the molecular sig-
naling pathways that induce or mediate these
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processes during liver carcinogenesis is essen-
tial for identifying novel therapeutic targets for
this disease [1].

According to epidemiological studies, diet and
physical activity influence the incidence of cer-
tain types of cancers, including liver cancer, and
preventive measures should be taken in the early
stages of these diseases [2]. Some prophylac-
tic measures include a diet enriched with natu-
ral substances that can inhibit or reverse tumor
development. For example, beetroot, a vegetable
commonly included in the human diet, has many
health-promoting properties. Besides antioxi-
dant activity, it exhibits anti-inflammatory and
detoxifying effects [3]. Many of the properties of
beetroot are attributed to betalains, especially
betanin. Betanin is widely used in the food indus-
try as a coloring agent in fruit yogurt, ice cream,
and cosmetic care products [4] and well-known
for its anti-inflammatory and hepatoprotective
functions in human cells. It has been reported
that betanin inhibited cell proliferation in hepa-
toma cancer cells HepG2 [5] and ovarian can-
cer cell line PA-1 [6] and showed pro-apoptotic
action in human lung cancer cell lines [7], US7TMG
human glioma cells [8], and oral squamous can-
cer cells SCC131 and SCC4 [9]. Another mecha-
nism of the anticancer action of betanin is the
modulation of signaling pathways. Betanin acti-
vated nuclear factor erythroid-2-related factor
2 (Nrf2) signaling pathway in hepatoma cancer
cells HepG2 [10]. Additionally, the activation of
NF-kB/PI3K/Akt signaling pathway was observed
in oral squamous cancer cells SCC131 and SCC4
[9]. Since epidemiological studies indicate that
liver cancer still has a poor prognosis, intensive
research is needed to develop new therapeutic
solutions. One promising therapeutic strategy for
the treatment of liver cancer is interfering with
other signaling pathways.

Literature data highlight increased expression
of signal transducers and activators of transcrip-
tion (STATs) in liver tumors [11]. The upregula-
tion of STAT signaling pathways promotes tumor
growth and survival, due to the inhibition of
apoptosis as well as increased cell proliferation,
migration, and invasion [12].

The STATs family comprises seven members —
STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b,
and STAT6. These cytoplasmic transcription
factors mediate signal transduction from vari-

" Journal of Medical Science 2023;92(2)

ous growth factors and cytokines to the nucleus
[11]. Recent studies also indicate that STATs may
interfere with the functions of KRAB domain-as-
sociated protein 1 (KAP1) [13-15], which pro-
motes cell proliferation and metastatic progres-
sion in different cancers, including HCC [16].

Therefore, to further explore the mechanism of
action of betanin, we assessed the effect of beta-
nin on other signaling pathways such as STAT3,
STAT5a, and STAT5b, as well as their dependence
on KAPT protein, in hepatoma cells (HepG2) and
normal human hepatocytes (THLE-2).

Materials and methods

Chemicals

Betanin, dimethyl sulfoxide (DMSO), Tris, anti-
biotic solution (10* U penicillin, 10 mg strepto-
mycin, 25 pg amphotericin B), Dulbecco's modi-
fied Eagle's medium (DMEM), fetal bovine serum
(FBS), and trypsin were supplied by Sigma-Al-
drich (USA). Bronchial Epithelial Cell Growth Bas-
al Medium (BEGM) and Bullet Kit were purchased
from Lonza/Clonetics Corporation (USA). Pri-
mary antibodies against STAT3 (sc-483), STAT5a
(sc-1081), STAT5b (sc-1656), B-Actin (sc-7210),
lamin (sc-20680), and secondary alkaline phos-
phatase labeled antibodies were obtained from
Santa Cruz Biotechnology (Dallas, TX, USA).
Primary antibody against KAP1 (ab10484) was
obtained from Abcam (Cambridge, UK). The pro-
tein molecular weight marker was supplied from
EURXx (Gdansk, Poland).

Cell Culture

The hepatocellular carcinoma cells — HepG2
(ATCC HB 8065, USA) were cultured in DMEM with
10% FBS and 1% antibiotic solution and grown
under standard conditions (37°C, 5% CO,). Nor-
mal human hepatocytes THLE-2 (ATCC CRL-2706,
USA) were maintained in BEGM supplemented
with Bullet Kit and 5 ng/mL EGF, 70 ng/mL phos-
phoethanolamine, and 10% FBS (37°C, 5% CO,).
After the 24 hours of initial incubation, the cells (1
x 10° cells per 100 mm culture dish) were treated
with 2 or 10 uM of betanin, incubated for a further
72h, and harvested. Control cells were treated
with 0.1% DMSO. The dimethyl sulfoxide 100 mM
stock solutions of betanin were used and stored
at -20°C.



The doses of betanin were selected based on
the MTT viability assay, which was carried out in
our previous research [10].

Nuclear and Cytosolic Fractions Preparation

The subcellular extracts from HepG2 and THLE-2
cells were prepared using the Nu-clear/Cytosol
Fractionation Kit (BioVision Research, Mountain-
View, CA, USA) according to the manufacturer's
protocol. Protein concentration was assessed
using the Lowry method, and the samples were
stored at -80°C for further analysis.

Western Blot Analysis

Nuclear fractions for STAT3, STAT5a, STAT5b,
KAP1, lamin, or cytosolic fractions for STAT3,
STAT5a, STAT5b, KAP1, B-Actin protein detec-
tion, were separated on 10% SDS-PAGE slab
gels. B-Actin and lamin were used as a loading
control. The amount of cytosolic and nuclear
fractions was 100 ug of protein per well. Proteins
were transferred to the nitrocellulose Immobilon
P membrane (Millipore, Bedford, MA, USA). After
blocking for 2 hours with 10% skimmed milk,
proteins were probed with rabbit anti-STAT3,
rabbit anti-STAT5a, mouse anti-STAT5b, rabbit
anti-B-Actin, rabbit anti-lamin (Santa Cruz Bio-
technology, Dallas, TX, USA), rabbit anti-KAP1
(Abcam, Cambridge, UK) antibodies (dilu-
tion 1:1000). The alkaline phosphatase-labeled
anti-mouse 1gG and anti-rabbit IgG (dilution
1:5000) were used as the secondary antibodies.
Bands were visualized using the AP Conjugate
Substrate Kit NBT/BCIP (BioRad Laboratories,
Hercules, CA, USA). The amount of immuno-
reactive products in each lane was determined
using the ChemiDoc Imaging System (BioRad
Laboratories, Hercules, CA, USA). Values were
calculated as relative absorbance units (RQ) per
mg of protein and expressed as a percentage of
the control.

Statistical Analysis

GraphPad Instat version 3.10 (GraphPad Software,
San Diego, CA, USA) was used to perform statisti-
cal analysis. The data are shown as the means +
SEM. To assess the significance of the differenc-
es in the evaluated parameters, one—way ANOVA
with Dunnett's post hoc test was performed with
the significance level of p < 0.05.

Results

Effect of betanin on STAT3 protein level in HepG2
and THLE-2 cells
The level of STAT3 proteinin cytosolic and nuclear
fractions of HepG2 and THLE-2 cells was investi-
gated by Western blot using a specific antibody
against this protein. As shown in Figure 1, HepG2
cells incubated with either of the tested doses
of betanin showed no significant changes in the
cytosolic level of STAT3 protein. However, an
~19% reduction in the nuclear STAT3 protein level
was observed in these cells after treatment with
betanin at the dose of 10 uM.

In THLE-2 cells, both cytosolic and nuclear lev-
els of STAT3 protein remained unchanged follow-
ing treatment with betanin at both tested doses.

Effect of betanin on STAT5a and STAT5b protein
levels in HepG2 and THLE-2 cells

Western blot analysis revealed a significant
increase in the cytosolic level of STAT5a protein
in HepG2 tumor cells under the influence of 10
UM betanin (see Figure 2).

In contrast, an opposite trend of changes was
observed in the nuclear levels of STAT5a and
STATS5b proteins. At a dose of 10 uM, betanin sig-
nificantly decreased (by 20—22%) the nuclear lev-
els of both tested STAT5 isoforms in HepG2 cells
(see Figures 2 and 3).

Similar to STAT3, no significant changes in
both cytosolic and nuclear levels of STAT5a and
STAT5b proteins were observed in THLE-2 cells
after incubation with betanin at any of the tested
doses (see Figures 2 and 3).

Effect of betanin on KAP1 protein level in HepG2

and THLE-2 cells

As shown in Figure 4, a significant increase in the
nuclear level of KAP1 protein was noted in HepG2
cells after incubation with 2 or 10 uM betanin (by
38% and 52%, respectively), compared to the cells
treated with DMSO.

However, in THLE-2 cells, a significant
decrease in the nuclear KAP1 protein level was
observed after treatment with betanin at a dose
of 10 uM.
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Figure 1. The effect of betanin on the level of the STAT3 protein in HepG2 and THLE-2 cells. A. Representative immunoblots showing
the cytosolic and nuclear levels of STAT3 protein. B. Data (mean+SEM) from three separate experiments in comparison to the control
cells set to 100%. Asterisk () above the bar indicates statistically significant differences from the control group, p < 0.05.
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Figure 2. The effect of betanin on the level of the STAT5a protein in HepG2 and THLE-2 cells. A. Representative immunoblots show-
ing the cytosolic and nuclear levels of STAT5a protein. B. Data (mean+SEM) from three separate experiments in comparison to the
control cells set to 100%. Asterisk (+) above the bar indicates statistically significant differences from the control group, p < 0.05.
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Figure 3. The effect of betanin on the level of the STAT5b protein in HepG2 and THLE-2 cells. A. Representative immunoblots show-
ing the cytosolic and nuclear levels of STAT5b protein. B. Data (mean+SEM) from three separate experiments in comparison to the
control cells set to 100%. Asterisk (*) above the bar indicates statistically significant differences from the control group, p < 0.05.
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Figure 4. The effect of betanin on the level of the KAP1 protein in HepG2 and THLE-2 cells. A. Representative immunoblots showing
the cytosolic and nuclear levels of KAP1 protein. B. Data (mean+SEM) from three separate experiments in comparison to the control
cells set to 100%. Asterisk () above the bar indicates statistically significant differences from the control group, p < 0.05.
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Discussion

Many studies have investigated the involvement of
STAT3 in tumor development [17-19]. Recent evi-
dence indicates that STAT5 plays a significant role
in progression of several cancers, such as breast,
colorectal, lung, prostate, and liver cancer [12].

In the case of liver cancer, STAT5 plays a dual
role. First, STAT5 can act as an oncogene pro-
moting tumor development and progression
by enhancing cell proliferation of cancer stem
cells (CSCs), chemoresistance, and epithelial—-
mesenchymal transition, a key mechanism that
could lead to increased invasion and metasta-
sis [20—22]. Fu et al. [20] demonstrated that in
HCC increased STAT5 expression regulated by
GRAM domain-containing 1A (GRAMD1A), a cho-
lesterol transporter, could induce tumor growth,
and chemoresistance and increased CSC side
population and tumor cell survival by upregulat-
ing cyclin D1, Bcl-2, c-Myc, and c-Jun, as well as
downregulating caspase 3 and poly (ADP-ribose)
polymerase (PARP). Second, STAT5 can act as
a tumor suppressor in the liver. Studies by Yu et
al. [23] showed the upregulation of NADPH oxi-
dase 4 (NOX4), an enzyme involved in the gen-
eration of reactive oxygen species, as well as the
induction of pro-apoptotic proteins: p53-upregu-
lated modulator of apoptosis (PUMA) and Bcl-2-
interacting mediator of cell death (BIM).

These arguments convinced us to search for
potential inhibitors of the abovementioned tran-
scription factors. Betanin is one such compound,
which is found in beetroot and exhibits pleiotropic
effects [3, 24], including on transcription factors.

In this study, we examined the translocation
of STAT3 and STAT5 from the cytosol to the nuc-
leus. Our results showed that betanin decreased
the nuclear levels of STAT3 and STAT5 in HepG2
hepatoma cells. The most significant inhibitory
effect of betanin was observed at the higher dose
(10 uM), at which the nuclear level of STAT3 was
decreased in HepG2 cells. It should be empha-
sized that the inhibitory effect of betanin on STATs
has not been explored in hepatoma cells. In nor-
mal hepatocytes, THLE-2, we did not observe any
significant changes in the levels of STATs. A simi-
lar effect has been reported for other components
of sugar beet, namely betavulgarin in breast CSCs
[25]. In addition, studies have demonstrated
STAT inhibition in HepG2 cells using other phy-
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tochemicals or active biological compounds.
For instance, a study by Aggarwal and team [26]
showed a reduction in the nuclear level of STAT3
in HepG2 cells after treatment with Aegle marme-
los leaf extract, rutin, and quercetin. Soni et al.
[27] observed a similar inhibitory effect of curcu-
min on the STAT3 protein level in the liver cancer
line HepG2 and T-cell lymphoma line HUT78.

Some studies verified the possible involve-
ment of Ser727 phosphorylation of STAT3 in cell
survival and activities. For example, a study sho-
wed the reduction of phosphorylation of STAT3
at position Ser727 in the HepG2 cell line under
the influence of resveratrol at a concentration of
25 pM [28]. Additionally, Liu et al. [29] examined
the effect of sulforaphane, which is abundant in
cruciferous vegetables, such as cauliflower and
broccoli, on the levels of total and phosphory-
lated STAT3 in the HepG2 cell line. The authors
observed a reduction in the level of both proteins
after treatment with sulforaphane at a concen-
tration range of 5-20 pM.

Understanding the role of STAT3 could be
crucial to determine the potential application of
STAT3 as a marker in liver cancer.

Studies conducted so far on the effect of phy-
tochemicals on the JAK/STAT signaling pathway
in an in vitro model mainly focused on the STAT3
protein, while very few concerned the STAT5 pro-
tein. Therefore, the effect of betanin on STAT5
may be of interest.

The present study confirmed the same direc-
tion of change for STATS5 also. At a dose of 10 pM,
betanin significantly decreased the nuclear level of
STAT5a and STAT5b proteins in HepG2 cells. Jung
et al. [30] also reported the inhibition of STAT5
protein, but with other compounds and in diffe-
rent cell lines. The authors showed that oxymatri-
ne, a major alkaloid found in radix Sophorae fla-
vescent extract, inhibited the activation of STAT5
and its binding to DNA in the lung cancer cell line
A549. Sulforaphane has also been shown to inhibit
STATS5 in the human leukemia cell line K562 [31].

Recent studies suggest that the KAP1 pro-
tein may interfere with STATs. KAP1 is a univer-
sal corepressor protein for the transcriptional
repressors belonging to the KRAB zinc finger
protein superfamily [13,15]. Tsuruma et al. [13]
observed that endogenous KAP1 was associat-
ed with endogenous STAT3 in an in vivo model.
KAP1 is susceptible to several posttranslational



modifications, including phosphorylation, which
directly alters its biological functions. This pro-
tein is responsible for differentiation, transcrip-
tional regulation, gene silencing, and response to
DNA damage. It also plays a role in the control of
oxidative stress and carcinogenesis [32]. Hence,
there has been increasing interest in using the
KAP1 protein for diagnostic purposes or as
a marker for cancer treatment.

In this study, we assessed the effect of beta-
nin on the level of KAP1. Our densitometric anal-
ysis showed that betanin increased the nuclear
level of this protein in hepatoma cells while it
decreased its level in normal cells. This discrep-
ancy may be due to the different mechanisms of
action of betanin in cancer and normal cells or
its interaction with other transcription factors. It
should be emphasized that our study is the first
to determine the effect of betanin on KAP1 levels
in hepatoma cells.

Few studies have been conducted by others
to determine the level of KAP1 protein. Wang et
al. [16] reported the overexpression of KAP1 in
a human hepatoma cell line. In addition, compari-
sons between cancer and non-cancerous tissues
proved that the expression level of KAP1 was sig-
nificantly higher in tumor tissues obtained from
HCC patients. These data confirm that KAP1
plays an important role in the development of
HCC and could be a valuable biomarker for tumor
diagnosis and prognosis prediction, as well as
a potential therapeutic target for the treatment of
this disease.

Similarly, in other research models, the
expression of KAP1 has been shown to higher in
cancer cells of various tissues (e.g. lung cancer
cells) compared to noncancerous cells [33].

In summary, natural compounds can be effec-
tive in the prevention and treatment of liver can-
cer. Our study highlighted the inhibitory effect of
betanin on STAT3 and STAT5 in HepG2 cells, thus
confirming its potential therapeutic effect. How-
ever, further in vitro and in vivo studies must be
carried out to explain the mechanisms of chemo-
preventive and antitumor activity of phytochemi-
cals, including betanin.
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ABSTRACT

Background. Neuroendocrine neoplasms are diverse in terms of sites of origin, functional status, and degrees
of aggressiveness. Since neuroendocrine cells are ubiquitous in the human body, these neoplasms can arise
in different organs, with gastrointestinal tract being most frequently involved. The past few years have seen
a surge in the diagnosis of these neoplasms, which were earlier considered to be rare. Their nomenclature,
classification, and diagnostic criteria are revamped frequently, as new knowledge emerges.

Aim. To study the histopathological spectrum of neuroendocrine neoplasms of gastrointestinal tract and
assess the immunohistochemical expression of neuroendocrine markers in them.

Material and methods. Ours is a descriptive study of the distribution and pathologic characteristics of gas-
trointestinal neuroendocrine neoplasms in a tertiary care hospital in Kerala, over a three year period. Neo-
plasms were categorised based on 2019 updated WHO classification.

Results. Among the 59 cases, we observed a male predominance. (Male to female ratio — 1.8:1). Most patients
were in 6" and 7" decades of life. Duodenum was most frequently involved followed by rectum and appendix.
NET G2 and G1 constituted the predominant histologic grades (47% and 24% respectively). NEC and MiNEN
were infrequent. All cases were positive for synaptophysin, with variable positivity for chromogranin. Ki67
helped establish the histologic grade. We also came across a rare case of neuroendocrine tumor with coex-
isting mucinous neoplasm in appendix.

Conclusions. With evolving knowledge and advanced imaging modalities, the incidence of these neoplasms
is increasing with time. Histopathology is the mainstay of diagnosis and plays a decisive role in influencing
management protocols and prognosis.

Introduction

dense-core neuroendocrine secretory granules in
Neuroendocrine neoplasms (NENs) are a diverse their cytoplasm. Accumulating evidence over the
group of neoplasms composed of cells containing years has paved way for newer and updated clas-
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sification of these neoplasms. The consensus
meeting held in Lyon, under the auspices of the
WHO Classification of Tumors Group established
a unitary classification system for NENs, that was
published in the 5" edition of 2019 WHO classi-
fication of tumors of the digestive system. Pres-
ently, NENs are categorised as well differentiated
neuroendocrine tumors (NET) and poorly differ-
entiated neuroendocrine carcinomas (NEC).

Most of these neoplasms are neuroendocrine
tumors and possess an indolent disease biology.
10—-20% are neuroendocrine carcinomas, which
are highly proliferative tumors characterized by
rapid disease progression [1].

These tumors have a diverse spectrum of clin-
ical presentation with variable etiologies, clinical
features, morphologic and genomic findings, and
degree of aggressiveness.

The incidence and prevalence of NETs has
increased substantially over time, with great-
est rates of increase in USA, Canada and Nor-
way [2]. Availability of powerful functional imag-
ing modalities such as endoscopy & ultrasound
guided fine needle biopsies, immunohistochem-
istry for a definitive diagnosis, better awareness
and health care utilisation have contributed to the
global rise in incidence.

Approximately two-thirds of NETs are found in
the gastrointestinal tract, 25% occur in the lungs,
and the remaining cases arise in other endocrine
tissues, such as the thyroid [3].

However, there are few concise reports which
give the entire spectrum and prevalence of these
tumors in the Gl tract in our geographic area. In
this study, we attempt to put forward our experi-
ence of gastrointestinal NENs.

Materials and methods

This is a two and half year retrospective and six
months prospective study of all gastrointestinal
neuroendocrine neoplasms reported in our hos-
pital from July 2019-June 2022. Approval of insti-
tutional ethics committee was taken.

Clinical data, including gender, age at diagno-
sis, and anatomic locations, were obtained for all
the cases from the hospital database. The cases
were categorised based on 2019 WHO classifica-
tion of tumors of digestive system (see Table 1).

Haematoxylin and eosin (H & E) stained sec-
tions were reviewed and histomorphological fea-
tures were analysed.

Immunohistochemistry with synaptophysin
(Rabbit polyclonal antibody), chromogranin
(Mouse monoclonal antibody), CD56 and Ki 67
cell proliferation index (Mouse monoclonal anti-
body) were performed on fully automated immu-
nostainer (Leica Bondmax) by using poly horse
radish peroxide (HRP) technique. The Ki-67 index
was assessed in areas with highest nuclear label-
ling (hot spot areas). 500—2000 cells were count-
ed manually for assessment.

Socio demographic data and characteristics
of tumors were expressed as number, percentage
and mean value.

Results

A total of 59 cases including biopsies and resec-
tion specimens were studied. Mean age at diag-
nosis was 56.13 years, with an age range of 14 -
82 years. Individuals in 7" and 8™ decades were

Table 1. WHO 2019 Classification and grading criteria for neuroendocrine neoplasms of the gastrointestinal tract [7].

Terminology Differentiation Grade Mitotic rate Ki 67 index (%)
(Mitoses/2 mm?)

NET G1 Well differentiated Low <2 <3

NET G2 Intermediate 2-20 3-20

NET G3 High >20 >20

NEC (Small cell type) Poorly differentiated High >20 >20

NEC (Large cell type) >20 >20
MiNEN Well or poorly differentiated Variable Variable Variable

NET - Neuroendocrine tumor, G 1,2 & 3 - Grade 1,2 & 3, NEC — Neuroendocrine carcinoma, MiNEN - Mixed neuroendo-

crine-non-neuroendocrine neoplasm.
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most commonly affected. We observed a male
predominance with male: female ratio of 1.8:1.
The gender distribution with respect to location
is depicted in Figure 1. The diagnosis was made
on endoscopic biopsies in 42 cases and resected
surgical specimens were available in 17 cases.

Location

Most common site of involvement was duodenum
(28.8%) followed by rectum (22%). Esophagus and
GE junction were least frequently involved.

Grading

We came across 28 cases of NET G2, 14 cases of
NET G1, 4 cases of NET G3, 5 cases of NEC and
5 cases of MINEN. Three cases showed poorly
differentiated adenocarcinoma with neuroendo-
crine differentiation. The distribution of NEN in
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different locations and their grades is shown in
Table 2.

Of the 10 appendiceal NEN, most belonged
to pathological stage pT1 (4 cases) followed
by pT3 (3 cases). One case had coexisting low
grade appendiceal mucinous neoplasm (LAMN,
Figure 2). Of the 17 resected specimens, nodal
metastasis were found in three. Figures 2-5 show
the different grades of NEN encountered.

Among the MINEN, all cases had an admixture
of adenocarcinomatous areas and NEC (Figure 5).

On IHC, all cases showed diffuse cytoplasmic
positivity for synaptophysin. 81% and 14% cases
showed diffuse and focal positivity for chromogr-
anin respectively. 5% cases were negative for
chromogranin, of which majority were high grade
NET and NEC. CD 56 was done in 21 cases and

was found to be positive.

Appendix

HMzles ®Females

Figure 1. Gender distribution according to location.

Table 2. Distribution of neuroendocrine neoplasms by location and grade.

Site No. of cases Gl G2 G3 NEC MINEN Neuroendocrine
n (%) differentiation
Esophagus 2(3.4) 0 0 0 2 0
GE junction 1(1.7) 0 0 0 0 0 1
Stomach 6(10.2) 2 2 1 1 0
Duodenum 17 (28.8) 4 12 1 0 0
Ampulla 3(5.0) 1 0 0 0 2
lleum 4(6.8) 1 3 0 0 0
Colon 3(5.0) 0 0 0 0 3
Rectum 13(22) 1 7 2 2 0 1
Appendix 10 (16.9) 5 4 0 0 0 1

GE junction - Gastroesophageal junction, G1,2,3 — Neuroendocrine tumor grade 1, 2, 3, NEC — Neuroendocrine
carcinoma, MiNEN — Mixed neuroendocrine-non-neuroendocrine neoplasm.
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Figure 2. Low grade appendiceal mucinous neoplasm with neuroendocrine tumor grade 2. A — Appendix lined by mucinous cells with
low grade nuclear atypia, atrophy of underlying lymphoid tissue and effaced muscularis mucosae, H&E, 100x. B — Neuroendocrine
tumor extending into periappendiceal fat, H&E, 100x. C — Tumor cells showing diffuse positivity for synaptophysin, 100x. D — Tumor
cells showing diffuse positivity for chromogranin, 100x.

Figure 3. Neuroendocrine tumor grade 1, appendix. A — Appendix showing NET, H&E, 100x. B — Nests of neuroendocrine cells,
H&E,400x. C - Synaptophysin - diffuse positivity, 100x. D - CD56 - diffuse positivity, 100x. E - Ki 67 — 1%, 100x.
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Figure 4. Neuroendocrine carcinoma, Rectum. A — Rectal mucosa showing infiltration by atypical cells, H&E, 40x. B — Small mildly
pleomorphic atypical cells, H&E, 400x. C — Tumor cells show diffuse positivity for synaptophysin, 100x. D — Tumor cells show diffuse
positivity for chromogranin, 100x. E - Ki 67 (86%), 100x.

Figure 5. Mixed neuroendocrine non neuroendocrine neoplasm. A — Adenocarcinomatous component, H&E,40x. B — Solid nests
of neuroendocrine cells, H&E,40x. C — IHC showing positivity for CK7 in glandular component, 400x. Inset shows CK7 negativity in
neuroendocrine component,100x. D — IHC showing positivity for synaptophysin, 100x. E - Ki 67 (60%), 100x.
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Discussion

The neuroendocrine cells of GIT are derived from
the neural crest, neuroectoderm, and endoderm.
Endocrine cells are interspersed within the muco-
sa of the GIT and comprise approximately 1% of
all mucosal cells [4].

Pathologically, neuroendocrine differentiation
is defined as architectural and cytological pat-
terns reminiscent of non-neoplastic neuroendo-
crine cells (nesting or trabecular growth pattern
and coarsely stippled chromatin) and produc-
tion of characteristic neurosecretory proteins
that can be detected by immunohistochemistry.
These include synaptophysin and chromogranin
A. Some authorities consider CD56 and neuron
specific enolase (NSE) as adequate evidence of
neuroendocrine differentiation [5].

The World Health Organisation, in 2018, pro-
posed a uniform classification framework for all
NEN, according to which NEN are categorised
into NET and NEC. The two groups differ in clini-
cal, epidemiological, genetic and prognostic fac-
tors. Tumors with a non neuroendocrine compo-
nent in addition to NEN (each component should
be >30%) are categorised as MiNEN. NET and NEC
are subcategorised as shown in Table 1.

The new category "NET G3" was first intro-
duced for pancreatic tumors in 2017, and later
extend to all gastrointestinal NEN in 2019. In the
earlier classifications, NET G3 was considered to
be synonymous with poor differentiation, i.e NEC.
However, recent evidence suggests that NET G3
show differences in morphology, genotype, clini-
cal features, and treatment response, compared
to NEC [6].

NECs have a less nested architectural pattern
and abundant necrosis. They are said to arise
from precursors that give rise to non neuroendo-
crine carcinomas of respective organs. Emerg-
ing genomic data on pancreatic NENs suggests
differing mutation profiles in NET and NEC of
pancreas. NETs more frequently harbour muta-
tions in MEN1, ATRX, and DAXX; while TP53, Rb
and SMAD4 are more commonly inactivated in
NEC. Genomic comparisons in NEN of GIT are still
emerging [7].

Clinically, prognosis of NET G3 seems clos-
er to that of NET G2 rather than that of NEC, but
with a worse overall survival. Localised tumors
are treated by surgery. For advanced tumors with
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Ki67 index <55% alkylant based regimens are
used, while platinum based chemotherapy is pre-
ferred for those with Ki67 index >55% [6].

Studies show that NET G-3 are more often
found in the pancreas with a frequency ranging
from 10% to 65%. Other main tumor sites are the
colon/rectum and stomach, with frequencies rang-
ing from 8% to 24% and 8% to 29%, respectively [6].

The most frequent primary sites of gastro-
intestinal NETs vary in different regions of the
world. An epidemiological study by Satya Das et
al. [2] found small intestinal and colorectal NETs
to be most common in North America. In Europe,
small intestine and pancreas were found to be
most frequently involved. Rectal, gastric, and
pancreatic NETs occurred in highest frequencies
in Asia. The reason for these differences could
be a combination of environmental factors and
biological differences due to differing national
demographics [2].

A multicentre longitudinal NET registry from
India reported the most common primary sites
of NET to be pancreas (42.9%), small intestine
(22.1%), colorectum (9%), and appendix (2.7%) in
diminishing order [8].

In our study, small intestine and rectum were
most frequently affected, similar to other Indi-
an studies [9,10,11]. Studies in Brazil and Turkey
found gastric NENs to be most frequent.

NETs of the esophagus are rare, represent-
ing only 0.04 -1% of all the gastrointestinal NETs
reported [7]. Studies conducted in different
regions show this anatomical location to be rare-
ly involved, with a higher frequency in males [3,9],
as our study concurs.

The most common age group at presentation
was 61-80 years, with a mean age of 56 years,
comparable to Uppin et al and Zeng et al. [10,12].
Studies conducted in Brazil [3], Kashmir [9], Japan
[12], and Turkey [13] found a female predomi-
nance. Our study and Uppin et al. [10] observed
a male predominance, attributing no specific
gender predilection.

Most NET were low grade tumors (G1 and
G2), in concordance with studies across different
regions [3,9,10]. NET G3 and NEC involved rectum
predominantly. NECs are rare in the large bowel,
representing approximately 0.6% of all carcino-
mas in this location. Nevertheless, they are more
common in rectum than in any other part of the
intestine [3] as seen in our study as well.



MINEN represent a rare diagnosis of the Gl
tract. Compared with the previous definition of
mixed adeno neuroendocrine carcinomas (MAN-
EC), MIiNEN better represents the spectrum of
variability of differentiation and morphology of
these neoplasms [7].

For a neoplasm to qualify as MINEN, both
neuroendocrine and non neuroendocrine com-
ponent should be morphologically and immuno-
histochemically recognisable. Each component
should constitute >30% of the neoplasm. In Gl
tract, both components are usually carcinomas.
Rarely, the neuroendocrine component may be
well differentiated [7]. These neoplasms may
arise as a combination of two neoplastic clones
or as the proliferation of one precursor cell with
divergent differentiation. Molecular and genet-
ic studies point towards a monoclonal origin of
both components. The behaviour is thought to be
driven by the neuroendocrine component [14,15].

Li et al analyzed the pathologic characteris-
tics of mixed colorectal glandular-neuroendo-
crine tumors in 87 cases. Majority of the lesions
were located in the right colon (56%) and the left
colon (41%), while rectum was uninvolved. Anoth-
er case series by Guerrera et al. [17] found colon
to be most frequently affected. In our study as
well, colon was most frequently involved, followed
by ampulla. Three cases showed neuroendocrine
differentiation, but did not fulfil the criteria for
MINEN, hence were categorised as adenocarci-
nomas with neuroendocrine differentiation.

Appendiceal collision tumors are extreme-
ly rare with very few cases reported in literature
[18]. They result from proliferation of two differ-
ent cellular lines. We came across one such case
in a 40 year old male with a low grade appediceal
mucinous neoplasm (LAMN) and well differenti-
ated NET G2. Management options for such cas-
es depend on nodal status, pathological stage
and margin status.

Markers of neuroendocrine differentiation
include synaptophysin (imparts a diffuse cyto-
plasmic staining), chromogranin A and CD56.
Chromogranin A is an acidic glycoprotein of the
granin family, being expressed in well to mod-
erately differentiated NENs and tends to be only
focally positive in PD-NECs/SC-NEC [19]. CD56
is sensitive, but not highly specific marker for
NENs because it is often expressed in several
non-NENSs.

Conclusion

Our study focusses on NEN of the GIT, based on
files of a single institution in Kerala. Mean age
at presentation was 56.13 years with a male pre-
dominance. Duodenum was most commonly
involved. Majority of the tumors were well dif-
ferentiated NET grade 2. Tumors from colorec-
tal region were mostly NEC. We also encountered
a rare case of collision tumor in appendix. The
present study represents a concise overview of
spectrum of GI NEN, based on WHO 2019 criteria.

Histomorphology plays a pivotal role in tailor-
ing treatment options in this diverse spectrum of
gastrointestinal neoplasms.
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ABSTRACT

Introduction. Chronic pain is a frequent, complicated, stressful health condition thatsignificantly affects soci-
ety and people. Chronic pain also is believed to be one of themost important causes of suffering and infirmity
worldwide. It can impact various aspects of the person and cause emotional, social, and functional capabilities.
Assessing Health-related quality of life is a significant outcome in studies concerningchronic pain patients. It
is a different way to evaluate patients' perceptions of their pain experience and its effect on their lives.

Aim. The aim of this study is to establish the prevalence of chronic pain among the generalpopulation in the
Makkah region, Saudi Arabia.

Material and methods. An online cross-sectional study design using a structured self-administered ques-
tionnaire was distributed electronically in Arabic through social media.

Results. A total of 610 participants completed the survey. Females represented 63.3%of participants, while
male participants represented 36.4%. Most participants were Saudi (98.9%), and 72.3% had bachelor's
degrees or Diplomas. Single participants were almost equal to married ones (53.1 % and 46.2%, respectively),
and most were nonsmokers.

Conclusions. chronic pain from patients' perspectives has physical, psychological, and social functioning
and well-being effects.

Journal of Medical Science 2023;92(2)
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Introduction

Chronic pain is a multidimensional health prob-
lem defined by the International Association for
the Study of Pain (IASP) as pain persisting for
more than six months,although being much more
related to peripheral and central nervous system
sensitization than to whole duration time [1].

Chronic pain is a frequent, complicated,
stressful health condition affecting society and
persons [2]. The frequent cause of chronic pain is
the presence of an injury or a particular disease
condition; however, chronic pain should be con-
sidered a distinct condition, not only an associ-
ated symptom of other disorders. Thus, Chronic
pain hasits particular categorization and charac-
terization [3].

Chronic pain might be an intense, persistent,
and incapacitating disorder, considerably reduc-
ing individuals' healthy lifestyles and decreasing
their quality of life [4]. This condition is believed
to be one of the most important causes of mis-
ery and infirmity worldwide [5]. Chronic pain
can impact different facets of the individual and
cause emotional, behavioral, and functional infir-
mities. Previous studies indicate that undesirable
outcomes like depressive disorders [6], anxiety,
and feelings of confusionare correlated with pro-
longed periods of chronic pain, such as move-
ment incapacity, job incapacity [7], heightened
health care expenses [8], death, and suicide [9]. In
Europe, of five people having chronic pain condi-
tions, one employee loses his career because of
this sustained health condition, and one-third of
the persons experienced chronic pain conditions
and their consequences during their work hours,
either partially or totally [10]. Therefore, pain is
considered a defense mechanism. The JointCom-
mission on Accreditation of Healthcare Organiza-
tions describes the pain as a familiar experience
with unfavorable physical and emotional conse-
quences when it cannot be managed [11]. Hence,
pain experience involves mental, social, emo-
tional, and physical characteristics; on the other
hand, quality and life have a broad perspective
that covers all these aspects [12].

Health-related quality of life describes the
effect of well-being on individuals' capability to
achieve and contribute to meaningful actions
inside the family, work, and society [13]. Assess-
ing the quality of life is an essential effect in
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investigations ofpatients suffering from the prob-
lem of chronic pain. It is a different approach to
evaluating patients' points of view on their pain
experience and its effect on their lives [14].

There are available data about the conse-
quence of chronic pain on the quality of life in
the Arab world; thus, this study aims to assess
the incidence of chronic pain amongthe general
population in Makkah region, Saudi Arabia, and
investigate the intensity of chronic pain and eval-
uate the quality of life for those patients who are
suffering from the chronic pain.

Methods

Study design

A cross-sectional study in which we enrolled par-
ticipants through the year 2022 from the Makkah
region, Saudi Arabia.

Settings

Well designed, structured self-administered
questionnaire for assessing the quality of life
was used. Data was collected through an online
google form and distributed electronically in Ara-
bic through WhatsApp and telegram.

Inclusion and exclusion criteria

The study included participants of both sexes,
participants were asking if they are 18 years and
above, and patients with chronic diseases who
agreed to participate in this study. Exclusion cri-
teria included individuals younger than 18 and
those who refused to participate. In first section,
participants were asked how long they had been
experiencing pain (if more than 3 months it con-
sidered as chronic pain). Numerical Rating Scale
(NRS) were used for measuring pain intensity and
is well validated. It is scored from 0-10 (0 mean-
ing no pain and 10 meaning the worst pain imag-
inable).

Data collection and sample size

After excluding incomplete data, a total of 610
participants were included in the study; By using
the Raosoft sample size calculator website [15],
a total of 377 was calculated as the minimum
sample size sufficient to detect the prevalence
of chronicpain in Makkah at 95% confidence level
and 5% estimation error.



Materials

PROMIS® Scale v1.2—Global Health and RAND
36-Item Health Survey 1.0 questionnaire items
were used [16]. The questionnaire had two sec-
tions. The first oneinvestigated the demographic
characteristics of participants ( age, education,
smokingconditions, and marital status). The sec-
ond section investigated chronic medical illness
and chronic pain status. Responses were record-
ed using a bimodal approach.

Outcome Assessment

We used a structured questionnaire to assess the
quality of life in two steps. First, preceded numer-
ic values are recorded. Then, each item is scored
so that a high score describes a more favorable
health state. In addition, each item is scored on
a0to 100 range so that the most minor and great-
est possible scores are 0 and 100, respectively. In
step two, items in the same scale are averaged
together to create the eight-scale score. Items
left blank (missing data) should be considered
when calculating the scalescores.

Data analysis

Statistical Package for Social Sciences (SPSS)
software version 22.0 for data entry and analysis
was used. Descriptive statistics were described
for categorical variablesas frequencies and per-
centages. In contrast, continuous variables were
expressed as Mean (Standard deviation) for nor-
mally distributed variables and Median (Inter-
quartile range) for non-normal variables. In addi-
tion, crude and adjusted Odds ratios and 95%
Confidence Intervals were reported, and p-val-
ues of < 0.05 were considered statistically sig-
nificant.

Ethical approval

This study was approved by King Abdullah medi-
cal city Institutional Research Board (IRB num-
ber: 22-1013). Survey responses were collected
anonymously. No identifying information was
collected from participants, no private informa-

tion, and all responses were confidentiality main-
tained; at the beginning of the survey, partici-
pants consent was obtained after explaining the
study's objective.

Results

This section presented the data of the participant
sample with its statistical analysis results of 610
participants, with 63.3% females and 36.4% males
completed the questionnaire. The prevalence of
chronic pain is 47.5% (475), with a 95% level of
confidence and confidence interval [.436,.515].

This study included four sections: socio-de-
mographic factors and their relationship with
chronic pain, outcomes of RAND 36-item survey
of self-reported chronic pain and its frequency,
results of RAND 36-item survey of severe pain,
and accessibility tochronic pain doctors or chron-
ic pain clinics over the past six months.

The socio-demographic was investigated
through gender, nationality, education, mari-
tal status, and smoker and nonsmoker fac-
tors. From a gender perspective, more than half
of female responder participants were found to
be with chronic pain (n = 210,54.1%), while male
positive cases were only one-third (n = 80, 36%);
this result was statistically significant around
(p = <.001). 50% of the participants responded
having chronic pain from both categories, Saudi
and nonsaudi. From the education level point of
view, two-thirds of doctors experience chronic
pain while only half of master's and bachelor's
holders suffer from chronic pain; unlike doctor-
ate, two-thirds of high school and lower educat-
ed people have no chronic pain. Although there
is no statistical significance (p = .313), Almost
half of the married and single people reported
chronic pain (n = 140,147, 49.6%,45.4%), respec-
tively. Smokers and non-smokers were almost
equally complaining of chronic pain (n = 40,245,
48.2%,47.2%), respectively (Table 1).

The first part of this work asked the par-
ticipant whether they have chronic pain and are
categorized based on socio-demographic fac-
tors, as explained above. In the second and third
parts of this study, the RAND 36-item survey was
assessed. Initially, the survey was conducted for
individuals with self-reported chronic pain. After
that, the outcomes of severe chronic pain were
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Table 1. Distribution of socio-demographic factors and their relationship with chronic pain

among the population in Saudi Arabia, 2022.

Variable Chronic pain
Yes No

N (%) Chi-square  p-value
Gender 18.524 <.001+
Female 388 (63.3) 210(54.1) 178(45.9)
Male 222 (36.4) 80(36) 142(64)
Nationality .262 .609
Saudi 603 (98.9) 286(47.4) 317(52.6)
Non-Saudi 7(1.7) 4(57.1) 3(42.9)
Education 6.709 .082
High Schoolor lower 124 (20.3) 49(39.5) 75(60.5)
Bachelor/Diploma 441(72.3)  214(48.5) 227(51.5)
Master 27 (4.4) 15(55.6) 12(44.4)
Doctorate 18 (3) 12(66.7) 6(33.3)
Marital Status 2.322 313
Married 282 (46.2)  140(49.6)  142(50.4)
Single 324 (53.1) 147(45.4) 177(54.6)
Widow 4(0.7) 3(75) 1(25)
Smoker .755 .685
Yes 83(13.6)  40(48.2) 43(51.8)
No 519(85.1)  245(472)  274(52.8)

The p-value was obtained from the chi-square test.

*p<.05

analyzed distinctly. The results of binary logis-
tic regression of survey data are summarized in
table 2 and table 3, respectively.

The answers to 36 questions are scaled out
of 100, and a higher score indicates betterhealth.
Then the questions are divided into six factors:
the weight of each element is calculated by the
mean of its questions score. Finally, the coef-
ficient of the logistic regression model is calcu-
lated for each factor. The relationship between
energy/fatigue factor and chronic pain is inverse
based on the odds ratio (OR). In other words, more
energetic behavior indicates less chronic pain —

like the relationship between social functioning
and general health — however, physical function-
ing and role limitation due to emotional problems
are directly related to chronic pain.

For the severe chronic pain group, social func-
tioning, physical functioning, and general health
factors have an inverse relationship concerning
reported chronic pain, while energy/fatigue and
role limitation due to emotional problems are
directly relatedto reported chronic pain, as indi-
cated by OR value in table 3.

The accessibility to chronic pain doctors or
chronic pain clinics over the past six months is

Table 2. The results of binary logistic regression analysis of self-reported chronic painwith scores of different outcome

factors from the RAND 36-Item Health survey.

Variable Coefficient  Standard Statistics OR [95%Cl]
error (p-value)
Energy/fatigue -.023 .006 13.584 (<.001) 978 .966-.989)]
Social Functioning -.022 .005 21.616 (<.001)* .979[.970-.988]
Physical Functioning .006 .003 4.199 (.040)* 1.006 [1.000-1.012]
General Health -.033 .008 19.284 (<.001)* .968[.953-.982]
Role limitations due toemotional problems .003 .003 .350 (.554) 1.002 [.997-1.007]

*p<.05
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Table 3. Results of binary logistic regression analysis of severe pain with scores ofdifferent outcome factors from

RAND 36-Item Health survey.

Variable Coefficient Standard Statistics OR [95%Cl]
error (p-value)
Energy/fatigue .004 .016 .051 (.821) 1.004 [.973-1.036]
Social Functioning .064 .016 16.087 (<.001)*  .938[.909-.968]
Physical Functioning -.007 .009 711 (.399) .993[.976-1.010]
General Health -.043 .021 4.380(.036)* .957[.919-.997]
Role limitations due to emotional problems .010 .007 1.692 (.193) 1.010[.995-1.024]

*p<.05

reported by 290 participants. Slightly over 37%
of the participants discussed their chronic pain
with their doctors and sought help. Thirty-eight
point three percent have visited chronic pain spe-
cialists. However, only 26.9 have taken treatment
for chronic pain, like neuroleptics and depression
medications, in the lastsix months. Around 10%
have conducted direct therapy like botox or anes-
thesia injection to relieve pain.

Discussion

Our study involved 610 participants with chronic
pain; females represented 63.3% of participants
with more affection by chronic pain than males;
this was by a previous study done in Brazil [1], in
which (56.6%) of participants were female and
reported having pain or being under the phar-
macological treatment of pain. Also, Pain crises
frequency and duration were significantly higher
among females, who reported further interfer-
ence of pain in self-care, work, sexual life, and
sleep interruption.

Another study [17] was done to associ-
ate factors of chronic pain in nurses, which
showed that 67% of participants with chronic
pain were females. Also, a recent study [18] in
England showed that 67.1% of participants were
females.

Most of our participants had Bachelor's
degrees or diplomas; this was to the previous
study done in Saudi Arabia [19], which found that
77.89% of participants were university students.
Also, a study done in the USA [20] showed that the
most affectedgroup with chronic pain graduated
from college or higher. The mental and physical
stresses may explain this in this group.

In contrast to our study, the study done on
Iranian nurses [17] found that participants with
a bachelor's degree were the minor group affect-
ed by chronic pain; another studydone in Canada
[21] showed that the high-education group of par-
ticipants was the least affected by chronic pain.

In our study, marital status did not affect
chronic pain status. In contrast, in the USA,63.5%
of females with chronic pain were married [20],
and the same was reported inlran [17], 66.5% of
chronic pain participants were married.

Our study reported That the odds of reporting
chronic pain were significantly lower with higher
scores in energy, social functioning, and general
health factors. The oddsof reporting chronic pain
were significantly higher, with a lower score at
the physical functioning factor.

This was by a study done in Croatia [22], which
stated that the participants with sharper pain had
significant emotional limitations, lower energy,
poorer psychological health and social function-
ing, and poorer general health.

The social life of chronic pain patients was
affected, as they had to give up their sociallives
and became socially isolated either because of
the restricted physical activity [18] associated
with chronic pain or due to depression resulting
from the pain.

Chronic pain may affect the patient's sleep,
which causes tiredness in the daytime and low
energy. Constant feelings of fatigue had an unfa-
vorable impact on the general health status.

Conclusion

We assessed the burden of chronic pain from
patients' perspectives in multiple physical, psy-
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chological, and social functioning and well-being
domains. Chronic pain significantly affects social
functioning and general health factors. Chronic
pain also seemed to impact negatively patients’
energy, although this did not reach statistical
significance. In addition, chronic pain affects
females and highly educated individuals more.

Limitations

This study has many limitations as it was an
online survey, the response rate could be low,and
there was a lack of communication between the
participants and researchers which may limit the
ability to explain some questions.

Also, the study was done in the Makkah
region; the results cannot be generalized to the
whole kingdom of Saudi Arabia.

Recommendations

More studies about chronic pain and its effects
on quality of life should be done in other regions
of Saudi Arabia and other Arab countries, as there
is a lack of information and studies available on
this issue; this will be necessary to manipulate
this problem and improve the quality of life.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1. de Souza JB, Grossmann E, Perissinotti DMN,
de Oliveira Junior JO, da Fonseca PRB, Posso IP.
Prevalence of Chronic Pain, Treatments, Percep-
tion, and Interference on Life Activities: Brazil-
ian Population-Based Survey. Pain Res Manag.
2017;2017:4643830. doi:10.1155/2017/4643830.

2. Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones
GT. Prevalence of chronic pain in the UK: a system-
atic review and meta-analysis of population studies.
BMJ Open. 2016;6(6):e010364. Published 2016 Jun
20. doi:10.1136/bmjopen-2015-010364.

3. Tracey |, Bushnell MC. How neuroimaging studies
have challenged us to rethink: is chronic pain a dis-
ease?. J Pain. 2009;10(11):1113-1120. doi:10.1016/j.
jpain.2009.09.001.

Journal of Medical Science 2023;92(2)

10.

11.

12.

13.

14.

15.

16.

7.

. Boonstra AM, Reneman MF, Stewart RE, Post MW,

Schiphorst Preuper HR. Life satisfaction in patients
with chronic musculoskeletal pain and its predictors.
Qual Life Res. 2013;22(1):93-101. doi:10.1007/s11136-
012-0132-8.

. Babadi ME, Nazari F, Safari R, Abdoli S. The effect of

reflexology on pain perception aspects in nurses with
chronic low back pain in Isfahan. Iran J Nurs Mid-
wifery Res. 2016;21(5):487-492. doi:10.4103/1735-
9066.193395.

. Nicholas MK. Depression in people with pain: There

is still work to do Commentary on 'Understanding
the link between depression and pain'. Scand J Pain.
2011;2(2):45-46. Published 2011 Apr 1. doi:10.1016/j.
sjpain.2011.02.003.

. Meints SM, Edwards RR. Evaluating psychosocial

contributions to chronic pain outcomes. Prog Neu-
ropsychopharmacol Biol Psychiatry. 2018;87(Pt
B):168-182. doi:10.1016/j.pnpbp.2018.01.017.

. Smith D, Wilkie R, Uthman O, Jordan JL, McBeth J.

Chronic pain and mortality: a systematic review.
PLoS One. 2014;9(6):99048. Published 2014 Jun 5.
doi:10.1371/journal.pone.0099048.

. Hassett AL, Aquino JK, llgen MA. The risk of suicide

mortality in chronic pain patients. Curr Pain Head-
ache Rep. 2014;18(8):436. doi:10.1007/s11916- 014-
0436-1.

Langley PC, Van Litsenburg C, Cappelleri JC, Carroll
D. The burden associated with neuropathic pain in
Western Europe. J Med Econ. 2013;16(1):85-95. doi:l
0.3111/13696998.2012.729548.

Soyuer F, Kepenek-Varol B. Quality of life and pain.
Int J Fam Commun Med. 2019;3(3):110-114. DOI:
10.15406/ijfcm.2019.03.00140.

Marchand S. The physiology of pain mecha-
nisms: from the periphery to the brain. Rheum Dis
Clin North Am. 2008;34(2):285-309. doi:10.1016/j.
rdc.2008.04.003.

Jonsdottir T, Aspelund T, Jonsdottir H, Gunnarsdot-
tir S. The relationship between chronic pain pat-
tern, interference with life and health-related qual-
ity of life in a nationwide community sample. Pain
Manag Nurs. 2014;15(3):641- 651. doi:10.1016/j.
pmn.2013.07.005.

Angst F, Verra ML, Lehmann S, Aeschlimann A.
Responsiveness of five condition-specific and gener-
ic outcome assessment instruments for chronic pain.
BMC Med Res Methodol. 2008;8:26. Published 2008
Apr 25. doi:10.1186/1471-2288-8-26.

Sample size calculator. Raosoft, Inc. makes high
quality web survey software. (2004). http://www.
raosoft.com/samplesize.html.

PROMIS® Scale v1.2-Global Health and RAND
36-ltem Health Survey 1.0 questionnaire items
(accessed on June 2022) https://www.rand.org/
health-care/surveys_tools/mos/36-item-short-
form.html.

Kheiry F, Rakhshan M, Shaygan M. The prevalence
and associated factors of chronic pain in nurs-
es Iran. Revista Latinoamericana de Hipertension.
2019;14(1):21-5.



18.

19.

20.

Hadi MA, McHugh GA, Closs SJ. Impact of Chron-
ic Pain on Patients' Quality of Life: A Comparative
Mixed-Methods Study. J Patient Exp. 2019;6(2):133-
141. doi:10.1177/2374373518786013.

El-Metwally A, Shaikh Q, Aldiab A, et al. The prev-
alence of chronic pain and its associated factors
among Saudi Al-Kharj population; a cross section-
al study. BMC Musculoskelet Disord. 2019;20(1):177.
Published 2019 Apr 25. doi:10.1186/s12891-019-
2555-7.

Kawai K, Kawai AT, Wollan P, Yawn BP. Adverse
impacts of chronic pain on health-related quali-

21.

22.

ty of life, work productivity, depression and anx-
iety in a community-based study. Fam Pract.
2017;34(6):656-661. doi:10.1093/fampra/cmx034.
Toth C, Lander J, Wiebe S. The prevalence and impact
of chronic pain with neuropathic pain symptoms in
the general population. Pain Med. 2009;10(5):918-
929. doi:10.1111/j.1526-4637.2009.00655.x.
HnateSen D, Pavi¢ R, Rados$ |, et al. Quality of Life and
Mental Distress in Patients with Chronic Low Back
Pain: A Cross-Sectional Study. Int J Environ Res Pub-
lic Health. 2022;19(17):10657. Published 2022 Aug
26. doi:10.3390/ijerph191710657.

Journal of Medical Science 2023;92(2)

119



ORIGINAL PAPER

J M S #ﬁﬂ?ﬂcal Science

Phyllanthus amarus protects against
potassium-dichromate pituitary toxicity
via the oxidative pathway and improves
the gonadotropins in male Wistar rats

Kingsley Afoke Iteire

Department of Anatomy, University of Medical
Sciences, Ondo, Ondo state, Nigeria

https://orcid.org/0000-0002-5786-2926
Charity Ayomide Adenodi

Department of Anatomy, University of Medical
Sciences, Ondo, Ondo State, Nigeria

Corresponding author: afokeone@gmail.com

Olalekan Marvelous Olatuyi

Department of Pharmacology, University of Medical
Sciences, Ondo, Ondo State, Nigeria

Raphael Eguono Uwejigho

Department of Anatomy, University of Medical
Sciences, Ondo, Ondo State, Nigeria

Temidayo Daniel Adeniyi

DOI: https://doi.org/10.20883/medical.e834

Keywords: Potassium Dichromate, Phyllanthus
amarus, Oxidative Stress

Published: 2023-06-29

How to Cite: Iteire KA, Adenodi CA, Olatuyi OM, Uwejigho RE,
Adeniyi TD. Phyllanthus amarus protects against potassi-
um-dichromate pituitary toxicity via the oxidative pathway
and improves the gonadotropins in male Wistar rats. Journal
of Medical Science. 2023;92(2);e834. doi:10.20883/medical.
e834

D O®

© 2023 by the author(s). This is an open access article distributed
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of
Medical Sciences

Department of Medical Laboratory Science, University
of Medical Sciences, Ondo, Ondo State, Nigeria

ABSTRACT

Background. Phyllanthus amarus is an antioxidant plant with numerous beneficial biological activities, but
scarce information on its neuroprotective role against potassium dichromate (PDC)-induced neurotoxici-
ty. This research investigated the antioxidant effect of aqueous Phyllanthus amarus leaf extract (APALE) on
PDC-induced rats.

Materials and methods. Fifty male Wistar rats (120-130g) were randomized into five groups (A-E, n=10). Group
A: (Control) distilled water; B: 300mg/kg APALE; C: 17mg/kg PDC; D: 17mg/kg PDC + 400mg/kg APALE; E:
17mg/kg PDC + 200mg/kg APALE. Administrations were once daily via an orogastric cannula for 28 consec-
utive days. At the end of the experiment, blood samples were obtained for hormonal assay (FSH and LH).
The animals were euthanized, and pituitary glands were harvested and homogenized for Superoxide Dis-
mutase (SOD) and Catalase (CAT), Glutathione Reductase (GSH) by x-ray crystallography, Malondialdehyde
(MDA) by thiobarbituric acid reacting substances (TBARS) and paraffin embedding sections, for histological
and histochemical evaluations.

Results. Morphometric analysis revealed that PDC caused a reduction in body and brain weights, volume,
and weight of the pituitary gland. Masson trichrome demonstrates excessive accumulation of collagen fib-
ers on PDC-treated tissues resolved by APALE. There was a significant increase in MDA in the PDC group
and a decrease in the APALE groups compared to the control. In APALE groups, the SOD, CAT, GSH, and
T-Protein levels significantly increased compared to the control group. PDC significantly decreased LH and
FSH levels compared to the control. However, APALE restored these changes.

Conclusions. APALE demonstrated potent protective activity against PDC-induced pituitary toxicity.
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Introduction

Neurotoxicity is the direct or indirect effect of
chemicals that disrupt the nervous system of
humans or animals [1]. It is a form of toxicity when
a biological, chemical, or physical agent intro-
duced into the body adversely affects the anat-
omy and physiology of the central and peripheral
nervous systems. Neurotoxins are synthetic or
natural substances that can damage or impair
the nervous system’s proper functioning. Neu-
rotoxicity is caused by exposure to neurotoxins
like chemotherapy drugs, radiation, heavy metals,
industrial solvents, insecticides, and pesticides.
Potassium is a silvery white metal that reacts
quickly with atmospheric oxygen and is found
naturally in foods. It maintains the normal lev-
el of fluids in the body and conducts electri-
cal impulses throughout the body. Overdose of
potassium has been linked to fatigue, paralysis,
nausea, vomiting, and diarrhea [2]. The potas-
sium salt of dichromic acid (potassium Dichro-
mate) is an inorganic chemical with oxidizing,
allergen, and sensitizer attributes. Potassium
dichromate is mainly used in producing potassi-
um dichromate alum in the leather tanning indus-
try. It is also used as a raw material for chromic
acid and cement production [3]. It is chronically
harmful to human health and the environment. It
affects vision by causing blurred vision, redness,
pain, and severe tissue burns. Severe exposure
to potassium dichromate can result in blindness,
ulceration, and skin ulceration. It has been dem-
onstrated to induce toxicity associated with oxi-
dative stress in animals and humans [4].
Phyllanthus amarus (Bhumya amalaka, Phyl-
lanthus amarus Schumis) of the family of Euphor-
biaceae, is an herbal leaf plant primarily found
in tropical and subtropical regions of Americas,
China, South East Asia and Africa. It contains dif-

Table 1. Treatment regimen across experimental groups.

ferent classes of organic compounds of medici-
nal importance, including alkaloids, flavonoids,
hydrolyzable tannins (Ellagitannins), major lign-
ans, polyphenols, triterpenes, sterols, and volatile
oil. Phyllanthus amarus contains several phar-
macologically important biomolecules whose
efficacy has been well-established by several
biochemical and pharmacological studies [5,6]. It
is most commonly used in the Indian Ayurvedic
system of medicine in conditions of the stom-
ach, genitourinary system, liver, spleen, and kid-
ney problems [7-9] also for a variety of ailments
including dropsy, diabetes, jaundice, asthma and
bronchial infections [10]. Phyllanthus amarus has
been proven to have antioxidant properties and
devoid of genotoxicity and pro-oxidant property
[5,8]. This study aims to elucidate the neuropro-
tective effect of Phyllanthus amarus on oxida-
tive stress, hormonal imbalance, and histology of
potassium dichromate induced-neurotoxicity in
the pituitary gland of male Wistar rats

Materials and methods

Research design
Fifty adult male Wistar rats weighing an average
of 120-130 g divided into five groups (n = 10), as
shown in Table 1.

Extraction of Aqueous Extract of Phyllanthus
amarus

Fresh leaves of Phyllanthus amarus were harvest-
ed in bulk from the environs of the University of
Medical Sciences, Ondo, Ondo State. The leaves
were immediately taken for identification at the
Plant Biology Department, Adeyemi College of
Education, with Batch Number CAE/BIO/22/010.
The fresh leaves were air-dried for seven days,
pulverized, weighed, and kept in an air-tight con-

Groups Treatment
1 - Control Received saline water
2 — APALE only Received 300 mg/kg of aqueous Phyllanthus amarus leaf extract
3 -PDC only Received 17 mg/kg of Potassium Dichromate

4 - High APALE + PDC
of Potassium Dichromate

Received 400 mg/kg of aqueous Phyllanthus amarus leaf extract+ 17 mg/kg

5 - Low APALE + PDC
Dichromate

Received 200 mg/kg of aqueous Phyllanthus amarus leaf extract+ 17 mg/kg of Potassium
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tainer. Afterward, (600 g) was macerated in 6 liters
of distilled water for 48 hours at 4°C in the refrig-
erator. The bottle with its container was sealed,
kept at room temperature, and allowed to stand
for seven days with irregular shaking. The extract
was sieved, and the mixture was filtered on What-
man (No. 1) filter paper. The filtrate was evapo-
rated in an air-circulating oven at 42°C until dried.
The crude extract was placed in small glass dish-
es and incubated at 28°C. Afterward, the extract
was dissolved in an appropriate volume of dis-
tilled water to make different doses of 200 mg/kg,
300 mg/kg, and 400 mg/kg to be administered
orally to experimental animals.

Chemicals and drugs

Normal saline; Potassium Dichromate (500 g;
molecular weight 294.18; UN Number 3288) pur-
chased from Pyrex Scientific Company, Benin;
Donepezil from Uche Care Pharmacy LTD, Ondo.

Ethical approval and care of animals

The study was submitted for review, and approv-
al was granted by the Research Ethical Com-
mittee of the University of Medical Sciences,
with the ethical approval number NHREC/TR/
UNIMED-HREC-Ondo St/22/06/21. The experi-
ment was conducted at the Department of Anato-
my, Faculty of Basic Medical Sciences, University
of Medical Sciences. The animals were acquired
from the Laboratory Animal Centre of the Uni-
versity of Medical Sciences, Ondo. They were fed
with standard rodent pellet food and water ad
libitum throughout the experimental period. They
were acclimatized for one week before the com-
mencement of the experiments, after that; each
animal was randomly distributed according to the
experimental design. Experimental animals used
in this research were cared for and maintained
in the animal facility regulations, guidelines, and
policies governing the use of animal research
as described in public health service policy on
human care and use of laboratory animals, as
approved by the Institute of Laboratory Animal
Resource, National Research Council [11].

Determination of body weight, brain weight, and
brain volume

The experimental animals were weighed week-
ly before the commencement of the experiment
and during the experiment using an electronic
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digital weighing scale (Ohaus). On completion of
the experiment, the rats were sacrificed by cer-
vical dislocation. The brains were dissected and
weighed using a light-sensitive weighing bal-
ance. Brain volume was accessed by displace-
ment of liquid.

Determination of Histological Demonstration
After 28 days of administration with a 24 (twen-
ty-four) hours window of the last administration,
the skulls were opened using bone forceps to
expose the rat's brain, and the whole brain was
fixed in 10% formal saline. The brain tissues were
excised and dissected, and the pituitary glands
were obtained stereotaxically. The pituitary gland
was processed for paraffin embedding. Sections
were stained for histological and histochemical
evaluations using Hematoxylin and eosin and
Masson trichrome staining techniques respec-
tively.

Determination of hormonal level

Blood samples collected through the rats’ ret-
ro-orbital vein for analysis of the Follicle Stimu-
lating Hormone and Luteinizing hormones were
centrifuged for 15 minutes using a centrifuge
model 800B. The serum extracted was frozen
until the time of the analysis. The hormones were
analyzed through immunoenzymometry meth-
od using a Microplate Reader model: MSLERO8
manufactured by Medsinglong Global Group Co.,
Ltd, China.

Determination of concentration of biochemical
activities

The homogenate of the pituitary glands was
obtained and then centrifuged at 12,000 rpm to
obtain the supernatant containing tissue lysates.
The supernatants obtained were stored at low
temperatures and assayed to analyze the con-
centration of Superoxide dismutase (SOD), cata-
lase (CAT), Malondialdehyde (MDA), and Gluta-
thione Reductase (GSH) activities in the tissue
lysates using appropriate enzyme lysate immu-
nosorbent assay kits.

Statistical analysis

Statistical analysis was performed using the
GraphPad Prism statistical package (version 8).



Results generated from the studies were pre-
sented as Mean + S.E.M. One—way ANOVA and
Two-way ANOVA were used to determine any sig-
nificant difference among the groups with a con-
fidence limit of 95% (0.05).

Results

Physical observations

The rats treated with PDC had a reduced feeding
habit and an increased mortality rate. Some clini-
cal signs observed include swollen testes, eye
discharge, gum injuries, and cannibalism. Rats
administered with only APALE for 28 days did not
exhibit the above signs.

Effect of treatment on body weight, brain weight,
pituitary gland weight, and brain volume

Figure 1 shows a Morphometric analysis of body
weight, pituitary gland weight, brain weight,
and volume across all the experimental groups.
A significant decrease (p < 0.05) was observed
in the final body weight of rats treated with PDC
only when compared to the control. Also, there
was a significant (p < 0.05) increase in the final
body weight of rats pretreated with 200 mg/kg,
300 mg/kg, and 400 mg/kg body weight of Phyl-
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wWalght (@)
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lanthus amarus when compared to the PDC-on-
ly group (chart A). Morphometric analysis of
the brain weights revealed a substantial reduc-
tion in the brain weight of the PDC-only treated
group compared to the control group (chart B).
Brain volume showed no significant difference
between the groups, although a slight reduction
in brain volume was noticed in the PDC group
compared to the control group (chart C). A sig-
nificant difference was observed between the
control and PDC-only-treated groups in pituitary
gland weight. Results showed that PDC-treated
rats substantially reduced the pituitary gland's
weight compared with the control (chart D).

Effect of treatment on histology of pituitary
gland

Hematoxylin and Eosin (H&E)

Figure 2 shows the histology of the sections of the
pituitary gland showing the distinct blue-stained
nuclei of pituitary neurons in the groups (yel-
low arrows). In plates A and B (control & APALE
groups), there is no distinct or observable alter-
ation in tissue morphology compared to C (PDC
group). Plate C (PDC group) shows several dis-
torted neurons at different stages of degenera-
tion, nuclear dissolution and fragmentation, and
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Figure 1. Morphometric analysis of body weight, pituitary gland weight, brain weight, and volume across all the experimental groups.
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PDC + High APALE

PDC + Low APALE

Figure 2. Histology of the sections of the pituitary gland showing the distinct blue-stained nuclei of pituitary neurons in the groups

(yellow arrows).

vacuolation compared to the other groups. Plates
D & E (low & high APALE groups) show signs of
recovery compared to the control group.

Masson trichrome staining
Figure 3 shows the histology of the sections of
the pituitary gland tissue with red-stained dis-

tinct neurons on a red background in all tissues.
However, the administration of PDC (plate C)
resulted in the accumulation of collagen fibers
compared to the other groups (plate A, B, D, and
E). the treatment with APALE at low and high dos-
es significantly restored tissue appearance com-
pared to control.

Figure 3. Histology of the sections of the pituitary gland tissue with red-stained distinct neurons on a red background.
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Effect of treatment on the biochemical activity of
the pituitary gland

Figure 4 shows the charts for the oxidative stress
markers. A significant increase (p < 0.05) was
observed in the SOD level of rats treated with
200 mg/kg of APALE compared to the control and
other groups. There was no significant difference
in T-protein levels among all the groups (chart B).
A significant increase (p < 0.05) was observed in
Catalase-level rats treated with 200 and 400 mg/
kg of APALE compared to the control and PDC
groups (chart C). A significant increase (p < 0.05)
was observed in the GR level of rats treated with
300 mg/kg of APALE compared to the control. No
significant difference was observed in the other
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Figure 4. Charts for the oxidative stress markers.
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Figure 5. Charts for the hormonal assay.
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treatment groups compared to the control group
(chart D). A significant increase (p < 0.05) was
observed in the MDA level of rats treated with
PDC compared to the control, while a significant
decrease (p < 0.05) in the level of MDA of rats
treated with 200 mg/kg and 400 mg/kg of APALE
compared to the PDC only group (chart E).

Effect of treatment on the hormonal level

Figure 5 shows the charts for the hormonal assay.
No significant difference was observed in the LH
and FSH levels of rats treated with PDC compared
to the control. However, there was a significant
(p < 0.05) increase in the level of LH and FSH of
rats treated with 200 mg/kg, 300 mg/kg, and
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400 mg/kg of Phyllanthus amarus when com-
pared to the PDC-only group.

Discussion

This study sought to develop a novel natu-
ral-based neuroprotective agent against chro-
mium-induced pituitary damage and conse-
quent infertility following exposure to potas-
sium dichromate. Phyllanthus amarus (APALE)
was chosen for the study because of its protec-
tive properties [12-14]. In this study, the overall
body weight of all experimental animals across
the groups was measured and analyzed at the
end of the administration period. It was noticed
that oral administration of potassium dichro-
mate to Wistar rats led to a significant decrease
in body, brain, and pituitary weight. However, dif-
ferent treatments with APALE resulted in a signif-
icant weight gain in the body, brain, and pituitary
gland. Weight loss is considered an indication of
an underlying condition. Evidence indicates that
metal toxicity in rats is associated with body and
brain weight loss and morphological damage if
not treated appropriately [15]. According to Momo
[4], animals treated with potassium dichromate
registered a significant decrease in body weight
in a dose-dependent manner compared to ani-
mals that received only distilled water. In addi-
tion, Snejana and colleagues reported a signifi-
cant decrease in daily feed consumption in ani-
mals exposed to potassium dichromate and, con-
sequently, a reduction in body weight compared
to animals treated with water [16], corroborat-
ing the findings of the above studies, our results
elaborate on the body, brain, and pituitary weight
loss due to reduced feeding in the rats exposed
to PDC. Besides, it has been proven that the tox-
icity of heavy metals is a significant threat, and
several health risks are associated with it; chron-
ic exposure to heavy metals was associated with
weight loss and brain damage [17]. Significantly,
APALE proved its neuro-protective role against
PDC-induced neurotoxicity by protecting against
body, brain, and pituitary gland weight loss.
Collagen  accumulation  (fibrosis) was
observed and stained with Masson trichrome in
tissues of animals treated with oral administra-
tion of potassium dichromate. In addition, PDC
caused nuclear distortion and fragmentation,
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as shown in our H & E photomicrographs. How-
ever, different treatment doses of APALE resulted
in significant restoration of the tissue appear-
ances and distortion. Fibrosis is the formation of
fibrous connective tissue in response to an injury.
It is characterized by collagen accumulation at
the injury site; continued activation is highly det-
rimental and a final pathway of numerous diseas-
es [18]. Besides, Bucher [19] has observed focal
ulceration, hyperplasia, and metaplasia in rats
and mice consuming sodium dichromate-treated
water. Furthermore, it has been previously report-
ed in some studies that chromium accumulates
in both the pituitary and hypothalamus, thereby
resulting in apoptotic damage to neuronal nuclei
(nuclear fragmentation) and caspase 3 upregu-
lation [19,20] this is consistent with our findings
from this study.

The mechanism of PDC action is associated
with mitochondrial and lysosomal injury by bio-
logic chromium (VI) reactive intermediates and
reactive oxygen species (ROS) [21]. Hence, bio-
chemical activities were measured and ana-
lyzed at the end of the administration period by
assaying the level of concentration of Superox-
ide Dismutase (SOD), Catalase (CAT), Glutathione
Reductase (GSH), Total protein, and Malondial-
dehyde (MDA). Superoxide Dismutase (SOD) is
an enzyme that constitutes a crucial antioxidant
defense against oxidative stress. Its mechanism
of action involves acting as a good therapeutic
agent against reactive oxygen species-mediated
diseases [22]. Our study observed that rats treat-
ed with APALE only had the highest level of SOD
compared to the other groups pretreated with
PDC before APALE.

In contrast, those treated with PDC only
showed reduced levels of SOD compared to the
control group. This finding was also evident in the
report of Momo et al.,, which indicated that rats
treated with PDC registered a significant decrease
in the level of SOD [15]. In addition, Ogunmoyole
and colleagues noted that treatment with APALE
restored the activity of SOD to a level compara-
ble with the negative control [23]. It was further
noticed that APALE in the treatment group could
not restore the significant decrease in T-protein
observed in the rats treated with PDC compared
to the control group.

Catalase is a crucial antioxidant enzyme that
reduces oxidative stress by destroying cellular



hydrogen peroxide to produce water and oxy-
gen [24]. Rats treated with PDC had significantly
lower catalase levels than the other groups. How-
ever, treatment with various doses of APALE sig-
nificantly increased the level of catalase in rats
treated with PDC. This result contradicts that of
Momo [4], who posited that PDC administration
decreased catalase activity levels compared to
control animals. However, our result agrees with
that of Ogunmoyole and colleagues, stating that
treatment with APALE restored catalase activity
in serum and tissue homogenates [23]. Besides,
an increase in catalase suggests a response
toward increasing ROS generation [25], which is
important in the oxidative pathway.

Glutathione Reductase maintains the supply
of reduced glutathione [26]. Protecting cells from
toxicity and oxidative damage and maintaining
redox balance are critical [27]. It was observed
that rats solely treated with APALE had the high-
est level of GSH, while those pretreated with PDC
before APALE had reduced GR but were not sig-
nificant compared to the control. This finding
contrasts with that of Momo and his colleagues,
which suggests that PDC patients significantly
had decreased GSH (also known as GR) [4]. How-
ever, it partly corroborates that Ogunmoyole and
colleagues observed that treatment with APALE
markedly raised intracellular GSH (GR) concen-
tration [23].

Malondialdehyde (MDA), a lipid peroxidation
product, is a biomarker for oxidative stress. It was
observed that PDC administration resulted in an
increase in the levels of MDA in rats. At the same
time, those treated with various doses of APALE
had significantly reduced levels of MDA. Momo et
al. stated that those treated with PDC registered
an increased level of MDA relative to the control
[4]. Also, it is reported that APALE restored anti-
oxidant capacity by inhibiting lipid peroxidation
[23]. Significantly treatment with APALE restored
and increased superoxide dismutase, glutathione
reductase, total protein, and catalase activities
while reducing malondialdehyde.

The gonadotropic hormones consist of LH
and FSH, secreted by the adenohypophysis and
only essential for reproduction. They are called
gonadotropin because they stimulate the gonads
(the testes in males and ovaries in females) [28].
LH is answerable for gonadal release of sex ste-
roids. In the testes, LH binds to receptors on Ley-

dig cells causing synthesis and secretion of tes-
tosterone. In the ovary, theca cells are activated
in response to LH and secrete testosterone, this
is converted to estrogen through the help of adja-
cent granulosa cells [28]. FSH is responsible for
the stimulation and maturation of ovarian follicle
in females and for sperm production in males.
FSH supports Sertoli cells functions thereby aid-
ing many facets of sperm cell maturation. The
actuator of the secretion of gonadotropic hor-
mone is GnRH, which is the chief controller of the
HPG axis [28].

In this research, it was noticed that oral
administration of potassium dichromate to Wistar
rats led to a significant decrease in FSH and LH.
However, different treatments with APALE result-
ed in a significant increase in FSH and LH levels.
This protective effect could be occasioned by its
antioxidant function, increasing the antioxidant
protective mechanism of cells and tissues, there-
by scavenging ROS and restraining lipid peroxi-
dation of tissues. Evidence indicates that expo-
sure to heavy metals like potassium dichromate
adversely affects FSH and LH levels, including
the hypothalamic-pituitary-gonadal axis, which
plays a crucial role in the normal functioning of
the reproductive system. According to Momo [4],
animals treated with potassium dichromate reg-
istered abnormal levels of sex hormones. In addi-
tion, a significant decrease in levels of FSH and
LH was recorded in potassium dichromate-treat-
ed as compared with control [4], corroborating the
results of the above studies. The reduced secre-
tion of LH could be an indication of increased
Glucocorticoids secretion and decreased sensi-
tivity of pituitary gonadotroph to GnRH, [29]. The
gonads are directly affected by stress hormones
which reduce the rate of Leydig cells response
to LH or reduces testicular receptors to this hor-
mone [29], with concurrent change in sex steroid
production [30]. However, Glucocorticoids reduc-
es sexual hormones receptors concentration by
creating resistance in target tissues of gonadal
steroids [29]. As a result, abatement in testoster-
one and reducing sexual incitement and fertility
[30,31].

It has been proven that PDC (VI) toxicity can
be a potential risk to the reproductive system [32].
Significantly, APALE proved its neuroprotective
role against PDC-induced neurotoxicity by pro-
tecting against the decreased level of FSH and LH.
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ABSTRACT

Background. Spinal anesthesia was a commonly used technique in anesthetic practice for lower abdomi-
nal and lower limb surgeries. To prolong the duration of bupivacaine spinal anesthesia adjuvants like a2
agonists and opioids have been used intrathecally. Clonidine and dexmedetomidine have also been found
to prolong the duration of spinal anesthesia when given intravenous. Dexmedetomidine was more suitable
adjuvant to spinal anesthesia compared to clonidine as it has more sedative and analgesic effects due to
more selective a2A receptor agonist activity. Dexmedetomidine has been shown to prolong the duration of
analgesia of spinal anaesthesia in various studies. Here we compare the two doses of Dexmedetomidine in
prolonging the duration of analgesia.

Material and methods. 60 American Society of Anaesthesiologists(ASA) physical status I/1l patients sched-
uled for elective lower abdominal and lower limb surgeries under spinal anesthesia were randomized into
two groups of 30 each. Immediately after subarachnoid block with 3.5ml of 0.5% hyperbaric bupivacaine,
Group A patients received a loading dose of 0.5pg/kg of dexmedetomidine intravenously in 100ml NS over 10
mins whereas Group B received 1.0pg/kg of dexmedetomidine intravenously in 100ml NS over 10 mins.
Results. Time for rescue analgesic were higher in Group B compared to Group A which was statistically sig-
nificant but clinically the extra duration was insignificant. Time for two segment regression and duration of
motor blockade was significantly prolonged in Group B. Requirement of Mephentermine was comparable in
both the groups. There was no excessive sedation in both the groups.

Conclusions. Dexmedetomidine administered as isolated loading dose of 0.5 pg/kg IV immediately after spi-
nal anaesthesia was clinically equi-efficacious in prolonging the duration of analgesia of spinal anaesthesia
compared to a larger dose of 1.0 pg/kg. The side effect profile, hemodynamic stability, sedation levels, need
for vasopressors and atropine were comparable in both groups.
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Introduction

Spinal anesthesia was a commonly used tech-
nique in anesthetic practice for lower abdominal
and lower limb surgeries. To prolong the duration
of bupivacaine spinal anesthesia adjuvants like
a2 agonists and opioids have been used intrath-
ecally [1]. Clonidine and dexmedetomidine have
also been found to prolong the duration of spinal
anesthesia when given intravenously [2]. Dexme-
detomidine was initially launched for sedation in
humans and most commonly used in ICUs glob-
ally for short term sedation [3]. It was a highly
selective alpha 2 receptor agonist(alpha2: alpha
1 of 1600:1) when compared to Clonidine(200:1).
The analgesic action of dexmedetomidine was
by its action on presynaptic membrane, inhibit-
ing the release of norepinephrine, which in turn
induces hyperpolarization and inhibits the pain
signals to the brain [4]. The usage of intravenous
alpha agonists in prolonging the duration and
quality of spinal anaesthesia was not very popu-
lar. Intrathecal usage of alpha agonists are more
commonly employed though it was an off-label
use of the drug. There are only limited studies
describing the most effective doses of Dexme-
detomidine as an intravenous adjunct to suba-
rachnoid block.

In this study we try to compare the two com-
monly employed doses(1.0 pg/kg and 0.5 pg/
kg over 10 minutes) of intravenous dexmedeto-
midine as an adjunct to spinal anaesthesia. We
evaluate difference between the two doses with
respect to total duration of analgesia(time to res-
cue analgesia), two segment regression of senso-
ry blockade and motor blockade. Secondarily we
also observe the differences if any, with regards
to the hemodynamic stability(Heart rate, Blood
pressure), side effect profile, sedation levels both
intra-operative and in post-operative period.

Materials and methods

After approval of Institutional Ethical committee
clearance (IEC/NRIIMS/A/05/2019), sixty patients
scheduled for surgeries under Subarachnoid
block in NRI INSTITUTE OF MEDICAL SCIENC-
ES, Visakhapatnam, India were enrolled into the
study. The study was conducted during the period
of October 2019 to November 2020. Sample size

was calculated as 30 for each group, estimated
based on study by Madhavi Unmesh Santpur et
al [5]. Patients of age between 18 to 60 years, ASA
(American Society of Anaesthesiologists) grade:
| = II, Patients undergoing infra umbilical surger-
ies were included in the study. Patients in whom
there was a contraindication for spinal anaes-
thesia, ASA grade Ill -V, Systolic blood pressure
<90 mm Hg, Heart rate less than 50/min, patients
on Calcium channel blockers, ACE inhibitors, clo-
nidine, patients on opioids, patients on antide-
pressants a week prior to surgery and patients
undergoing lower segment Caesarean sections
were excluded from the study. Sixty patients were
divided by computer generated random number
table into Group A and Group B with 30 subjects
in each group. Group A patients received a load-
ing dose of 0.5 pg/kg of dexmedetomidine intra-
venously in 100 ml NS over 10 mins whereas
Group B received 1.0 pg/kg of dexmedetomidine
intravenously in 100 ml NS over 10 mins immedi-
ately after administration of Spinal anaesthesia.
During pre-anaesthetic evaluation an informed
and written consent was taken from patients who
were included in the study and patients were
explained on the methods of sensory and motor
assessments. Patients were also educated on the
usage of Visual analogue scale in the post opera-
tive period. All patients in study groups were kept
nil by mouth from midnight before day of surgery.
On the day of surgery before commencement of
anaesthesia, intravenous line was secured with
18-gauge cannula. Preloading was done with
15 ml/kg Ringer Lactate 30 min prior to proce-
dure. Pulse oximeter, noninvasive blood pressure
(NIBP), and electrocardiography monitors were
connected to all patients on arrival to operating
room and baseline parameters were noted. The
patient and anesthesiologist were blinded to the
study groups, and all the recordings were noted by
an anesthesiologist, who was blinded to random-
ization schedule. Under strict aseptic precautions,
lumbar puncture was done at the level of L3-L4
intervertebral space through midline approach
by using a 25-gauge Quincke spinal needle. After
confirmation of free flow of cerebrospinal fluid
17.5 mg of 0.5% hyperbaric bupivacaine was given
intrathecally. Group A: Intravenous dexmedeto-
midine 0.5 pg/kg in 100 ml NS loading dose was
administered in the first 10 min immediately after
spinal anesthesia. Group B: Intravenous dexme-
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detomidine 1 pg/kg in 100 ml NS loading dose was
administered in the first 10 min immediately after
spinal anesthesia. Heart rate, non-invasive blood
pressure, and saturation of oxygen was recorded
before the subarachnoid block, every five-minute
interval in the initial 30 mins of surgery, later for
every 15 mins throughout surgery, and after 30
minutes in postoperative period.

Sensory blockade was checked with pin prick
in mid axillary line from caudal to cephalad direc-
tion. Onset of analgesia was checked by loss of
sensation to pinprick at T10 dermatome. The high-
est level of analgesia after 10 min was assessed.
Time for two segment regression from highest
level of sensory block (duration) was noted. Time
from onset of subarachnoid block to the time of
administration of rescue analgesia was consid-
ered as duration of analgesia. Motor blockade
was assessed by Modified Bromage Scale. Time
taken for motor blockade to reach Modified Brom-
age Scale 3 was taken as onset of motor blockade
and regression to Modified Bromage Scale 0 was
taken as duration of motor blockade. The sedation
level was evaluated using Ramsay Level of Seda-
tion Scale The level of sedation was assessed
intraoperatively for every 5 for initial 30 min and
for every 15 mins till the end of the surgery and
for every 30 min till 12 h. in postoperative period
in PACU. Excessive sedation was considered as
score greater than 4/6. Hypotension, defined as
decrease in systolic blood pressure of more than
20% from baseline and was treated with an intra-
venous bolus dose of 6 mg mephenteramine. The
total number of bolus doses required throughout
the intraoperative period was noted. Heart rate
<50, defined as bradycardia, was treated by a bolus
dose of 0.6 mg atropine. The total number of dos-
es of atropine required was noted. Pain score was
measured using visual analogue scale in postop-
erative period for every 30 min for 2h, thereafter
for every 1hr. Rescue analgesic was given when
VAS score was greater than 3. Time for rescue
analgesic was noted. Patients were given 100 mg
of Tramadol as slow IV as rescue analgesic.

Descriptive statistical analysis was done in
present study. Results of continuous measure-
ments are represented as Mean + SD and results
of categorial measurements are represented in
Number (%). Chi-square test was used for cal-
culation of significance of study parameters on
categorial scale between two or more groups.
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Fishers exact test was used for calculation of
significance of the study parameters on catego-
rial scale (frequency tables). Paired t test was
used for calculation of significance of the study
parameters on continuous scale within group.
Student independent t test was used for calcu-
lation of significance of the study parameters on
continuous scale between groups. P value <0.05
was considered as statistically significant. Jam-
ovi software [6] was used for analysis of the data
and Microsoft word and excel were used to gen-
erate graphs, tables.

Results

This study was carried out on 60 patients oper-
ated under spinal anesthesia. Demographic data,
intraoperative and postoperative hemodynam-
ics, oxygen saturation, Ramsay sedation scores,
postoperative analgesia and side effects were
compared between Group A and Group B.

Demographic data: The mean age of Group
A was 42.03 + 10.85 yrs. compared to 41.27 + 8.20
yrs. in the Group B and difference was statistical-
ly not significant (P value 0.759). BMI: The mean
BMI in Group A was 24.91 + 4.94 kg/m? compared
to 23.23 + 3.02 kg/m’ in Group B and difference
was statistically insignificant (P value-0.118).
Weight distribution in both the groups as sum-
marized (Table 1). ASA grading of patients from
both the groups was not statistically significant
(P value-0.417). The mean duration of surgery of
Group A was 104.83 + 17.83 minutes, compared
to 106.83 + 22.07 minutes in Group B and the dif-
ference was not statistically significant (P val-
ue — 0.701) (Table 1). Gender distribution in both
groups was also not statistically significant (P
value — 0.592) (Table 2).

There was no significant difference in time for
onset of sensory and motor blockade as shown in
(Table 3). Preoperative, intraoperative and post-
operative heart rate in both the groups are shown
in (Figure 1). The average systolic blood pressure
was lower in Group B (Dexmedetomidine 1 ug/
kg) (116.24 + 9.77), compared to Group A (Dex-
medetomidine 0.5 pg/kg) (120.25 + 13.44). The
average postoperative SBP was lower in Group
B (112.00 * 12.96 mmHg) as compared to Group
A (117.27 + 17.02 mmHg) (Figure 2). Intraopera-
tive and postoperative DBP in both groups was



Table 1. Baseline Characteristics of the groups.

Group A Group B (p-value)
Age 42.03+10.85 41.27+8.2 0.759
BMI 2491 +4.94 23.23+3.02 0.118
Surgery duration ~ 104.83 £ 17.83 106.83 £ 22.07 0.701
Table 2. Gender distribution.
Study groups Gender Frequency % P value
Group A Male 18 60 0.592
Female 12 40
Total 30 100
Group B Male 20 66.7
Female 10 33.3
Total 30 100

summarized in Figure 3. There was no statistical-
ly significant difference in SPO2 levels between
both groups during surgery and in postoperative
period. VAS scores are summarized in Figure 4.
Intraoperative Ramsay sedation scores were

Heart rate changes

high in Group B (3.93 + 0.25) compared to Group
A (3.20 + 0.66) (P value <0.05). Ramsay sedation
scores are summarized in Figure 5. Requirement
of Mephentermine and Atropine doses in both
groups was also comparable.
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Diastolic blood pressure changes --m--Group A Group B
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Table 3. Sensory and motor blockade in both groups.

Group A Group B (p-value)
Onset sensory (min) 2.96 + 0.52 2.78+0.54 0.184
Onset motor (min) 519+ 1.01 4.99+0.99 0.448
Duration of motor 265+ 19.61 276.83 £ 20.53 0.026
Time to two segment regression Group A 116.83 £ 11.33 0.025
Group B 123 £9.34

The duration for two segment regression of
sensory blockade and duration of motor block
i.e, regression to Modified Bromage Scale 0 was
significantly prolonged in Group B(123 + 9.34) as
compared to Group A(116.83 + 11.33) (P value <
0.05) (Table 3). Time for first request of analgesic
was longer in Group B (276.00 + 13.80) compared
to Group A) p value 0.07 as statistically signifi-
cant (Table 3).

Discussion

Adjuvants to local anaesthetics such as epineph-
rine, magnesium sulphate, sodium bicarbonate,
opioids and a2 agonists such as clonidine and
dexmedetomidine have been used to extend the
duration of spinal anaesthesia [7]. Clonidine, an
a2 agonist, was commonly used as adjuvant to
prolong spinal anaesthesia via oral, intrathe-
cal, and intravenous methods [8]. Both intrath-
ecal and intravenous dexmedetomidine have
been demonstrated to prolong spinal anaesthe-
sia in recent studies. Due to its more selective
a2 receptor agonist activity, dexmedetomidine
was a better adjuvant to spinal anaesthesia than
clonidine because it provides more sedative and
analgesic effects [9]. Dexmedetomidine acts at
the spinal level, lamina VIl and VIII of the ventral
horns, to cause analgesia when injected intra-
venously or intrathecally. Sedation and analge-
sia are also produced by the drug, which acts on
the locus coeruleus and dorsal raphe nucleus
[4]. Prolongation of spinal anaesthesia follow-
ing intravenous dexmedetomidine was due to
this supra spinal effect [9]. Present study was
designed to compare the effect of two different
doses of intravenous dexmedetomidine on bupi-
vacaine spinal anaesthesia. Comparing both the
groups with respect to Age, Sex, BMI, ASA physi-
cal status of the patients that were enrolled into
the groups we found that both groups are evenly

matched without any statistically significant mis-
match. In our study, we observed that the onset of
sensory block had a mean duration of 2.96 + 0.52
minutes in Group A (Dexmedetomidine 0.5 pg/
kg) whereas it was 2.78 + 0.54 minutes in Group
B (Dexmedetomidine 1 pg/kg). Student unpaired
T test was used to compare the above data and
the resultant P value was 0.184. There was no
significant difference in the mean duration of
onset of sensory block between both groups.
This correlates with the study conducted by Mi
Hyeon Lee et al [11], which showed both 0.5 and
1 pg/kg of dexmedetomidine as isolated boluses
without maintenance infusions showed no sig-
nificant difference in duration of onset of senso-
ry block. Similarly, Upadhya R Kavya et al [12] in
their study also showed time of onset of senso-
ry blockade was not significantly altered by use
of dexmedetomidine. In our study, we observed
that two segment regression had mean duration
of 116.83 * 11.33 minutes in Group A (Dexme-
detomidine 0.5 pg/kg) whereas it was 123 + 9.34
minutes in Group B (Dexmedetomidine 1 pg/kg).
Student unpaired T test was used to compare the
above data and the resultant P value was 0.025.
Mean duration of two segment regression was
slightly higher in Group B compared to Group A,
which was statistically significant. In contrast
to our study Mi Hyeon Lee et al [11], showed that
there were no statistically significant differences
in time for two segment regression of sensory
blockade between 0.5 and 1 pg/kg dexmedeto-
midine. The highest level of sensory block was
comparable in both groups, 3 patients (47.9%) in
Group A achieved T4 sensory level compared to
4 patients (57.1%) in Group B. P value was 0.3 by
using fishers exact test. There was no difference
in highest level of sensory block achieved in both
the groups, which was thus not statistically sig-
nificant. In our study, we observed that onset of
motor blockade was 5.19 + 1.01 minutes in Group
A, whereas it was 4.99 + 0.99 minutes in Group
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B. Student unpaired T test was used to compare
the above data and the calculated P value was
0.448. There was no difference in mean duration
of onset of motor blockade between both the
groups, which was statistically not significant.
Similar to our study, Upadhya R kavya et al [12],
showed that there was no difference in onset of
motor block between Control group, Dexmedeto-
midine Tmcg/kg bolus Group and Dexmedeto-
midine 0.5 pg/kg bolus plus 0.5 pg/kg/min infu-
sion Group. Dinesh CN et al [10] also showed that
using dexmedetomidine doesn't change onset of
motor block.

In our study, we observed that duration of
motor block (regression to Bromage 0) was
265 + 19.61 minutes in Group A compared to
276.83 + 20.53 minutes in Group B. Student
unpaired T test was used to compare the above
data and calculated P value was 0.026, which was
statistically significant. Mean duration of motor
block was slightly higher in Group B compared
to Group A, which was statistically significant.
Upadhya R Kavya et al [12] also showed duration
of motor block was 321.6 + 35.7 minutes in Dex-
medetomidine 1 pg/kg bolus Group, 302.4 + 18.2
minutes in Dexmedetomidine 0.5 pg/kg bolus
plus 0.5mcg/kg/min maintenance Group, and
233.4 + 34.1 minutes in control group, P value
<0.001. In contrast to our study Mi Hyeon Lee et
al [11], showed that there was no statistically sig-
nificant difference in time of regression of motor
blockade to Bromage 0 between Dexmedetomi-
dine 0.5 pg/kg bolus Group and Dexmedetomi-
dine 1 pg/kg bolus Group.

In our study the time for first request of anal-
gesic in Group A was 265.5 + 15.11 minutes,
where as it was 276 + 13.8 minutes in Group
B, student unpaired T test was used to com-
pare the above data and calculated P value was
0.007. The mean time for rescue analgesic was
slightly higher in Group B compared to Group A,
which was statistically significant but clinically
the increased duration was not of much signifi-
cance. Similar to our study Jyotsna Kubre et al
[13] in their study showed that first request for
postoperative analgesic was significantly pro-
longed 234.67 + 7.649 minutes in dexmedeto-
midine 0.5 pg/kg loading dose group compared
to control group 164.17 + 6.170 minutes. Hong J
et al [14], in their study also showed that mean
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time to first request for postoperative analge-
sia was longer with dexmedetomidine 1 pg/kg
loading dose group 6.6h compared to control
group 2.1h. In our study Intraoperative Ramsay
Sedation Scores in series were slightly high in
Group B compared to Group A. Maximum mean
score in Group B was 3.93 + 0.25, whereas it
was 3.20 + 0.66, P value < 0.05 by using Student
unpaired T test. There was no excessive seda-
tion (RSS > 4) in either of the groups. Upadhya
R kavya et al [12], showed that patients receiv-
ing dexmedetomidine in their study had high-
er sedation scores (score 3 or 4) with minimal
respiratory depression, they were easily arous-
able. In our study in postoperative period the
maximum mean score of sedation in Group B
was 2.10 + 0.61, whereas it was 1.70 + 0.61 in
Group A, P value was 0.006, which was sta-
tistically significant. Though it was statisti-
cally significant, it was clinically insignificant,
which can be attributed to the shorter dura-
tion of action of dexmedetomidine. Upadhya R
kavya et al [12], Dinesh CN et al [10], failed to
detect any difference in postoperative sedation.
The average systolic blood pressure was lower
in Group B 116.24 + 9.77, compared to Group
A 120.25 + 13.44. The average postoperative
SBP was lower in Group B 112.00 + 12.96, com-
pared to Group A 117.27 + 17.02. In our study 2
patients in Group A and 2 patients in Group B
had hypotension. The difference was not statis-
tically significant in the incidence of hypoten-
sion between 2 groups. Hypotension was eas-
ily treatable with 1V fluids and Mephenteramine.
In similar to our study, Mohammad K Al Nobani
et al [15] reported that there was no statistically
significant difference in incidence of hypoten-
sion between IV dexmedetomidine and control
groups. Intraoperative lowest mean heart rate
was lower in Group B 64.47 + 7.60 compared to
Group A 69.80 % 9.09. In our study 2 patients in
Group B and none of them in Group A had bra-
dycardia. Incidence of bradycardia was noted in
dexmedetomidine 1 pg/kg group and was treat-
ed with Atropine 0.6 mg IV. Similar to our study
Mohammad K Al Nobani et al [15] reported that
higher doses of dexmedetomidine are associ-
ated with higher incidence of bradycardia. There
was no oxygen desaturation in both groups,
though there was increased sedation.



Conclusions

We conclude that Dexmedetomidine prolongs the
duration of analgesia/sensory blockade when
administered intravenously before administra-
tion of spinal anaesthesia. Dexmedomidine in
a dose of 1.0 pg/kg has a slightly longer duration
of analgesia as well as longer duration of motor
blockade compared to a dose of 0.5 pg/kg (10-20
minutes longer approximately) but this duration
is not significant in a clinical setting.

We didn't find any major variations between
the two doses with regards to the Motor blockade
duration, side effects profile, hemodynamic pro-
file, or intra and post-op sedation levels. Hence
we recommend that 0.5 pg/kg intravenously
should be the preferred dosing as a co-analgesic
with spinal anaesthesia.

Limitations

The findings of this study were based on the data
having relatively small sample size from single
centre.
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ABSTRACT

This paper highlights iron deficiency anaemia in pregnancy; its prevalence, causes, screening, and manage-
ment. Iron deficiency is a spectrum that ranges from iron depletion to iron deficiency anaemia. Iron defi-
ciency is the most common and leading cause of anaemia in pregnancy both in developed and underde-
veloped countries. The incidence of iron deficiency anaemia varies worldwide depending on differences in
race, socioeconomic factors, nutritional status, health condition, and the frequency of parasitic illnesses.
Untreated Iron deficiency has significant adverse foetal and maternal consequences. The management of
iron deficiency anaemia includes education regarding dietary modification, specifically ways to enhance iron
absorption and iron supplementation. Although oral supplementation is typically the mainstay of treatment,
more severe cases of iron deficiency anaemia may require intravenous supplementation.

Introduction

Anaemia is a worldwide public health problem,
affecting more than 50% of pregnant women
globally and about 90% in low-resourced coun-
tries [1]. Iron deficiency (ID) is the depletion of
total-body iron, especially of macrophage and
hepatocyte iron stores [2]. Because the largest
amount of iron is consumed for haemoglobin (Hb)
synthesis to produce 200 billion erythrocytes
daily, anaemia is the more evident sign of iron
deficiency, and iron deficiency anaemia (IDA) is
often considered synonymous with iron deficien-
cy [3]. However, iron deficiency is a broader con-
dition that often precedes the onset of anaemia
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or indicates a deficiency in organs/tissues other
than those involved in erythropoiesis, such as
skeletal muscles and the heart. The heart is high-
ly iron-dependent for myoglobin and energy pro-
duction to sustain mechanical contraction [4]. ID
was reported as the most prevalent nutrient dis-
order in both low-and-middle incomes as well as
developed countries [5]. Due to regular menstrual
flow, and increased iron requirement during preg-
nancy, women of reproductive age are at a higher
risk of ID [6]. Because of the high iron demand to
support the placenta and foetus during pregnan-
cy, ID stands to be one of the problems associ-
ated with low PCV and decrease blood volume in
pregnant women [7]. Fatigue, fever, pagophagia,



and restless legs syndrome are considered the
symptoms of ID in pregnancy. Pregnant women
with ID are at a higher risk of preterm delivery
[5]. Children whose mothers had ID in pregnancy
are more likely to be born with cognitive impair-
ment in addition to decreased language motor
function and learning [8]. Anaemia is a haemato-
logical disorder that is common among pregnant
women in many developing/low-income coun-
tries. It is a public health problem contributing to
high maternal/perinatal morbidity and mortality
in most low-income countries [9]. It is a condition
of low circulating haemoglobin in which concen-
tration has fallen below a threshold lying at two
standard deviations below the median of a healthy
population of the same age, sex, and stage of
pregnancy, causing decreased oxygen-carrying
capacity in a pregnant woman [7]. This reduced
oxygen-carrying capacity may affect the oxygen
supply to the mother, especially in severe anae-
mia and resulting in shortness of breath, dizzi-
ness and fatigue [4]. In developing countries, it is
of serious concern as it has adverse effects on the
mother and the foetus and contributes to mater-
nal mortality [10]. It increases the risk of preterm
delivery and postpartum maternal infections
[6]. Iron deficiency anaemia is a shortage in iron
stores, transport, and functional iron causing low
haemoglobin (Hb), low serum ferritin, low trans-
ferrin saturation, and high erythrocyte protopor-
phyrin concentration [11]. The World Health Orga-
nization (WHO) defines anaemia as haemoglobin
value <13g/dL and <12 g/dL in men and women
who are not pregnant respectively. A serum iron
and ferritin below 7.1pg/L and 30ng/l respectively
or a transferrin saturation less than 15% is con-
sidered as iron deficiency [5,12-13]. Anaemia in
pregnancy is defined as a haemoglobin level of
less than 11 g/dL. However, a serum ferritin of
<30ng/mL or transferrin saturation <20% is asso-
ciated with a 98% sensitivity and 92% specificity
for absent marrow hemosiderin. [5,14], a haemo-
globin value of less than 10 g/dL is considered
in most developing countries because previous
studies report no significant harm to the foetus
until the haemoglobin concentration drops below
10 g/dL [15].

Anaemia has many causes. Direct causes can
be largely categorized as deficiency, or abnormal
production of red blood cells; excessive destruc-
tion of red blood cells; and excessive loss of red

blood cells [16]. Contributing causes include
insufficient dietary intake, diet quality, hygiene,
health performances, adverse environmental sit-
uations, deficiency of health facilities, socio-eco-
nomic status of the family, traditional dietary
habits of the area, and irregular eating habit [17].
This paper provides a brief review on IDA in preg-
nancy, its prevalence, causes, and management.

Methodology

Articles were sought from Google scholar,
PubMed, Science direct and Web of Science data-
bases using the following keywords; iron defi-
ciency, Anaemia, iron deficiency anaemia, iron
deficiency in pregnancy, anaemia in pregnancy,
effects anaemia in pregnancy, causes of anae-
mia, causes of anaemia in pregnancy, prevalence
of anaemia, anaemia screening and diagnosis,
treatment of anaemia, management of anaemia,
oral and parenteral iron supplementation etc. The
articles on anaemia /iron deficiency, iron supple-
mentation/therapy, bioavailability of iron supple-
ments, risk factors of anaemia, diagnosis and
management of anaemia, and effects of iron sup-
plementation were selected for the review.

Iron Deficiency in Pregnancy

Haemoglobin concentration decreases during the
first trimester. It is important to note that varia-
tions exist within the definition of normal hae-
moglobin levels during pregnancy; for example,
normal haemoglobin levels may differ depend-
ing on altitude [5]. During a singleton pregnancy,
maternal plasma volume increases by approxi-
mately 50% and is accompanied by a modest
increase in red blood cell (RBC) mass [18]. These
changes are responsible for producing the physi-
ologic anaemia that occurs during pregnancy [2].
Iron requirements peak in the second and third
trimesters to support the expansion of maternal
blood volume and the development of the foetus
and placenta [19]. Individuals at greatest risk for
developing IDA during pregnancy include wom-
en with pre-conception heavy uterine bleeding,
women with shorter inter-pregnancy intervals,
women who had insufficient iron stores prior to
conception, and women with poor dietary intakes
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of iron (common in developing countries) [19, 20].
Untreated maternal iron deficiency can negatively
impact foetal development, particularly in terms
of brain development where iron is required to
synthesize the myelin sheath [21].

Prevalence of Iron Deficiency
Anaemia in Pregnant Women

The prevalence of IDA varies among countries
but is a major public health problem in the devel-
oping world, reflecting differences in race, socio-
economic factors, nutritional habits, medical
care, and the frequency of parasitic illnesses [22].
A previous study reported that anaemia in preg-
nancy has a prevalence rate of 38% in over 100
countries [9], of whom about 75% were manifest-
ed with ID [23]. The prevalence of IDA, the major
type of anaemia, appears to vary across regions,
from 3% in Europe [17] to over 50% in Africa [24].
Table 1 highlight the prevalence and risk factors
associated with IDA in pregnancy in under-devel-
oped and developing countries with more empha-
sis on Africa and Nigeria.

Causes of Iron Deficiency
Anaemia in Pregnancy

The most common cause of IDA in pregnancy is
blood loss and/or iron transfer to foetus. Other
common contributing factors include nutritional
deficiency (when the body is not getting enough
iron) and low initial iron stores that cannot ade-
quately support the increasing demand for iron
[41]. Menstrual blood loss in excess of iron intake,
gastrointestinal blood loss (e.g., intestinal para-
sites, chronic gastrointestinal diseases), and
hereditary haemorrhagic telangiectasia could
leads to blood loss over a long time with a resul-
tant depletion of the body's iron stores [41].

Impact of Anaemia in Pregnancy

Anaemia in pregnancy has negative effects on
both the woman and the foetus [42; 43]. The clini-
cal presentation and the complications depend
on the severity and duration of anaemia. If severe,
it is associated with a significant maternal mor-
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bidity and mortality [44]. The presence of other
risk factors or surgical procedures may dispro-
portionality increase the adverse outcomes [45].
Anaemia has been associated with a neonate's
low birth weight and prematurity [1]. Considering
high prevalence, significant clinical impact, and
many available preventive and treatment options,
early recognition, and appropriate classification
of anaemia in a pregnant woman is imperative.
Table 2 summarizes the consequences of IDA in
pregnancy.

Iron Deficiency Anaemia
Screening during Pregnancy

Considering the high prevalence of anaemia in
pregnancy and its negative impact on mater-
nal and foetal/neonatal morbidity and mortality,
screening for anaemia, particularly IDA is rec-
ommended by many agencies [45]. The specific
guidelines may vary in different countries, but Hb
measurement together with serum ferritin and
transferrin saturation once or twice during preg-
nancy is generally recommended [41]. Accord-
ing to the American College of Obstetrics and
Gynaecologists, Centres for Disease Control and
Prevention, and United Kingdom guidelines, every
pregnant woman should receive a complete blood
count (CBC), serum ferritin and transferrin satu-
ration at the initial antenatal visit [41]. Depending
on the general population and the prevalence of
IDA and other anaemia's, some countries recom-
mend additional screening strategies for other
haemoglobin disorders (thalassemia, sickle cell
trait/disease) and a possible trial of oral iron sup-
plementation in cases of an unexplained anaemia
[48].

Management of Iron
Deficiency Anaemia

The goal of IDA treatment is to correct the anae-
mia and reduce the adverse outcomes of both
the iron deficiency and anaemia [49]. The man-
agement of IDA includes education regard-
ing dietary modification, specifically ways to
enhance iron absorption and iron supplementa-
tion [50]. Although oral supplementation is typi-
cally the mainstay of treatment, in cases where



Table 1. Studies on the prevalence and risk factors associated with iron deficiency anaemia in pregnancy.

Country/Methodology  Sample size Result/Conclusion Reference
Nigeria/ 70 Anaemia and iron deficiency anaemia were found to be significantly higher among [25]
Cross-sectional study pregnant women (20.0%, 15.7%) when compared to non-pregnant women. The

mean haemoglobin, haematocrit, serum iron, ferritin, and transferrin levels were
significantly reduced in pregnant compared to non-pregnant women. Pregnant
women in their third trimesters and multigravida had the highest prevalence of iron
deficiency and iron deficiency anaemia.

Nigeria/ 2702 Lower prevalence of anaemia at the tertiary hospital may be attributed to the higher [26]
Cross-sectional study socioeconomic status of the clientele. Short-term early antenatal management of

anaemia and long-term economic/educational empowerment is advocated.

Nigeria/ 202 The prevalence of IDA was 12.3%. IDA is still a fairly common condition among par- [27]
Cross-sectional study turient in Lagos and it's mostly associated with maternal peripartum morbidities.

Nigeria/ 88 The mean values of the haematology and anaemia-related parameters among the [28]
Cross-sectional study pregnant subjects were; haemoglobin (10.14 + 1.45 g/dL), PCV (30.567+ 4.492%), SI

(153.55 + 66.061ug/dl), TIBC (4.33.18 + 97.248 pg/dl), Serum Ferritin (32.9 +14.2
ng/mL) and TS (7.69 + 28.84%). The prevalence of IDA was significantly higher
among women in the 3rd trimester of pregnancy compared to the 2nd trimester.

Nigeria/ 90 Serum ferritin among the pregnant and non-pregnant subjects were 26.0 pg/L and [29]
Cross-sectional study 70.3 pg/L, respectively. Even though iron deficiency was observed in 68/90 (75.6%)

of pregnant women, it was latent in 61/68(89.7%) of the women while it was frank in
7/68 (10.3%).

Nigeria/ 307 Parity, low educational level, and economic status as factors responsible for IDA. Both [30]
Cross-sectional study serum iron level and haemoglobin concentration can be used to diagnose anaemia.

Nigeria/ 200 A 24.5 % prevalence of anaemia in pregnancy. A significant decrease (p< 0.05) in [31]
Cross-sectional study packed cell volume (PCV) of pregnant women [34.94 + 4.98%] compared to

non-pregnant women (38.11  6.47%). Progressive increase in PCV from the first to

the third trimester, while it decreases with advancing maternal age and parity.
Congo/Cross-sectional 128 Anaemia is common in pregnant women living in low-income settings compare to [32]
study pregnant women living in high-income settings. Malaria, large family size, and <18

years of age were associated with anaemia in pregnant women.

South Africa/ 2,000 The prevalence of anaemia in HIV-positive pregnant women was significantly high- [1]
Cross-sectional study er relative to HIV-negative pregnant women (71% vs. 28.7%, p<0.0001).

Russia/ 390 The prevalence of anaemia was significantly higher in macro- and micro-somato- [33]
Cross-sectional study type compared to meso-somatotype.

Ethiopia/ 206 Anaemia in pregnant women was significantly (p<0.05) associated with rural dwell- [34]
Cross-sectional study ing [AOR= 9.17, 95%Cl= 2.15-40, p<0.001] and intestinal parasite infection

(AOR=55.09, 95%CI=6.88-441.19, p<0.001).

India/ 446 Anaemia was reported as one of the main complication in pregnancy with a fre- [35]
Community-based quency of 62%. Other complications such as postpartum haemorrhage, preeclamp-
study sia, abortion and still birth ranging from 1.6% to 3.5%.

East Africa/ 8,583 The prevalence of anaemia in pregnancy was estimated at 41.8% in East Africa [36]
Cross-sectional study (95%ClI= 40.78, 42.87) with over 23% in Rwanda and about 57% in Tanzania. An in-

creased incidence of anaemia was observed in pregnant women with bad toilet fa-
cility (aPR=1.17, 95%CI=1.06, 1.27), women from countries with high illiteracy level
(aPR=1.12, 95%CI=1.07, 1.18), and teenage women (aPR=1.22, 95%CI=1.02, 1.40).

Latin America, Africa, 312,281  Severe Anaemia was associated with maternal death among pregnant women [37]
Western Pacific and (AOR=1.86, 95%CI=1.39-2.49).

Southeast Asia/

Cross-sectional study
USA/Population-based 20,690  Increased odds of postpartum haemorrhage and delivering a small neonate was ob- [38]
cohort study served in anaemic pregnant women. Successful treatment of anaemia in pregnant

women lead to a significant decrease in odds for preterm birth (5.1% vs. 8.3%, AOR=0.59,
95%Cl= 0.47-0.72) and preeclampsia (5.9% vs. 8.3%, AOR=0.75, 95%Cl= 0.61-0.91).
However, untreated anaemia was associated with increased odds for preterm birth
(AOR=1.44, 95%ClI= 1.16-1.76) and preeclampsia (AOR=1.54, 95%Cl= 1.24-1.89).

Ghana/Cross-sectional 400 The incidence of anaemia increased with the trimester of pregnancy. Women in the [39]
study third trimester were 4 times more susceptible to anaemia relative to those in the

first trimester (AOR=3.57, 95%Cl= 1.91-6.67). Women's knowledge of anaemia and
pregnancy trimester at interview time was associated with their anaemia status.

China/Retrospective 18,948,443 Moderate and severe anaemia during pregnancy was associated with increased risk [40]

cohort study

of maternal deatbh, still birth, restricted foetal growth, and maternal shock compared
to no anaemia. Mild anaemia was associated with a decreased risk of maternal
death, maternal shock, foetal growth restriction and still birth compared to moderate
and severe anaemia after adjusting for demography and pregnancy complications.
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Table 2. Consequences of IDA in pregnancy. Source: [49, 50].

Maternal complications

Foetal outcomes

Preeclampsia

Low birth weight

Intrauterine death

Congenital anomaly

High risk of preterm delivery

Low cognitive development

Antepartum and postpartum haemorrhage High risk of schizophrenia
Postpartum depression Neonatal anaemia
Premature membrane rupture Still birth

oral supplementation is intolerance and/or inef-
fective, IDA patients may require intravenous (1V)
supplementation.

Dietary Advice: Dietary iron occurs in two
forms: haem and non-heme. Haem iron has
a higher bioavailability than non-heme iron and is
only found in meat, poultry, and fish products [51].
Dietary iron absorption is dependent on bioavail-
ability, physiologic requirements, and the pres-
ence of absorption promoters (ascorbic acid) or
inhibitors such as tannins, calcium, or phytates
[52]. Ascorbic acid enhances iron absorption by
reducing ferric iron to ferrous iron, allowing for
iron uptake by the mucosal cells and forming
a chelate with iron to allow for iron absorption in
the duodenum [53].

The negative effects of iron inhibitors can be
negated with the use of ascorbic acid [53]. The
dietary reference intake of dietary iron for preg-
nant women is 27 mg. Approximately 1 to 2 mg
of iron is lost per day due to mucosal shedding in
the Gl tract [54]. Because pregnant women have
increased iron demands, merely increasing their
intake of dietary iron may be insufficient to cor-
rect their IDA [55]). However, increased dietary
iron would be beneficial for pregnant women with
iron depletion, rather than IDA, as typically only
10% to 25% of dietary iron is absorbed from the
Gl tract [54]. This is due to a hormone called hep-
cidin, which is essential for iron homeostasis by
controlling intestinal iron absorption [55].

Oral Iron Supplementation: Oral iron supple-
ments are cheap, convenient, and readily avail-
able in different forms, these include ferrous sul-
phate (20% elemental iron/mg), ferrous gluconate
(11% elemental iron/mg), and ferrous fumarate
(33% elemental iron/mg) [51]. For pregnant wom-
en with IDA, the recommended elemental iron
dose is 120 mg per day throughout the period of
pregnancy and for at least, 3 months postpartum
[56]. However, the bioavailability of oral iron is low
especially in healthy individuals with 5% and 5.6%
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absorption rate in male and females respectively
[57,58]. In severe iron deficiency, the absorption
may reach 20% [59]. While some previous studies
reported a significant decrease in iron absorp-
tion following daily administration, other studies
report no significant changes [50-62]. Because
of the decrease in iron absorption that is asso-
ciated with daily administration, an alternate day
iron supplementation is recommended. The iron
that remain in the intestine may cause a change
in gut microbiota and promote pathogenic spe-
cie growth leading to inflammation and mucosal
injury [63]. Hence, parenteral iron supplementa-
tion is a better alternative.

Parenteral Iron: Supplemental iron is also
available through intravenous (1V). Parenteral iron
is a promising method of iron supplementation
because it does not affect the intestinal muco-
sa and can be used to effectively treat severe
iron deficiency [5]. Intramuscular iron injection
is associated with increased pain, reduced effi-
cacy, and a higher risk for permanent skin stain-
ing. Hence, it is not recommended for use [64].
The major benefit for IV iron is that it more effec-
tively corrects IDA. However, infusion reactions
and anaphylaxis may occur following IV iron sup-
plementation [65]. Hence, iron formulations with
low infusion reaction are required for IV iron [66].
The common formulations with high tolerability
include ferric carboxymaltose (FCM), ferric deri-
somaltose (FDI), and ferrumoxytol (FMX) [67]. In
Europe and Asia, FDI is recommended in cases of
severe iron deficiency that requires rapid correc-
tion while in America and Africa FCM is indicated
for patients with chronic kidney disease [68].

Conclusion

In both poor resource and developed countries,
the most prevalent and pervasive dietary deficit
is ID. Due to recurrent menstrual losses as well



as the higher iron demands of pregnancy and lac-
tation, women of reproductive potential are most
at risk of ID. The need for the extra iron required
to maintain expansion of blood volume/red cell
mass and growth of the foetus and placenta dur-
ing pregnancy increases the risk for ID and IDA.
IDA in pregnancy is readily manageable yet an
unmet health demand. The management strat-
egy is dependent upon the period of gestation
and severity of anaemia. Organization of patient
group meetings and the use of social media can
spread awareness of this public health issue.
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ABSTRACT

Clays are among the most important material available in nature. Montmorillonite MMT is an important type
of clay mineral whose physical structure is typically perceptible as layers and sheets. Each layer is made up
of one octahedral and two tetrahedral structural sheets. Due to its distinctive properties, such as swelling
and adsorption, MMT has been used in a variety of industrial and therapeutic applications. The high adsorp-
tion capacity of MMT contributes to increasing drug intercalation and then its sustained release. By strongly
adhering to the drug, MMT typically maintains drug release in many formulations and speeds up the solu-
bility and bioavailability of hydrophobic drugs. MMT has also been used to develop composite delivery sys-
tems that combine it with other polymer-based materials. MMT could therefore be used to develop a variety
of drug delivery systems to regulate and enhance a drug's pharmacological qualities, such as solubility, dis-
solution rate, and absorption. An important note to mention is that clays in general are traditionally consid-
ered bio-inert or even biocompatible. In this review, the distinguished applications of MMT clay as an agent
in the medical field were discussed. Among those applications is its use as an antibacterial agent, detoxifi-
cation agent, preventive obesity agent, drug carrier agent, and in the treatment of cancer, diarrhea, wounds,
and bones.

Introduction
while the fourth oxygen atom points downward

146

MMT is one of the three-layer clay minerals. The
structure of each layer consists of an octahe-
dral sheet sandwiched between two tetrahedral
sheets. The silicon-oxygen tetrahedra that make
up the tetrahedral sheet are connected by shar-
ing three corners, creating a hexagonal network,
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to the adjacent octahedral sheet. In the alumi-
num- or magnesium-oxygen-hydroxyl sheet,
aluminum or magnesium atoms are octahedral-
ly coordinated to six oxygen or hydroxyl groups,
which lie around the metal atom on the six cor-
ners of a regular octahedron. The oxygen atoms



are shared by neighboring octahedrons, and the
hydroxyl groups and oxygen atoms form a hex-
agonal close packing in two parallel planes, with
the metal atoms occupying a central plane (see
Figure 1).

The unique property of MMT is the ability of
water and other polar molecules to enter the unit
layers, expanding the basal spacing. The basal
spacing varies from 9.6 A, when there are no polar
molecules present in the interlayers, to almost
complete separation in some cases [1-5].

MMT clay can be treated with some chemical
compounds to improve its surface area and thus
increase its adsorption capacity. Among these
compounds used are acids such as sulfuric acid
[6,7], hydrochloric acid [8], phosphoric acid [9],
and bases such as sodium hydroxide [10]. Other
organic and inorganic species can be used for
this purpose, such as polysaccharides [11], dode-
cyltrimethylammonium bromide [12], hexadecyl
dimethyl ammonium) chloride [13], octyltrimeth-
ylammonium bromide, dodecyltrimethylammoni-
um bromide, cetyltrimethylammonium bromide,
and stearyltrimethylammonium bromide [14], zir-
conium oxide [15]. The adsorption capacity may
also be improved with the assistance of micro-

wave and ultrasound [16]. The review aims to
summerize the importent application of MMT in
the medical feild, focusing on the last ten years.

The subsequent spread of antimicrobial resis-
tance has brought the overuse of antibiotics
throughout the years to attention. Certain kinds
of microbes can have their growth inhibited or
even eliminated by antimicrobial drugs. Sever-
al researchers are now particularly interested in
finding new products with strong antibacterial
action [17-19].

In recent years, varieties of approaches
between clay minerals and antibacterial agents
have been used to develop clay mineral-based
antibacterial complexes. Due to their harmless
and eco-friendly features and ease of manufac-
ture through intercalation with organic antibacte-
rial modifiers, clay minerals are being thoroughly
investigated [20].

Studies have shown that the antibacterial
action of organoclay is due to contact with cells.
The activity is further enhanced by the interca-
lation of polymers with positive charges pres-
ent on the clay as they nullify the translocation
of biocidal cationic surfactant [21]. An antibac-
terial investigation showed that Co-MMT has
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Figure 1. Schematic presentation of MMT antimicrobial application.
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good antibacterial activity against S. aureus and
E. coli. These results showed that Co-MMT could
be a novel antibacterial agent for tissue engineer-
ing due to its superior biocompatibility and anti-
bacterial activity [22]. A study was carried out to
evaluate the mechanical characteristics, bonding
capabilities, and antimicrobial activity of a new
composite cement that contained MMT modi-
fied with cetylpyridinium chloride. The composite
successfully maintained mechanical strength and
bonding performance while achieving continuous
anti-biofilm activity [23]. Cetylpyridinium chloride
loaded MMT with a long-term antibacterial effica-
cy to prevent caries was developed as a long-term
anti-bacterial agent [24]. A new antimicrobial tis-
sue conditioner including cetylpyridinium chlo-
ride and MMT was tested for its mechanical char-
acteristics, antibacterial efficacy, and biocompat-
ibility. Within the limitations of this in vitro and in
vivo study, the findings point to the fact that the
newly developed tissue conditioner not only pos-
sesses excellent antimicrobial properties but also
shares the same mechanical and biocompat-
ibility characteristics as tissue conditioners that
are currently on the market [25]. Acanthamoeba
keratitis is a painful, potentially dangerous infec-
tion of the eye. It frequently tends to be associ-
ated with wearing contact lenses. There is a need
to develop efficient disinfectants because sev-
eral lines of evidence point to insufficient contact
lens solutions, particularly against the cyst forms
of pathogenic acanthamoeba. Cetylpyridinium
chloride-MMT was used against keratitis-causing
A. castellanii belonging to the T4 genotype was
investigated. The results indicated that cetylpyri-
dinium chloride-MMT complex has a power anti-
amoebic effects [26]. A study compares the pro-
duction of Ag and Cu nanoparticles over MMT
nanosheets produced using various reduction
media and examines their antibacterial, antifun-
gal, and toxicological activity. The hybrid mate-
rials were found to be prospective candidates
for next-generation, highly effective antibacte-
rial compounds with lower toxicity [27]. It was
observed that a nanocomposite made of bacterial
cellulose and silver-modified MMT was effective
against Gram-positive Staphylococcus aureus
and Gram-negative Pseudomonas aeruginosa
[28]. High-density polyethylene nanocomposite
monofilaments based on three different types of
metal nanoparticles coated MMT have been the
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subject of comparative research on their anti-
bacterial properties. In moist environment appli-
cations like ropes, sacks, agricultural products,
and geotextiles where microbial growth is a con-
cern, the antimicrobial filaments were found to be
suitable candidates to replace neat high-density
polyethylene counterparts [29]. The effect of MMT
and carvacrol (as an antimicrobial agent) on the
wettability, mechanical, gas barrier, thermal, and
color characteristics of films made from nanopar-
ticles based on methyl cellulose was studied. The
mechanical properties of the film material were
improved and the melting point of the methyl cellu-
lose film was raised by the addition of MMT to the
film matrix [30]. In a study to evaluate the effect of
MMT filler on the antibacterial properties of poly-
mer composites with a biodegradable polylactide
matrix, the properties of the obtained composites
suggest that the MMT may be potentially used as
filler for polymer films in the packaging industry
[31]. In an investigation on how a vinyl-modified
MMT affected the physical and antibacterial qual-
ities of a superabsorbent made of chitosan, graft,
and polyacrylic acid, the results obtained encour-
age the use of the synthesized copolymer nano-
composites in several sectors as better physical
antibacterial superabsorbents [32]. To deliver the
necessary antibiotic dosages to fight post-implan-
tation infection, a study developed chitosan-MMT
nanoclay composites loaded with vancomycin
and gentamicin. The results indicated that the
prepared composite nanospheres can be a via-
ble choice for preventing bone infections during
the post-implantation period [33]. To improve the
optical, mechanical, and antibacterial properties
of chitosan, MMT-copper oxide nanocomposites
were developed using an eco-friendly process.
The nanocomposite exhibited strong antibacte-
rial activity against pathogenic S. aureus and B.
cereus and was more effective against these bac-
teria than it was against E. coli and P. Aeruginosa
[34]. In a study, chitosan-poly(vinylalcohol)-MMT
nanocomposites were prepared. The nanocom-
posites showed poweful antimicrobial properties
[35]. A study concerns the potential use of MMT
as a carrier and focuses on the intercalation of the
clay with the aminoglycoside antibiotic, gentami-
cin showed the greatest capacity for killing E. coli
bacteria in an in vitro test [36]. MMT clay modi-
fied with cetyltrimethyl ammonium bromide was
used as a modified layered silicate. The results



revealed that the strong nanocomposite antimi-
crobial activity is due to the interaction between
quaternized chitosan and MMT and the fine dis-
persion of the substance [37]. The antimicrobial
activity of organically modified MMT was tested
against two Gram-positive bacteria such as List-
eria monocytogenes and Staphylococcus aureus
and two Gram-negative ones such as E. coli and
Salmonella typhimurium. The results indicated
that the nano MMT caused cell membrane rup-
ture and inactivation of the bacteria [38]. Silver
nanoparticles-MMT were synthesized and found
to be powerful against a group of Gram-positive
and Gram-negative bacteria [39]. Chlorhexidine
diacetate and MMT were used in varying amounts
to develop organo-MMT. The antibacterial activ-
ity against Escherichia coli was evaluated and
showed promising results [40]. By using electro-
static interaction to enclose a bio-synthesized
peptide aptamer with MMT, an antifungal agent
was produced. A powerful antifungal activity is
shown by the nanocomposite against Colletotri-
chum gloeosporioides [41]. The combination of
essential oils with MMT clay produces new mate-
rials for various applications including active
packaging materials, insecticidal/repellent, anti-
bacterial, and antifungal substances [42]. Silver
halides (AgX, X=Cl, Br, I) in MMT were prepared by
dispersion method, using silver nitrate as a silver
precursor. The product exhibited good antibacte-
rial effects [43].

Detoxification application

MMT clay with layered structures that have large
surface areas, which enhances their capacity to
bind different compounds on active interlayer
surfaces and in pores, can be used as a powerful
adsorbent and detoxifier to reduce the bioavail-
ability of the toxic drugs [44].

The potential of MMT clay as an adsorbent for
the organochlorine pesticide dieldrin was evalu-
ated. It was found that MMT could be consumed
as enterosorbents in the diet to reduce toxin tox-
icity and bioavailability [45]. Ca-MMT was found
to have a high capacity, affinity, and a low ther-
apeutic dose toward polychlorinated biphenyls,
the environmental contaminants in food, water,
and biota [46]. Ca-MMT was also found to be able
to adsorb mixtures of glyphosate and aminom-

ethylphosphonic acid that may reach humans
through exposure to contaminated water, soil,
and the consumption of crops containing these
toxins residues [47]. An investigation demon-
strated that MMT modified with Fe, Al, and Ti, has
the potential to adsorb deoxynivalenol, which is
found in foods and feeds that are contaminated
with mildew. It is among the most dangerous
mycotoxins, threatening human health as well as
animal husbandry [48]. As a mycotoxins adsor-
bent, octylphenol polyoxyethylene ether modified
MMT, a nonionic surfactant, was developed to
adsorb polar aflatoxin B1 and weak polar zearale-
none, by simulating gastric tract conditions. The
surfactant showed the potential to be a useful
adsorbent for the simultaneous detoxification of
polar and non-polar mycotoxins [49]. Ca-MMT
was treated with H,SO,, calcination, and organic
compounds hexadecyltrimethyl ammonium bro-
mide, cetylpyridinium chloride, and chitosan.
The product showed a powerful adsorption per-
formance for mycotoxins [50]. Adsorption role in
reducing bioavailability and, consequently, the
reported toxicity of monoalkyl trimethyl ammo-
nium salts under environmental circumstances
were investigated. The observed toxicity of the
compound in the presence of MMT adsorbent
was tested on algae. MMT was found to be very
effective [51]. The ability of Na-MMT to detoxify
two organophosphate pesticides, methyl para-
thion [0,0-dimethyl O-(p-nitrophenyl) thiono-
phosphate] and tetrachlorvinphos [2-chloro-1-
(2,4,5-trichlorophenyl)ethenyl dimethyl phos-
phate], when treated with N-decyl-N,N-dimeth-
yl-N-(2-aminoethyl) ammonium was found to be
adequate [52]. A study focuses on the develop-
ment of new mycotoxins adsorbents employing
zwitterionic surfactants modified MMT for the
simultaneous removal of low polar zearalenone
and highly polar aflatoxin B1, both of which rep-
resent serious health risks. The resulting adsor-
bent exhibited excellent adsorption performance
[53]. An investigation was conducted on Egyptian
MMT potential to protect fish from the genotox-
icity, histochemical, and biochemical changes
caused by aflatoxin B1. It was established that
Egyptian MMT could firmly bind aflatoxin in fish
guts, hence reducing aflatoxin's bioavailabil-
ity [64]. The efficacy of Egyptian and Tunisian
MMT clays to prevent genotoxicity and histo-
logical alterations induced by cadmium chloride
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using the Nile tilapia fish as an in vivo model was
investigated. It was found that both clays might
tightly bind CdCl, and reduce its cytotoxicity and
genotoxicity, although Tunisian clay was more
effective than Egyptian clay [55]. Na-MMT and
Ca-MMT were found to be safe and efficacious
binders to microcystins [56], and per- and poly-
fluoroalkyl [57] that can reach humans or animals
through the ingestion of food and drinking water
that has been contaminated with cyanobacteria.
An investigation was performed to assess the
ability of MMT to bind uric acid, which increases
uric acid diffusion from the blood to the intestine,
prevents uric acid absorption in the intestine, and
reduces its levels in the blood. The results showed
that uric acid could be adsorbed at various doses
of MMT in a concentration-dependent manner.
The adsorption process moved fast and in acidic
solutions, the adsorptive rate was high, whereas,
in alkaline solutions, it was low [58]. It was found
that MMT considerably adsorbed creatinine in
the simulated intestinal solution in a study that
intends to assess the adsorption of creatinine by
MMT and the acceleration effect of MMT on cre-
atinine excretion from the intestine [59].

Anticancer therapy application

Cancer is a deadly disease that kills people at an
alarming rate all around the world. Chemotherapy,
radiotherapy, and surgery are all part of the stan-
dard cancer treatment [60]. Conventional cancer
therapies are often accompanied by undesired
side effects. Therefore, the need for alternative
anticancer drug delivery agents has become an
important medical issue.

A nanocomposite hydrogel drug delivery sys-
tems were developed for oral administration
based on polyvinyl alcohol and MMT loaded with
capecitabine, as an anticancer drug. The devel-
oped nanocomposite hydrogel systems for drug
delivery showed adequate efficacy against the
4T1 cancer cell line both in vitro and in vivo, sug-
gesting them viable candidates for the controlled
release of anticancer pharmaceuticals in che-
motherapy with improved therapeutic benefits
[61]. Other researchers reported the formulations
of compatible nanocomposite hydrogel films
employing carboxymethyl cellulose-hydroxy-
ethyl cellulose-acrylonitrile-linseed oil polyol
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(CHAP) plain hydrogel and Na-MMT dispersed
CHAP nanocomposite hydrogel films. According
to the study, the proposed nanocomposite hydro-
gel films have looked promising for use in thera-
peutics, particularly for the delivery of antican-
cer drugs [62]. A novel nanocomposite has been
synthesized from MMT as matrix support, nano-
particles of Fe O, as filler, and carrageenan as
a stabilizer. The nanocomposite exhibited good
efficacy against cancer cells [63]. Another mag-
netic nanocomposite with promising anticancer
activity was synthesized from MMT as matrix
support, Fe;0, as filler, and Kappaphycus alvar-
ezii as a stabilizer [64]. MMT, k-carrageenan, and
chitosan were used to synthesize a composite
with prolonged cancer therapy and reduced side
effects [65]. A study evaluated the intercalation of
tamoxifen in Na-MMT interlayer, which is further
combined with poly-(e-caprolactone), for breast
cancer oral chemotherapy. The study proved that
MMT functions as a drug delivery matrix and also
significantly improve delivery proficiency [66].
In vitro tests were performed on supramolecu-
lar assemblies made from self-assembling MMT
nanosheets modified with B-cyclodextrin. The
results indicate that the supramolecular assem-
blies may serve as the basis for the designing of
new cancer drug delivery systems [67]. The inter-
calation of the anticancer drug 5-fluorouracil, in
the interlayer of Na-MMT, with the assistance of
chitosan produced a significant value in cancer
chemotherapy with fewer side effects [68]. MMT
nanoparticles were added to chitosan-agarose
hydrogel and then loaded with curcumin to pre-
pare a curcumin-loaded nanocomposite hydrogel.
The product exhibited good therapeutic effects
[69]. The antineoplastic drug, 6-mercaptopurine,
was intercalated into Na-MMT interlayer and was
further entrapped in poly (L-lactide) matrix to
form microcomposite spheres to improve phar-
macokinetic proficiency and in vitro release and
reduce cell toxicity. The produced microcompos-
ite has great potential for anticancer therapy [70].

Diarrhea treatment application

The cause of diarrhea is multiple pathogens and
multiple factors, which are primarily brought on
by a variety of infections and causes. It is clini-
cally characterized by changes in stool consis-



tency and frequency, and in certain cases, fever,
vomiting, and abdominal pain may occur [71].

A typical medicinal substance used to treat
pediatric diarrhea is MMT. It can immobilize and
inhibit viruses, bacteria, and toxins that may pro-
duce in the digestive tract [72]. MMT can reduce
stomach pain or discomfort in irritable bowel
syndrome patients who experience constipation
more frequently [73]. It was observed that giv-
ing children with the diarrheal disease a prepara-
tion containing MMT, vitamin AD, and zinc could
increase short-term efficacy, shorten the time it
takes for symptoms to disappear, reduce the lev-
el of inflammatory factors, and increase T-lym-
phocyte levels without raising the incidence of
adverse drug reactions. MMT can coat the muco-
sa of the digestive tract and bind mucosal glyco-
proteins, repairing and enhancing the mucosal
barrier defense against outside influences [74].
The powder of MMT if combined with probiotics
could enhance the treatment of diarrhea in chil-
dren and shorten the time of clinical symptoms,
and improve immune function [75]. In addition,
the combination of MMT and ZnO was used in
reducing diarrhea and enhancing mucosal barrier
integrity, and intestinal microflora of weaned pigs
[76]. It was also found that the use of berberine in
combination with MMT reduced hospitalization
time [77]. The duration of acute watery diarrhea
can be shortened with MMT and acetorphan [78].
Children's diarrhea can be efficiently reduced
with the help of combined zinc gluconate-MMT
therapy with no noticeable side effects [79]. In
a separate study, it was found that MMT could
improve the symptoms of diarrhea and decrease
the recovery time of autumn diarrhea in children
of different ages [80]. Animal studies have tak-
en an important aspect in this regard. Cu-MMT
was found to be as effective in reducing diarrhea
and inflammation and improving mucosal barri-
er integrity and intestinal microflora in weanling
pigs [81]. On the other hand, a study suggested
that MMT may be a helpful alternative to conven-
tional antibiotics in the treatment and prevention
of Salmonella-related animal diarrhea [82].

Obesity prevention application

Being overweight and obese are among the
important problems suffered by a large number of

people around the world, which have a significant
impact on health [83]. Obesity has been linked to
several health diseases, including type 2 diabe-
tes, dyslipidemia, nonalcoholic fatty liver disease,
cardiovascular problems, and cancer, which are
the main causes of death [84-86)].

According to recent research, porous colloids
including MMT may help prevent weight gain and
promote anti-obesity effects [87]. The every-
day diet frequently includes fatty foods, and it
is generally known that fats play a major role in
obesity. Therefore, it is crucial to avoid obesity
by immobilizing ingested lipids and raising lipid
excretion to lessen fat absorption in the digestive
system. MMT as a natural adsorbent clay min-
eral can adsorb dietary lipids and increase fecal
lipid excretion, thus preventing obesity. It was
found that MMT crystals can adsorb dietary lip-
ids both in vitro and in vivo. This ability improves
lipid excretion during bowel movements, pre-
venting obesity and its associated comorbidities
[88]. Results showed that MMT immobilizes fatty
acids and endotoxins via the adsorption-excre-
tion axis in the digestive tract, and MMT could
potentially be employed as a prebiotic to pre-
vent intestinal dysbiosis and obesity-associated
metabolic problems in obese people [89]. It was
also shown that acid-modified MMT can lower
lipids by decreasing intestinal absorption and
enhancing lipid excretion, so avoiding hyperlipi-
demia, obesity, and fatty liver [90]. MMT parti-
cles with considerable dietary lipid and digestion
byproduct adsorptive capabilities were success-
fully created. These particles might lead to the
development of novel, less harmful anti-obesity
treatments [91]. According to another research,
MMT reduces the dietary lipids and sterols that
are absorbed through the gastrointestinal tract,
reducing the risk of obesity, hyperlipidemia, and
hypercholesterolemia [92].

Wound healing application

Wound healing is a complex and dynamic pro-
cess that consists of hemostasis, inflammation,
proliferation, and remodeling. Different types
of cells are involved in this biological process,
including neutrophils, macrophages, lympho-
cytes, keratinocytes, fibroblasts, and endothelial
cells [93,94].
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Recent research on nanocomposites made of
clay minerals and pharmaceuticals shows that
they can interact with biological structures and
provide new options for tissue engineering, par-
ticularly in the area of wound healing. Due pri-
marily to their potential to reduce water activity,
clay minerals may present a variety of opportu-
nities for the development of systems that might
facilitate the antimicrobial action of loaded anti-
bacterial drugs, and cell adhesion, growth, and
neotissue development [95-98]. Researchers
have developed a poly aldehyde dextran MMT
composite for controlling large hemorrhages
that exhibits excellent tissue adhesion, anti-
microbial, and wound healing capabilities [99].
A graphene-MMT composite sponge was also
synthesized under a hydrothermal reaction to
accelerate wound healing [100]. A nanocompos-
ite made of bacterial cellulose and silver-modi-
fied MMT was synthesized as a promising scaf-
fold for healing wounds [101]. To improve wound
healing in infected skin lesions, researchers have
developed a norfloxacin-MMT nanocompos-
ite as a powder for cutaneous application. The
composite appeared to be a useful treatment
for burns, diabetic foot ulcers, and other chron-
ic ulcers or skin wounds that are prone to infec-
tion [102]. Researchers have also developed elec-
trospun scaffolds, based on biopolymers-MMT
intended as a 3D foundation for skin regeneration
and repair [103]. To provide a sustained release
of chlorhexidine, chitosan-MMT composite films
containing chlorhexidine were prepared. All of the
produced films demonstrated effective antibacte-
rial wound healing [104]. Using the freezing-thaw-
ing method, bionanocomposite hydrogels based
on polyvinyl alcohol and egg white as the matrix
and MMT nanoclay as the reinforcement were
prepared. Clindamycin, an efficient antibiotic, was
added to the obtained bionanocomposite hydro-
gels to provide novel potential wound dressings
for treating infected wounds. The bionanocom-
posite exhibited good effective results concern-
ing infected wounds [105]. Scaffolds were pro-
duced from nanocomposites of polycaprolactone
and quaternary ammonium salt-modified MMT
using the electrospinning technique. The cyto-
toxicity assessment revealed minimal toxicity and
confirmed the efficacy of polycaprolactone-MMT
nanocomposite scaffolds as wound dressings
[106]. The wound healing property of bacterial
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cellulose was combined with the antimicrobial
activity of MMT to produce novel artificial sub-
stitutes for burns. The product showed improved
tissue regeneration during wound healing [101].
Nanocomposite hydrogels based on egg white
and polyvinyl alcohol and MMT nanoclay were
prepared by a facile cyclic freezing-thawing tech-
nique. The nanocomposite employed seemed to
work well for treating burns and wounds [107].
When combined with a bone-derived polypep-
tide, the ciprofloxacin-MMT composite demon-
strated a promising wound healing progression
[108]. As a wound dressing composite, a biopo-
lymer membrane made of chitosan, collagen, and
organo-MMT loaded with Callicarpa nudiflora
was designed. The composite membrane with
a porous layered structure exhibited a high swell-
ing ratio, low degradation ratio, and excellent
moisture permeability properties [109].

Bone treatment application

With the rise in traffic accidents, there has been
a growth in the demand for defective tissues, par-
ticularly bone tissues, in recent years. Although
autologous bone transplantation remains the
best method for treating bone defects, its appli-
cability is somewhat restricted due to its restrict-
ed material options, higher surgical trauma, and
sensitivity to infection at the bone site [110,111].
MMT is frequently used to reinforce bone scaf-
folds mechanically [112]. To achieve the nanos-
trengthening of the composite bone scaffold, it
can be converted into graphene-like nanosheets
with increased specific surface area through
interlayer exfoliation behavior [113]. On the oth-
er hand, the MMT crystal structure rich cations
between the layers have substantial ion exchange
capacity, which can enable intercalation to cause
the insertion of ionic polymer molecules into the
interlayer areas among its sandwich structure
[114]. 1t is anticipated that employing MMT as
the nanofiller phase can significantly improve the
mechanical properties of polymer bone scaffolds
[115]. By mixing 5 wt% MMT with chitosan solu-
tion in an acidic environment, researchers pre-
pared composite materials. They found that the
Si-0-Si group of MMT formed hydrogen bonds
with the hydroxyl and amino groups of chito-
san. The effective transfer of interfacial tension



is enhanced by this strong interfacial interac-
tion. As a result, chitosan-MMT has more ten-
sile strength than pure chitosan [116]. Another
study found that when the MMT content was less
than 4.5 wt%, the tensile strength of the Poly-I-
lactic acid/MMT composite increased with the
increase of the content and reaches 44.1% [117].
Several studies have been conducted to improve
the mechanical properties of MMT intercalated
with gelatin and chitosan. It was established that
adding MMT made the scaffold pore wall thicker
and increased its tensile strength [118]. Accord-
ing to a study on the addition of MMT to nano-
hydroxyapatite nanocomposites, adding 10%
MMT increased the composite flexural strength
and compressive strength by 18.9% and 107.9%,
respectively [119]. The effects and mechanism of
nano-MMT on osteoblast and osteoclast differ-
entiation were investigated by researchers in vivo
and in vitro. In Ca-deficient ovariectomy rats, the
osteogenic effects of high calcium content (3.66
wt%) nano-MMT on alkaline phosphatase activ-
ity, mineralization, bone microarchitecture, and
expression level of osteoblast and osteoclast
associated genes were examined. Nano-MMT
was found to attenuate the low-Ca-associated
changes in trabecular and cortical bone min-
eral density. It improved the activity and miner-
alization of alkaline phosphatase, as well as the
expression of genes associated with osteoblast
and osteoclast differentiation [120].

Drug carrier application

Drug extended release for patients who require
medicinal treatment round the clock is very nec-
essary. MMT generally sustains drug release
in various formulations. It also speeds up the
absorption and solubility of hydrophobic drugs.
To regulate and/or enhance the pharmacological
properties of drugs, such as solubility, dissolu-
tion rate, and absorption, MMT could be used to
develop a variety of drug delivery systems [121].
A study was conducted on the intercalation
of timolol maleate into the MMT interlayer at dif-
ferent pH values and concentrations. The drug
was successfully intercalated into the interlayer
of MMT and its controlled release from MMT-
timolol maleate hybrid has been observed during
in vitro release experiments [122]. Another study

was conducted on the preparation and charac-
terization of irinotecan nanocomposite beads
based on MMT and sodium alginate as drug car-
riers. After the incorporation of irinotecan into
MMT, the resulting hybrid was compounded with
alginate, and irinotecan-MMT-alginate nanocom-
posite beads were obtained by ionotropic gela-
tion technique. According to the results of the in
vitro drug release experiments, MMT and MMT
in combination with alginate were able to control
the release of irinotecan by making it sustained
by lowering the released amount and release
rate [123]. For topical drug delivery to the eye,
MMT and brimonidine (an eye drop to reduce the
intraocular pressure) brimonidine-MMT hybrid-
ized as a delivery carrier. Via an ion-exchange
reaction, the brimonidine molecules were inter-
calated in the MMT interlayer space to develop
the brimonidine-MMT hybrid, which was subse-
quently combined with polyvinyl alcohol to pro-
duce a dry tablet. In in vitro conditions, the bri-
monidine-MMT@polyvinyl alcohol hybrid drug
released brimonidine in a sustained manner for
more than 5 h. When the hybrid drug was deliv-
ered into rabbit eyes in vivo, 43% and 18.5% of
brimonidine-MMT stayed on the preocular sur-
face for 10 and 60 minutes, respectively. Thus,
the brimonidine-MMT@polyvinyl alcohol hybrid
drug showed a prolonged decrease in intraocu-
lar pressure for 12 h, which was approximately
twice as long as that seen with the brimonidine
eye drop that is available commercially [124].
A study amid to develop and investigate a drug
delivery system formed by intercalation of bro-
mopride with Na-MMT. The results showed that
bromoprid was successfully intercalated with
the lamellar silicate. In assays, the Na-MMT/
bromoprid molecular complex displays a sus-
tained release [125]. A successful one-pot fabri-
cation of ZIF-8-encapsulated medicine is used to
develop an MMT-enveloped zeolitic imidazolate
framework (M-ZIF-8), which is then followed by
MMT coating to produce a core-shell nanoplat-
form for gastrointestinal (GI) drug delivery. ZIF-8
encapsulated drugs can keep their natural struc-
ture, while the MMT layer enhances mucosal
adherence and maximizes medicine release. The
M-ZIF-8 shows a significant advancement in Gl
drug delivery [126]. MMT was found to be a suit-
able material for changing how the tobramycin
and norfloxacin drugs are released. The inter-
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Figure 2. Some of the important medical applications of MMT.

calation of tobramycin or norfloxacin between
MMT layers was used to produce drug delivery
systems. It was found that the pH of the medi-
um influences the release rates and the per-
centage of release rises as the pH does [127].
For controlled drug delivery, ring-shaped nano-
composite hydrogel rings made of polyacrylam-
ide, sodium carboxymethyl cellulose, and MMT
nanoparticles were developed. The nanocom-
posite rings were able to prolong release for 15
days in the vaginal fluid simulant, which mimics
the vaginal conditions at a pH of 4.2 and a tem-
perature of 37°C. This was demonstrated in an in
vitro release experiment using methylene blue as
a hydrophilic model drug [128]. Figure 2 summa-
rizes some of the important applications of MMT
in the medical field.

Conclusions

MMT is one of the types of clay mineral, which
is composed of an octahedral sheet sandwiched
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between two tetrahedral sheets. This type of clay
has received important interest as an additive
in polymers and products for enhanced effects.
MMT forms composites of different species that
can be used in a wide range of therapeutic cases.
By significantly adsorbing drug molecules, MMT
maintains the release of many pharmaceutical
formulations. Pharmaceutical drugs benefit from
better drug entrapment and sustained release
owing to adsorption capability. The majority of
clay mineral investigations focused on how effec-
tively they functioned against toxic substances.
There are many important medical applications
of MMT such as antimicrobial agents, detoxifi-
cation agents, cancer therapy agents, preventive
obesity agents, as well as treatment of diarrhea
and treatment of wounds.
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ABSTRACT

Statistical analysis is an integral part of medical research. It helps transform raw data into meaningful
insights, supports hypothesis testing, optimises study design, assesses risk and prognosis, and facilitates
evidence-based decision-making. The statistical analysis increases research findings' reliability, validity
and generalisability, ultimately advancing medical knowledge and improving patient care. Without it, mean-
ingful analysis of the data collected would be impossible. The conclusions drawn would be unsubstantiated
and misleading.

Many health professionals are unfamiliar with statistical analysis and its basic concepts. The analysis of
clinical data is an integral part of medical research. Identifying the data type (continuous, quasi-continuous
or discrete) and detecting outliers are the first and most important steps. When analysing the data distribu-
tion for normality, graphical and numerical methods are recommended. Depending on the type of data dis-
tribution, appropriate non-parametric or parametric tests can be used for further analysis. Data that are not
normally distributed can be normalised using various mathematical methods (e.g., square root or logarithm)
and analysed using parametric tests in the next steps.

This review provides essential explanations of these concepts without using complex mathematical or
statistical equations but with several graphical examples of various statistical terms.

Introduction

insights, supports hypothesis testing, optimises
Statistical analysis is essential in medical study design, assesses risk and prognosis, and
research. It transforms raw data into meaningful facilitates evidence-based decision-making. The
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statistical analysis increases research findings'
reliability, validity and generalisability, ultimate-
ly advancing medical knowledge and improving
patient care. Without it, meaningful analysis of
the data collected would be impossible. The con-
clusions drawn would be unsubstantiated and
misleading.

Many medical professionals are unfamiliar
with statistical analysis and its basic concepts,
starting with the types of quantitative data, such
as continuous and discrete data, or their distri-
bution analysis. This review provides essential
explanations of these concepts without using
complex mathematical or statistical equations
but with several graphical examples of various
statistical terms.

Data types

Different types of data are collected in biomedi-
cal research. The most common are quantitative,
qualitative and descriptive (textual).

Quantitative or numerical data can take any
numerical value and are represented as numbers.
Some values are less than, equal to, or greater
than others, for example, age 15, 21, and 35 years;
length 22, 19, and 10 cm; area 2, 2, and 2.5 cm2;
weight 78, 82, and 95.3 kg; power 224, 248, and
301 watts; or a ratio of two variables such as
serum triglycerides to HDL concentrations of 1.2,
3.5, and 4.9. Quantitative data may or may not
have units.

Qualitative data are usually non-numerical
and are described by labels or qualitative charac-
teristics. Many qualitative variables can only be
categorised, labelled, but never ranked, ordered
or graded, such as gender (male, female), eth-
nicity (e.g. African American, European, Latin
American) or colour (red, yellow, green, black).
For example, red is not bigger or smaller than
blue. However, other qualitative observations
can be ranked in a natural order based on quali-
tative analysis. However, the distances between
the categories are unknown. One object may be
larger than another. One person may be nicer
than another. One heart failure patient in New
York Heart Association (NYHA) functional class 2
has less severe symptoms than another in NYHA
3. Some examples of ordinal data for which rela-
tive, subjective or arbitrary scales should be used

Journal of Medical Science 2023;92(2)

are warm, warmer and warmest, or primary, high
school, college, graduate and postgraduate for
educational level. Similarly, the effect of pharma-
cotherapy on a patient's symptoms can be sub-
jectively rated as no change, slightly better, really
better compared to previous treatment, or best of
all medications taken before. For qualitative data,
signs (+, ++, +++ or -, --, ---) and letter codes (A,
B, C) are often used instead of longer words. As
some statistical software does not accept text,
numbers are used as codes in such cases. The
numerical codes entered should be treated as
nominal (preferably) or ordinal (if they can be
ranked) data. Otherwise, numbers replacing
text may be treated as continuous and become
a source of error.

Descriptive data are typically textual and con-
sist of words, abbreviations, phrases and sen-
tences, e.g. medical notes, observations, test
summaries, open-text comments and opinions.
Specialised analysis tools are required to quanti-
fy and/or describe such data. These tools can be
natural language processing techniques, Qualita-
tive Text Analysis (QCA) or other methods such
as the Generative Pre-trained Transformer (GPT),
which is part of the family of Large Language
Models (LLMs) analysed by artificial intelligence
(ChatGPT).

Regardless of the type, all data are collected
in databases. Data can be stored in spreadsheets
or dedicated databases. Spreadsheets provide
a tabular format with rows and columns to store
and manage data. Most people find them easier
to use for entering, manipulating and analysing
data effectively, performing calculations, apply-
ing formulas, formatting and exporting to exter-
nal statistical software. Unfortunately, spread-
sheets have limitations compared to dedicated
database management systems for large and
more complex data sets. Dedicated and specially
designed database management systems such
as MySQL, Oracle, and Microsoft SQL Server,
the Redcap Project are better solutions for such
tasks. They offer features such as data indexing,
data relationships, integrity constraints, normali-
sation and transaction management.

Regardless of the form of the database, vari-
ous characteristics or parameters (variables)
describing people, objects, animals, samples,
etc., are stored and prepared for further statisti-
cal analysis.



This review focuses on quantitative data.
We will explain the most common terms, how to
analyse and interpret their distribution and pres-
ent graphical examples.

Basic definitions

Several basic terms related to the types of quan-
titative data, their characterisation and the anal-
ysis of the distribution of data are presented in
Table 1.

Types of quantitative data

Continuous data can have infinite possible val-
ues within a given range, including fractions,
decimals or integers. Between any two values,
there is always another. The reporting of each
value depends on the precision of the measure-
ment, which may determine whether the data
are continuous. For example, a precision of 1 in
100 is considered continuous data, as opposed
to 1 in 10, which makes the data quasi-continu-
ous (almost continuous) or sometimes discrete
because it appears to be stepped.

Medical examples of continuous data include
cardiac cycle duration (910.9, 920.0, 920.1 ms),
age (31.85, 31.86, 31.87 years), body temperature
(36.58, 36.59, 36.60 °C), body mass index (BMI)
(27.27, 27.28, 27.29 kg/m?), blood glucose con-
centration (11.64, 11.65, 11.66 mmol/L).

Quasi-continuous data represent values that
have been rounded or grouped into intervals.
Using the same examples above, the rounded
values will be 920 ms for the cardiac cycle, 32
years for age, 36.6°C for body temperature, 27.3
kg/m2 for body mass index and 11.7 mmol/L for
blood glucose concentration. Some values in
clinical practice are always rounded and given in
whole numbers, such as heart rate — 63, 86, 105
beats/minute, blood pressure — 122/78, 124/84,
152/95 mmHg, body mass — 56, 78, 113 kg, etc.
Quasi-continuous data, however, should be con-
sidered continuous for statistical analysis.

Discrete data can only take specific values
and have no value between two adjacent val-
ues. Typical examples are the number of preg-
nancies (there cannot be 3.35 pregnancies) and
the number of hospitalisations (it is impossible

Possible data transformation at a cost of precision loss
BMl as

Original data Transformed data
continous | quasi-continous discrete ordinal categories
17.63148 17.6 18 1 —-underweight
21.24743 21.2 21 2 —normal weight
23.22671 232 23 2 — normal weight
25.37863 25.4 25 3 — overweight
26.04873 26 26 3 —overweight
27.24712 272 27 3 — overweight
33.56914 33.6 34 4 — class 1 obesity
35.14975 351 35 5 —class 2 obesity
41.38937 41.4 41 6 — class 3 obesity

Impossible data transformation

Figure 1. A sample of different original body mass indices de-
rived from height and mass. These data are transformed from
continuous through quasi-continuous, discrete to ordinal. Each
further step involves a loss of accuracy. Transforming data to
a less precise category often involves grouping observations
into predefined ranges or bins. This results in a loss of infor-
mation and granularity. Subtle differences between individu-
als may be obscured, making it harder to see fine patterns or
relationships in the data or showing weak or no associations
between variables. The reverse process of recovering the origi-
nal information (continuous data) from all the transformed data
is mathematically unfeasible.

to be hospitalised 5.173 times). The main differ-
ence between continuous and discrete data is
that continuous data can take any value within
a specific range, whereas discrete data can take
only certain values. Continuous data are mea-
sured and expressed more accurately than dis-
crete data.

Mathematical manipulation with continuous
and discrete data is possible; e.g.,, measuring
height and weight makes it easy to calculate BMI.
Similarly, converting continuous or discrete data
into categorical data is also straightforward. All
such data belong to an interval or ratio scale.

Based on BMI and known criteria, a person
is categorised as underweight, normal weight,
overweight or obese category 1, 2 or 3. However,
this is a one-way process. Retrieving backward
information on BMI from one of these categories
is impossible (see Figure 1).

Outliers
An outlier is a value significantly different from
other values in the dataset. Measurement inaccu-

racies, data entry errors, natural variation, or truly
unusual observations are the leading causes of
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Table 1. Basic terms related to the types of quantitative data, characterisation and analysis of distribution.

Term

Definition

Descriptive statistics

Analyses designed to describe and summarise the data set.

Continuous data

Data that can take on any value within a range, e.g., body temperature, serum sodium concentration,
white blood cells count, and time.

Quasi-continuous data

Data nearly continuous or continuous data that were rounded for some purposes, e.g. age in years, body
weight in kilograms, blood pressure in mmHg, heart rate in beats/minute.

Discrete data

Data that can only take on specific values, e.g., the number of children in a family, the number of fingers
and toes, and the number of epilepsy attacks.

Distribution It displays the rate or probability of different values occurring in a given data set.

Histogram Graphical representation of the distribution of numerical data binned into neighbouring bars.

Density plot Graphical visualisation of the distribution of continuous data as a smooth curve with continuous data
representing the data distribution.

Q-Q plot Short term for the quantile-quantile plot. Graphical visualisation of assessing whether data follow
a normal distribution.

Outlier An observation or data point with an extreme value that lies far away from most data points.

Minimum The smallest value in a dataset.

Maximum The largest value in a dataset.

Percentile A measure used to indicate the value below which a given percentage of observations in a group of

observations falls. For example, the 5th percentile indicates that 5% of the values in a dataset are less
than or equal to that value.

Lower quartile (Q1)

25" percentile, a value below or equal to which 25% of the values in the dataset are located.

Upper quartile (Q3)

75" percentile, a value below or equal to which 75% of the values in the dataset are located.

Interquartile range (IQR)

The range between a dataset's first quartile (25" percentile) and the third quartile (75" percentile).

Range Distance between the maximum and minimum values of a data set.

Central Tendency Various measures indicating the middle or centre of a distribution.

Median Middle value (50" percentile) in a dataset ranked from minimum to maximum values.

Mode The most common value in a dataset.

Mean The average value of a dataset calculated by adding up all the values and dividing by the number of values.

Trimmed mean

A statistical measure calculated by removing a certain percentage of the largest and smallest values in
a dataset and then calculating the mean of the remaining values. It is done to reduce the impact of
outliers on the mean, for instance, removing 5% of the measurements reduces 2.5% of the largest and
2.5% of the smallest values.

Normal distribution

A bell-shaped curve represents the distribution of many biological phenomena and data.

Skewness A measure of how asymmetrical a distribution is.

Kurtosis A measure of how peaked or flat a distribution is compared to a normal distribution.
Deviation The distance between the mean and a particular data point in a given distribution.
Standard deviation (SD) A measure of how much the data deviates from the mean.

Variance A measure of how spread out the data is from the mean.

Coefficient of variation
(cv)

Arelative and unitless measure of the dispersion of data points around the mean. It allows comparing
variability between disparate groups and characteristics. A smaller CV indicates that the data points are
more tightly clustered around the mean, while a larger coefficient of variation indicates that the data
points are more spread out.

Standard error of the
mean (SEM)

A measure of how much the sample mean is likely to differ from the true population mean to assess the
precision of the sample mean. It is derived by dividing the standard deviation by the root of the sample size.

Confidence Interval (CI)

A range of values likely to contain the true population parameter with a certain confidence level. Cl is
usually expressed as a percentage, such as 95% or 99%

Z-score

A statistical measure that determines the relative distance of a given value from the mean, using
standard deviation as the measure of that distance. In other words, the Z-score represents the number
of standard deviations a data point is from the mean of the distribution. It is calculated as the difference
between the given value and the mean divided by the standard deviation. By using the Z-score, data
points from different distributions can be standardised and compared on the same scale. A positive
z-score indicates that the data point is above the mean, while a negative z-score indicates that it is
below the mean. A Z-score of 0 means that the data point is exactly at the mean.
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these extreme values. Outliers can significantly
impact statistical analyses and distort the results
or conclusions drawn from the data. They can
affect some measures of central tendency, such
as the mean, and estimates of variability, such as
the standard deviation. Outliers can violate sta-
tistical methods assuming normal data distribu-
tion. In contrast, non-parametric methods and
descriptors such as median, interquartile range
(1QR) or mode are insensitive to outliers.

Identifying outliers is essential to ensure the
integrity and validity of data analysis. It involves
examining the data distribution and looking for
values unusually far from most observations.
Outliers can be detected using various methods,
including graphical techniques (e.g. box plots,
scatter plots, violin plots), statistical tests and
computational algorithms. The decision to deal
with outliers depends on the specific research
context, the nature of the outliers and the analy-
sis objectives. In research, it is essential to doc-
ument all procedures for identifying and deal-
ing with outliers. This ensures transparency and
reproducibility.

Types of data distribution

The normal distribution is very common in bio-
medical research. It is also known as the Gauss-
ian distribution or the bell curve. The normal dis-
tribution is symmetrical about the mean and has
a characteristic bell shape. Many biological and
physical phenomena follow a normal distribution.
For example, the heights of adult humans follow
a normal distribution.

Skewed distributions are another type of dis-
tribution. They occur when the data do not have
symmetrical distribution around the mean. There
are two types of skewed distribution: positively
skewed (to the right) and negatively skewed (to
the left). In a positively skewed distribution, the
curve's tail is longer on the right than on the left.
In a negatively skewed distribution, the curve's
tail is longer on the left than on the right. A com-
mon example of a positively skewed distribu-
tion is income data, where many people have low
incomes, and a few have very high incomes. The
age distribution of patients admitted to a hospi-
tal with neonatal and paediatric wards is different
and skewed to the right compared to another hos-

pital where only adults, especially older people,
are admitted. The mean serum creatine concen-
tration is higher, and the distribution is skewed to
the left in nephrology patients compared to gen-
eral medical ward patients.

Bimodal distributions occur when there are
two peaks in the data. This happens when two
different subgroups in the same data differ and
emerge. For example, in a combined data set, the
average muscle mass for men and women dif-
fers. It naturally separates — such data distribu-
tions show two peaks.

Multimodal distributions occur when there
are more than two peaks in the data. They occur
when more than two data groups have differ-
ent characteristics. For example, the distribution
of the height of men, women and children in the
same database shows three peaks in the data.
Often this represents unbalanced data collection,
such as more young people or more women than
men.

Distribution analysis

Examining distributions is an integral part of data
analysis. It involves comparing the character-
istics of two or more distributions to determine
whether they are different or similar. Several
graphical and numerical methods can be used to
compare distributions.

Graphical data visualisation used to analyse data
distributions
In medical research, data visualisation is invalu-
able for analysing all forms of quantitative data.
Various data features can be identified using
appropriate visualisations, such as central ten-
dency, dispersion, minimum and maximum val-
ues, outliers, data distribution and shape. These
visualisations make interpreting data, commu-
nicating findings, and drawing conclusions eas-
ier. Presenting complex data in visual formats
simplifies identifying differences, associations,
trends and patterns.

1. A histogram is used to estimate the probabili-
ty distribution of all forms of quantitative data,
preferably continuous and quasi-continuous.
Although they are not best suited to discrete
data, histograms can provide insight into the
number of cases with certain discrete values.
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To construct a histogram, the data values
arefirstbinnedinto ranges, i.e. the wholerange
is divided into a series of narrower intervals.
The number of values falling within each bin
is then counted (see Figure 2). The bins rep-
resent successive, adjacent, non-overlapping
intervals of a variable and are often (but not
necessarily) of equal size. Histograms show
the empirical shape of the distribution, central
tendency (mean, median, mode), dispersion
(variance, standard deviation) and outliers.

visible. Higher smoothing degrees provide
only one peak and may resemble a normal or
skewed distribution curve (see Figure 3).

These plots are particularly useful for iden-
tifying the shape of the distribution, including
whether it is symmetric, skewed or bimodal.
They also provide information about the cen-
tral tendency, dispersion and outliers present
in the data.

Using a theoretical plot fitted to real data
has its consequences. Very often, such a plot

2. A density plot also shows the distribution of crosses the real data at the lower and upper
continuous data, similar to a histogram. How- limits, and sometimes the density plots show
ever, the density plot uses a smooth theoreti- values that are not possible. There are no
cal curve instead of bars to represent the dis- negative values for concentration, length
tribution. While they may not be the perfect or weight. A height of 300 cm is humanly
way to visualise discrete data, density plots impossible. These are artificial effects of the
can give some insight into their distribution. smoothing algorithms, which can stretch the

The smoothness of density plots refers to estimated density curve to values that do not
the degree of smoothing applied to the den- make sense for a particular dataset.
sity curve drawn over the real data. With low To deal with such a problem, a density plot
smoothness, usually, more than one peak is can be truncated at zero to avoid negative val-
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Figure 2. Examples of different histograms with systolic blood pressure (SBP) results in the upper panels and body mass index (BMI)
in the lower panels. The first histogram with SBP shows a normal data distribution. The next two examples present data skewed to the
left and right. The two BMI examples at the bottom display distributions with negative kurtosis (flattened shape) and positive kurtosis
(narrower and higher shape).
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ues — all negative values are set to zero. The
upper range of these values should be defined
for extremely high values.

3. A box plot or box-and-whisker plot shows the
distribution of all types of quantitative data.
It summarises vital statistical characteristics

5 Normal distribution
Median ~Mean

20

Count

120 125 130 135 120 125
SBP (mmHg)

SBP (mmHg)

Negative kurtosis

Left-skewed distribution

and highlights potential outliers in the data
set (see Figure 4).

The following statistical measures are typ-
ically used to construct a box plot. — Median,
represented by a horizontal line inside a box,
dividing it in half. — Quartiles, i.e. the lower

Right-skewed distribution
Median >Mean
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Mean< Median
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Figure 3. For this figure, the same data were used as in Figure 2. The histograms are replaced by density plots showing the data with
anormal distribution, skewed to the right and the left, and then with positive and negative kurtosis (leptokurtic and platykurtic distri-
bution). The mean and median are usually overlapping or very close to each other for the normal distribution. In contrast, for skewed
data, the mean and median are separated. Negative or positive kurtosis does not affect the position of the mean and median.
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Figure 4. A general explanation of the box-whisker plot. The median represents the cen-
tral tendency, while minima, maxima, outliers, whiskers and quartiles are different ways of
expressing the dispersion of the data. The unequal distances between the median and Q1
and Q3, or the top and bottom whiskers, reflect whether the data are skewed or not. In this
example, the data are right-skewed.
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quartile (Q1) for the 25th percentile and the
upper quartile (Q3) for the 75th percentile. The
distance between Q1 and Q3 helps identify the
data's spread. In the box plot, Q1 and Q3 are
represented by the lower and upper boundar-
ies of the box, respectively. This distance is
called the interquartile range (IQR) and covers
the middle half (50%) of all values in the data
set. — Whiskers that extend from the box indi-
cate the dataset's range. The lower whisker
typically represents the minimum non-outly-
ing value within 1.5 times the IQR below Q1,
while the upper whisker represents the maxi-
mum non-outlying value within 1.5 times the
IQR above Q3. Values outside the whiskers
are considered outliers and are plotted indi-
vidually. — QOutliers, shown as individual data
points or asterisks, are outside the whiskers
(more on outliers in a separate section). They
are considered to be potential anomalies in
the data set.

Box plots are a flexible way of presenting
data and may display the mean, SD, SEM or
95% CI. In this situation, the statistical anal-
ysis uses the Z-score to identify outliers or
unusual values.

. A violin plot combines features of a box plot

and a kernel density plot to provide a compre-
hensive representation of the shape, central
tendency, dispersion and multimodality of the
data.

The width of the violin at each point rep-
resents the density of the data at that value.

Low smoothness
135

P (mmH

3 125

120

Middle smoothness

In contrast, the body of the violin plot shows
the density distribution, indicating the relative
concentration of data at different values along
the x-axis. Wider sections indicate high-
er density, while narrower sections indicate
lower density (see Figure 5). Similarly to the
box plot, the violin plot can include lines rep-
resenting the data's median, Q1 and Q3 (IQR)
and the outliers. Unlike box plots, violin plots
show the shape and distribution of the data,
indicating whether it is symmetrical, skewed,
unimodal, bimodal or multimodal, with mul-
tiple peaks or modes representing different
subgroups or patterns within the data.

. A scatter plot displays individual data points

as dots along a number line or axis. It shows
the data's distribution and helps identify pat-
terns or outliers.

To create a scatter plot, each data point is
plotted as a dot at its corresponding value on
the number line. The dots are stacked verti-
cally for multiple data points with the same
value (non-unique or tied values). This stack-
ing shows the frequency or density of data at
each unique value (see Figure 6).

Unlike other plots that aggregate data,
scatter plots show each data point. This
allows the entire raw data set to be observed
and specific values or patterns of interest to
be identified. This makes it easy to follow the
spread and concentration of data, with gaps
or clusters of dots indicating areas of high or
low density, uneven data distribution. Scatter

Violin + Box-Whisker

Figure 5. Identical systolic blood pressure (SBP) values are presented in three violin plots
with different degrees of smoothness (low, medium and high). Low smoothness gives more
information about the number of local peaks. With a more aggressive high level of smooth-
ness, the violin is unimodal. Medians, Q1, Q3 or outliers can be added to all charts. Violin
plots help to see if the data is skewed - the plots shown are right-skewed.
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Figure 6. Systolic blood pressure (SBP) values presented as discrete data (left panel) and
next (middle panel) as continuous data. Finally, a scatter plot is combined with a violin plot
(right panel). In all cases, the data are randomly distributed around the centre of the scatter-
plot, but the shape of the scatterplot follows the data distribution. All forms of scatterplot can
be supplemented with additional graphs, such as violin or box-whiskers plots, or measures
of central tendency (Median, Mode, Mean) and dispersion (SD, Q1, Q3). Skewness can also be
visualised using scatter plots.

plots can show measures of central tendency,
such as the mean or median, SD or Q1 and Q3,
and outliers.

. A line plot presents quantitative data by con-
necting successive points that change over
time. Many measurements are taken repeat-
edly to study their changes, e.g. blood glucose
concentration before and after meals, blood
pressure each morning and evening, and body
weight during a weight loss programme. They
show trends, patterns, and fluctuations over
the observed period. The line plot is an exam-
ple of a time series plot.

To construct a line plot, data points are
plotted on the y-axis, representing the stud-
ied variable against time. Connected data with
straight lines highlight the changes and trends
over the observed period (see Figure 7).

By checking line plots, it is possible to
reveal overall trends or patterns in the data,
and the slope provides information about
the direction and magnitude of the change,
whether it is increasing, decreasing, or staying
relatively constant over time. These plots help
identify seasonal or periodic patterns, recur-
ring fluctuations or cycles. As outliers deviate
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Figure 7. Two samples of line plots of synchronised beat-to-beat recordings of the duration
of each cardiac cycle (RR intervals from ECG) and systolic blood pressure (SBP) from the
finger arterial pressure waveform from a 25-year-old healthy woman in a supine position.
For SBP (the upper panel), the median and Q1 and Q3 values are shown, while the mean and
+/- SD values are displayed for the RR intervals.
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significantly from the general trend, it is easy
to spot them. Line plots can help make pre-
dictions or forecasts based on historical data.
The line plots can be accompanied by shaded
areas or error bars around the lines represent-
ing, for instance, the 95% confidence intervals
and showing the dispersion of values around
the trend lines.

7. A Q-Q (quantile-quantile) plot is a graphical
tool that examines whether a data set follows
a particular theoretical distribution, such as
a normal distribution. It compares the quan-
tiles of the observed data with the quantiles of
the expected theoretical distribution.

To construct a Q-Q plot, the values of the
observed data set are first sorted in ascend-
ing order. Next, the corresponding quantiles
of the expected distribution are calculated.
These quantiles represent the values that
would be expected if the observed data fol-
lowed the specified distribution perfectly. The
Q-Q plot then displays the observed quantiles
on the x-axis and the expected quantiles on

Normal distribution

theoretical quantiles

Negative kurtosis

wsseo o
)

observed values
A Y

theoretical quantiles

observed values
observed values
%

Left-skewed distribution

theoretical quantiles

observed values

the y-axis. Each data point represents a pair
of observed and expected quantiles (see Fig-
ure 8).

If the observed data closely follow the
expected distribution, the points on the plot
will fall approximately on a straight identity
line that follows the function x = y. This identity
line assumes that the estimated points (on the
y-axis) are the same as the observed points
(on the x-axis). Departures from a straight line
indicate deviations from the expected distri-
bution.

These plots help to assess the normality
assumption of a data set. It suggests that the
data follows a normal distribution if the data
points on the plot closely follow the identity
line. However, if the points diverge from the
line, this indicates deviations from normality,
such as skewness or heavy tails. Q-Q plots
can also be used to compare two sets of data.
Plotting the quantiles of one data set against
the quantiles of another makes it easy to see if
the two data sets have similar distributions.

Right-skewed distribution

observed values

" -

theoretical quantiles

Positive kurtosis

theoretical quantiles

Figure 8. An example of a quantile-quantile (Q-Q) plot comparing quantiles representing the obser-
vations and their distribution with quantiles corresponding to the theoretical normal distribution. The
points form a line along the identity line (y = x) if both sets of quantiles come from the same distribution.
Gaussian and other distributions such as uniform, exponential or Pareto can be compared using these
plots. Q-Q plots are more diagnostic than comparing sample histograms, density plots, scatter plots,
box-whisker plots or violin plots. With Q-Q plots, skewness and kurtosis are immediately visible. They are
easy to examine. The multimodality of distributions can also be found. See an example in Figure 9.
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Q-Q plots do not show measures of central
tendency, but it is easier to see how the data
deviate from normal distributions, whether
skewed or have kurtosis.

Standard numerical tests
for normality testing

Many tests are used in medical research to anal-

yse data distribution. The most common are:

1. Kolmogorov-Smirnov test [1]. This test deter-
mines whether a sample comes from a normal
distribution. It compares the empirical data
distribution with the cumulative distribution
function of a theoretical normal distribution.
Advantages: It is sensitive to differences in
both location and shape between the sample
and the normal distribution. Disadvantages:
It is less powerful than other tests when the
sample size is small.

2. Shapiro-Wilk test [2]. This test determines
whether sample data come from a normal
distribution based on the correlation between
the observed data and the expected normal
values. The test was originally proposed by
Shapiro for small sample sizes. It is now used
for data sets ranging from 3 to 5,000 samples
[3,4]. Advantages: It is more potent than other
tests when the sample size is small. Disad-
vantages: It is less powerful than other tests
when the sample size is large.

3. Shapiro-Francia test [5]. This is similar but
simpler than the Shapiro-Wilk test but has bet-
ter power for small samples. It measures the
deviation of the sample data from normality by
comparing the sample distribution to a normal
distribution with the same mean and variance.
Advantages: It is more potent than other nor-
mality tests when the sample size is small and
less sensitive to outliers than other normality
tests. Apart from being less popular (not well
known), there are no methodological disad-
vantages when used with small data sets.

4. D'Agostino-Pearson (D'Agostino’s K-squared)
test [6,7]. This test determines whether
a sample comes from a normal distribution. It
is based on the skewness and kurtosis of the
sample as measures of deviation from nor-
mality. The D'Agostino-Pearson test provides
aformal statistical test to support or challenge

the visual assessment made, for example, by
Q-Q plots. Both methods provide a more com-
plete analysis of normality. Advantages. It is
a powerful test of normality. Disadvantages: It
may not be sensitive to forms of non-normal-
ity other than skewness and kurtosis, such as
multi-modality or heavy tails.

5. Anderson-Darling test [8]. This paramet-

ric test uses the sample data to estimate the
normal distribution parameters. The test sta-
tistic is based on the difference between the
observed and expected cumulative distribu-
tion functions. Advantages: It is more power-
ful than other tests when the sample size is
large. Disadvantages: It is less powerful than
other tests when the sample size is small.

. Cramer-von Mises test [9]. Similar to the

Anderson-Darling test, but gives more weight
to differences in the tails of the distributions.
Advantages: It is a powerful test of normality
for larger sample sizes. Disadvantages: It is
sensitive to sample size.

. Jarque-Bera test [10]. This test determines

whether a sample comes from a normal dis-
tribution. It uses skewness and kurtosis as
measures of deviation from normality. Advan-
tages: It complements graphical methods
such as Q-Q plots. Disadvantages: Its ability
to identify certain types of non-normal distri-
bution is limited as it primarily looks for devia-
tions from the normal pattern based on skew-
ness and kurtosis.

. Lilliefors test (Kolmogorov-Smirnov-Lilliefors

test) [11,12]. It is an extension of the Kolmogo-
rov-Smirnov test but adjusted when the mean
and variance of the data are also estimated.
Advantages: It has better power than the orig-
inal Kolmogorov-Smirnov test to detect devi-
ations from normality. This is especially true
for moderate sample sizes. Disadvantages: It
can be overly conservative and not appropri-
ate for small samples.

. Lobato-Velasco test [13]. This test measures

skewness and kurtosis and their correlation
coefficients for observations. While assess-
ing the normality of the data distribution,
the Lobato-Velasco test provides consistent
results for data that are correlated over time.
Advantages: This test considers the specifici-
ty of dependent data and provides consistent
results for data that are correlated over time.
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Disadvantages: It is sensitive to deviations

from the assumption of stationarity.

For smaller sample sizes < 50, it is advisable
to employ the Shapiro-Wilk test or Shapiro-Fran-
cia test for their higher power in detecting devi-
ations from normality in such cases [9,14]. If
skewness or kurtosis are more important, the
D'Agostino-Pearson or Jarque-Bera test and oth-
er tests focusing more on skewness and kurtosis
work better. For sample sized > 50, other meth-
ods, particularly graphical like Q-Q plots, histo-
grams, density plots, box-and-whiskers and oth-
er tests of normality can be used.

For very large samples, most normality tests
are too sensitive and will detect even small devi-

ations from normality [15]. It is advisable to use
graphical tools to avoid prematurely labelling
data as non-normal for small deviations that are
unlikely to affect the interpretation of the data.
These methods visualise the true distribution.
They help to identify multimodality, asymmetry
or excessive variance.

Multimodality is one of several reasons for
the lack of normality in the distribution. In a mul-
timodal distribution, clusters or subgroups of
values are separated from each other. Statisti-
cal analysis and inference should take account
of such clustered values and, where appropriate,
apply specific tests for cluster analysis or mul-
timodal modelling. These may facilitate under-

Table 2. Data distribution evaluation based on measures/coefficients, statistical tests and graphs.

Analysis type

Result of analysis

Result interpretation

Normality distribution tests

P-value < 0.05

Not a normal distribution

Skewness assessment

Skewness coefficient

Positive (especially greater than 2+)

Right-skewed distribution

Negative (especially less than -2+)

Left-skewed distribution

Tests for assessing skewness ~ P-value < 0.05 Skewed distribution
. . Long right tail Right-skewed distribution
Hist d density plot - PRI
istogram anc censtty plots Long left tail Left-skewed distribution

Box-whiskers, violin and dot

Extended top of the chart (an upper whisker)

Right-skewed distribution

plots Extended lower part of the graph (a lower whisker)  Left-skewed distribution
Blght.anq left tails significantly departing above the Right-skewed distribution
identity line

Q-Q plot

Right and left tails significantly departing above the
identity line

Left-skewed distribution

Mean versus Median

Mean distinctively above median

Right-skewed distribution

Mean distinctively below median

Left-skewed distribution

Kurtosis assessment

Kurtosis coefficient

Positive (especially greater than 4+)

Sample distribution is narrower than
a normal distribution

Negative (specifically less than -4+)

Sample distribution is flatter and wider
than a normal distribution

Tests for assessing kurtosis

P-value < 0.05

Kurtosis atypical for normal distribution

Q-Q plot

Left tail above and right tail below the identity line

The distribution is more flattened than
a normal distribution

Left tail well below and right tail well above the fit
line

Distribution is narrower than a normal
distribution

Histograms and density plots

"Heavy" tails

The distribution is more flattened than
a normal distribution

Multimodality assessment

Histogram and density plot

Distinct clusters of bars (density) of similar height
representing separate groups

Q-Q plot

Multiple groups of points deviating in different
directions from the fit line

Violin and Point plot

Occurring in alternating wide and narrow shapes,
separated clusters of multiple points represent
different value groups with different centers

* Limits proposed for the district of significant deviation from normality [14].
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Figure 9. An example of Q-Q plots, histograms and density plots (left panel) with the results of height measurements
collected in a group of healthy children aged between 5 and 18 years. Four distinct peaks of lumped height values (local
maxima) appear. An additional analysis (right panel) examining the height distribution against age explains that the four
local maxima correspond to four different age groups of the children studied. Categorical, continuous and discrete data can
all form multimodal distributions and can be analysed in this way.

standing of differences between two or more
subgroups.

When the statistical mean is the primary mea-
sure describing the data, it is important to ensure
that the data are normally distributed and not
skewed. This is because the central limit theorem
states that the sample mean of large samples
approaches the true population mean. In other
words, the means of such samples satisfy the
normality of the distribution. However, this theo-
rem does not define whether the data have a nor-
mal distribution. The theorem does not exempt
the researcher from investigating how the data
are distributed.

Figure 10 shows over 20000 measurements
of 1-minute total heart rate variability (SDNN)
for sinus rhythm and for atrial fibrillation. In
both cases, statistical tests detected significant
(p-value < 0.0001) deviations from the normal-
ity of the distribution. However, only one graph
shows data that are significantly out of normal
distribution. For sinus rhythm, this is due to the
high skewness of the data (mean 35.5 ms and
median 53.8 ms). For atrial fibrillation, the distri-
bution is less skewed (mean 137.5 ms and median
136.1 ms). Only on the left side is the proportion of
observed values above the expected value slight-
ly higher. The atrial fibrillation data can therefore
be assumed to have a normal distribution.

With large data sets, the normality tests have
too much power and may detect even minimal
deviations from normality as significant. In such
cases, graphical analysis is always essential and
may be decisive.

However, only one graph shows data that are
significantly out of normal distribution. For sinus
rhythm, this is due to the high skewness of the
data (mean 35.5 ms and median 53.8 ms). For
atrial fibrillation, the distribution is less skewed
(mean 137.5 ms and median 136.1 ms). Only on
the left side is the proportion of observed val-
ues above the expected value slightly higher. The
atrial fibrillation data can therefore be assumed
to have a normal distribution.

Discussion

Assessing the normality of a distribution is the
first step in many statistical analyses. It should
always start with a visual assessment, for exam-
ple, using histograms or density plots. Unfortu-
nately, due to the required time and uncertainty of
interpreting such plots, statistical tests become
the only tool for testing the normality of data dis-
tributions. Normality tests are central to statisti-
cal analysis. However, they should complement,
not replace, graphical assessment of normality.

Journal of Medical Science 2023;92(2)

173



174

Sinus rhythm

Normal Quantile Plot

ot
ich

Box-whiskers plot

Histogram plot, normality plot

& smooth plot 10000

8000

count

6000

4000

2000

0
0 100 200 300

Atrial fibrillation

Normal Quantile Plot

s

Box-whiskers plot

Histogram plot, normality plot
& smooth plot

]f;% 1500

2000

/
count

1000

500

0
0 100 200 300

Figure 10. Q-Q plots, box and whisker plots, histograms and normal density plots showing analysis of SDNN calculated for 1 minute
beat-to-beat values of RR interval duration. Left panel shows plots for normal sinus rhythm, right for AF. Each panel summarises the
finding for more than 20,000 separate 1-minute files of RR intervals. For sinus rhythm, the data distribution is not normal, which can
be seen in the Q-Q plot, box-whisker plot - greater distance between the median and Q3 and the right whisker, and a clear clustering of
outliers outside this whisker. The histogram is also highly skewed. The distribution analysis of SDNN for AF appears to be Gaussian.

Is normality testing necessary?

Normality tests aim to determine whether a data
set is well-modelled by a normal distribution.
A single normality test is usually sufficient. If the
results are uncertain or borderline, other tests can
be used to confirm or reject the normality of the
distribution of the data being analysed. In such
tests, the null hypothesis is that the distribution
is normal, confirmed if the p-value exceeds 0.05.
If p < 0.05, normality is rejected.

A normal distribution is symmetric, so data
conforming to this distribution can be sum-
marised with mean and SD and later analysed
with parametric tests. True normality is consid-
ered a myth because real data, including medical
data, usually deviate from the ideal normal dis-
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tribution to some extent. For skewed non-normal
data, mean and SD may be misleading and con-
fusing because of potential over- or underesti-
mation. The median, Q1 and Q3 are required for
data with a non-Gaussian distribution. It is also
convenient for readers to see both the mean and
the median to decide whether the distribution is
normal.

To date, statisticians have not reached a con-
sensus on a single best test for assessing the
normality of distribution for all possible data and
situations. Normality tests with small group sizes
often confirm a normal distribution, while tests
with large groups tend to reject this assumption.
Circumstances in which all tests agree in judging
the normal distribution are straightforward. The



problem arises when different tests give differ-
ent assessments of the distribution. What do you
do when the statistical tests disagree with your
assessment? This is another reason to return to
graphical methods for assessing normal distri-
bution. It is worth looking at the presence of out-
liers and whether errors are hidden among them,
using additional graphical techniques such as
Q-Q plots.

Assessing the distribution’s normality should
help select the best methods for further analysis.
Choosing the right normality test can significantly
impact the reliability and validity of the statistical
analysis. Normality tests help determine whether
parametric tests are appropriate for further sta-
tistical analysis. Parametric tests, such as t-test
and ANOVA for comparisons or Pearson's corre-
lation test and regression models based on least
squares estimation, rely heavily on the normality
assumption. Sample size estimation for design
studies would not be possible without proper test
selection.

Determining whether the data show a seri-
ous departure from normality is crucial. If there
is any doubt about the normality of the data dis-
tribution, it is better to use non-parametric tests
in further analyses. If the data are normally dis-
tributed in one subgroup but not in another, it is
recommended that non-parametric tests be used
for the subgroup that does not have normally dis-
tributed data.

Nonparametric tests do not assume that the
data are normally distributed. Non-paramet-
ric methods should be used in further analy-
ses for data that are not normally distributed.
The simplest examples are the Mann-Whitney
or Kruskal-Wallis tests for comparisons or the
Spearman correlation test. They are more resis-
tant to violations of this assumption. There are
also robust statistical methods used in medical
research to analyse data that may have outliers
or other anomalies and to deal with such prob-
lems [16]. However, some statistical power is lost
by using non-parametric tests rather than para-
metric tests. Alternatively, the data can be nor-
malised by transforming them with some math-
ematical functions (e.g. logarithm, square root).
Another solution is to treat the results as explor-
atory rather than conclusive.

Consistency in the presentation and inter-
pretation of data is important, and the choice of

a particular approach should stand if the validity
of the statistical method used has been estab-
lished. Unwarranted changes from parametric
to non-parametric tests or vice versa during the
process may raise concerns about the reliabil-
ity of the statistical analysis and affect the final
result.

Summary

Exploring clinical data is an integral part of med-
ical research. One of the first steps is to distin-
guish whether the data is continuous, quasi-con-
tinuous or discrete. Since outliers of different ori-
gins can affect the final results, it is important to
notice them and decide what to do about them.
When analysing the data distribution, graphi-
cal and numerical methods should be used after
adequately identifying whether the data have
a normal distribution; non-parametric or para-
metric tests should be used in further analysis.

Reliable and correct statistical analysis is
crucial in medical research for many reasons,
including accurate data interpretation, findings
validation, evidence-based decision-making, and
generalisability of results. It underpins the cred-
ibility and impact of medical research, leading
to advances in healthcare and improved patient
outcomes.
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