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ORIGINAL ARTICLE

Stressors and Coping Mechanisms of Divorced
Women

Sri Wahyuni,' Satriya Pranata,? Vivi Yosafianti Pohan?

1. Magister Program of Nursing, Universitas Mu-
hammadiyah Semarang, Semarang, Indone-

: sia.
AbStraCt 2. Department of Nursing, Faculty of Nursing and
H Health Science, Universitas Muhammadiyah
Background/Aim: The high divorce rate in Indonesia has an impact on i Semarang, Semarang, Indonesia.
the number of divorced women. In Indonesia, women with divorced sta- ! Citation:
tus are still stigmatised, whereas the stigma and perception of divorced ¢ WahyuniS, Pranata S, Yosafianti Pohan V. Stressors
women in the community are still skewed. The formation of a negative i and coping mechanisms of divorced women. Scr
stigma from the community makes women who experience divorce face i Med. 2024 Jan-Febi5(1)112.
many problems that can increase stress and make women psychologi- Corresponding author:
cally disturbed. To overcome the conflict experienced, individuals have a { SRIWAHYUNI
coping mechanism as a way to defend themselves against changes that i B yuyunyuniz3@gmail.com

occur both within themselves and from outside themselves. The purpose
of this study was to explore the sources of stress and coping mechanisms
for stress in divorced women in Cirebon Regency, West Java, Indonesia.
Methods: This research was qualitative research with a phenomenolog-
ical approach. The research participants amounted to 8 women with a
divorce status of less than 2 months who experienced mild and moder-
ate stress in dealing with the new status of divorce in Cirebon Regency.
The selection of research participants used a convenience sampling tech-
nique. Data collection methods using in-depth interview techniques and
administering questionnaires perceived stress scale (PSS) to determine
a person's level of psychological stress. Data analysis in this study used
the Colaizzi method. This study identified two themes, namely the sources
of stress of divorced women and coping mechanisms for stress built in
divorced women.

Results: Sources of stress included social status, negative stigma from
society, the process of raising children without a husband, economic fac-
tors, fear of facing life in the future and relationships with ex-husbands
and their families. These various stresses did not prevent divorced women
from continuing their life process. This was because of the coping mecha-
nisms made by divorced women so that the stress they experience did not
harm their lives. These coping mechanisms included self-management,
enjoying the process, diverting problems, telling other people about prob-
lems, strengthening spirituality and self-reflection.

Conclusion: Divorced women struggle with numerous stressors. It is
necessary to strengthen positive coping mechanisms and to overcome
stigmas and prejudices in society towards divorced women.

Key words: Stressor; Coping mechanism; Divorced woman. i Received: 15 November 2023
i Revision received: 29 January 2024
Accepted: 29 January 2024

Introduction

The hope of everyone who undergoes amarriageis  family. But in the process of its journey, household
basically to have a happy, eternal and harmonious relationships do not always run smoothly because

Copyright © 2024 Wahyuni et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



marriage brings together two individuals from
different backgrounds. This is not an easy thing
because these differences often present conflicts.
Conflicts can come from outside or from within
their households.

Marital conflicts that commonly arise (eg difficulty
accepting differences, economic problems, chil-
dren’s problems, feelings of jealousy, division
of roles, duties and responsibilities, not in line
with the original purpose of marriage and the
presence of a third person) trigger continuous and
unresolved disputes so that the couple chooses to
divorce as the best solution.

According to the Statistics Indonesia report, the
number of divorce cases in Indonesia reached
516,334 cases in 2022 (113,643, 102,065
and 85,412 in West, Central and East Java,
respectively). This figure increased by 15.31 %
compared to 2021 which reached 447,743 cases.
The number of divorce cases in the country in
2022 was the highest in the last six years.!

West Java province is the province with the
highest divorce rate in 2022, Cirebon Regency is
the district in West Java with the third highest
divorce rate after Indramayu Regency and Garut
Regency. In Cirebon Regency, the divorce rate has
increased every year.?

Divorce is an event that ends a marriage legally,
which is not planned and desired by the married
couple. The impact of divorce is not only
experienced by women, men also experience
psychological impacts in dealing with divorce, but
in divorced women, the stigma received is much
greater than that of men. The stigma built by
society against divorced women occurs because
there are still assumptions that demean women
and elevate the status of men.® The results of
research by the independent age organisation
prove that divorced women feel more loneliness,
sadness and even depression than men.*

Divorced women are often viewed negatively by
some Indonesians. When a woman sues the man
for divorce for reasons such as not providing
for the family, the woman is often blamed, with
society judging that the woman cannot manage
finances properly. When in the end women work
to help to meet family needs, the community
considers that the woman cannot take care of her
husband properly. So, if the husband has an affair,
the woman is again to blame. The divorcée status
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attached to women makes women even ostracised
by the community. This happens because there
are still some people who think that divorced
women are women who cannot take good care of
their households.®

Psychologically, divorced women will experience
sadness, shame, trauma and mental shock,
especially due to the factor of infidelity by
their husbands, these women will experience a
personal crisis in the form of negative emotions,
namely anger, disappointment, crying easily,
irritability and more closing themselves.
Stressors and anxiety that arise can be an
obstacle to living life in the future. Anxiety is an
emotion and subjective experience of a person.
Another definition of anxiety is a condition that
makes people uncomfortable and is divided into
several levels. So anxiety is related to feelings
of uncertainty and helplessness.® When feeling
anxious, individuals feel uncomfortable or
afraid or may have a premonition of impending
doom even though they do not understand why
these threatening emotions occur. Anxiety is an
internal warning device that signals danger to the
individual. Anxiety will increase in families when
one of their family members experiences a life-
threatening illness.” To deal with this stressful
situation, individuals must adapt to stressors. The
stress response is also called coping mechanisms,
each individual has a different coping mechanism
in dealing with a problem depending on the level
of stress, parenting and individual experience
managing stressors.

Coping mechanisms are the way individuals
manage and deal with situations that cause stress
to move forward to achieve life goals. According
to Stuart and Sundeen® coping mechanisms are
classified into:

- Adaptive coping mechanisms. Adaptive
coping mechanisms are coping mechanisms
that support the functions of integration,
growth, learning and achieving goals. The
categories are talking to others, solving
problems effectively, relaxation techniques,
balanced exercise and constructive activities.
Adaptive coping mechanisms include talking
to others and seeking information about the
problems faced, in addition to the effort also
praying, doing physical exercise to reduce
the tension of the problem, making various
alternative actions to reduce the situation and
feeling confident that everything will return
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to stability, taking lessons from past events or
experiences.

- Maladaptive coping mechanism. Maladaptive
coping mechanisms are coping mechanisms
that inhibit the function of integration, break
down growth, reduce autonomy and tend
to control the environment and avoidance.
Maladaptive coping mechanism behaviours
include aggression and  withdrawal
Aggression behaviour (attacking) against
targets or in the form of objects, goods or
people or even themselves. The withdrawal
behaviour includes using alcohol and drugs,
daydreaming and fantasy, sleeping a lot, crying
and switching to other activities.

The purpose of this study was to explore the
sources of stress and coping mechanisms for
stress of divorced women in Cirebon Regency,
West Java, Indonesia.

Methods

Design

The research method in this study used a
qualitative descriptive method, which is an
approach carried out in research that focuses
on phenomena that occur or are natural and are
carried out by going to the field.” The approach
used wasacase study approach, namely the search
for cases or phenomena with data collection
involving detailed information sources.'

Population and samples

The selection of participants in this study was
carried out by purposive sampling. Initial data
collection through in-depth interviews with
divorced women who were divorced for less than
2 months in the Cirebon Regency area, a total of
8 participants.

Instruments and data collection

The data collection method used in-depth
interview techniques and administered a
perceived stress scale (PSS) questionnaire
to determine a person’s psychological stress
level. Data were analysed by using the Colaizzi
method, namely 4 stages: (1) collecting data from
interviews in the form of primary and secondary
data and making data transcripts by listening
repeatedly to the recordings; (2) researchers

read repeatedly the existing data transcripts
so that researchers could find significant data
meaning and underline important statements
of participants; (3) determining categories and
grouping into themes; (4) writing reports.!

Results

Based on the results of the interviews conducted,

main characteristics of respondents are
presented in Table 1.
Table 1: Characteristics of respondents
Length of Number of

No Age divorce  children Job Stress level

1 38 1 month, 20 days 3 Factory employee Mild

2 43 2 month 3 Former migrant worker Moderate

3 35 1.5 month 2 Online merchant Moderate

4 39 1 month 4 Household assistant Moderate

5 45 2 month 2 Self-employed Moderate

6 31 2 month 1 Self-employed Mild

7 46 1month, 25 days 3 Teacher Mild

8 37 2 month 2 Factory employee Moderate

It was found that 3 (37.5 %) participants
experienced mild stress and 5 (62.5 %)
participants experienced moderate stress after
being assessed from the perceived stress scale
(PSS) questionnaire to determine a person’s
psychological stress level.

From the thematic results of the participants,
two themes were obtained which included: (1)
sources of stress of divorced women and (2)
coping mechanisms of divorced women against
stress.

Source of stress

Divorced women experienced stress caused by
several sources including: (1) social status, (2)
negative stigma of society, (3) the process of
parenting without the assistance of the husband,
(4) economic factors, (5) low self-esteem, (6) fear
of facing future life, (7) relationship with ex-
husband and his family.

Social status

After a divorce, individuals will face new
challenges in their lives, one of the challenges
faced by women after a divorce is a new social
status. The divorcée status that women hold



will change their social status in the community,
which is a source of stress for divorced women.
Participants felt ashamed and inferior to their
new status. Three participants said they felt
ashamed of their new status so they preferred to
stay at home.

The following is the participant’s statement:

... “I'have been a divorcée since 2 months ago, [ am
ashamed of my divorcée status, I feel humiliated,
I avoid gatherings and going out unless I have to
buy something at the stall, I feel that everyone is
talking about me”...(P2)

... "Sometimes I still can’t believe what happened,
on the one hand, I'm relieved to divorce my
husband, I've been fighting with him, huufftt...
but yes, I'm not ready for the status of a divorcée.
Shocked yes, embarrassed, especially Sist. |
feel like everyone is blaming me for getting
divorced”...(P6)

From the above statement, it can be concluded
that the source of stress that arises in divorced
women less than 2 months is social status. Their
new status makes them embarrassed to socialise
with the community.

Negative stigma of society

The stigma attached to a divorced or widowed
woman is not only associated with her social
and economic status but also with her sexuality.
Ethnographicresearch onthe marital experiences
of men and women shows that divorced women
and divorcées bear a much heavier burden of
stigma than men.

The following are two participants’ statements
regarding sources of stress about community
stigma:

... “What do you think about divorcées? You are
a college student. I'm ashamed if here the name
divorcée is still seen as ugly, I don’t feel good
hearing the word “divorcée” the impression is of a
woman who is not right, an odd woman, a woman
who is feared and will seduce their husbands,
even though who also wants to divorce, [ want to
have a family that is harmonious forever, but I'm
not strong enough to survive.”... (P8)

... “l have been able to accept my status because
this divorce is my wish so by divorcing I am even
free, I am relieved. I'm not strong enough with
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his behaviour. During this time I worked selling
online, while COD I also went around, people
thought that this divorce was because of my
bad behaviour, they thought that I liked to walk
around, so now the mothers around me are
labelling me badly. I'm sad, so I'm lazy to go out,
lazy to meet people around.”... (P3)

LynParker, professorand one ofthelecturersatthe
University Of Western Australia Stigmatization
in her paper entitled “The Stigmatization of
Widows and Divorcées (Janda) in Indonesian
Society”, said that the stigmatisation of divorcées
can be analysed from the institution of marriage.
The institution stigmatises that ideally a woman
should be married, outside of that, it is wrong.*

Divorcées are more closely associated with
stigma than widows whose husbands died. A
dead widow is more respected, especially if she
decides not to marry because she is considered
to still maintain her honour. Something that
is highly valued by Indonesian society. Such
labelling ultimately leads to women preferring to
stay in bad marriages.!?

Parenting without husband’s assistance

Having the role of being a single parent will
experience changes that can cause problems,
which previously only played the role of father
or mother after divorce must play multiple roles.
The following are the words of two participants:
.. “I'm afraid, I'm afraid I can’t raise my children,
I have to work, take care of my children too, can |
give the best for my children. I'm afraid | won’t be
able to do my best, I feel sorry for them.”... (P1)

... “Child custody rights are indeed in me, I'm
happy about that, but I'm also confused about
how to pay for the children in the future, the
father is already separated like this and doesn’t
necessarily want to give regularly, especially if he
has remarried. I am afraid that my income is not
sufficient for the needs of the children, especially
since they are still young, they still need their
father’s figure.”... (P6)

One of the psychological well-being of children
is determined by family harmony. A harmonious
family will be able to carry out its functions and
roles in building children’s character optimally.
However, social reality shows that not all families
can condition and maintain a harmonious
and comfortable household for children who
eventually choose the path of divorce. Concerns
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about the child development process are one of
the sources of stress for divorced women.

Economic factors

The status of being a single mother makes
divorced women, especially those who do not
work, have to think quickly about how to work
and be responsible for the needs of their children.
In Indonesian society, for average husband when
divorced and custody moves to the wife’s hands,
the obligation to provide for his children also
ends.

... “How will I send my child to school, especially
since this teteh is already in high school and
wants to go to college, there is a fear that I can’t
pay for it, especially since I'm just a factory
employee, it’s enough for a day - just a day, I can
save a little - a little, hopefully, the father will
want to help the Children’s school.”... (P8)

.. “I'm still trying to accept it, but it’s still hard,
especially for the children’s needs, I'm confused.
I don’t work, do I have to go to Arabia again for
the children’s future? My salary money from
my time in Arabia was spent by my husband on
unclear matters. Where will I get my daily needs
from?”... (P2)

This is also supported by research Leung, namely
the feeling of anxiety experienced by single-
parent mothers (single mothers) is the difficulty
of finding work and thinking about the needs of
daily life with children and panic thinking about
the future of their children. Those who become
single mothers, either due to death or divorce,
apparently experience problems, especially
economic problems.™*

Low self-esteem

A person’s self-acceptance is related to a positive
self-concept, where with a positive self-concept,
a person can accept and understand facts that
are so different from himself. Self-acceptance is
a positive attitude towards oneself, can accept
one’s situation calmly. In divorced women, it
takes time to be able to accept themselves with
their new social status and divorced women need
time to adapt and accept their current situation.

... “This is how it feels to be a divorcée, I'm still
shocked, I still don’t believe in my current status,
I failed to get married, I'm still shy to go out and
meet with people around me, I'm also ashamed
of my friends who work with me, Alhamdulillah,

they really support me, but I'm still ashamed.”...
(P7)

... “I'm just inside the house, I'm embarrassed to
go out, the children go out if they want to buy
something, I'd rather buy something in a far place
where people don’t know me, I'm embarrassed
that I'm already a divorcée. I feel that people look
at me differently.”... (P5)

It takes different time for each individual to be
able to accept his or her situation, of course, the
support of the surrounding environment such as
family, children and the surrounding community
to support and assist newly divorced women so
that they can accept the circumstances that occur
and have self-acceptance and increase their self-
esteem.

Fear of facing life ahead

Women when divorced will think about
many things far ahead, not only thinking
about themselves, but also thinking about the
psychology of children, child development, child
education and how to raise children without a
partner. Here are the participants’ statements:

... “The decision I took is not right, sometimes I
still think about how I live with my children in
the future without my husband, I am also afraid
to get married again, there is a lot of scary news
on TV-TV. I feel sorry for my children, but if | raise
my children, how will their education be, how
will they feel living without their father, afraid of
being bullied.”... (P6)

... "Although economically, God willing, I can
send my children to high school, they still need
a father figure, I am afraid that their psychology
will be disturbed, even now I am still devastated
by this incident. I feel sorry for the children, they
have started to mature and they have started
to have a sense of shame about this incident.
I'm afraid of lowering their concentration on
learning, worried that I won’t be able to control
their relationships too.”... (P7)

Single mothers more often feel anxiety and fear
about the future after divorce, especially when
they have children who have entered school age.
It is women who more often feel anxiety and fear
in facing the future after divorce.'® Anxiety is a
feeling of tension associated with fear, worry,
feelings of guilt, feelings of insecurity and the
need for certainty.'®



Relationship with ex-husband and his family

Another impact of divorce that is a source of
stressors arising from divorce is the breakup
of ties and communication between divorced
couples, children and families. Divorce does not
always end well, in fact, divorce always triggers
a conflict between the parties’ families. As stated
by the participant:

... “Yes, that’s what worries me, I had a big fight
with my husband before the divorce and until
now there has been no communication, we
blocked each other’s WA numbers, I don’t want to
start contacting him, I am still irritated and hate
him.”... (P4)

... “There is no communication yet... Yes, there
is, I still keep his number, I don’t know how our
relationship will go in the future, there are
children who still need us parents and I am afraid
that the children will be cut off from their father,
I am afraid that the children will be neglected,
especially if he is married and has another child,
how will the future be, but I still hate not wanting
to meet first.”... (P3)

The divorce between husband and wife does not
just happen, some factors cause conflict between
husband and wife in the household and when
these conflicts cannot be resolved then the couple
decides to divorce as a solution after divorce
parents should still have a good relationship to
be together in the process of raising children,
but sometimes divorce has an impact on the
relationship with the ex-husband after divorce.

Coping mechanisms

Coping mechanisms carried out by participants
included: (1) self-management, (2) diversion
of problems, (3) telling problems to others, (4)
strengthening spirituality and (5) self-reflection.

Self-management

Stress management is about how an individual
acts by involving thinking activities, emotions,
plans and how to solve problems. Here are the
statements of the participants:

... “Stress, anxiety, irritation, sadness don’t need
to be asked mbak, I want to go far away to release
the burden, but [ remember I have children, how
are they without me. Now I am still trying to
continue to accept more, calm myself, convince
myself that this is the best, my children always
strengthen me.”... (P7)
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... “If you say I'm sincere or not with this divorce,
I'm still not sincere, but yes, how else, if I stay
down like this, how will my children be, I'm trying
to continue living life while introspecting myself,
maybe this divorce is my fault too, so just try to
live a little - a little to be sincere.”... (P1)

... “Being viewed negatively by the community
because of my divorcée status hurts, yes, I used
to dress up and go out to deliver orders and CO
and I like to be talked about, but now I don’t feel
good about going out, but I try to accept maybe
it’s a form of input for me so that my appearance
is improved again, but I still have to work, it’s for
feeding my children too.”... (P3)

... “I am trying to accept my new social status,
learning to adapt to being a single parent, | must
be optimistic and confident that I can educate
my children without my husband.”... (P8)

Self-stress management begins with identifying
the sources of stress that occur in life. Then
the next step is to choose an effective problem-
solving strategy. In general, there are two ways,
namely: a) change the situation (avoid the source
of the problem) and b) change our reaction to the
source of stress.

From these 2 ways, if we look at the first way,
which is to change the situation, not everything
can be changed as we want because sometimes
the source of stress comes from outside and is
difficult for us to change. The second way to deal
with the source of stress is to change our reaction
to the source of stress. It is not easy to see the
positive value of the bad things we experience.
But sometimes, when we try to accept unpleasant
situations that cannot be changed, it is the first
step to being able to see the positive side of what
we experience. From the statements of the three
respondents above, one of the coping mechanisms
used by divorced women in dealing with their
sources of stress is self-management.

Problem diversion

From the results of the interview, it was found
that the participants said they needed to do
several things to be able to divert attention to
stress so that they could temporarily forget about
the stress that they could then carry out activities
better. One participant with mild stress diverted
stress by taking care of her favourite flowers in
the garden.

... “llike taking care of the flowers, by taking care
and watering the flowers, I can forget my stress
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for a while, it’s calmer taking care of the flowers
so I get distracted.”... (P1)

Then one participant with mild stress diverted
by watching a funny Korean drama movie.

... “I watch Korean”s Films Mbak, I choose funny
ones - funny for entertainment if the movie is sad
I will get sad again, so just look for funny ones.”...
(P6)

One participant with mild stress said that she
relieves stress by cooking.
... “My hobby is cooking, I better divert it by
cooking, making cakes. It’s good enough to
temporarily forget the stress.”... (P7)

Five participants with moderate stress divert
stress by keeping themselves busy with online
selling activities, exercising, cleaning the house,
taking a bath with warm water and hanging out
with friends.

... “Instead of being stressed out, I'm getting
more and more excited about selling online,
posting merchandise and going if someone CODs,
it’s quite distracted for a while.”... (P3)

... “My hobby is gymnastics with the mothers of
this complex, but I am still shy to get together,
I do gymnastics alone at home, the important
thing is that my emotions and stress come out
together with my sweat he..he..he.”... (P8)

.. “Idivert it, if I get down, I can’t do anything.
I'm busy working and cleaning the house. The
important thing is not to stay daydreaming.”...
(P5)

..."Take a warm bath, I give spices and flowers,
my mind is also calm.”... (P2)

..‘After cleaning up at Bu Kuwu’s house, |
gathered with my friends at my house, made
salad, ate together, Alhamdulillah the arrival of
close friends relieved my sad problems.”... (P4)

Telling problems to others

One way thatis often used as a coping mechanism
for participants is to share and tell problems with
others, some tell it to parents, family and children
because their children are adults and some
are friends. The following is the participant’s
statement:

.."I tell my mom to relieve myself. I can’t keep it
to myself, sometimes I tell my close friends too.”...
(P1)

.."To my parents, often to my mother, to be
relieved, often calmed by my mother.”... (P3)
...To my mother, how yes, I can’t keep it to myself,
when I tell her it’s free. My mom always calms me
down and encourages me.”... (P8)

."Tell my close friend, my bestie. She always
listens to me whenever I need her.”... (P4)

..'l always tell my mother, that I need to be
calmed down, I need to be advised by my parents.
But I also often talk to my children, coincidentally
my children are already adults, they can share
with me.”... (P7)

...'l go to my cousin when I tell him stories, I'm
close to him, he’s nice to talk to, he always wins
me over and listens to me.”... (P2)

Strengthening spirituality

When experiencing stress and anxiety after
divorce, all participants, both those who
experienced mild and moderate stress, took a
spiritual approach to overcoming anxiety, by
praying a lot, "istighfar", performing worship,
believing that Allah would not abandon them and
taking lessons from the events that happened
to them. The following are the participants’
statements:

...‘Always praying and praying, asking to be
strengthened. Never get tired of asking God."...
(P1)

..l pray a lot, istighfar, my heart becomes
calmer.”... (P3)

..."Humans can only try and pray, yes mbak, with
this incident I tried to calm myself by praying,
I believe God will not leave me, just ask to be
strengthened mbak.”... (P5)

..."After Wudhu, istighfar, I pray, ask Gusti Allah, it
makes my heart calm, I just surrender everything
to Gusti Allah.”... (P2)

..."Praying, reciting the Quran, praying is all 1
can do, asking Allah to strengthen me, asking
to go through these times with patience and
sincerity.”... (P4)



.."Just take lessons from this incident, nothing
lasts forever and we must be prepared for any
event, I believe this is the best from Allah.”... (P7)

Self-reflection

Self-reflection is a brooding activity to do self-
introspection and look back at things that have
happened in life, analyse habits, experiences
and decisions that have been taken. In the
participants, it was found that the self-reflection
carried out was by self-introspection, making
lessons and life experiences and remaining
grateful that God still provided health. The
following is the participant’s narrative:

..."contemplating, self-introspection, looking for
self-deficiencies, finding how to solve problems
so that I don’t keep thinking about it.”... (P2)

..trying to introspect myself, what I've done,
what my attitude is like, it’s not entirely his
fault.”... (P1)

."What yes, just a lot of introspection, maybe |
haven’t been able to be a good wife, maybe a lot
of my attitude also makes him uncomfortable, it
can calm me down a little bit.”... (P7)

..."Self-introspection, making lessons and life
experiences to be even stronger. Let me be free.”..
(P5)

Discussion

In this study, two themes were generated from
the results of interviews identified from the
research objectives, namely sources of stress and
coping mechanisms. The impact of divorce on
women will be felt more than on men from before
and after legalised divorce.

Sources of stress

The number of divorces increases in Indonesia
every year making divorce cases a common
thing. But for victims of divorce, this event has
a psychological impact that is not only felt by
divorced couples but the impact is also felt by
children and families of both parties. Stress
can be felt by both women and men but women
have a higher risk of stress than men because
of hormonal and genetic differences that cause
women to experience stress more easily than
men.’
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In divorced women, some stressors have a
negative impact and can interfere with the lives
of divorced women carrying out their lives after
being divorced, from the results of interviews,
several sources of stress were found in 8 divorced
women who were divorced for less than 2 months
and had mild and moderate levels of stress.

The first source of stress is social status,
experiencing changes with a new social status
after divorce is one source of stress in women,
divorced women need time to adapt to accepting
the new status. Norms prevailing in society, state
that the life of a woman who holds the status of
a divorcée greatly affects psychologically due to
the views of the community.8

Stress in responding to the stigma from society
regarding widowhood is also a source of stress
for divorced women. Divorcée status in women
is often viewed negatively by some people.
Although the cause of divorce is the man, society
always views divorced women negatively. The
divorcée status attached to women, makes
women ostracised by society.!® This happens
because there are still some people who think
that divorced women are women who cannot
maintain their households properly.*

The process of raising children without the
assistance of a husband is also a source of
stress for divorced women, being a single
mother, a woman who becomes a single parent
requires a very heavy struggle because she has
to raise children and meet the needs of family
life and burdensome is the assumptions of the
surrounding environment that put her as a single
parent, it is very influential for the life of a single
parent family, especially very influential on child
development. The task of a parent, especially
a mother, will become heavier if she has to be a
single parent.?

Economicfactorsareone ofthe heaviestsources of
stress experienced by divorced women, divorced
women will immediately think about how to live
and raise children without a husband, including
financial matters, ex-husbands usually only
provide for children as much as they can and even
then, not all ex-husbands are responsible, mostly
after the breakup of marriage, husbands lose
responsibility in providing for their children. That
is why divorced women make economic factors
one of the sources of stress. After the divorce
process, there will be a decrease in economic
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problems for both men and women, according

to research conducted in India divorced women

will experience a greater economic impact than
21

men.

Divorced women tend to experience low self-
esteem or low self-esteem problems, this is due
to the negative stigma about divorcée status,
divorced women feel embarrassed and need
time to be able to accept themselves and failure
to maintain a harmonious marriage relationship
makes women become low self-esteem which will
affect their social life in the future if not handled
immediately.?

The next source of stress in divorced women
is fear of facing life in the future. In divorced
women, accustomed to living together with their
husbands but when women lose their husbands,
there will be a heavy burden of life that becomes
their responsibility, so they have a very noble and
important position because they will continue
and maintain the continuity of the family.'®

Relationships with ex-husbands and their
families become a source of stress for divorced
women because every divorced couple certainly
has different reasons and goes through different
processes before deciding to divorce, couples
who divorce well, for example, for reasons of
differences in principles and not hurting each
other when divorcing, there is no reason not to
stay on good terms after divorce. Butifthe divorce
is based on conflict that hurts each other, it will
create a source of stress for divorced women
to keep in touch with their ex-husband and his
family. It takes time for a divorced woman to
restart a good relationship with her ex-husband
if the divorce is based on a hurtful conflict, but it
must be considered again if there are children in
the marriage then restarting a good relationship
with the ex-husband needs to be a concern.

All respondents in this study, both those with
mild and moderate stress, still needed time to
be able to re-establish communication with
their ex-husband, the divorce that occurred by
all participants was triggered by unfavourable
conflict. They need time to heal the hurt and
disappointment experienced.??* Divorced married
couples who have children need to make
efforts so that they can maintain interactional
relationships after divorce such as: trying to
establish a relationship of friendship both by the
husband and the wife in addition to establishing

arelationship of friendship there is also trying to
forgive the actions taken by the husband or wife
made during the marriage.’

Coping mechanisms

Coping mechanisms are any individual efforts
directed at stress management, including direct
problem-solving efforts and defence mechanisms
used to protect themselves.?* These efforts
are made by individuals both cognitively and
behaviourally to deal with a problem they face.
From the results of this study, the efforts made by
divorced women who were divorced for less than
two months with each different level of stress,
the coping mechanisms they carried out were
self-management, diversion of problems, telling
problems to others, strengthening spirituality
and self-reflection.

Self-management in this study is a coping
mechanism carried out by participants by
organising themselves so that problems were
faced, not to be avoided. Existing problems were
faced and solved such as starting the process of
acceptingoneselfwithanewsocial status,starting
to increase their self-esteem by developing their
abilities and starting to try to forgive their ex-
husband to maintain communication for the
children.?> Andiyani?® states that problem solving
is one of the coping mechanisms commonly
applied and is effective coping for divorced
women. Problem solving in the study was carried
out in ways such as using different strategies to
solve problems, participants did so by involving
thinking activities, emotions, plans and how to
solve problems.

Problem diversion is also one of the efforts to
reduce participants’ stress, among others, by
doing things or activities that can forget for a
moment about the stress experienced, namely
by channelling into hobbies such as caring for
flowers, cooking, watching favourite movies,
doing sports, soaking in warm water with
aromatherapy, cleaning the house and occupying
themselves with activities. Self-diversion is a
negative coping mechanism because this coping
is temporary and does not focus on solving the
problem so it causes difficulties for oneself and
inhibits learning functions.?’

Telling problems experienced to others is a
common thing that most participants do with
all levels of stress. By telling the problem,
participants hope to feel relieved and reduce the
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stress experienced. This coping strategy is by the
theory of Folkman and Lazarus, which reveals
that telling problems to others is part of the
coping mechanism of seeking social support.?®

Spiritual strengthening is also one of the steps
to overcome stress for participants. Performing
worship, praying, believing that Allah will always
help His servants and not worrying so much
about the problems faced are examples of steps
applied by participants.’® Always praying for
patience with the flexibility to accept the reality
that exists in him is included in the prayer and
patient coping mechanism, namely surrendering
to Allah SWT.# Spiritual strengthening affects
reducing stress, with individuals surrendering
to God, it will make the heart calm and stressors
decrease and individuals will be more able to
accept the circumstances that befall them when
they remember God.?

Self-reflection is also a coping strategy of
the participants, namely by introspecting
themselves, making lessons and life experiences
and remaining grateful that God still gives them
health. Spirituality has a positive relationship
with individual resilience in dealing with stress,
spirituality can strengthen mental and calm
individual feelings so that they can continue
to live life in the future, the belief that God will
always be with them in facing trials makes
divorced women able to strengthen themselves
in the problems experienced.?°

Conclusion

Sources of the stress of divorced women were
social status, negative stigma of society, the
process of parenting without the assistance
of the husband, economic factors, low self-es-
teem, fear of facing futurelife, relationship with
ex-husband and his family, while coping mech-
anisms of divorced women were self-manage-
ment, enjoying the process, diversion of prob-
lems, telling problems to others, strengthening
spirituality and self-reflection. Divorced wom-
en struggle with numerous stressors. It is nec-
essary to strengthen positive coping mecha-
nisms and to overcome stigmas and prejudices

in society towards divorced women.
\ J
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followed by DCE (91.9 %) and T2WI (90.1 %). All three sequences had 89.7 %
specificity.

Conclusion: DWI and DCE MRI were superior to conventional MRI at
distinguishing malignant from benign endometrial lesions and can improve
myometrial invasion depth evaluation and therapy planning when com-
bined with morphological T2WI. ADC cutoff at a high b value improved MRI
diagnostic sensitivity and specificity.

Key words: MRI; Dynamic contrast enhancement; Diffusion-weighted
images; Endometrial lesions; Benign; Malignant; Myometrial invasion.
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Introduction

Endometrial abnormalitiesrepresentasignificant  features of the normal endometrium influenced
diagnostic challenge for radiologists. Thismay be by the menstrual phase in addition to variable
attributed to the potentially overlapping imaging  benign and malignant endometrial lesions
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including submucosal fibroid, endometrial
polyp, endometrial hyperplasia and endometrial
neoplasms. Ultrasonography (Us) and
endometrial biopsy have been the gold standard
for identifying endometrial abnormalities
prior to surgery. Sonographic observations of
endometrial thickness, heterogeneity and a
focal endometrial lesion are non-specific, with
probable interference between malignant and
benign illnesses and must be considered in
conjunction with the patient’s age, symptoms and
hormonal state.! Endometrial curettage or biopsy
should be performed in these circumstances for a
definitive diagnosis.? However, since these tests
are typically performed blindly, it is not always
possible to provide an accurate diagnosis.?

The International Federation of Gynaecology
and Obstetrics (FIGO) approach, which is used
to stage endometrial cancer (EC) was recently
revised.* The most important morphologic
prognostic indicator is the depth of myometrial
invasion, which correlates with the tumour
grade, the presence of lymph node metastases
and overall patient survival. Magnetic resonance
imaging (MRI) can reliably identify the depth
of myometrial invasion, whereas endometrial
biopsy can determine the histologic grade.
The myometrial extension is a reliable index of
lymphatic spread. The prevalence of lymph node
metastases increases from 3 % with superficial
myometrial invasion to 46 % with deep
myometrial invasion.® Patients with lymph node
metastases have asignificantly higher recurrence
rate and a lower 5-year survival rate than those
without lymph node metastases.® More advanced
diseases, such as cervical stromal invasion or
adnexal involvement, can be accurately assessed
by MRI. Additional information from an MRI
staging assessment (eg uterine size, tumour size,
presence of ascites or adnexal illness) may aid in
determining whether surgery should be trans-
abdominal, transvaginal or laparoscopic.’

Diffusion-weighted and dynamic multiphase
contrast-enhanced MRI sequences have been
found to increase MR imaging accuracy in
measuring the depth of myometrial invasion.
These sequences can be used to monitor tumour
response to therapy and differentiate tumour
recurrence from post-treatment alterations.”
The purpose of this study was to evaluate the
diagnostic performance of dynamic contrast-
enhanced MRI and diffusion-weighted sequence
in the evaluation and characterisation of endo-
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metrial lesions in comparison with morphological
T2-weighted image, as well as the degree of
myometrial invasion in malignant-appearing
lesions in these sequences.

Methods

This was a prospective analytic study carried
out in the Radiology Department of Oncology
Teaching Hospital/Medical City Complex in
Baghdad, Iraq during the period from 1 December
2020 to December 2021.

Included patients were referred from the
gynaecological department in Baghdad teaching
Hospital/Medical City with abnormal vaginal
bleeding (post-menopausal, peri-menopausal,
pre-menopausal bleeding, postcoital bleeding
and/or abnormal vaginal discharge), abnormal
endometrial pathology or endometrial thickening
by transvaginal and/or abdominal ultrasound.
Endometrial thickening was defined as an
increase of the endometrial thickness over 5 mm
in post-menopausal women and an increased
thickness of endometrium non-compatible
with the expected thickness in proliferative
or secretory phases in reproductive women)
decided by a clinician according to clinical and
sonographic findings). Patients with previous
surgical  history for uterine/endometrial
pathology and EC treated previously with
suspected recurrence or adenomyosis were
excluded. Patients with general contraindications
for MRI and those who did not fit within the MRI
gantry, had severe motion artifact and degraded
MRI and did not have diffusion-weighted image
(DWI) or dynamic contrast-enhanced (DCE) or
histopathology report were not included in the
study.

Clinical and demographic information was
recorded for each patient using a prepared case
sheet. The final diagnosis of the patients was
based on the histopathological results of the
material obtained after surgery and/ or dilation
and curettage (D and C).

MRI protocol

The patients were asked to fast for about 4 to 6
h before the examination as part of preparation.
Pelvic MRI was performed using a (Siemens
Healthineers: ~ MAGNETOM  Aera, Erlangen,
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Germany, 1.5 T) with both conventional MRI
sequences and dynamic contrast enhancement
(CE) MR], in addition to the DWI sequence in pre-
contrast images. All the patients were imaged in
the supine position using a pelvic array coil, with
the arms along theirbody and were instructed not
to move during the examination. Axial, coronal
and sagittal localiser images were captured,
then fast spin echo (FSE) T1-weighted (TR 500
ms, TE 10 ms, matrix 320,512, slice thickness: 5
mm with an interslice gap of 1-2 mm, FOV 300
mm and a flip angle of 90 degrees) in the axial,
oblique and sagittal plane followed by FSE T2-
weighted images (TR 1400 ms, TE 93 ms, matrix
256,512, slice thickness: 5 mm with an interslice
gap of 3-4 mm, FOV 200-240 mm and a flip angle
of 90 degrees) in the axial oblique and sagittal
plane. Image acquisition was optimised and
perpendicular to the endometrium for T2WI. To
get axial oblique images of a tilted uterus, “double
oblique images” at an angle in both the sagittal
and coronal planes produce a “true oblique” that
is orthogonal to the endometrium. These pictures
were taken perpendicular to the parasagittal T2-
weighted MR imaging and were centred on the
imaging plane in which the endometrium was
clearly seen.

CEMRI procedure

After manually injecting 0.1 mmol/kg gado-
pentetate dimeglumine (Magnevist) intravenously
(iv), volumetric interpolated breath-hold
examination (VIBE) was used for 4-5 min of
sagittal dynamic MR imaging. Images were
taken at 30, 70, 120 min and 4-5 min following
iv contrast administration. In the first 30 s after
contrast material administration, “the arterial
phase” revealed the sub-endometrial zone, which
enhanced earlier than the myometrium and
corresponds to the inner junctional zone (JZ).
Early myometrial invasion detection requires
identifying this zone.? In “the venous phase” (70
s), the tumour-inner myometrium contrast peaks,
revealing the superficial layer. “The parenchymal
phase” (120 s) (equilibrium phase) which is
considered excellent for assessing the tumour
againstmyometrialand deep myometrialinvasion
was carefully examined since the difference in
enhancement between the tumour and the outer
myometrial muscle layer peaks at this phase.
Four to five min after contrast material delivery,
“the delayed phase”, allowed cervical stromal
invasion measurement in sagittal planes with
the same settings as unenhanced T1-weighted
spin-echo imaging. A high-signal-intensity (SI)
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mass in the endo-cervical canal or disruption of
the typical low-signal cervical stroma indicated
uterine cervix infiltration.

Diffusion-weighted image (DWI)

All examinations included a fat-suppressed
single-shot echo-planar DWI sequence of the
pelvis employing tridirectional motion-probing
gradients with b-values of 0, 400 and 800 s/mm?
(with an inline reconstruction of the apparent
diffusion coefficient (ADC) map and the following
parameters: TR/TE 2100-2500/76-82 ms; slice
thickness 6-8 mm; FOV 350 mm with 75-80
% rectangular FOV; matrix 144 x 192; 3 signal
averages; receiver bandwidth 1300 Hz/voxel.

Interpretation

Two senior radiologists blinded to the pathology
analysed images on the workstation. T2-weighted
images were evaluated for tumour signal intensity
in relation to the surrounding endometrium and
myometrium. An EC tumour appeared as a diffuse
or focal soft tissue mass within the endometrial
cavity with heterogeneous intermediate SI
relative to the hyperintense normal endometrium
and hypointense myometrium. The JZ was visible
as a band of low signal intensity immediately
subjacent to the endometrial stripe. In cases
with a focal endometrial lesion, the maximal
endometrial thickness on sagittal T2-weighted
images and the maximal focal endometrial
abnormality diameter in any plane was recorded.
The minimal transverse diameter cutoff value of
10 mm indicated enlarged pelvic and/or para-
aortic lymph nodes. The T1WI was checked for
haemorrhage and necrosis inside the endometrial
cavity or related to the lesion to be avoided while
calculating DWI ADC values or DCE enhancement
curves. Lesions were then examined visually on
DWI/ADC, compared to the myometrium. The
lesions either had low signal intensity on diffusion
images and high signal in the accompanying
ADC maps (facilitated diffusion) or high signal
intensity on diffusion images and low signal in
the ADC maps (restricted diffusion). Compared
to normal outer myometrium, DWI was higher
and the ADC signal was lower. The ADC value was
automatically calculated after manually drawing
the region of interest (ROI) within the lesion’s
most restricted part. Three ADC measurements
per lesion were averaged and expressed in
a value of 10 mm?/s. Similarly, an ROI was
manually created on the lesion’s most enhancing
area in the dynamic phase. Type I, II and III
enhancement curves were created from the time
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- SI curve. Each subject had two parallel/similar
curve measurements. According to delayed
phase enhancement, persistent Type [ curves
(continuous increase in signal intensity on each
successive contrast-enhanced image), plateau
Type Il curves (initial increase in signal intensity
followed by a flattening of the enhancement
curve) and washout Type III curves (rapid rising
curve and rapid wash out).

Statistical analyses

Data was analysed using Statistical Package for
Social Sciences (SPSS) version 26. Continuous data
were presented in simple measures of frequency,
percentage, mean, standard deviation and range
(minimum-maximum values). The significance
of the difference in different percentages
(qualitative data) was tested using the Pearson
Chi-square test. Statistical significance was
considered whenever the p-value was equal to or
less than 0.05.

Results

A total of 40 female patients were recruited
in this study. The mean age of the patients was
53.2 £ 9.5 years and 65 % were middle age (41-
60 years) (Table 1). The majority (92.5 %) were
married and 57 % were postmenopausal. The
main presenting complaint was vaginal bleeding,
only 15 % had postcoital bleeding (Table 1). Half
of the patients underwent hysterectomy and the
other half had curettage.

According to histopathological results of the
endometrial lesions, there were 25 benign
endometrial lesions (19 patients had benign
endometrium hyperplasia and 6 patients had
benign polyp) and 15 malignant endometrium
lesion (10 patients with adenocarcinoma, 2
patients had squamous cell carcinoma, 1 pati-
ent for each of adenosquamous carcinoma,
endometrioid carcinoma and sarcoma).

Association between MRI appearance and
endometrial lesion nature

The majority of the benign endometrial lesion
had a type I enhancement curve whereas the
type Il curve was the dominant type in the
malignant lesions, p = 0.0001 (Table 2, Figure 1E
and ]). Regarding signal intensity in T2WI, there
was a statistical association between high T2
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Table 1: Demographic characteristics of participants

Demographic

characteristics N %
Age
> 40 years 4 10.0
41-60 years 26 65.0
> 60 years 10 25.0
Mean + SD 53.2+95
Marital status
Married 37 92.5
Single 3 7.5
Menopausal status
Postmenopausal 23 575
Premenopausal 17 42.5
Clinical presentation
Postcoital bleeding 6 15.0
Perimenopausal bleeding 1 275
Postmenopausal bleeding 23 57.5
Surgery type
DandC 20 50.0
Hysterectomy 20 50.0
Total 40 100.0

D and C: dilation and curettage;

Table 2: The association of the MRI signals, enhancement curve
and lesion morphology with the type of the endometrial lesion

Endometrium lesion

Signal n (%) p-value
Benign Malignant
(=25 (n=15)
Enhancement curve
| 20(80.0) 2(13.3)
Il 3(12.0) 1(6.7) 0.0001
M1l 2(8.0) 12(80.0)
T2 signal
High 3(12.0) 6(40.0)
Intermediate 6(24.0) 6(40.0 0.0390
Low 10 (40.0) 1(6.7)
Mixed 6(24.00 2(13.3)
DWI signal
High 6 (24.00 12(80.0)
Intermediate 12 (48.00 2(13.3) 0.0030
Low 7(28.0) 1(6.7)
ADC signal
High 20(80.0) 1(6.7)
Intermediate 0(0.00 2(13.3) 0.0001
Low 5(20.0) 12(80.0)
Endometrial lesion morphology
Lesion outline
Regular 24(96.0) 5(33.0) 0.0001
Irregular 1(4.0) 10(67.0)
Focal or diffuse endometrial lesion
Focal 7(28.0) 5(33.0) 0.7210
Diffuse 18 (72.0) 10 (67.0)

DWI: diffusion-weighted image; ADC: apparent diffusion coefficient;
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Figure 1: A-E, A 69 years old female presented with vaginal bleeding; sagittal dynamic contrast-enhanced MRI showed (A) arterial
enhancement; (B) venous phase; (C) parenchymal phase; (D) delayed phase showed early enhancement of the mass and (E) post-pro-
cessing time enhancement curve shows type lll curve. Histopathology by total abdominal hysterectomy revealed endometrioid cancer
stage la. F-J, 51 years female with vaginal bleeding dynamic contrast-enhanced MRI; (F) early arterial enhancement; (G) late arterial
phase; (H) parenchymal phase and (1) delayed phase MR showed mild and late enhancement of the mass and (J) post-processing time
enhancement curve shows type | curve. Histopathology by dilatation and curettage revealed benign endometrial hyperplasia.
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Figure 2: A-G, a 70 years old female with MRI stage Tla (A) T2 W sagittal MRI the junctional zone is disrupted at the posterior wall with
an extension of abnormal signal intensity more than 50 % of the myometrial wall; (B and C) DWI and ADC map shows restriction diffu-
sion with ADC value = 0.76 x10- and also shows disruption of the junctional zone and extension through less than 50 % of myometrial
wall (D and F) dynamic contrast series shows extension more than 50 % of the myometrial wall; (E) post-processing time-intensity curve
shows type Ill. The final histopathological stage confirmed a Tia (less than 50 % myometrial invasion). H-M, a 50 years old woman with
MRI stage Tib (H). Sagittal T2 shows mixed signal endometrial mass, with deep myometrial invasion; (I) diffusion WI (b = 800 s/mm?)
showed a homogenous hyper-intense restricted endometrial mass with a sign of deep myometrial invasion; (G) ADC shows the low
signal intensity of endometrial mass, ADC value = 6.5 x 10°%; (K and L) dynamic contrast series shows deep myometrial invasion; (M)
post-processing time-intensity curve shows type Il enhancement curve. Final histopathology confirmed Stage Ib endometrial cancer.

47
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Figure 3: A 50-year-old woman with MRI Stage Ib endometrial cancer. (A) Sagittal T2 shows mixed signal endometrial mass, with deep
myometrial invasion; (B) Diffusion WI (b = 800 s/mn¥’) depicted a homogenous hyper-intense restricted endometrial mass with a sign
of deep myometrial invasion; (C) ADC show the low signal intensity of endometrial mass with a value of 6.5 x 10, (D and F) dynamic
contrast series showed deep myometrial invasion (G) post-processing time-intensity curve shows type lll enhancement curve. Final

histopathology confirmed Stage IB endometrial carcinosarcoma.

signal and malignant endometrium in 40 % of the
participants while low signals were associated
with a benign lesion in 40 % of them, p = 0.039 (
Figure 1). Similarly, the high signals in DWI were
found mostly among malignant lesions, p = 0.003,
(Figures 1 and 2). While high ADC signals were
found among benign lesions (80 %) compared
to 80 % of malignant lesions with low signal p
= 0.0001 (Table 2). The mean ADC value of the
benign lesions was 1.137 + 0.16 mm?/s ranging
between 0.9 to 1.6 which was significantly higher
than that of malignant lesions 0.746 + 0.12 mm?/s
ranging between 0.6-1.0 (p = 0.025). The lowest
ADCvalue (0.5 x 10®) was seen in carcinosarcoma
followed by endometrial carcinoma (Figure 3 G).
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Figure 4: ROC curve comparative diagnostic value of ADC value

parameter for discriminating between benign and malignant en-
dometrium lesions

Regarding the lesion’s morphology, there was a
significant association between the lesion outline
lesion nature. About (67 %) of malignant endome-
trial lesions had an irregular outline compared to
(96 %) of benign endometrial lesions which de-
picted a regular outline with a significant differ-
ence (p = 0.0001). No significant association was
observed between the benign or malignant lesion
in terms of diffusion type.

The utility of ADC value in differentiating
malignant and benign lesions was tested using
the ROC curve. A value of 0.905 x 10-* mm?/s was
suggested to be the optimal cutoff value with a
sensitivity of 95.5 % and specificity of 92.9 % as
shown in Figure 4.

Diagnostic performance of T2, DWI and
DCE MRI in distinguishing between benign
and malignant endometrial lesions

DWI had the highest sensitivity (93.3 %) in dis-
tinguishing benign from malignant endometrial
lesions with the highest negative predictive val-
ue (NPV) of 96.2 % followed by DCE and T2 with
a sensitivity of 89.6 % and 86.7 %, respectively,
while the specificity of DCE, DWI and T2 were
98.4 %, 94.8 % and 91.4 %, respectively as shown
in Table 3.



B Al-Zubaidi et al. Scr Med. 2024 Jan-Feb;55(1):13-22.

When T2 and DWI were combined, their
sensitivity was increased to 95.2 % and the
specificity reached 92.7 % with an NPV of 94.3
%. Similarly, when T2+DCE were combined an
increase in the sensitivity, specificity, positive
productive value and NPV was observed (Table 3).

When it comes to the depth of myometrium
invasive, DWTI had the highest sensitivity (95.6 %)
followed by DCE and T2 with a sensitivity of 91.9
% and 90.1 %, respectively, while the specificity,
positive predictive value (PPV) and NPV were
very close (Table 3).

Table 3: The sensitivity, specificity, positive predictive value and negative predictive value
of MRI sequences in distinguishing benign from malignant endometrial lesions

MRI imaging Sensitivity Specificity PPV NPV
Endometrium malignancy
T2 86.70 % 86.70 % 86.70 % 86.70 %
DWI 93.30 % 93.30 % 93.30 % 93.30 %
DCE 89.60 % 89.60 % 89.60 % 89.60 %
T2+DWI 95.20 % 95.20 % 95.20 % 95.20 %
T2+DCE 92.10 % 9210 % 9210 % 9210 %
Myometrium invasive
T2 90.10 % 90.10 % 90.10 % 90.10 %
DWI 95.60 % 95.60 % 95.60 % 95.60 %
DCE 91.90 % 91.90 % 91.90 % 91.90 %

PPV: positive predictive value; NPV: negative predictive value; DWI: diffusion-weighted image; DCE: dynamic
contrast-enhanced;

Table 4: The association of the MRI staging with the histopathological staging among
malignant endometrial lesions (n = 15)

Histopathological T stage of malignant lesions (n = 15)

MRI stage p-value
TI(n=3) Tlan=7) TIb(n=3) Tin=2)
Stage in T2
| 0(0.0) 1(14.3) 0(0.0) 0(0.0)
la 2(66.7) 1(14.3) 0(0.0) 0(0.0) 0.332
Ib 0(0.0) 4(57.1) 3(100.0) 2(100.0)
No 1(33.3) 1(14.3) 0(0.0) 0(0.0)
Stage in DWI
| 2 (66.7) 0(0.0) 0(0.0) 0(0.0)
la 0(0.0) 7 (100) 0(0.0) 0(0.0) 0.0001
Ib 0(0.0) 0(0.0.0) 3(100.0) 2 (100.0)
No 1(33.3) 0(0.0) 0(0.0) 0(0.0)
Stage in DCE
| 0(0.0) 1(14.3) 0(0.0) 0(0.0)
la 2(66.7) 3(42.9) 0(0.0) 0(0.0)
Ib 0(0.0) 2 (28.6) 3(100.0) 0(0.0) 0.019
Il 0(0.0) 0(0.0) 0(0.0) 2 (100.0)
no 1(33.3) 1(14.3) 0(0.0) 0(0.0)
Stage T2 + DWI
| 3(100.0) 0(0.0) 0(0.0) 0(0.0)
la 0(0.0) 7(100.0) 0(0.0) 0(0.0) 0.0001
Ib 0(0.0) 0(0.0) 3(100.0) 2 (100.0)
Stage T2 + DCE
| 1(33.3) 0(0.0) 0(0.0) 0(0.0)
la 2 (66.7) 4(57.1) 0(0.0) 0(0.0)
Ib 0(0.0) 2 (28.6) 3(100.0) 0(0.0) 0.008
Il 0(0.0) 0(0.0) 0(0.0) 2 (100.0)
No 0(0.0) 1(14.3) 0(0.0) 0(0.0)

DWI: diffusion-weighted image; DCE: dynamic contrast-enhanced;
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MRI staging and assessment of myometrial
invasion in malignant-looking lesion

The association of staging on T2 and histopa-
thology was not significant. There was a strong
significant association between histopathology
staging and DWI and DCE, p = 0.0001 and 0.019,
respectively. On DWI there was 100 % concord-
ance of Tla, TIb and equivalent histopathology
stage (Table 4). Combined T2+DWI and T2+DCE
showed strong associations pathological staging
(p=0.0001 and 0.008, respectively). Representa-
tive cases are illustrated in Figure 2.

Discussion

MRI features relating to both morphology and
signal characteristics in conventional MRI
sequences are beneficial in the assessment of
endometrial lesion’s nature and in the early
staging of known cancers but their accuracy
remained uncertain.® To authors’ knowledge,
this is the first study in Iraq that evaluated the
efficiency of dynamic contrast-enhanced MRI in
conjunction with MRI DWI in the assessment of
endometrial lesions and assessed its validity in
EC staging.

In agreement with other studies, the main
referring cause in this study was vaginal bleeding
(85 %) and more than half were post-menopausal
women. Approximately two-thirds of these cases
were histologically confirmed benign lesions.
Regular outline morphology and high ADC signal
were the most distinct characteristics seen in
96 % and 80 % of benign lesions respectively
compared to 33 % and 6.7 % of the malignant
lesions. It is widely agreed that the most
distinguishing characteristics of benign and
malignant endometrial lesions are an irregular
outline and a disruptive myometrial-endometrial
interface.’

High DWI signals and low ADC signals were
features of malignancy in presented study,
indicating that endometrial malignancy appeared
restricted in DWI. Malignant lesions also appear
dense in DWI because water molecules cannot
pass through their enhanced cellularity. These
findings were almostidentical to those mentioned
by Mansour et al.'® Endometrial sarcoma had the
lowest ADC value (0.5 x 10-3) in presented study,
followed by carcinoma consistent with Fujii et
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al findings.! Qualitative parameters of dynamic
contrast-enhanced MRI can be easily applied in
daily practice and reflect the kinetic properties
of the lesion which include the enhancement
curves. Findings in this study revealed that type
I enhancement curves were present in the vast
majority of benign endometrial lesions (80 %),
while type III washout curves were present in
only two benign lesions (8 %). Eighty percent of
malignant lesions, in contrast, exhibited a type
[1I washout enhancement curve. Al-Shimaa et al'2
reported that the majority of benign endometrial
lesionshad atypelcurve (17/22,77.2 %), whereas
only one lesion displayed a type III curve (4.5 %).

Presented findings indicated that DWI (93.3 %)
was more sensitive than T2WI (86.7 %) and DCE
(89.6 %) in distinguishing benign from malignant
lesions. This was the same conclusion of study by
Gharibvand et al*®* and Masroor et al,** the latter
of whom reported that DWI is more sensitive
to small lesions than T2. Compared to T2WI
(91.4 %) and DWI (94.8 %), DCE had the highest
specificity (98.4 %). This was higher than Ahmed
et al'? results who reported 91.6 % sensitivity
and 88.6 % specificity for DCE and 85.7 % and
95.5 % for DWI.

Variable ADC cut-off values have been suggested
to distinguish between benign and malignant
endometrial lesions. Presented results revealed
that a cutoff value of 0.905 x 10 mm?/s had a
sensitivity of 95.5 % and specificity of 92.9 %.
Latif et al*® suggested a higher cutoff value of 1.21
x 10 mm?/s with a lower sensitivity of 89.5 %
and higher specificity (95.5 %). Similarly, Kececi
et al'® and Elsammak et al' suggested (1.10 x
10 mm?/s) and (1.19 x 10-* mm?/s) respectively
with 85.7 -88.9 % sensitivity and 92.8-100 %
specificity. These differences could be attributed
to differences in technical parameters that might
influence the ADC value such as different MRI
machines, or different b values that were used.

In terms of local staging, the current study
revealed a significant correlation between DWI
and DCE and FIGO staging. The use of combined
T2 and DWI significantly increased the accuracy
of the MRI staging. In agreement with that,
several studies concluded that the combination
of T2ZWI and DWI can replace DCE imaging as the
patient’s primary imaging modality with EC.17?

Regarding myometrial invasion, presented study
found that DWI was more sensitive (95.6 %) to
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myometrium invasion similar to other studies.?”
Lower DCE sensitivity in the evaluation of
myometrial invasion may be attributable to
thinning inner myometrium, which makes
the differentiation between inner and outside
myometrium less apparent because most of
presented patients were postmenopausal. The
diagnostic accuracy of combined DWI+T2WI and
DCE-T2WI was superior to that of T2WI alone,
consistent with the findings of Gil et al.?°

Conclusion

DWI and DCE MRI differentiated malignant
endometrial lesions better than conventional
MRI. Qualitative time-intensity enhancement
curves and ADC cutoff thresholds for high
b values in pelvic MRI help distinguish be-
nign and malignant endometrial lesions with
good diagnostic sensitivity and specificity. A
combination of DCE or DWI with morpholog-
ical T2WI showed improved diagnostic per-
formance in assessing myometrial invasion
depth and played a crucial role in preoperative
assessment and local staging of EC, enabling
proper therapy planning.
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condition in mitochondria.

Methods: The study evaluated mitochondrial morphology under normal
and experimentally generated cellular stress condition by utilising ImageJ
software, a versatile image analysis tool. Live-cell imaging technique was
employed to capture high-resolution images of mitochondrial dynamics in
SH-SY5Y cells and subsequent ultra-structural changes were evaluated
using transmission electron microscopy. The images were later processed
using Imaged software, with inbuilt plugins designed for image processing.
Results: The present study identified alterations in mitochondrial mor-
phology ranging from elongated, rod and interconnected mitochondria
indicative of healthy mitochondrial network in controls to punctate, large/
rounded and fragmented mitochondria in stress induced treated condition.
Moreover, transmission electron microscopy confirmed significant abber-
ation of mitochondrial structure with disapperance of outer mitochondrial
membrane, decrease in matrix space and increase in mitochondrial size,
with concomittant decrease in the cristae length and simultaneous in-
crease in cristae lumen width in treated sections.

Conclusion: The study implicates existence of a mutual association
between mitochondrial morphology and execution of cellular functions
occurring during several pathological conditions, including neurodegener-
ative disorders. Furthermore, by utilising such a tool for quantitative analy-
sis, a deeper understanding of mitochondrial dynamics and potential ad-
vancement in development of mitochondria-targeted drugs is suggested.
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Introduction

The eukaryotic cell is a notable entity which en-  ent organelles dedicated for precise functioning
compasses an intricate interplay between differ-  via tightly regulated processes. Amongst such
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organelles, mitochondrion is a pivotal player in-
volved in maintaining cellular bioenergetics, reg-
ulation of apoptosis and its associated diverse
signalling pathways.! Mitochondria are highly
dynamic entity, wherein incessant fusion and
fission processes, movement along the cytoskel-
eton network and selective degradation through
mitophagy occurs. Collectively, such plethora of
mechanisms is referred to as “mitochondrial dy-
namics” and they characterise an essential as-
pect of mitochondrial biology.? Maintenance of
such mitochondrial dynamics is fundamentally
significant for regulation of cellular homeosta-
sis. Moreover, by regulating their morphological
features and distribution within the cellular en-
vironment, mitochondria possess the ability to
rapidly provide bioenergetic demands, with con-
comitant response to diverse environmental fac-
tors. Any dysregulation or failure in maintenance
of mitochondrial dynamics has been implicated
in several pathological conditions, including neu-
rodegenerative disorders. In recent years, a sig-
nificant advancement in microscopy techniques
coupled with state-of-the art image analysis tools
such as Image] software have provided investiga-
tors potent analytical tools to quantify mitochon-
drial dynamics at unprecedented levels of detail
and precision. This has indeed provided new op-
portunities for investigating the molecular mech-
anisms, helping in regulation of mitochondrial
dynamics and their associated functions.*

The morphological appearance of a mitochon-
drion can vary in shapes depending upon the
metabolic requirement of the cell at particular
localisation, such as: it could be rod, branched,
spherical or highly interconnected in the form of
a network. This existence of mitochondrial mor-
phology is influenced by constantly occurring
fission and fusion events at mitochondrial meta-
bolic sites. These regular events are required to
replace damaged mitochondria or to form new
mitochondria whenever there is an increased cel-
lular energy demand.® Fission leads to initiation
of apoptosis, whereas fusion involves mixing of
mitochondria leading to the formation of reticu-
lar mitochondrial networks, associated with in-
creased bioenergetic demand. Depending upon
energy requirements there are hundreds to thou-
sands of mitochondria per cell in humans. Muta-
tion in mitochondria has been shown to cause ad-
vancement of several neurological disorders, like
Parkinson’s disease (PD), Alzheimer’s disease
(AD) and Huntington’s disease (HD) etc.®” For in-
stance, the first report of a direct involvement of
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mitochondrial dysfunction in progression of PD
pathology came from brain samples of PD patient.
Later, a significantly reduced activity of mito-
chondrial complex-I in the brain tissue of PD pa-
tients was also confirmed.?? Rotenone, a natural-
ly occurring pesticide and insecticide extracted
from the roots of plants was first used as a potent
inhibitor of mitochondrial complex-I in pre-clini-
cal PD research. Rotenone is highly lipophilic and
readily crosses all biological membranes includ-
ing the blood-brain barrier and leads to the pro-
duction of free radicals, thus causing oxidative
damage.'?

This research article aimed to provide a suc-
cinct overview of mitochondrial morphological
appearance under normal vs stress condition in
mitochondria, thereby emphasising on the sig-
nificant role played by mitochondrial dynamics
in maintaining normal cellular physiology or
rather progression of a pathological condition.
Furthermore, the study analysed usage of Image/
software based quantitative analysis in studying
such mitochondrial dynamics, highlighting its
application in measuring mitochondrial morpho-
logical features.

Methods

Cell culture

For the evaluation of mitochondrial dynamics,
human neuroblastoma SH-SY5Y cells (ATCC CRL-
2266, USA) were used. The cells were cultured
in DMEM/F12 media (Thermo Fischer Scientific,
USA) with 10 % heat-inactivated foetal bovine
serum (Thermo Fischer Scientific, USA) and a mix-
ture of 0.1 % penicillin + streptomycin antibiot-
ics (Merck, Mumbai, India). Cells were seeded on
sterile glass coverslip and maintained at 37 °C
in 5 % CO, incubator for the microscopy experi-
ments.!!

Confocal microscopy

For visualising mitochondrial morphology, Mi-
toTracker™ Red CMXRos dye (Thermo Fischer Sci-
entific, USA) was used. Neuronal cells (SH-SY5Y)
were cultured in respective culturing media on
coverslips till the day of experiment, labelled
with MitoTracker™ Red CMXRos dye and placed
on Attoflour Cell Chamber (Thermo Fisher Scientif-
ic, USA) for live cell viewing under the Nikon A1
plus Ti confocal microscope (NIKON, Japan). Im-
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aging was done using 60X oil objective lens, with
a numerical aperture of 1.45. The MitoTracker™
Red CMXRos dye was excited (571 nm excitation)
with argon and a helium-neon laser using con-
focal microscope.'? Images were captured using
NIS elements software and analysed using Image/
software (NIH, USA).

Transmission electron microscopy

Transmission electron microscopy was done as
previously described.’* The protocols followed
were approved by the Institutional Animal Eth-
ics Committee of the University and were in ac-
cordance with the guidelines for humane use and
care of laboratory animals. Tissue was fixed in
4 % glutaraldehyde solution overnight and later
post fixed in osmium tetraoxide solution, dehy-
drated in a graded ethanol, cleared in propylene
oxide at room temperature and finally embedded
in an EPON mixture. The 0.5 um sections were
cut using ultra microtone, mounted on Nickel
grids and were stained using uranyl acetate and
lead citrate. Sections were examined and photo-
graphed using Hitachi H-7500 transmission elec-
tron microscope (ZE155906, Munich, Germany).
The captured images were analysed using Image/
software (NIH, USA).

Image processing and analysis using ImageJ

A widely accepted method of scoring mitochon-
drial morphological features was followed in the
present study. The analysis of mitochondrial net-
working was done with the help of ImageJ soft-
ware. Initially, captured images were processed
for various parameters by using toolbar kit con-
taining, both build-in and customised plugin/s.®

Statistical analysis

All values were expressed as mean * standard er-
ror of mean (SEM) and data was analysed using
one way analysis of variance (ANOVA) followed
by Student t-test for comparisons between the
groups using SPSS 17 software. Values with p <
0.05 were considered as statistically significant.

Results

Evaluation of altered mitochondrial dynam-
ics using ImagedJ

The raw images of control cells were captured
using confocal microscope and processed using
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Image] software in order to investigate mito-
chondrial dynamics in control conditions (Figure
1). Processing and analysis of raw images showed
significant disruption in mitochondrial networks
in treated cells as compared to controls (Figure
2A). The stress-induced rotenone treated cells
showed higher punctate morphology followed
by large/rod shape with very few mitochondria
showing network connectivity, however, control
cells showed significantly greater network con-
nectivity. In Figure 2B, the high density of green
dots represented a significant perturbation in
mitochondrial networking in treated cells, as
shown by punctate appearance. Whereas, white
dots (representing large/round appearance)
showed mitochondria were not well connected to
each other due to broken mitochondrial network-
ing with concomitant appearance of very few
connected mitochondrial network (represented
by red dots) in treated cells.

These mitochondrial observations suggest that
mitochondrial network has been significantly in-
terrupted due to hampered dynamics in treated
cells. Moreover, due to rotenone treatment the
large mitochondrial network broke into small
network leading to significantly increased ap-
pearance of punctate, large/round and rod ob-
servations (Figure 2C). This is in alignment with
low score obtained in treated cells as compared
to controls due to significantly reduced presence
of healthy mitochondrial network (Figure 2D).
These results were further supported by cor-
relation analysis performed between the two pa-
rameter- punctate vs rod and punctate vs large/
round with respect to mitochondrial observa-
tions obtained in control and treated groups,
respectively (Figure 3). It was found that there
was 94 % correlation/similarity in punctate vs
rod for controls, whereas it reduced to 82.5 % in
treated cells. Similarly, a correlation analysis for
punctate vs large/round also showed the same
trend, wherein 82 % of correlation was observed
in controls, however, this was increased to 94.6
% in case of treated cells.
Accessing mitochondrial ultrastructural
changes using ImagedJ

In order to strengthen the above findings with
mitochondrial morphological appearance, the
Image] software was extensively used to mea-
sure ultrastructural changes in mitochondrial
length, mitochondrial width, mitochondrial cris-
tae length, mitochondrial cristae lumen width in
the raw images of control and treated sections,
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Figure 1. Processing of a raw image
from control cells for analysing mito-
chondrial dynamics

Figure 2: Evalution of changes in mi-
tochondrial dynamics in control vs
treated cells.
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Figure 2: (continued from previous page)

Figure 3: Correlation analysis for evaluating
changes in mitochondrial dynamics
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The raw images were processed for in-depth analysis of fragmented mitochondrial network using ImageJ
software (A). A healthy-intact mitochondrial network was observed in controls in comparison to fragmented
mitochondrial network 48 h after retenone treatment (B). The images shows the number of punctate, rod,
large/round in control and treated cells represented by green, blue and white colour respectively (C). The
graphical data representation shows reduced number of rod and increased number of punctate, large/round
mitochondrial network with reduced mitochondrial score in rotenone treated cells (D), scale bar = 50 nm.
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using TEM (Figure 4). The hypothetical model
showed the difference between cristae length and
cristae lumen width in control and treated con-
ditions respectively, wherein presence of intact
mitochondrial membranes in control and swollen
mitochondrial apperance upon rotenone treat-
ment is shown with dotted circle in Figure 4A.
Transmission electron microscopy showed sig-
nificant abberation of mitochondrial structure
with disapperance of outer membrane of mito-
chondria, decrease in matrix space and increase

Mehrotra et al. Scr Med. 2024 Jan-Feb;55(1):23-32. [l

in the size of mitochondria in treated sections
as compared to controls (Figure 4B). Moreover,
this was accompained by enlarged and dis-
rupted cristae due to rotenone induced swell-
ing, with concomittant decrease in the cristae
length and simultaneous increase in cristae
lumen width (Figure 4C). The results were
further supported by the correlation analysis
performed between two parameters, that is:
mitochondrial length vs mitochondrial width
(Figure 5A) and mitochondrial cristae length vs
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widhh Figure 4: Ultra-structural appearance of a

J mitochondrion using TEM

The hypothetical model representing appearance of mitochondrial morphological features during
control and treated conditions (A). Ultra-structural changes in mitochondrial morphology were
found to be altered in treated conditions (as shown by arrow) in comparison to controls in im-
ages captured at 60,000X (B). Such changes were quantified using ImageJ for calculating the
mitochondrial length, mitochondrial width, mitochondrial cristae length and mitochondrial cristae
lumen width, as represented by graphical data (C). * Statistically significant at p < 0.05, *** Statis-

tically significant at p < 0.001; scale bar = 100 nm.
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The correlation analysis showed existence of ~85 % similarity in mitochondrial length vs mito-
chondrial width (A) for both the conditions, whereas correlation analysis for mitochondrial cristae
length vs mitochondrial cristae lumen width was found to be red.

mitochondrial cristae lumen width (Figure 5B)
in both control and treated groups, respectively.
It was found that there was 85 % correlation in
mitochondrial length vs mitochondrial width for
control group, whereas it was increased to 86 %
in treated group.

Similarly, a correlation analysis for mitochondri-
al cristae length vs mitochondrial cristae lumen
width also showed the same trend, wherein 90
% of correlation was observed in control group.
However, the values were reduced to 50 % in case
of treated group.

Discussion

The processed images were evaluated for de-
sired observations, such as mitochondrial mor-
phology and mitochondrial network. The eval-
uation of mitochondrial dynamics changes was
performed using MitoTracker™ Red CMX Ros dye
in control and rotenone treated (to generate
mitochondrial stress condition) SH-SY5Y cells.

Networks are mitochondrial structures which
have single node and are characterised by con-
nected branches. Whereas, individual structures
are commonly punctate, rods, or large/round in
appearance. Rod structures show that, the mi-
tochondrial network has been interrupted or
broken, but may be connected at places and are
unbranched. Punctate structures are small dot
like and highlights that the mitochondria are
destined for degradation, whereas large/round
structures reflect the mitochondria are com-
pletely disconnected from each other. The punc-
tate and large/round appear more in fragmented
mitochondrial network, however the number of
rods are more in non-fragmented healthy mito-
chondrial network.® Rotenone is a plant derived
toxic compound and a mitochondrial complex-I
inhibitor, which has been extensively used to
study mitochondrial dysfunctions in pre-clinical
or cellular models of neurodegenerative diseas-
es.* 15 Whereas, the human neuroblastoma cells
(SH-SY5Y) are known to exhibit impairment in
mitochondrial functioning upon rotenone treat-
ment due to alteration in several mitochondrial
proteins associated in maintaining mitochondri-
al dynamics.’® 7 Such an analysis demonstrated
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that, due to presence of significantly increased
amount of large/round and punctate mitochon-
drial observations, with reduced rod appearance
suggests compromised mitochondrial dynamics
and existence of significantly impaired mitochon-
drial networking in treated cells.

Advances in live cell imaging in the past decade
have revealed the dynamic existence of mito-
chondria and its associated network in a cellular
environment. In order to preserve their func-
tional homeostasis, these dynamic organelles
are known to form elongated tubules (termed as
mitotubes) that constantly divide and fuse and
such morphological existence is due to mainte-
nance of equilibrium between fusion and fission
processes. Whenever this equilibrium is compro-
mised, mitochondria are expected to lose their
characteristic morphological features.!® In the
present study, rotenone induced stress resulted
in significant appearance of punctate and frag-
mented mitochondrial morphology and this find-
ing was further supported by establishment of a
positive correlation among such characteristic
features in treated cells. In case of normal cellu-
lar status, mitochondria are reported to form an
elongated and interconnected network, thereby
resisting mitophagy with concomitant increase
in ATP generation. However, mitochondria exhib-
it a fragmented network accompanied by smaller
fragments (punctae or round) in case of failed ho-
meostasis.’” The mitochondrial cristae morphol-
ogy was found to be altered in treated sections
due to presence of significantly increased cristae
length and cristae lumen width in comparison to
controls. These changes are suggested to occur
due to enhanced reactive oxygen species (ROS)
mediated ensuing of mitochondrial swelling in
cristae upon stress generated by rotenone treat-
ment.?

Overall, such changes are well reported to cause
mitochondrial dysfunctioning due to failure in
maintenance of mitochondrial biogenesis, less
proportion of active mitochondria to total mi-
tochondria, enhanced ROS production, with si-
multaneous reduction in ATP generation and
eventually leading to apoptosis.” However, the
appearance of normal mitochondrial structure,
with intact morphological features was observed
in controls.

Mehrotra et al. Scr Med. 2024 Jan-Feb;55(1):23-32.

Conclusion

e N
Mitochondrial dynamics regulating or main-

taining mitochondrial structure are widely
documented to be involved in smooth func-
tioning of mitochondrial metabolism. Any
change or imbalance in the mitochondrial
dynamics may be involved in progression of
pathological condition. Therefore, it becomes
obligatory to analyse any imperfections ob-
served in mitochondrial network which could
impart more extensive understanding of mi-
tochondria induced changes observed during
such diseases, using high end software tools.
One such software employed in the present
study was ImageJ, which improved the out-
come of the dataset from a raw image of mi-
tochondrion by passing through several stages
of processing and quantified later. With the
help of a special plug-in installed with Image],
a detail analysis of morphological features of
mitochondrial networks in control and treat-
ed cells was obtained, thus helping to conclude
a clear difference between an intact and frag-
mented mitochondrial network. In conclusion,
the investigations involving elucidation of
mitochondrial dynamics using such software
based approaches could be utilised in the area
of targeted drug development.
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Introduction

Type 1 diabetes mellitus is an autoimmune chron-
ic condition characterised by impaired insulin
production, leading to elevated blood glucose lev-
els. Despite constituting only 2 % of global diabe-
tes cases, type 1 diabetes exhibits a considerable
prevalence, ranging from 5 % to 10 %, impacting
an estimated 21-42 million individuals world-
wide. In Indonesia, the prevalence of type 1 di-
abetes has witnessed a significant increase over
the past decades, rising from 3.88 to 28.19 cases
per 100 million people.*

The management of type 1 diabetes in children
demands focused attention from various stake-
holders, encompassing parents, healthcare pro-
fessionals, nutritionists and technology. Parents
play a crucial role by gaining a comprehensive
understanding of paediatric diabetes and pro-
viding essential emotional support. Healthcare
professionals, including doctors and nurses are
instrumental in monitoring and controlling blood
sugar levels, as well as administering treatment
in the event of complications. Nutritionists con-
tribute by designing dietary patterns tailored to
children with diabetes and imparting informa-
tion about essential nutrients and supplements.
Concurrently, technology can be leveraged for the
supervision and regulation of blood sugar levels,
the coordination of dietary routines and the for-
mulation of a customised exercise program suit-
able for the child’s condition.®>¢

Several studies indicate that incorporating tech-
nology, such as digital blood sugar meters, calo-
rie-counting apps and physical activity monitors,
can be beneficial in aiding children with type 1
diabetes in managing their condition. Additional-
ly, technology serves as a valuable tool for formu-
lating exercise programs tailored to suit the spe-
cific needs of children with diabetes. Moreover,
student education emerges as a pivotal agent of
societal change, playing a vital role in dissemi-
nating knowledge and outreach initiatives relat-
ed to the management of diabetes in children.”®

Results of a study conducted in the United States
show that the utilisation of a mobile application
for blood sugar monitoring demonstrated a pos-
itive impact on enhancing blood sugar control
in children diagnosed with type 1 diabetes.” An-
other study conducted in Canada revealed that
the utilisation of a calorie-counting app can con-
tribute to enhancing children’s comprehension of
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healthy eating patterns.’ Similarly, research con-
ducted in Italy demonstrated that engaging chil-
dren with type 1 diabetes in interactive games
can be effective in promoting increased physical
activity.!?

The management of diabetes in children neces-
sitates collaborative efforts and coordination
among parents, medical professionals, nutrition-
ists and technology for information and commu-
nication. Technology, specifically information
and communication technology (ICT), assumes
a pivotal role in paediatric diabetes management
when it provides essential information and tools.
Establishing appropriate dietary patterns and
promoting increased physical activity are crucial
components for monitoring the health condition
of children with diabetes. Moreover, the knowl-
edge possessed by students becomes highly sig-
nificant in the management of paediatric dia-
betes. As prospective healthcare professionals,
they possess the requisite knowledge and skills
essential for paediatric diabetes management.
Furthermore, students have access to the latest
information regarding diabetes management and
the most recent technological advancements ap-
plicable to the management of diabetes in chil-
dren.!

As catalysts for societal transformation, health
students can offer education and outreach initia-
tives regarding the management of diabetes in
children to various segments of society, encom-
passing parents, teachers and friends of children
with diabetes. Through this approach, the knowl-
edge held by students can play a pivotal role in
heightening public awareness concerning the
significance of diabetes management in children
and fortifying social support networks for those
children affected by diabetes.??*

Nonetheless, health students may encounter sev-
eral potential challenges related to the utilisation
of ICT in the management of type 1 diabetes in
children. These challenges encompass limitations
in knowledge and skills about the latest techno-
logical advancements, as well as constraints in
accessing timely updates and adequate health fa-
cilities.®

A preceding study indicated that students gener-
ally possess commendable knowledge concern-
ing type 1 diabetes in children; nevertheless,
their awareness regarding the latest technologi-
cal advancements applicable to diabetes manage-
ment remains somewhat restricted. Additionally,



B Mustamu. Scr Med. 2024 Jan-Feb;55(1):33-42.

research suggests that students may encounter
challenges in effectively navigating blood sugar
monitors and insulin pumps, potentially imped-
ing the optimal management of type 1 diabetes in
children.”® 1

In the realm of paediatric diabetes management,
student knowledge assumes a crucial role in le-
veraging ICT to enhance blood sugar control and
mitigate the risk of complications. The augmen-
tation of knowledge and skills among students in
utilising ICT coupled with familial and environ-
mental support, has the potential to significantly
amplify the effectiveness of paediatric diabetes
management.'¢*

This research distinguishes itself from previous
studies as it focused on exploring the perceptions
and utilisation of ICT in managing diabetes in chil-
dren among Indonesian health students. The re-
searcher’s goal was to delve into methodological
perspectives and introduce innovative approach-
es, setting them apart from existing studies. The
primary objective of the study was to elucidate
the perceptions and utilisation of ICT in the man-
agement of diabetes in children among students
in Indonesia. The anticipated outcomes aimed to
provide additional information and enhance un-
derstanding regarding the application of ICT in
paediatric diabetes management. Moreover, the
research indicated potential benefits for parents,
children, healthcare professionals (doctors and
nurses) and experts, contributing to the improve-
ment of diabetes management in children.

Methods

This study was a cross-sectional study. The
study was carried out at the Health Polytechnic
of the Ministry of Health. Data collection was car-
ried out in March 2023 through distributed ques-
tionnaires via WhatsApp.

Participants

The Health Polytechnic under the Ministry of
Health provided bachelor’s and diploma pro-
grams tailored for health students with interests
in nutrition, nursing and midwifery. The study
subjects consisted of willing participants who
fulfil specific criteria related to their knowledge
about the treatment of diabetes in children. The
selection of participants was conducted based
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on their availability and their ability to meet the
qualifying requirements pertinent to the subject
matter, ensuring a suitable cohort for the study.

Variables

The research outcomes encompassed the effec-
tiveness of managing diabetes in children, with
a primary focus on the utilisation of ICT in the
management process. Predictors and potential
challenges included demographic factors such
as type, gender, marital status and semester lev-
el, along with knowledge about diabetes in chil-
dren and perceptions and utilisation of ICT in the
management of paediatric diabetes. Additionally,
effect modification explored the interaction be-
tween these factors, shedding light on their inter-
connected influences in the context of paediatric
diabetes management.

Source of data

Data for this study were gathered using a ques-
tionnaire designed through Google Forms. The
questionnaire comprised several sections, in-
cluding respondent identity, knowledge about
diabetes in children, perceptions and utilisation
of ICT in paediatric diabetes management, levels
of ICT use in diabetes management for children,
factors influencing perception and ICT use and
the effectiveness of ICT utilisation in managing
diabetes in children. All questions in the ques-
tionnaire utilised a Likert scale, with response
options ranging from 1 to 5, indicating varying
degrees of agreement or disagreement.

Bias

Attempts made to overcome internal bias in a po-
tential study included giving the same opportu-
nity to all student nurses, nutritionists and mid-
wives to become respondents, testing the validity
and reliability of the instrument before data col-
lection, delivering an explanation of intent and
purpose to the candidate respondent before
filling out the questionnaire and using an inside
Likert scale question. Method structural equa-
tion modelling—partial least squares (SEM-PLS)
analysis was also used to control influence fac-
tors and troublemaker potential. Ten samples for
each variable were used, following the minimum
sample rule of regression analysis, or structural
equation modelling with partial least squares.
Quantitative variables in this study were man-
aged through statistical analysis methods, en-
compassing both univariate and multivariate
analyses. Univariate analysis examined individ-
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ual variables independently, providing insights
into their individual characteristics and distri-
butions. On the other hand, multivariate anal-
ysis considered the simultaneous relationships
between multiple variables, allowing for a more
comprehensive understanding of the interplay
among them in the context of the study. This dual
approach facilitated a nuanced and thorough ex-
amination of the quantitative variables within
the research framework.

Statistical analyses

Univariate analysis was employed to assess the
characteristics of the respondents using statis-
tical software, specifically Jamovi. This analy-
sis allowed for the measurement of individual
variables independently, providing a detailed
examination of respondent attributes. In con-
trast, multivariate analysis utilised structural
equation modelling with the partial least squares
method. The SEM-PLS method was applied to
model the relationships between influencing
factors, the utilisation of ICT in paediatric diabe-
tes management and its effectiveness in disease
management. Additionally, SEM-PLS was utilised
to control for influencing factors and potential
challenges in the study, offering a comprehensive
understanding of the interconnected variables
within the research framework.

Data collection were carried out through a Google
Forms questionnaire, therefore no data were lost.

Results

Demographic characteristics of research
participants

The study encompassed 103 respondents who
participated in the survey; however, two re-
spondents were unwilling and 32 respondents
lacked any information about the management of
diabetes in children. Consequently, 69 individu-
als responded to the survey. The majority of re-
spondents were female (95.7 %), with an average
age of 19.7 years. Additionally, the majority were
unmarried (98.6 %). Respondents exhibited di-
verse educational backgrounds, with bachelor’s
programs in midwifery (34.8 %) and nursing
diploma programs (26.1 %) being predominant.
Regarding internet usage, respondents tended to
use the internet moderately, with an average fre-
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quency rating of 3.94 on a scale of 1 to 5. The ma-
jority of respondents (94.2 %) reported having
partial internet access and facilities. However, a
notable proportion (92.8 %) lacked experience in
working or undergoing an apprenticeship related
to the management of diabetes in children. The
data is presented in Table 1.

Table 1: Demographic characteristic of the participants

Variable Value
Age Mean (SD), min-max
Years 19.7 (1.51),17-24
Gender N %
Man 3 4.3
Woman 66 95.7
Marital status N %
Single 68 98.6
Married 1 14
Study program N %
Nutrition diploma 5 7.2
Midwifery diploma 9 13.0
Nursing diploma 18 26.1
Bachelor midwifery 24 34.8
Bachelor nursing 13 18.8
Frequency of the Internet usage Mean (SD), min-max
Likert scale (1-5) 3.94(1.14),1-5
Internet access and facilities N %
Available 65 94.2
Not available 4 5.8
Experience N %
No 64 92.8
Yes 5 7.2

Experience: Work or apprentice involved in management of diabetes in children;

Validity and reliability instrument

The research outcomes indicated that all the
measured constructs in the study exhibited high
reliability, as evidenced by Cronbach’s alpha val-
ues surpassing 0.7. This observation underscored
that the questions within the research instru-
ment exhibited commendable internal consisten-
cy, rendering them dependable for measuring the
intended constructs. Furthermore, the Pearson
moment validity test results demonstrated sig-
nificant correlations between all constructs and
the measured questions. This finding affirmed
the validity of the instrument in effectively cap-
turing the desired constructs in the study. The
data is presented in Table 2.

Outer loading

The results of the outer loading test were robust,
revealing that all examined questions in this
study exhibit outer loading values surpassing 0.7.
This signified that each question makes a signifi-
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Table 2: Validity and reliability tests
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Question Pearsons (r)
Understanding about diabetes in children (Cronbach's d = 0.900)
| have enough knowledge about diabetes symptoms in children. 0.746
| know the right method to prevent complications of diabetes in children. 0.866
| understand the possible complications that happen as a consequence of diabetes in children. 0.913
| understand how to manage diabetes in children, including arrangements for eating and drinking as well as recommended exercise. 0.861
| always look for the latest information about diabetes in children so that | can give optimal care. 0.839
Perceptions about the use of technology, information and communication (ICT) in the management of diabetes in children
(Cronbach's a = 0.952)
| feel ICT is very helpful in the management of diabetes in children. 0.839
I'm sure that ICT can help monitor blood sugar levels in children with diabetes. 0.950
| believe that ICT can help arrange diets in children with diabetes. 0.924
| feel that using ICT can help parents better understand the management of diabetes in children. 0.951
| argue that using ICT can help increase the quality of life in children with diabetes. 0.924
Utilisation rate of ICT in the management of diabetes in children (Cronbach's o = 0.897)
| often use mobile applications to monitor the blood sugar levels of children with diabetes. 0.815
| feel comfortable using ICT in the management of diabetes in children. 0.884
| have been using social media to look for information related to the management of diabetes in children. 0.867
| feel helped by the existence of ICT in the eating patterns of children with diabetes. 0.781
| often look for the latest information about the management of diabetes in children through websites or applications. 0.869
Influencing factors: perception and utilisation of ICT in the management of diabetes in children (Cronbach's a = 0.938)
| believe that using ICT is very helpful for managing diabetes in children. 0.916
| feel ICT is very helpful in monitoring blood sugar levels in diabetic children. 0.880
| feel | can easily access information about ICT for managing diabetes in children. 0.866
| feel | have sufficient skills in using ICT for the management of diabetes in children. 0.917
| feel ICT can help reduce the risk of complications in children with diabetes. 0.903
Effectiveness of using ICT in the management of diabetes in children (Cronbach's a = 0.958)
| believe that using ICT can help control blood sugar in children with diabetes. 0.919
| believe that using ICT can help reduce the risk of complications in children with diabetes. 0.949
| feel comfortable using ICT in the management of diabetes in children. 0.948
I'm sure that using ICT can improve the quality of life for a child with diabetes. 0.896
| will recommend to the families of patients with diabetes that they use ICT during their care. 0.916
cant contribution to the intended construct. Out- " - »_) = )
er loading values exceeding 0.7 suggested that . % ) o
the questions effectively represent the measured _— R P
constructs and contributed substantially to the 0 ein Q .
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the outcomes of the outer loading test affirmed L St
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structs within the context of managing diabetes " .
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Figure 1: Outer loading test: the research instrument employed
possessed strong validity
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the connections between the variables involved
in the management of diabetes in children. The
high R-square value signified the proportion of
variability in the dependent variable that was ex-
plained by the independent variables, underscor-
ing the model’s effectiveness in capturing and un-
derstanding the relationships within the context
of paediatric diabetes management. The data is
presented in Table 3.
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was a reliable and valid tool for measuring the
intended constructs. This instilled confidence in
the results of measurements and analyses con-
ducted using such instruments, thereby provid-
ing a basis for trustin the interpretation and gen-
eralisation of research findings.

Table 4: Validity and reliability construct of the researched
instrument

. L . . Cronbach's

Table 3: R-square quality criteria analysing the model ability Variable alpha Rho a Rho ¢ AVE

to analyse and predict the connections between the variables Demoaraphics 0.668 0812
involved in the management of diabetes in children - g_ 2 0.665 : i 0.290
Utilisation 0.898 0.934 0.923 0.706
Adjusted Knowledge 0.900 0.926 0.926 0.715
Variable R-square R-square Perception factors 0.939 0.942 0.953 0.803
Effectiveness 0.816 0.801 Perception 0.953 0.961 0.964 0.844
Effectiveness 0.958 0.959 0.968 0.858

Validity and reliability construct

The results of the validity and reliability tests
indicated that the research instrument utilised
in this study demonstrated good reliability and
validity. The reliability assessment, conducted
using Cronbach’s alpha method, revealed that all
constructs exhibited values exceeding 0.7, indi-
cating a commendable level of internal consis-
tency. Demographic constructs, including gender,
marital status and semester level, as well as utili-
sation, knowledge, perception factors, perception
and effectiveness, exhibited high reliability with
Cronbach’s alpha values of 0.665, 0.898, 0.900,
0.939, 0.953 and 0.958, respectively.

These findings affirmed that the questions em-
ployed in the research instrument align consis-
tently with the intended constructs. Additional-
ly, the results of the construct validity, assessed
through the Rho a and Rho c methods, also
demonstrated high values across all constructs.
The Rho a values range between 0.668 and 0.961,
while the Rho c values range between 0.812 and
0.968. This underscored that each question with-
in the construct maintained a significant rela-
tionship with the construct under measurement,
highlighting coherence among the questions
within each construct.

Furthermore, the average variance extracted
values substantiated the construct validity, with
average variance extracted (AVE) values ranging
from 0.590 to 0.858. The elevated AVE values af-
firmed that the variables within each construct
effectively explained the variation in the respec-
tive constructs. The data is presented in Table 4.

Based on the presented table, it was deduced that
the research instrument employed in this study

AVE: average variance extracted;

The results of the inner model test, as deter-
mined by the p-values, lead to the conclusion that
there exists a significant association between
the constructs of perception factors, perception
and effectiveness within the given context. The
p-value obtained for both perception factors and
perception constructs was < 0.001, signifying a
statistically significant connection with the ef-
fectiveness construct.

k ) _J
Figure 2: Inner model analysing the association between the
constructs of perception factors, perception and effectiveness
within the given context

Conversely, the p-value test results for demo-
graphic constructs (gender, marital status and
semester level), utilisation and knowledge reveal
higher values, namely 0.483, 0.827 and 0.538,
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respectively. These values suggested that demo-
graphic factors (gender, marital status and se-
mester level), technology utilisation and knowl-
edge about diabetes in children did not exert a
significant influence on the effectiveness of the
management of diabetes in children. The data are
presented in Figure 2.

Based on these findings, it can be concluded that
factors influencing perception, such as the util-
isation of technology for information and com-
munication, along with perceptions regarding
technology utilisation, played a pivotal role in
enhancing the effectiveness of diabetes man-
agement in children. However, demographic fac-
tors (gender, marital status and semester level),
technology utilisation and knowledge about dia-
betes in children did not exert a significant influ-
ence on the study’s effectiveness.

Discussion

The management of diabetes in children is a crit-
ical aspect that necessitates an effective strate-
gy.” 82021 This study endeavours to elucidate the
perceptions and utilisation patterns of ICT in
the management of paediatric diabetes among
students in Indonesia. The research findings un-
derscore that perceptions and adept utilisation
of ICT have a substantial impact on the efficacy
of diabetes management in children. Specifically,
maintaining a positive perception and leveraging
technology for information dissemination and
communication emerged as pivotal factors con-
tributing to enhanced management effectiveness.
Conversely, demographic variables such as gen-
der, marital status and semester level, alongside
considerations of technology use and knowledge
regarding paediatric diabetes were not found to
exert a statistically significant influence on the
effectiveness of management practices.

The study revealed several noteworthy findings.
Firstly, it highlighted the crucial role of ICT in the
management of diabetes in children. The effective
utilisation of technology substantially enhances
the efficacy of diabetes management, underscor-
ing the necessity of integrating technology into
strategies for diabetes care. Furthermore, the
study emphasise that factors such as the percep-
tion and utilisation of technology wield greater
influence than demographics and knowledge.
This observation aligns with previous research
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indicating that knowledge, perception and tech-
nology utilisation are pivotal elements in the ef-
fective management of diabetes in children.??

However, some studies, like that of Berndt et al,
found no significant relationship between tech-
nology use and diabetes management effective-
ness.? This discrepancy may be due to variations
in research samples and methods. Similarly, re-
search by Ng et al suggests that technology’s im-
pact on diabetes management may be limited due
to social and psychological factors. Therefore, a
holistic approach is needed in addition to tech-
nology use.?*

The utilisation of SEM-PLS as a statistical meth-
od for multivariate analysis bestows a significant
advantage in this study. This approach enables
a comprehensive understanding of the intricate
relationships among the variables under investi-
gation. In the context of this study, SEM-PLS not
only reveals the correlation between the util-
isation of ICT in the management of diabetes in
children and the effectiveness of disease man-
agement but also assists in identifying factors in-
fluencing ICT utilisation and potential challenges
within this context. The strength of SEM-PLS is
particularly evident in its ability to address com-
plex, non-linear models, a common occurrence in
research involving multiple independent and de-
pendent variables.

Additionally, the meticulous handling of data
through the use of Google Forms as a data server
is a pivotal aspect of this study. This approach en-
sures the preservation of data integrity, prevent-
ing any loss or fragmentation of data during the
processes of data collection and storage. This not
only upholds the veracity of the data but also en-
sures that analyses are conducted with compre-
hensive and accurate datasets. Hence, the adop-
tion of SEM-PLS in multivariate analysis and the
judicious data management executed via Google
Forms constitute two crucial facets that underpin
the validity and excellence of this research.

This study has several limitations, notably the
constrained sample size comprising student mid-
wives, nutritionists and nurses. To enhance the
generalisability of the findings, future research
endeavours should encompass a more extensive
and diverse participant pool. The utilisation of
self-report questionnaires introduces potential
response bias; hence, incorporating objective
measures such as blood sugar levels is imperative
for ensuring the reliability of results. To mitigate
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these limitations, forthcoming research should
consider enlarging the sample size, adopting ob-
jective data collection methodologies and evalu-
ating the direct influence of technology on diabe-
tes management.

Presented study proposes the hypothesis that
increased utilisation of ICT in diabetes manage-
ment by midwifery students, nutritionists and
nurses leads to better blood sugar control and
reduced complications in children with diabetes.
Future research should test this hypothesis with
larger samples and objective measures, consider-
ing various influencing factors in diabetes man-
agement. The implications of this research are
significant. It highlights the need to enhance the
understanding and skills of midwifery, nutrition
and nursing students in using ICT for diabetes
management. Creating a supportive environ-
ment with adequate infrastructure and training
is crucial. Moreover, the findings provide a foun-
dation for targeted interventions and policies to
improve diabetes management through ICT, ben-
efiting children with diabetes.

Conclusion

( N
This study indicates that the utilisation of in-
formation technology in managing diabetes
in children by student midwives, nutrition-
ists and nurses holds significant potential to
enhance the effectiveness of managing this
condition. The findings underscore the crucial
relationship between knowledge, perception
and the utilisation of information technology,
emphasising their pivotal role in managing
childhood diabetes. However, there are limita-
tions in this study, such as the limited sample
size and reliance on self-reported data by re-
spondents. To enhance future research, it is
recommended to involve a more diverse sam-
ple representation and employ more objective
methods of data collection. Despite its limita-
tions, this research makes a significant contri-
bution to understanding the role of technology
in managing childhood diabetes. Its findings
can shape more effective clinical practices and
policies, emphasising the importance of a ho-
listic approach involving knowledge enhance-
ment, fostering a positive attitude toward
technology and actively utilising technology in
managing diabetes in children.
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Introduction

Systemic lupus erythematosus (SLE) is an auto-  decreased.? The earliest evidence for a potential
immune disease thatis characterised by the pres-  role for intestinal microbiota in SLE came from
ence of hyperactive immune cells and aberrant  a report by Gul'neva et al in 2007 who described
antibody responses to nuclear and cytoplasmic  genera that dominated the intestinal microbiota
antigens.! The “hygiene hypothesis” is a popular  of SLE patients.? Later reports revealed that SLE
hypothesis accounting for the role of the gut mi-  patients had a reduced bacterial diversity in their
crobiome in the pathogenesis of SLE. The hygiene  faecal samples, compared with individuals from
hypothesis states that as incidence of bacterial  the general population.*

infection have decreased with increased hygiene

standards and practices, both pathogenic and  SLE patients demonstrate a decrease in Firmic-
non-pathogenic colonisation of the gut have also  utes levels, exhibiting a 2.5-fold decrease in the

Copyright © 2024 Salahet al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits icted use, distribution and repi ion in any medium, provided the original work is properly cited.
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ratio of Firmicutes to Bacteroidetes.! Butyrate,
produced by Firmicutes, plays a role in the differ-
entiation of regulatory T cells in the colon, spleen
and lymphatic system that suppress inflamma-
tion, the dysfunction of which is a hallmark of
SLE and a precursor to cardiovascular incidents.®
Therefore, a decrease in Firmicutes and conse-
quent decrease in butyrate levels may contribute
to inflammation in SLE patients.® This hypothe-
sis is further supported by evidence demonstrat-
ing that antibiotics, which diminish populations
of butyrate-producing Firmicutes such as tri-
methoprim-sulfamethoxazole, minocycline and
amoxicillin have been shown to trigger lupus
flares.? It is worth noting that Lachnospiraceae,
butyrate-producing bacterium of the Firmicutes
phylum are present in higher numbers in SLE pa-
tients than in their healthy counterparts. There-
fore, it is possible that Lachnospiraceae, or any
butyrate-producing bacteria, may not be able to
suppress inflammation in SLE cases.®

The relative increase in Bacteroidetes in the SLE
microbiome results in heightened Toll like recep-
tor 4 (TLR-4) activity that has been associated
with spontaneous lupus development.” 8 Adjust-
ment of the SLE microbiome via dietary interven-
tion has shown attenuation of SLE symptoms. The
ingestion of retinoic acid, a metabolite of vitamin
A as a dietary intervention restored normal Lac-
tobacilli levels in lupus-prone mice.® Vitamin A in-
gestion has also been shown in a very small study
to ameliorate lupus nephritis and proteinuria.’
Finally, increases in Lactobacilli in SLE murine
models have been shown to suppress pro-inflam-
matory responses.®

Recent advances in “metabolomics” have broad-
ened insights of the metabolites produced or me-
tabolised by the gut microbes, which can serve as
important immune regulators or initiators in a
wide variety of diseases, including autoimmune
diseases.!® However, there is a scarcity of studies
investigating the metabolites of altered gut mi-
crobiota in SLE patients where TMA/TMAO have
been studied.!™ 2 In humans, trimethylamine
(TMA) is synthesised exclusively by gut microbi-
ota from dietary nutrients contained in high-fat
foods including choline, L-carnitine and other
TMA-containing nutrients. TMA produced in the
gut enters the circulation and is further convert-
ed into trimethylamine N-oxide (TMAO) by host
enzymes like flavin monooxygenase (FMO) in the
liver.t3 14
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Eight species of human commensal bacteria were
identified to produce TMA from choline includ-
ing two different Firmicutes.’®> Both human and
animal studies suggest that the gut microbe-de-
rived metabolite TMAO is strongly associated
with cardiovascular disease.’® TMAO has been
positively linked to the pathogenesis of several
other diseases as well, including chronic kidney
disease, type 2 diabetes and obesity in a tissue-
and cell-specific pattern.’”?° Direct exposure to
TMAO can augment Ca?* release, enhance plate-
let activation and form pro-thrombotic state.?
TMAO activates mitogen-activated protein kinase
(MAPK) in vascular endothelial cells and smooth
muscle cells, which promotes the expression of
inflammatory genes and recruitment of activated
leukocytes.?? Dietary choline and TMAO initiate
renal fibrosis and dysfunction in animal models
via a transforming growth factor-f3 (TGFf3)-phos-
pho-SMAD3 (P-SMAD3) signalling pathway.'® The
metabolite perturbations related to rheumatic
disease remains poorly resolved and merits fur-
ther studies.

The aim of this study was to investigate the diag-
nostic and prognostic validity of TMAO as a po-
tential biomarker in lupus nephritis patients and
its relation to disease activity.

Methods

Study sample

This was a cross sectional study conducted to as-
sess the role of TMAO as a potential biomarker in
patients with SLE, conducted for 1-year duration.
The study included 90 subjects who were classi-
fied into 3 groups: Group (I): included patients
who were diagnosed as SLE without nephritis
(NN); Group (II): included patients who were di-
agnosed as lupus nephritis (LN) and Group (III):
included healthy subjects as a control. Male and
female SLE patients diagnosed according to 2019
European League Against Rheumatism and Amer-
ican College of Rheumatology classification crite-
ria for SLE* and aged > 18 years with willingness
to participate in the study were included. Patients
who refused the enrolment in the study, patients
with overlap syndrome, patients with organ spe-
cific or other systemic autoimmune disorders, pa-
tients with non-SLE renal affection eg diabetic or
hypertensive nephropathy and primary or other
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secondary glomerulopathies and pregnant SLE fe-
male patients were excluded from the study.

Data collection

The medical records of patients were reviewed
using a computerised sheet including all studied
data for each patient. The authors have followed
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. All
patients were subjected to the following: com-
plete history taking; thorough clinical examina-
tion; SLE international Collaborating Clinics/
American College of Rheumatology Damage Index
(SLICC/ACR); Systemic Lupus Erythematosus Dis-
ease Activity Index (SLEDAI); laboratory inves-
tigations including: complete blood count (CBC),
erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), kidney function test, urine analy-
sis, 24-hour urinary protein, antinuclear antibody
(ANA), complement (C3, C4) and anti-ds DNA; kid-
ney biopsy; radiology - abdominal sonography
with emphasising on kidneys.

The SLICC/ACR Damage Index (SDI) was devel-
oped in 1996 to assess an ongoing reflection of
disease activity in SLE patients and to measure
irreversible damage resulting from SLE disease
activity and its treatment.?* SLEDAI index is com-
posed of 24 features that are attributed to lupus
which are listed, with a weighted score. The more
serious manifestations (such as renal, neurolog-
ic and vasculitis) are weighted more than others
(such as cutaneous manifestations). The maxi-
mum possible score was 105.%° Kidney biopsy was
performed for all patients fulfilling LN ACR cri-
teria to confirm the diagnosis and to classify the
glomerular disease by current International Soci-
ety of Nephrology/Renal Pathology Society (ISN/
RPS) classification.

Renal histopathological examination

The renal histopathology was evaluated accord-
ing to the WHO classification of LN with assess-
ment of activity and chronicity indices as follows:
activity index (Al). This index was assessed as the
sum of individual scores of the following items
considered to represent measures of active lu-
pus nephritis: glomerular proliferation, leucocyte
exudation, karyorrhexis/fibrinoid necrosis (x2),
cellular crescents (x2), hyaline deposits and in-
terstitial inflammation. The maximum score was
24 points for the AL.?¢ Chronicity index (CI) con-
sisted of the sum of individual scores of the fol-
lowing items considered to represent measures of
chronic irreversible lupus nephritis: glomerular
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sclerosis, fibrous crescents, tubular atrophy and
interstitial fibrosis. The maximum score was 12
points for the CI.#’

Sampling

Urine and venous blood samples were obtained af-
ter overnight fasting. Trimethylamine levels were
measured using the quantitative sandwich en-
zyme linked immunosorbent assay method, with
Human (ELISA) kit (Cat No E4733Hu). The plate
has been pre-coated with human TMAO antibody.
The standard curve was constructed by plotting
the average optical density (OD) for each standard
on the vertical (Y) axis against the concentration
on the horizontal (X) axis and a best fit curve was
drawn through the points on the graph. These cal-
culations were performed with computer-based
curve-fitting software.

Statistical analysis

Data were coded, computed then analysed using
Statistical package for social science (IBM SPSS)
version 24 for Windows. Qualitative data were
presented by frequency tables. For quantitative
variables the normality of data was first tested
with Shapiro-Wilk test and presented data by cen-
tral indices and dispersion: mean * standard devi-
ation (SD) for normally distributed variables and
median (minimum - maximum) for non-normally
distributed variables. Chi-square test was used to
test association between categorical variables. It
was replaced by Fisher Exact Test if the expected
cell countwaslessthan 5 in four-cells tables, while
itwas replaced by Monte Carlo test if the expected
cell count was less than 5 in more than four-cells
tables. Association between normally distributed
continuous variables was tested using indepen-
dent sample t-test in 2 independent groups, while
Mann-Whitney U test (z) was used to compare
two independent nonnormally distributed con-
tinuous variables. The one-way analysis of vari-
ance (ANOVA) was used to determine whether
there are any statistically significant differences
between the means of two or more independent
(unrelated) groups. Also, Kruskal-Wallis H test
was used to compare nonparametric continuous
variables in more than two different groups. The
Spearman correlation coefficient (r) to assess
the strength of the correlations between pairs of
variables. Significant predictors in the univariate
analysis were entered into regression model. For
all above-mentioned statistical tests the results
were considered significant when the probability
of error is less than or equal 5 % (p < 0.05).
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Results

The results showed no statistically significant
difference in the clinical and demographic crite-
ria between SLE with and without nephritis ex-
cept for gender as all the cases in the NN group
were females while males represented 10.5 % of
the LN group (p = 0.047). The included patients
had a mean age of 32.8 + 12.6 and 30.7 + 9.8 in
the NN and LN groups, respectively. Comparing
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The prevalence of hypertension (HTN) was high-
er in LN patients (579 %) as compared with the
NN group (21.4 %) (p = 0.002). The prevalence of
neurological manifestations was 42.1 % in the LN
patients and 21.4 % in the NN group (p = 0.05).
In both LN and NN groups, male gender, patients
with neurological, respiratory and vascular man-
ifestations, as well as patients with urinary casts
and protein of more than 500 mg/day had statisti-
cally significant higher SLEDAI-2K Score (Table 2).
Urinary protein was significantly higher in LN

Table 1: Basic clinical data and extra renal manifestations of the studied groups (n = 80)

Non-nephritis Nephritis .

Parameters SL'I)E gLE Sig
Blood pressure

Hypotensive 2 (4.8%) 0 (0.0%) NC < 121

Normal range 31(73.8 %) 16 (42.1 %) p = 0.002*

Hypertensive 9 (21.4 %) 22 (57.9 %)
Diabetes mellitus

Yes 4 (9.5%) 0 (0.0%) FET**

No 38(90.5 %) 38 (100.0 %) p=012
Neurological manifestations

Yes 9 (21.4 %) 16 (42.1 %) x2=4.00"**

No 33(78.6 %) 22 (57.9 %) p=0.05
Cardiac manifestations

Yes 7 (16.7 %) 6 (15.8 %) x2=0.01

No 35(83.3 %) 32 (84.2 %) p=091
Respiratory manifestations

Yes 14 (33.3 %) 17 (44.7 %) x2=1.10

No 28 (66.7 %) 21 (55.3 %) p=0.29
Haematological manifestations

Yes 19 (45.2 %) 21 (55.3 %) x*=0.80

No 23 (54.8 %) 17 (44.7 %) p=0.37
Musculoskeletal manifestations

Yes 32(76.2 %) 33 (86.8 %) x2=1.50

No 10 (23.8 %) 5 (13.2%) p=0.26
Mucocutaneous manifestations

Yes 29 (69.0 %) 25 (65.8 %) x?*=0.09

No 13 (31.0 %) 13 (34.2 %) p=0.76
Vascular manifestations

Yes 5 (11.9 %) 4 (10.5 %) x?=0.04

No 37 (88.1 %) 34 (89.5 %) p=0.85
Lower limb oedema

Yes 16 (38.1 %) 19 (50.0 %) x*=110

No 26 (61.9 %) 19 (50.0 %) p=0.28

Sig: test of significance; SLE: systemic lupus erythematosus; *MC: Monte Carlo test: ** FET: Fisher's Exact test;

***2: Chi-square test;

the clinical profile of patients in the LN and NN
groups, there was no statistically significant dif-
ference in the incidence of diabetes mellitus, car-
diac manifestations, respiratory manifestations,
haematological manifestations, musculoskeletal
manifestations, mucocutaneous manifestations
and vascular manifestations (Table 1).

patients with a median of 2.100 mg/day as com-
pared to the NN patients (p < 0.001). There was
no statistically significant difference in the hae-
moglobin level, RBC count, total and differential
WBC count, platelet count, serum Na level, ANA
and complement (C3, C4 count between the two
comparison groups (Table 3).
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Table 2: Association between trimethylamine N-oxide (TMAO) and

other parameters of the studied group

Table 3: Spearman’s correlation between trimethylamine N-oxide
(TMAO) and other parameters in LN and NN groups (n = 80)

Parameters TMAO Sig
Gender

Male 8.8(7.3-32.4) Z=0.89

Female 8.1(4.2-46.2) p=0.39
Blood pressure

Hypotensive 10.7 (8.6 — 12.8) KW =16

Normal range 8.1(5.6-46.2) D= 044

Hypertensive 8.1(4.2-324)
Diabetes mellitus

Yes 8.4(6.3-39.2) =017

No 8.2(4.2-146.2) p=0.89
Neurological manifestations

Yes 8.0(4.2-32.4) Z=14

No 8.3(5.6-46.2) p=0.16
Cardiac manifestations

Yes 8.6 (6.5 27.6) Z=0.54

No 8.1(4.2-46.2) p=0.59
Respiratory manifestations

Yes 8.4(4.2-39.2) Z=0.89

No 8.0 (6.1 -46.2) p=0.37
Haematological manifestations

Yes 8.6 (6.3 46.2) Z=12

No 7.9 (4.2-39.2) p=0.23
Musculoskeletal manifestations

Yes 8.3(6.1-46.2) Z=21

No 75(4.2-121) p=0.04
Mucocutaneous manifestations

Yes 8.3 (5.6 —46.2) Z=15

No 8.0 (4.2-20.4) p=014
Vascular manifestations

Yes 75(4.2-10.9) Z=15

No 8.2 (5.6 —46.2) p=014
Lower limb oedema

Yes 8.3 (4.2-46.2) 7=0.54

No 8.1 (5.6 —27.6) p=0.59
Proteinuria (mg/day)

< 500 mg/day 8.1 (5.6 -39.2) Z=018

> 500 mg/day 8.3(4.2-46.2) p=0.86
Casts in urine

Yes 8.4 (5.6 —46.2) 7=0.46

No 8.1(4.2-39.2) p=0.64

Z: Mann Whitney test; KW: Kruskal-Wallis test; Sig: test of significance;

Patients with LN exhibited higher titres of an-
ti-dsDNA. The median level of TMAO was 8.1 ng/
mL, 8.3 ng/mL and 16.6 ng/mL in the NN, LN and
control group respectively (p = 0.01) (Figure 1).

There was no significant difference in the TMAO
level in male and female SLE patients. Increased
TMAO levels have been only associated with
musculoskeletal manifestations in SLE patients.

Parameters TMAO in LN TMAO in NN
r p r p

Age -017  0.28 0.030 0.88
Hb (g/dL) -0.11 0.48 0.200 0.24
RBC (x108/mm®) -013 041 -0.380 0.02
WBC (x103/mm?) -0.09  0.56 -0.030 0.85
Lymphocytes (x103/mm?) 025 0.1 -0.080 0.65
Platelet count (x10%/mm3) 0.26  0.09 0.090 0.59
Serum creatinine level (mg/dL)  0.05 0.75 0.070 0.66
Serum Na level 0.16 0.30 -0.100 0.56
Serum K level -0.05 077 0.100 0.55
ANA 0.02 0.89 -0.010 0.95
Anti-ds DNA 020 0.20 0.290 0.02
C3 0.06 0.69 0.040 0.80
C4 015 0.33 0.010 0.94
Urinary protein (mg/day) -0.24 0.13 -0.007 0.97
F)ount of WBCS or pus cells -0.05 078 0060 074
in blood urine

Count of RBCs in urine -0.26 0.09 -0.230 017
SLEDAI-2K score -0.15  0.36 -0.020 0.89
Class of renal biopsy - - 0.120 0.48
Number of glomeruli - - 0.090 0.59
Activity index - - -0.150 0.40
Chronicity index - - -0.030 0.89

r: correlation coefficient; Group NN: included patients who were diagnosed
as SLE without nephritis; Group LN: included patients who were diagnosed
as lupus nephritis; Hb: haemoglobin; RBC: red blood cells; WBC: white blood
cells; SLEDAI: Systemic Lupus Erythematosus Disease Activity index; ANA:
antinuclear antibodies;
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Figure 1: Serum trimethylamine N-oxide (TMAO) concentration in
non-nephritis SLE, nephritis SLE and control group

TMAO positively correlated to the Anti-ds DNA
titres and negatively correlated to the blood and
urinary RBCs in the LN group. Nevertheless, oth-
er parameters did not reveal any significant cor-
relation with TMAO (Table 3).
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Table 4: Multiple linear regression with trimethylamine N-oxide
(TMAO) as dependent variable in the studied group

Predictor (s) B t p
RBC -0.12 11 0.31
Count of RBCs in urine -0.14 1.2 0.25
Anti-ds DNA 0.27 2.4 0.02*
Musculoskeletal manifestations
Yes -016 14 015
No (1)

R? = 0.14; F = 3.1; Constant = 1.1; Overall p = 0.02; RBC: red blood cells;

In the Multiple linear regressions with TMAO as
a dependent variable in the studied group, only
anti-dsDNA revealed a statistically significant as-
sociation with TMAO levels (Table 4).

Discussion

The microbiota, as an enormous human body
population, plays a great role in human health
and disease. This involves mastering the devel-
opment of the immune system and homeostasis.
Through developing a number of metabolites,
microbes can support human health and prevent
disease, but it can be a double-edged weapon for
the host.?® Recent advancements in metabolomics
have widened understanding of the metabolites
developed or metabolised by gut microbes which
can function in a wide range of diseases, includ-
ing autoimmune diseases, as significant immune
regulators or activators.!?

Serum TMA levels were found to be elevated in a
group of patients with active rheumatoid arthri-
tis (RA).!! In psoriatic arthritis patients, serum
TMAO correlated to disease activity in both skin
and peripheraljoints.’? In humans, TMA is synthe-
sised exclusively by gut microbiota from dietary
nutrients contained in high-fat foods including
choline, L-carnitine and other TMA-containing
nutrients. TMAO has been recognised as a metab-
olite that serves as a potent RA discriminator in
the urine compared to healthy subjects. Whether
TMAO could help as a discriminator of SLE from
healthy subjects or could discriminate LN from
NN patients and whether it has an association
with the disease severity including clinical, lab-
oratory and histopathological criteria; this was
the aim of this study. In the present study, TMAO
levels have been evaluated in patients with SLE
with and without nephritis in comparison with
controls.
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It has been previously found that urinary TMAO
levels were higher in SLE patients than in healthy
participants. This result suggests that gut micro-
biota and specific dietary nutrients that enhance
TMAO generation are associated with disease se-
verity.?’ This contradicts the results of the present
study as it has been found that TMAO levels were
significantly higher in healthy controls compared
to SLE patients with and/or without nephritis.
Disturbances in the composition and balance of
the microflora can occur due to unhealthy life-
style (eg unhealthy diet, low degree of physical
activity and stress), consequent diseases or the
use of some medications can lead to a number of
disorders both locally in the gut as well as sys-
temically.?® This reflects an important limitation
of the present study; the assessment of dietary
pattern in patients and healthy controls and its
effect on the gut microbiome and its derived me-
tabolites as TMAO. As an instance, a known con-
founding factor is the fact that certain types of
fish intrinsically contain very high amounts of
TMAO?3! and thus having such a diet can affect the
TMAO assessment. Another important point that
should be considered the polypharmacy usually
used by SLE patients and the effect of the com-
monly used immunosuppressive medications on
the gut microbiome.

Whether certain immunosuppressive could sup-
press the normal gut microbiota; this raises a
doubt to the largely supporting evidence to the
validity of TMAO as a biomarker. Furthermore,
whereas the role of bacterial-derived TMAO in
cardiovascular disease pathogenesis has recent-
ly gained significant interest, it has not remained
indisputable. Jia and colleagues recently used a
Mendelian randomisation approach to find that
genetically predicted higher TMAO was not as-
sociated with higher odds of cardiovascular
disease.*? These authors instead conclude that
the observational evidence for cardiovascular
diseases may be due to confounding or reverse
causality.®® The correlations between TMAO and
clinical-laboratory parameters of LN and NN
groups revealed only significant correlation with
RBCS counts in LN patients.

Correlating the values of TMAQO to the clinical-lab-
oratory parameters of the total SLE population, a
significant correlation has been found between
TMAO and RBCs count, urinary RBCs and an-
ti-dsDNA titres. The current literature suggests
a regulatory effect of the gut microbiome on the
haematopoietic system.?* This might explain
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the correlation between TMAO and RBCs count
shown in the present study. The positive correla-
tion between TMAO and autoantibodies such as
anti-dsDNA titres has been supported by previ-
ous studies. TMAO was suggested as a diagnos-
tic biomarker in animal models with MPO-ANCA
vasculitis®* as well as it correlated to the activi-
ty of various autoimmune disease.?> 3¢ Reported
that translocation of gut commensals drives IFN
and anti-dsDNA in mice with lupus like disease.?¢
Among the positively correlating variables to
TMADQO, it has been revealed in a multiple linear
regression analysis with TMAO as a dependent
variable that TMAO significantly predicted an-
ti-dsDNA levels but no other parameters. Hor-
monal regulation of the processes of microbe
control suggests that the commensal composi-
tion should vary between the two genders.?’

In the present work, TMAO levels did not vary be-
tween male and female patients, but this can be
simply attributed to the greater predominance
of females in the included study sample which
reflects the classic gender predominance in SLE
patients. It has been previously shown that in
animal SLE models, the diversity of gut microbi-
ota differs between female and male lupus-prone
mice and the female mice have more severe dis-
ease® and castration of male mice reversed this
difference indicating a protective androgen-de-
pendent pathway.?’

The present study failed to report an association
between TMAO and the different studied demo-
graphic and clinical parameters. An exception
was the significant association between TMAO
and the musculoskeletal manifestations of SLE
patients. The gut derived metabolite, TMAO ap-
pears to be a major player in the various deter-
minants of rheumatic and musculoskeletal dis-
eases.’® As well, raised TMAO levels have been
shown to exhibit a strong negative correlation
with the degree of bone mineral density (BMD) in
patients with osteoporosis.*

In the present study, there was no significant sta-
tistical difference of TMAO levels between NN
and LN patients while SLEDAI-2K score was sig-
nificantly higher in LN patients. Previous studies
have emphasised the prognostic value of SLE-
DAI-2K score particularly in LN patients.** TMAO
has been previously identified as marker of renal
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medullary injury and may be an indicator of the
tubulointerstitial nephritis. However, it did not
show correlation to the tubulointerstitial lesions
in the studied kidney biopsies. In an earlier study,
TMAO has been found to be the strongest predic-
tor of histological injury, suggesting that it may
reflect the totality of renal parenchymal injury.
The majority of LN patients included in this study
had active proliferative lupus nephritis with
class IV representing (56.8 %) and class V rep-
resenting (21.6 %) of the total nephritis popula-
tion. This copes with previous reports revealing
a higher prevalence of proliferative class I, IV in
the studied renal biopsies.*® The exact molecu-
lar pathways linking gut microbiota to SLE and
lupus nephritis are not fully elucidated. SLE pa-
tients exhibit limited gut microbiota diversity?®
however, further studies are warranted in this
field.

Based on the results, the diagnostic and prog-
nostic utility of TMAO generally in the setting of
autoimmunity and specifically, in SLE faces many
challenges. The reliance on TMAO as a diagnos-
tic marker should put into consideration sever-
al dietary and comorbid conditions. This study
presented two important limitations; first, the
small sample size reflects the need for further
studies with larger sample sizes. Second, the di-
etary patterns and polypharmacy might have im-
pacted the results, however, most of the current
evidence supporting the potentiality of TMAO as
a diagnostic biomarker did not investigate the di-
etary pattern of the participants.

Conclusion

Contrary to the results of the previous studies,
TMADO levels were found to be higher in healthy
controls rather than SLE patients and did not
discriminate between LN and NN patients as
well as did not show significant correlation
to the studied criteria of disease severity ex-
cluding the Anti-dsDNA titres. The possible
confounding effect of the dietary pattern and
ingested drugs on the gut microbiome under-
estimate the diagnostic and prognostic utility
of TMAO as a potential marker in different dis-
eases.
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