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Preface

According to the United Nations, the global population in 2015 exceeded 7.3 billion,
and the gender ratio gap between men and women is not large, which means that
there are about 3.6 billion women in the world. Therefore, providing 3.6 billion
women with high-quality healthcare services and quality is an important global
concern. The global focus on women’s health began in the 1970s. The United Nations
designated 1975 as International Women’s Year and 1976-1985 as the world’s Decade
for Women. In 1995, the Fourth World Conference on Women put forward the Beijing
Declaration, with “equality, development and peace” as the main axis. Representatives
of 189 countries jointly signed the Beijing Platform for Action, strongly advocated
that countries should pay attention to women’s issues, and began publishing “Current
Situation and Future Trend of Global Women’s Statistics.” This publication addresses
eight topics: population and family, health, education, work, rights and decision-
making, violence against women, environment, and poverty. It describes the latest
statistical data of women in the world and provides a brief analysis that can be used as
areference for countries to plan women’s health policies and healthcare services. It is
aworld trend to attach importance to women’s health. The United Nations Population
Fund believes that the role of the government is very important if women are to have
a bright future. The government is an important force to ensure women’ right to
health. The role of the government in promoting women’ health should be reflected
in the following aspects. The first is to support gender equality with legal policies, the
second is to ensure the relationship between women workers and employers, and the
third is to encourage research on gender-related issues. The 3.6 billion women in the
world live in different countries, different social environments, different cultures,
and different medical care systems, and each woman plays multiple roles and respon-
sibilities, which highlights the diversity and complexity of women’s health problems.
Taking women as the main body, we should change the health inequality caused by
the gender bias of social and cultural concepts, strengthen the integration strategy

of cross fields and departments, and provide appropriate health plans and care for
women taking into account ethnic groups, ages, causes of death, disease status and life
events. This book provides a comprehensive overview of the current state of the art in
global women’s health, focusing on the most important evidence-based developments
in this critically important area.

We sincerely thank Prof. Mehboob Riffat, Dr. Abdulrasol Zainab Abdulameer,

Dr. Devi Gayatri, Prof. Tsikouras Panagiotis, Dr. Rana Amrit Pal Singh, Dr. Ramaraj
Pandurangan, Dr. Congjian Shi, Dr. Bilani Nadeem, and Dr. Ali Shazia for their
contributions.

Dr. Zhengchao Wang
College of Life Sciences,
Fujian Normal University,
Fuzhou, China
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Chapter1

Maternal Mortality Ratio in Low
Income Developing Countries

Riffat Mehboob, Syed Amir Gilani, Sidva Khalid,
Amber Hassan and Ahmad Alwazzan

Abstract

Maternal mortality (MM) is a matter of serious concern in low income developing
countries (LDCs). A great reduction has been observed regarding the maternal
deaths globally after huge efforts since 1990 todate. However, the situation contin-
ues to be either stagnant or worsening in developing countries, suggesting that the
efforts to cope with this issue are either insufficient or not properly implemented.
We need to first diagnose the problem areas that are a great hurdle in the road to
success towards the reduction of MM. Postpartum hemorrhage and preeclampsia
are one of the most common causes of MM. Malnutrition, neurological dysfunction
and cancer are among the non-obstetric causes. Trained medical and paramedical
staff can be of great help in this regard by increasing awareness among masses at
grass root level. Target set by Millennium Development goal has minimized the MM
by 44%. But it has not met the target set by Millenium Development Goals 5 and a
lot of measures need to be taken in this regard. Majority of the MDs are preventable
and can be avoided by adopting appropriate frameworks, linked data sets, surveil-
lance, birth attendants training, preparation for births, etc. Delay in decision to get
healthcare, access to healthcare center and receiving these facilities are the main
factors in MM.

Keywords: maternal mortality, Pakistan, millenium development goals,
sustainable development goals, antenatal care

1. Introduction

Severe Maternal Outcomes (SMO) comprises of Maternal Near Miss (MNM)
or Maternal Death (MD) [1]. MD is considered as the most tragic event and can be
preventable if the mother is given proper medical aid and facilities. It is considered
as an indicator about the quality of medical services of a country [2]. WHO defines
MD as: “the death of women during pregnancy or within 42 days after termina-
tion of pregnancy irrespective to the cause of death” [3]. Maternal Mortality Rate
(MMR) is defined as the number of MDs divided by the number of live births
during a particular time period [2]. A country’s MMR indicates the development,
health and medical status [4]. Maternal mortality (MM) is divided into direct and
indirect deaths: direct death is caused by delivery and complication in 42 days of
postpartum and indirect death are those MDs which are caused by any disease
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which is affected or enhanced by pregnancy’s physiological effects. Accidental
deaths in which pregnancy has no role is not considered as MD [2, 4, 5].

2. Trends in global mortality rates

Though MMR has decreased since 1990 to 2015 (estimated 303,000/100 million
live births), it still remains a big challenge in many LDCs [6]. Some regions of the
world have high MMR which is indicative of the poor health facilities and dispari-
ties in access. Low Income Developing countries (LDC) contribute to maximum of
MMR (99%) [7, 8]. Sub-Saharan Africa has the highest MMR (14110/100 million
live births) and South Asia (1428 million/100 million) is second in world ranking
in 2015 while Common wealth Independent States including Armenia, Azerbaijan,
Belarus, Georgia, Russia, Tajiskistan etc. has lowest (313/100 million live births)
MMR. European Union also has second lowest MMR (307/100 million live births)
(Figure1). According to WHO report, the MMR in LDCs was 239 per 100 mil-
lion live births as compared to 12 in developed countries (DC) in 2015. There are
inequalities in these ratios between regions, countries, different socioeconomic
strata, rural and urban populations [9].

Among South Asian countries, Afghanistan has the highest MMR (396/100 million
live births) in 2015 while it was 1340/100 million live births in 1990, Pakistan is 7th in
ranking in this region with 0.178 million/100 million live births in 2015 while it was
0.431 million/100 million live births in 1990. Srilanka has the lowest MMR (30/100
million live births) in 2015 while it was 75/100 million live births in 1990 (Figure 2)
[10]. Siera Leone has an estimated MMR 1360/100 million live births which is not
only highest in Sub-Saharan Afria but also in the world. Although it has dropped
from 2630/100 million live births in 1990. Finland and Greece have the lowest MMR
3/100 live births globally and considered as best countries as far as maternal health is
concerned (Figure 3) [10].

Globally the MMR has decreased from 385 in 1990 to 216 in 2015 showing an
annual reduction of 2.3%. The yearly number decreased from 532 000 in 1990, to
303 000 in 2015. During 1990 to 2015, the annual reduction rate in Eastern Asia
was 5-0% and in Caribbean was 1-8%. MMR of developed countries was 12/100
000 livebirths in 2015 and for Sub Saharan Africa was 546 respectively [8]. Globally
large decline in different regions of the world has been observed that includes
South-East Asia with 69% reduction and Western Pacific with 64% reduction. Least
progress in MMR is observed in African with 44% decline and America with 49%
decline [7, 8].

13
Commonwealth States ——
R

w 7
=
655
1
MiddleEast —0
1269

FRI R 1001
atin America
|- 1600

1056
East Asia -

South Asia s L

14110
Africa ]

0 5000 10000 15000 20000 25000 30000

2015 ©1990

Figure 1.
Maternal mortality vatio (MD per 100 mllion live births) in 1990 and 2015 in different regions of world.
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Figure 2.
Trends in MMR (1990—2015) in South Asia.

Figure 3.
Sand clock of five countries with highest (ved) and lowest (green) MMR.

3. Millennium development goals and maternal mortality

Globally all organizations have focused on reducing MDs by initiating a
number of programs since 1980’ [5]. United Nations (UN) made 8 Millennium
Development Goals (MDGs) in September 2000 in which one was about maternal
mortality [11]. All the goals had to be achieved by the member countries by the end
of 2015. MDG called for the reduction of 75% of maternal mortality by the end
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of 2015 and all countries and international agencies were directed to monitor the
progress towards the completion of the goal (between 1990 to 2015) [8]. It means
that the target would be achieved by maternal mortality decline of 5.5% per year
during 25 years time period. However, MMR has decreased by 37% since 2000, even
then 303 million women died across the world in 2015 [7].

4. Sustainable development goals-United Nations

International and national level political partnership and funding could improve
education, socio-economic conditions, gender equality and environment. After
end of era of MDGs a new agenda was announced in 2015 that consists of 17 SDGs
[7]. According to SDGs the target is to decrease maternal deaths to <70 deaths per
live births by 2030 and no country should increase its MMR to 140/100,000 live
births [8, 12]. The United Nations (UN) secretary general Banki-Moon has started
the global strategy for mothers, meonates, infants, children and Adolescent’s health
from 2016-2030 [13]. This Strategy will be a road map and tries to end all possible
causes responsible for maternal mortality [8].

According to Goal 3.1 of Sustainable Development Goals (SDGs) of United Nations,
MMR should be reduced to less than 70% per 100 million live births. Tremendous
efforts have been made since 2000 and an impressive outcomes have been observed.
Goal 3.7.1 focuses on women in their reproductive years, who had successfully adopted
the modern family planning methods. Goal 3.7.2 discuss about the adolescent birth rate
(10-19 years)/1000 women in that age group. MMR in sub-Saharan Africa has reduced
by 35% since 2000. The adolescent birth rate in 2018 was 44/1,000 women (15-19 years)
at global scale while 56 in the year 2000. Its rate is 101 in sub-Saharan Africa which is the
highest of all. Target 3.7 addresses the availability and access to reproductive health, its
awareness and implementation at national level, all over the world [14].

In 2010, 12% of global population spent approximately/10th of their budgets for
health services as compated to 9.7% in 2000. An estimated $9.4 billion was donated
from various donars as Official Development Assistance (ODA) in 2016 which is
41% more. All the data available so far indicates that 45% of the world and most of
the LDCs (90%) have not even one physician per 1,000 population and approxi-
mately 60% have less than 3 nurses per 1,000 [14].

4.1 Maternal mortality in Pakistan

The status of MDs in Pakistan is very poor and Pakistan is recognized as a country
with high MMR. It is estimated that approximately 30,000 women dies every year
due to pregnancy-related complications [15]. Measuring MMR is also a big challenge
due to poor system of record keeping and weak certification of the reason of causal-
ity [16]. The reduction rate of MMR from 1990-2015 was 3.5% with 431 MDs/100
million live births in 1990 to 178 deaths in 2015. 89% of deliveries occur at home that
causes 80% of MDs. 80% delivery occurs by the traditional birth attendants (TBAs)
and only 1 out of 20 pregnant women reaches hospital or dispensary emergency [17].

In a study conducted in a teaching hospital in Karachi indicated that unsafe abor-
tions carried by untrained health care service providers was the main reason of MDs
[18]. The most common among all reasons was hemorrhage and then eclampsia and
sepsis [19]. Pre-eclampsia and eclampsia causes 10.4% and abortion cause 5.6% of MDs
[16, 19]. The main reasons of MDs in another study from Khyber Pakhtunkhuwa (KPK)
province of Pakistan were hemorrhage, sepsis, eclampsia, and hepatic encephalopathy.
40% of the overall cases were dealt by TDAs, 33% by lady health visitors, 17% received
no care and 10% by doctors [20]. In a ten year study, from January 1995 to December
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2004, conducted at Nishtar Hospital, Multan the major causative factors were hemor-
rhage, eclampsia, sepsis, anemia, and abortion. The study also concluded that increase
in mother’s age is linked to increased MDs [21]. Most of the studies concluded hemor-
rhage as the leading cause of death while sepsis or eclampsia was the second main cause.
In indirect causes, anemia and hepatitis was the main cause of death [4].

Different studies have been conducted in the provinces and hospitals to identify
main causes and prevention of MD [22]. In 2005, Jokhio et al. performed a cluster
randomized controlled trial in seven regions (talukas) of a rural district Larkana,
Sindh in Pakistan by training TBAs in three talukas known as intervention group
and the remaining four talukas, TBAs were not trained (control group). The trained
attendants were given sterilized delivery-kits for deliveries. 30% reduction in the
intervention group was found as compared to the control group. This strategy can
be applied to improve maternal health in LDCs [17].

Aliet al., designed a study to gather information about the health care facilities
and emergency obstetric care (EmOC) using unprocessed indicators, in Punjab and
KPK. It was found that in Punjab only 16 and in KPK only 6 health care services pro-
vides these basic facilities. His study showed that basic Obstetric facilities are very
poor in Pakistan and it is extremely necessary to increase access and upgradation of
these services. Another important aspect is transportation as most of the hospitals
in the study here lack functional ambulance to take patient immediately to a nearby
hospital or health care facility. Only 5.7% of deliveries occured in government health
care centers that provide EmOC. This shows that women who need basic treatment
cannot access government hospitals but either go to private hospital or seek no care
[17]. Midhat et al., investigated the cause associated with MDs in 16 rural districts of
Balochistan and KPK provinces of Pakistan. The study concluded that women under
19 and over 39 years, or those delivering for the first time and those with an earlier
record of fetal loss were having a high risk of MD. Essential Obstetric Care (EOC)
was linked to MD. Results showed that staffing of peripheral health facilities and the
role of health care facility is also linked to MD, which needs to be improved [17].

4.2 Pakistan Demographic and Health Survey

A survey conducted by Pakistan Demographic and Health Survey (PDHS) reported
the MMR as 276 during the year 2006-2007. Also, there are differences in MMR
between different provinces such as MMR of Baluchistan was 785, Sindh 314, KPK
275 and Punjab was 227. Besides provincial differences, rural MMR (319) is double
as compared to urban MMR (175). Pakistan progress towards completing Millenium
Development Goals (MDG) was very inadequate due to lack of resources and failure
to provide good health care services to pregnant women. According to PDHS, the set
targets were not achieved by the end of 2015 [23]. The MMR in 1990 was 385 which
dropped to 216 per 100 million live births in 2015. After the end of MDG of 2015,
Sustainable Development Goals (SDGs) was stated that targets to reduce MMR by the
end of 2030 is 70 maternal mortality per 100 million live births [7, 8]. Global MM has
decreased between the years 1990-2015 to 44%. Although it did not meet the required
target set by MDGS, still a lot of measures need to be done to meet the target [14].

4.3 The three delays model

This model was proposed by Thaddeus et al., in 1994. It proposes the contribut-
ing factors that lead to the maternal mortalities. According to this model, most of
the factors: distance, cost and quality are preventable and can be avoided if the
health care is provided intime without any delay. The three factors responsible for
MDs are summarized in three delays model (Figure 4) [24].
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Delay in decision Delay in
to seek reaching
healthcare healthcare

Figure 4.
The three delays model for maternal mortality.

4.4 Risk factors

Infrequent visits to Antenatal Care (ANC) units contribute substantially to
the preventable MM in Sub-Saharan Africa. A home-based Community Health
Worker (CHW) intervention in Tanzania significantly improved this situation in
a locality with a higher level of facility based delivery. Policies should be devised
and adopted to evaluate and design interventions to reduce the economic burden of
ANC [25]. Inadequate training of midwives [26] and TBAs is a modifieable factor in
reducing the MD [27]. In a retrospective study in Pakistan, those women who were
administered by labour inducing medications by TBAs and lady health workers and
susceptible for elongated duration of labour were more prone to uterine rupture and
asphyxia while those with hemorrhage at the time of delivery (Figure 5) [26].

4.5 Eclampsia and hypertension

Approximately 42,000 MDs occured in the year 2015, as a result of pregnancy
induced hypertension globally [28]. A study on 10 LDCs was conducted to evalu-
ate the incidence of eclampsia and hypertension and its association to magnesion
sulfate. 0.5% of all deliveries had eclampsia and 6.9% of them died. 0.95%/10,000
died from hypertension during pregnancy. These disparities in MDs across different
LDCs is evident of inequality of availability and access to healthcare facilities for
women with these complications in pregnancy (Figure 5) [28].

4.6 Postpartum hemorrhage (PPH)
Postpartum hemorrhage (PPH) was observed to have an association with MDs
in Mozambique and Sub Saharan Africa [29, 30]. In 2015, the Mozambican Ministry

of Health (MOH) launched a community-level misoprostol distribution program in
chosen districts as a plan to decrease PPH. ExpandNet/World Health Organization
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Figures.
Risk factors associated with maternal deaths.

(WHO) scale-up framework was used to evaluate the organization, evolution

and the beneficial effects of misoprostol for the prevention of PPH. Interviews
from health care staff and TBAs using the same framework in addition to national
policies and 2017 guidelines from National Ministry of Maternal, newborn and
childhealth workshop. The obstacles and accelerators associated with this program
were highlighted in order to adapt this framework at national level [30]. The same
causative factor was found to be linked to PPH and SMP in Nigeria. It occurred in
2.2% of the deliveries recorded in 42 tertiary care hospitals in Nigeria during one
year period, among which 0.3% of women had an SMO [1]. Anemia may also lead
to PPH (Figure 5) [31].

5. Non-obstetric causes of MDs

MNM was defined by WHO as an organ-system failure based on clinical
criteria to assess the non-obstetric causes of SMO in a one year duration. It was
observed that 9.4% (9401/100107) women admitted to the 42 tertiary hospitals in
Nigeria for maternal complications had non-obstetric reasons. 4% (375/9401) of
these complicated cases were MNM in 48% (183/375) and MD in 51.2% (192/375)
[32]. Severe anemia contributed to 61.2% of MNM and 32.8% of MDs. Cancer
contributed to the highest MI (91.7%), liver dysfunction (81.8%), HIV (80.4%),
neurological (77.1%) and cardiovascular failures (75%). MDs were also associated
with lack of awareness, lower and elderly ages. Consequently, it led to poorer preg-
nancy outcomes [32]. Similar findings were observed in another study in which
the association of anemia with maternal and neonatal outcomes was investigated.
Worldwide, 24.8% of population is anemic and pregnant women contributes the
largest. It may lead to low birth weight, preterm delivery, low APGAR score etc.
(Figure 5) [31].

6. Cesarean sections
MDs following cesarean sections are disproportionately high in LDCs. Timely

access to the healthcare center is of utmost importance for a safe delivery. Ina
meta-analysis, 196 trials from 67 LDCs were analyzed. Women with C-section
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were at higher risk (7.6/1000 procedures). One-forth of all MDs in LDCs in
72 studies underwent C-section (Figure 5) [33].

7. Prevention of maternal mortality

MMR is difficult to measure. It is important to know the causes of MD and how it
can be prevented. PDHS reports show that MD accounts for 20% of deaths of females
of 15-49 years of age 0 [16, 23]. Most MDs can be prevented by providing care of skilled
and trained personnel. All the causes discussed above can be prevented by giving
proper diagnosis, management and understanding of childbirth problems [20]. Trained
health professionals should handle labor complications. Severe bleeding can be stopped
by an injection of oxytoxin. Also child birth should take place in hygienic environment.
Pre-eclampsia can be prevented by giving drugs such as magnesium sulfate [19].

Main challenge is to provide proper EmOC 24/7. Staff training can increase con-
fidence and skills. It is important to take steps for its implementation and upgrade
basic plus comprehensive EmOC services [17].

8. Linked dataset for maternal outcomes

Linked dataset across any country or any population for assessing the maternal
outcomes. In a recent study conducted in Australia, first national linked dataset was
used for this purpose. Although, this data linkage had methodological and jurisdic-
tional challenges, it is valuable source to enhance knowledge about maternal and
neonatal outcomes from different settings (Figure 6) [34].

Figure 6.
Frameworks to prevent maternal deaths.
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9. Sisterhood method of maternal mortality Surveillance

This method os surveillance is useful for estimation of MMRs in circumstances of
limited resources, infrastructure and when mother is not available due to sad demise.
Relatives, close family provide the information in such case. Based on National Total
Fertility Rate (TFR) estimate of 4.88, Tajik Badakhshan had 141 MDs/100 million
live births. Accurate TFRs are necessary for the actual and precise estimates of MD
but certain variations are observed due to varied dempgraphics [35] (Figure 6).

10. Saving mothers giving life

Ending preventable MDs is still a worldwide problem that need to be address
under the United Nations Sustainable Development Goal targets 3.1 and 3.2. [11].
Saving Mothers, Giving Life (SMGL) (Figure 6) was designed in 2011 within
the Global Health Initiative as a public-private partnership between the U.S.
government, Merck for Mothers, Every Mother Counts, the American College of
Obstetricians and Gynecologists, the government of Norway, and Project C.U.R.E.
SMGLs5. The starting goal was to decrease the MDs in LDCs.

A pilot project was initiated under this approach (2012-2013) in 8 rural districts
in Uganda and Zambia with high morbidity of MD. Later on it was expanded to
13 districts of Uganda and 18 of Zambia. The outcomes of this strategy after its
implementation were marvelous. 35% decrease in MMR was observed in just one
year, 44% in Uganda and 41% in Zambia during 5 years. Facilitated and assisted
deliveries raised from 46-67% in Uganda, 62-90% in Zambia; C-sections increased
from 5.3-9% in Uganda and 2.7-4.8% in Zambia; MDs reduced from 11.5-3-5% in
Uganda and 10-5-2.8% in Zambia [36].

11. Simulator-based training

Simulator-based training may be beneficial and effective for the readiness and
preparedness of TBAs and birth attendants in case of rare incidences or complica-
tions. It may save precious maternal and neonatal lives by improving the expertise
and skills as well as preparing them for such events. Purpose is to establish the facili-
tators and obstacles in “low-dose, high-frequency” (LDHF) practice [29] (Figure 6).

12. Train the trainers Model

This model was adopted to conduct a course (2012-2015) in Cambodia to reduce
the MDs. It was a sustainable model to create awareness and knowledge to improve
the maternal outcomes. 3 hospitals and 42 health centers in Ethiopia were selected
where the trainees collected the data and analyzed. A significantly high MMR was
observed in cases of PPH, pre-eclampsia, complicated deliveries and C-sections. This
ratio decreased from 64.7-40.8%/100 million deliveries in 2016 [37] (Figure 6).

13. Birth preparedness and complication readiness (BPCR)
This strategy helps the women to be aware of all possible maternal health care
facilities during pregnancy and get ready for every circumstances including compli-

cations [6]. Ethiopia has the lowest antenatal care facilities due to low income and
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resources. Hence, it is creating awareness for BPCR through community services to
reduce the MMR. In a study conducted in Ethiopia, secondary data from 215 women
with a recent live birth in 10 health care centers was collected. Purpose of this
survey was to get an insight regarding the birth readiness. Four out of six actions:
identified a skilled health care provider, health center and transport, arranged the
finances and clean delivery materials, prepared eatbles, were indicators of well
preparedness of mothers. According to this criteria, two-third of the mothers were
considered well prepared for delivery. Delivery in a health care center was practiced
by well prepared mothers (57%). Antenatal birth preparedness counseling should
be provided as a preventive measure to the mothers during the antenatal visits [38]
(Figure 6).

14. Maternal Death Surveillance and Response (MDSR)

This system was proposed to provide knowledge for the prevention of MM.
Evaluation of the MDSR was conducted in Hwange District, Zimbabwe, 2017.36
respondents were recruited from 11 health care centers, approximately 72% of them
were women. Lack of knowledge and awareness of health care workers was found to
be main reason for the late notification of MDs. MDSR system is reliable and useful
but it is not very simple. Therefore, proper descriptions of the cases and guidelines
for declaration of MDs should be taught and adopted by the heath care workers [39]
(Figure 6).

15. Recommendations

According to the demand and suppy model to prevent MM, there are 4 needs
of a balanced system: Health Promotion, Family planning, income generation
and community advocacy. If these are provided, it will help in training of TBAs,
upgraded equipents and provision of medicines, training of other health profes-
sionals by simulation based or other sessions and improvement in EmOC services. It
may ultimately lead to the prevention or reduction in MMR [35] (Figure 7).

There is still a rise in MMR, despite of present stretegies to cope with this issue
which is indicative of the insufficient obstetric, gynecological and neonatal care in
LDCs [40]. Poor health and education in females is a matter of great concern in this
regard. No monitoring body at government level is present to address these issues.

Strict control of labour/inducing drugs by the regulatory bodies is manda-
tory along with improved training of the healthcare workers [26]. Women with
poorer access to the antenatal care facilities and skilled TBAs are at higher risk [41].

Demand Supply
Health Family Income Community | Training Skilled Equipment & Training  Upgraded EmOC
Promotion Planning Generation Advocacy | Birth Attendants Medicines Facility

¥ ¥ ¥ $]% ¢ 0 &

Figure 7.
Demand and supply model to prevent maternal mortality.
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Efforts for the improvement of EmOC quality should be continued through

proper skill-based training, incentives, latest equipment and sufficient drugs [42].
Education of females must be improved. Transportation should be improved for
pregnant women as recommended in the UN-MDG-5 [43]. TBAs should be pro-
vided with financial benefits in recognition of referrals to community midwives
[27]. Skilled TBAs assisted approximately 80% live births from 2012-2017 as
compared to 62% from 2000-2005 [7]. Perspectives, concerns of different commu-
nities and the health care providers should be kept in mind before planning for any
strategy, preventive measures, solutions and policies [44].

The rate of cesarean deliveries is alarmingly high in LDCs. Most of the patients
go to private hospitals where cesarean deliveries are done just for commercial pur-
poses [33]. Government should take strict measures to lower this negative trend.

This undue practice is harmful not only for the health of mother but also for future
pregnancies and their outcomes. Awareness classes should be compulsory for both
parents in the case of first pregnancy as most of the observed mortalities are observed
in primiparous mothers. Strategies should be devised for reduction of domestic vio-
lence. Laws should be enforced to minimize Intimate partner violence (IPV) during
pregnancy. The Government should make policies and guidelines to improve mater-
nal, child care and also for the antenatal care. Early marriages should be prohibited
and laws should be enforced. Poor families should be given some support from gov-
ernment to bear the expenses of delivery, pre and post natal and maternal care. Better
nutrition, health care facilities and education are needed to reverse these trends.

EmOC facilities should be improved at grass root scale of health care delivery
to prevent avoidable MDs from PPH [1] and pre-eclampsis [45]. The adjustable
parameters like maternal weight, diet, awareness and access to the health center
should be monitored to improve the maternal and fetal situation and avoid MDs
[46]. Proper implementation of these guidelines along with knowledge and training
would guide the health professionals to diagnose the complications, manage them
and help in reduction of MDs [6, 45, 47].

Research on maternal mortality in Pakistan is next to zero and there are no
linked datasets, no coherent information. Hurdles are at both ends, Government
(due to lack of resources, funds and priority) and people (they are not willing to
investigate or provide information, poverty and lack of resources). These issues can
be measured by a nation wide surveillance, coherent and linked datasets with all
the information, and the models provided in this debate which are adopted by some
other countries as well (simulator based training, train the trainers model, saving
mothers giving life, birth preparedness, sisterhood method etc) may provide frame-
works to the Government and healthcare policy makers to address and prevent this
issue of serious concern to achieve the sustainable development goals.
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Chapter 2

Assessment of Primary
Dysmenorrhea and Its Effect on
the Quality of Life among Female
Students at University of Babylon

Zainab Abdulameer Abdulrasol

Abstract

Primary dysmenorrhea (PD) is a painful menstrual flow in the absence of any
pelvic pathology where pain is spasmodic in character and felt mostly in the lower
abdominal area. PD considered as common problem in females at reproductive age,
it’s directly affects the quality of life (QoL). The main objective of this study is to
find out the relationship between PD and QoL of among female students. Descrip-
tive correlational study design carried out on (145) female students, purposive
sampling, and their ages between (18-25) years, participants were selected from
four faculties at the University of Babylon. Numeric rating pain scale (11-point
scale) was used for assessing pain intensity, QoL has been assessed by the SF-36
health survey (SF-36). Data have been collected by using a structured interview as
method of data collection and using questionnaire as study tool. Data were
processed and analyzed by using SPSS version (25). The findings of the present
study revealed that (62.1%) of respondents reported as severe primary dysmenor-
rhea. The greatest proportion of female students with fair QoL and (17.9%) with
poor QoL. The study’s finding finds out a negative significant correlation between
PD intensity and overall QoL scale at P < 0.05 (r = — 0.642, P = 0.000).

Keywords: primary dysmenorrhea, quality of life, female students, effect,
assessment

1. Introduction

The transitional period of females from childhood to be sexually mature and
become capable of production is termed as puberty. Throughout this transition
several alterations will take place including hormonal, psychological, cognitive and
physical changes besides to the evolution and sexual developments, these changes
occur synchronously. The prime physiological change in girl life is the onset of
menarche which is special event in females’ life due to the first occurrence of
menstruation [1].

Menstrual cycle is a natural phenomenon, it is a significant sign of females’ health,
and it is an important indicator of endocrine function. Yet, data on experience of
menstrual cycle and its influence on the health conditions, quality of life (QoL) and
social integration among females in developing countries are still insufficient [2].
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Menstrual cycle is a periodical, cyclical and interim vaginal bleeding; begin with
first occurrence of menstruation (menarche) until menopause. Moreover, its
deemed as one of mammal’s characteristics especially human, it is described as
regular, repeated uterine bleeding depending on endometrial degeneration, that
takes place each 21 to 35 days in normal regular menstrual period, within 2 till
6 days of blood flow and average of blood losses 20 to 60 mL, as general it persist up
to 40 years [3, 4].

There are several structures of women’s body that will cooperate with each other
in order to initiate the menstrual blood flow, these structures are: hypothalamus,
pituitary gland, ovaries, and uterus. All the four structures must play a part for the
ovulation; menstruation commence when fertilization does not occur; menstruation
(shedding of the endometrium) marks the beginning of the monthly cycle [5].

One of most common menstrual disorders is dysmenorrhea; which is an episode
of uterine cramp in the lower abdominal segment, immediately before or during
cycle, dysmenorrhea variance among women. There is lack in understanding the
menstrual cycle disorders especially dysmenorrhea. Furthermore, lack of knowl-
edge related to this condition among young girls because they receive scarce edu-
cation on dysmenorrhea [6].

Dysmenorrhea is either primary which mean it is not related to pathological
reasons or secondary related to pathological reasons. Primary dysmenorrhea (PD)
occurs because of excessive amount of prostaglandin which is produced during the
disintegration of pre-menstrual uterine endometrium. While, the pain is caused by
a disorder in the women’s reproductive organs, such as endometriosis,
adenomyosis, uterine fibroid, or infections, called secondary dysmenorrhea. Pain
severity may be measured by using scaled as “no pain, mild pain, moderate pain,
severe pain and worst possible pain” [7].

Primary dysmenorrhea is frequent, yet is a challenging problem in Gynecology.
Primary dysmenorrhea often, occurs in most if not all women; until this moment is
still poorly understood and is seldom taken into consideration when assessing
females’ general health and life experiences [8].

PD clinical manifestation may include lower back pain, premenstrual irritability,
nervousness, fatigue, depressed mood, headache, some of gastrointestinal symp-
toms such as; nausea, vomiting, bloated abdomen and difficulty in emptying the
intestines with constipation or diarrhea, an urge to urinate frequently that can be
noticeable in women with PD at least a part or for the duration of the menstrual
period [9].

The clinical manifestations of primary dysmenorrhea have tremendous and
negative effect on quality of life at least for several days from each calendar month.
Primary dysmenorrhea is a complicated manifestation, that impacts on the quality
of life and minimizes productiveness of females. An estimation that (50%) of
teenagers and adult women or adolescent girls skipped schools or work at littlest
once time because of feeling of discomfort and pain which is accompanied with
menstrual cycle. This unrelieved acute pain of menstrual cycle can influence
inversely on the pulmonary, cardiovascular, gastrointestinal, endocrine and immu-
nity. In addition, the unrelieved chronic pain may inhibit the immunity, result in
anger, fatigue, disability, and depression [10].

Primary dysmenorrhea as menstrual cycle disorder resulting in serious condition
among women especially young females because its effect is not only about future
fertility, it also affects their mental health and quality of life (QoL) [11].

Quality of Life is “defined as a subjective phenomenon based on individual
perception, experiences, beliefs, and expectations. Nowadays, QoL has become an
issue in many clinical studies” [12].
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Wilson and Cleary (1995) suggest a model defining the process by which
woman’s physical health status, such as dysmenorrhea, effect on their quality of life
(QoL). They put forward that both factors biological and psychological may result
in physical and psychophysical manifestations, that probably later impact on func-
tioning and quality of life [13].

Primary dysmenorrhea present features of acute and chronic pain; it is a recur-
ring and regular onset of pain, in spite of its short time span. Yet, astonishingly few
of females are known about what the impact of PD on the quality of life. There are
extremely scant reports about emotional troubles in females who experiences
periodical PD [14].

The most common cause for poorer quality of life is pain depending on
precedent researches, QoL observed to be lesser in women with PD [15].

2. Research main body
2.1 Overview

Primary dysmenorrhea (painful periods) that are still little understood. PD is a
clinical term used to describe pain that experienced during menstruation. PD is a
significant clinical problem and results in considerable public health burden. Pri-
mary dysmenorrhea is not associated with any underlying pathological causes. The
precise mechanisms responsible for the symptoms of primary dysmenorrhea are
need to be elucidated [16].

The menstrual period is hormonally intermediated events which take place in
four structures in the females’ body. These females’ biological structures are partic-
ipating in the functioning of the menstrual period are: hypothalamus, pituitary
gland, ovaries and uterine endometrium. For a menstrual period to initiate all 4
biological structures should collaborate; deactivate of any structure will results in an
incomplete and ineffective period [17].

Primary dysmenorrhea increased rhythmic uterine contractions from vasocon-
striction of small vessels of the uterine wall. This condition impacts a females’
ability to achieve their daily activities for 2 or several days every month it is used to
start within few years of the beginning of ovulatory cycles at menarche [18].

Degree of intensity include: mil, moderate, and severe; mild PD its agonize
menstruation that rarely obstructs the normal activity and analgesics are rarely
required, moderate pain is defined as aching menstrual cycle which impacts on
daily activity and analgesic are necessary to give relief, in addition to severe pain
which mean painful cycle which clearly obstructs daily activity and the pain is not
completely relieved by analgesic [19].

Etiologies of PD are not exactly understood, but preponderance features may be
clarified via an action of the uterine prostaglandin, generally. Prostaglandin (PGs) is
ubiquitously diffused intra-cellular materials which is derived from the long chains
poly-un-saturated fatty acid, like arachidonic acid, a usual ingredient of cells mem-
brane phospholipids. Prostaglandins has existing to own a range of impacts on
general range of biological and functional as pathological actions containing pain,
inflammations, body temperature, also regulation of the sleep. PGs manufacturing
and releasing is limited to an availability of free fatty acid predecessors for the
arachidonic acid that regulated via cyclic adenosine phosphates. By the cyclical
adenosine phosphates, PG manufacturing can be motivated via materials like
adrenalin, a peptide hormone & the steroid hormone, besides the mechanical moti-
vation and tissue injury [20].
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Arachidonic acid is created from the phospholipids via a lysosomal enzyme
phospholipase A2. The stability of the lysosomal activities regulated through several
factors, one of these is the progesterone’s level; the raised progesterone level tend to
steady the activity of the lysosomes, on the other hand the dropping level tends to
decrease the lysosome activity. Thus, the reduction in the progesterone’s level will
go along with the regression of corpus luteum in late luteal phase of menstrual
period result in removal of this stabilizing impact on uterine endometrial lysosome,
the releasing of phospholipase A2, menstrual period flow and hydrolysis of phos-
pholipid from cell membrane to produce extra arachidonic acid [21].

Consequently, the continuing accessibility of arachidonic acid together with
intracellular damage besides tissues’ trauma through menstrual period, favoritism
manufacturing of PGs. All the females have raised level of PGs during a luteal phase
of period as comparison with the follicular phase of ovulatory periods. Though, as a
comparison among females with eumenorrheic and females with primary dysmen-
orrhea, detected that the females with PD have upper level of PG, as measured in a
luteal phase of endometrial biopsy [16].

The circulation of PGs (PGF2a & PGE2) is recorded higher level in females with
primary dysmenorrhea as comparison with asymptomatic females throughout
menstrual period, and this PG’ level are uppermost in first forty-eight hours of
menstrual period, when signs & symptoms topmost. Additionally, the severity of
menstrual period’s pain and accompanied features of primary dysmenorrhea are
directly related to the amount of PGs that is released [22].

Moreover, when exogenous PGs is clinically administered lead to uterine
contraction and produces identical systemic features which recurrently associated
with primary dysmenorrhea, containing gastrointestinal symptoms; that means the
PGs are causing painful uterine contraction and accompanied systemic clinical
manifestations which is associated with primary dysmenorrhea [23].

On the basis that the endometrium is exposed to a luteal phase’s progesterone its
crucial to increase the production of uterine’s PGs, primary dysmenorrhea supposed
to happen just in the ovulatory menstrual period; while many studies has been
challenged in terms of a basal body’s temperature that utilized in order to differen-
tiate between the ovulatory and anovulatory menstrual periods. There is no differ-
ence in the severity of menstrual periods symptoms, as well as pain, between the
ovulatory and anovulatory menstrual periods among females with PD [24].

P.D. is a significant clinical problem and results in considerable public health
burden. In 2007, an International Associations for the Study of Pain calculated
roughly that those in every menstrual cycle, about 10% _15% of females with
primary dysmenorrhea were incapable for working about 1-3 days. For example in
the United States (U.S.), there is lost approximately (140) million of working hours
because of PD every year. In Japan, it was predicted that monetary lost because of
PD computed as $4.2 billion dollar every year. In India it has been detected that
about 42% self-medicated and approximately 35% consumed unfitting drug and
they used mefenamic acid as a NSAID in order to decrease the pain of PD [25].

Pain is considered as one of the major contributors for poor QoL. PD is a periodic
pain state, in which females suffering from acute events of agonizing cramping
during the menstrual periods. There is inadequate literatures on an associations
among socio-demographical characteristics and menstrual cycle elements with
severity of PD and the experiences of the female’s students with PD to increase
the understanding of phenomenon and the effects on the life of this group of
sufferers [26].

Investigation of quality of life domains in females with primary dysmenorrhea
manifestations has received very little attention. From menarche and throughout
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the pubertal years there are significant rise in depressive features and anxiety and
smoking activities; it is critical to study that association of these problems with
menstrual period disorders especially primary dysmenorrhea. The existence of both
emotional and behavioral troubles can aggravate PD symptoms; it has been detected
when evaluating the causes PD [27].

2.2 Methodology
2.2.1 Design of the Study

A descriptive correlational study design was carried out in order to assess the
severity of primary dysmenorrhea, and its effect on quality of life among female
students whose ages are between (18 to 25) years old, at the University of Babylon
in the province of Babylon, from the period 1st September 2018 to 14th August
2019.

2.2.2 Administrative arrangements

Formal administrative agreements were acquired for conducting the current
study before data collection. The Ethical Committee of the college of nursing
approved the protocol for this study. Consent was attained from the University
of Babylon from the colleges that involved as study’s sitting which include; faculty
of basic education, faculty of human education, college of engineering and college
of science. Written consent was attained from the subjects undergone the study,
any participant will have the right to retreat from the study at any time.

2.2.3 Setting of the study

The current study has been carried out in Babylon governorate at University of
Babylon which consists of (21) colleges, (4) colleges were selected randomly to
accomplish the study and then select department from each college as 10% randomly.

2.2.4 Study sample

A non-probability (purposive) sample; 30% of target population was selected
of female students, were consisted of (145) participants. The selection included
participants who have mild, moderate and sever intensity of primary
dysmenorrhea. It is selected from (4) faculties.

2.2.5 The study instrument

Through the extensive review of relevant literatures and previous studies, a
questionnaire constructed for the purpose of the study. It is composed of seven
parts. The first one is demographic data, second part is Numeric Pain Rating Scale
(NPRS), the third part is dietary habits, the fourth part is family history, the fifth
part is pain reliever history, sixth part is menstrual history, and last one is SF-36
Health Survey of quality of life.

2.2.6 Method of data collection

After taking an approval from the institutional ethical committee, the data was
collected. The participation of study subjects was on voluntarily basis, written
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consent obtained from female students who willing to participate. Data attained by
utilization of the study tool (questionnaire) and face-to-face interview, structured
interview as method of data collection. The investigator was available on the site
during distribution of questionnaire, to explain for them the objectives behind the
study and to avoid any form of misunderstanding and to facilitate accurate response
by the subjects.

Data collection started from 9th of January 2019 to 13th of March 2019. Close
end questions used in the questionnaire. Time was consumed for each interview
approximately (15_20) minutes.

2.2.7 Methods of data analysis

The data of the present study was analyzed by the Statistical package of social
science (SPSS) version (25). The tests which were used in this study were derived
from both: descriptive and inferential statistic, which includes: frequencies, per-
centage, mean of scores, standard deviation, Chi-square and Pearson product-
moment correlation; all of these tests were used in order to achieving the objectives
of study.

2.3 Result

Table 1 reveals that a (61.1%) of the sample were within the age group (18-21)
years old, the highest percentage represented (42.1%) of the female students are in
second grade. According to the occupational status majority of participants (92.4%)
were not working. The largest proportion of them sample were unmarried
represented (89%). The table shows that (57.2%) were satisfied with their socio-
economic condition; with respect to the sample address it has been found that
(84.8%) of them live in the urban. Majority of them (95.9%) living with their
families. Finally, (64.1%) of study sample were recorded a BMI (18.5 < BMI < 25).

As shown in Table 2, the highest percentage represented (62.1%) of the sample
experience severe pain.

This table shows that the greatest proportion was tea consumers constituted
(63.4%) and chocolate (62.1%), then (41.4%) cola, and coffee was (22.1%).

Table 4 demonstrate that the highest percentage was sister history of PD (56%),
and (34.6%) belong to mothers history of PD while, (32%) belong to others such as
aunts.

Table 5 shows that highest percentage of the sample constitutes (61.4%) used
pharmacological relievers for primary dysmenorrhea during their menstrual period.

The table shows that highest percentage represented (61%) of the sample their
age of menarche were between (13-15) years old; (52%) their duration of menstrual
cycle between (3-5) days. Moreover, a (62.1%) of sample were with regular interval
of menstrual cycle.

This table displays the mean of the subscales of quality of life which shows that
most of sample with fair level of assessment related to the QoL domains.

The table has clarified that the majority (83.4%) of female students with fair
QoL. While (9.0%) were with poor QoL.

In this table Pearson correlation coefficient was used in order to illustrate that
there is a negative significant correlation between intensity of P.D. and QoL among
female students at P < 0.05 (r = —0.642, P. = 0.000). The outcome of statistical test
demonstrates that there is significant correlation between the average scores of
study subjects with P.D. and overall QoL scale.
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Variables Groups F %
Age 18-21 89 61.4
22-25 56 38.6
Mean = 21.01 S.D. £ 1.557

College’s grade First grade 23 15.9
Second grade 61 421

Third grade 14 9.7
Fourth grade 47 32.4

Occupation Working 1 7.6
Not working 134 92.4
Marital status Married 16 11.0
Un married 129 89.0

Socioeconomic status Satisfied 83 57.2
Satisfied to some extent 54 37.2

Not Satisfied 8 5.5
Address Urban 123 84.8
Rural 22 15.2

Residency Living with family 139 95.9
Dormitory 4 2.8

Live with others 2 1.4

Body Mass Index Below weight (BMI < 18.5) 6 4.1
Normal weight 93 64.1

(18.5 < BMI < 25)

Over weight (BMI > 25) 46 31.7

f = frequency, % = percentage, SD = standard deviation.

Table 1.
Distribution of female students by their demographical characteristics (N = 145).

Dysmenorrhea intensity F %

Mild 18 12.4%
Moderate 37 25.5%
Severe 90 62.1%
Total 145 100%

f = frequency, % = percentage.

Table 2.
Numeric pain rating scale for assessing the intensity of primary dysmenorrhea in the female students (N = 145).

This table revealed that there was significant association between P.D. intensity
and marital status. While, there were a non-significant associations with whole
demographical data except marital status at P < 0.05.

This table revealed that there were significant and highly significant associations
between P.D. intensity and overall SF-36 scale of quality of life at p < 0.05.
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2.4 Discussion

Many studies and literatures emphasize that the sociodemographic characteris-
tics are relate to most of the nursing subjects because nursing as a science deals with
human being, people life, and health issues in different age groups and situations,
the present study deals with the primary dysmenorrhea and its effect on QoL of
female students; result show in Table 1, that high percent of sample undergone the
study within age group (18-21) this may due to criteria of selection of the current
study’s sample, and the lawful age of students in colleges and universities; this result
consistent with A cross-sectional study by Chia et al. [28].

Table 1 displayed that the highest percentage of them were female students in
second grade, this might be due to the availability of the sample without interfer-
ence from the researcher; while, the findings of cross-sectional study [29] to deter-
mine the prevalence and associated factors of primary dysmenorrhea and its impact
to the students’ daily activities, showed that the highest percent was first grade.
Related the occupational status majority of respondents were not working, most of
the students in this age group found to be busy with study requirements and they
cannot enroll in any job specially the morning study’s students.

In regard to the place of residency it has been found that the majority of female
students that are living in urban as it displayed in Table 1 and that finding matches
with a cross-sectional study by Tawfeek [30], her result shown that most of sample
from urban; while, findings of other study [30] carried on (900) girls from (8)
schools; showed that (469) were of rural residence while (431) were urban ones.

In respect to the residential status the present study result reveals that almost all
the female students were living with their families as illustrated in Table 1 and that
contrary to Habibi’s [31] showed that the highest value belong to dormitory living.

The current study results revealed that majority of the sample were unmarried,
that congruent with a descriptive study findings [32].

The findings of the present study in Table 1 showed that more than fifty percent
were satisfied with their socio-economic condition, which form the highest value,
on the other hand, a cross-sectional study [33] exhibited that half of sample stated
as satisfied to some extent; this variance may belong to the contentment that widely
spreading in Iraqi community and that did not indicated in necessary they are with
good socio-economic status but it give them sense of satisfying.

In the light of this study and regarding the BMI a high percentage of respondents
were showed normal weight as clarified in Table 1, this finding is in line with study
[34] confirmed that the majority had BMI within the standard range.

The findings in Table 2 demonstrated the outcome of Numeric Pain Rating Scale
for assessing pain severity; which shows the highest proportion reported sever pain
then followed by moderate, and finally mild. It’s well known that even with mild
level of pain the quality of life of girls may be affected. The study’s finding is not
consistent to another study [11] that found only (17.7%) of their participants expe-
rience severe PD during their period.

In most cases of primary dysmenorrhea the girls may turn to some habits as well
as some of those habits may have an influence on their condition. This study deals
with them as variables. The results related to dietary habits as showed in Table 3
which displayed that the highest percentage of sample were tea consumers; while
non-of them was reported as smoker, this result as culture is true where most of our
people are consuming tea most of their day time. This result seem to be close to
findings of the study conducted by Faramarzi and Salmalian [35] in Iran on (360)
medical science female students, they verified that most of their students drank tea.

The present study was revealed that all the participants had one or more than
one family member or relative experience this pain as demonstrated in Table 4,
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Dietary Habits F %

Cola 60 41.4%
Coffee 32 22.1%
Tea 92 63.4%
Chocolate 90 62.1%

f = frequency, % = percentage.

Table 3.
Dietary habits among female students with primary dysmenorvhea (N = 145).

Family History of PD F %

Mother history of PD 45 34.6%
Sister History of PD 73 56.2%
Others 42 32.3%

f = frequency, % = percentage.

Table 4.
Distribution of sample related to their family history of primary dysmenovrhea.

usually and in most conditions and cases like what this study concern with this type
of variable is crucial because of the genetic factors. The current result disagree with
a study [36] which indicate that most of their sample had no family history regard-
ing to primary dysmenorrhea.

In regard to the pain relievers used by girls during PD, the results confirmed that
more than half of them were using pharmacological substances during their period
to reduce the cramps and pain discomforts as soon as possible as declared in
Table 5, a study conducted [37] stated that more than half of their sample using
pharmacological substances to relieved their pain.

The onset of menstruation is a part of maturation process, after retrieved articles
documenting the menstrual history related to PD, studies revealed that the history
of first period vary according to the country and the climate as well as the geo-
graphical area. It has been appeared from the current study that Mean and SD of
menarche’s age for females was (13 + 1), usual menstrual duration (per days) was
(5 £ 1) and more than half of the respondents were with regular menstrual period
as illustrate in Table 6; a study [14] showed that Mean and SD of the age of
menarche was (13 £+ 2) and Mean & SD for menstrual period duration was (5 £+ 1)
these finding similar to current study’s findings.

When assess the QoL among female students who experience PD Table 7, result
revealed that majority of the females with fair QoL assessment, while only few
stated good QoL as showed in Table 8. A study [9] proved that highest percentage
was with poor QoL, with negative impact on the QoL, mainly as related to

Pain reliever F %
Pharmacological 89 61.4%
Non pharmacological 54 37.2%
Hormonal therapy 2 1.4%

f = frequency, % = percentage.

Table 5.
Pain relievers history used with primary dysmenorvhea (N = 145).
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Variables Groups F %
Age of Menarche 10-12 years 51 35%
13-15 years 88 61%
Above 15 years 6 4%
Mean = 13.15 SD + 1.249
Duration of Cycle 3-5 Day 76 52.5%
6-8 Day 69 47.5%
Mean = 5.57 SD +1.279
Type of Cycle Regular 90 62.1%
Irregular 55 37.9%

[ =frequency, % = percentage.

Table 6.
Menstrual characteristics for female students with primary dysmenorrhea.

Quality Rank QoL’s rating F %

Poor QoL 1-1.66 13 9.0

Fair QoL 1.67-2.33 121 83.4

Good QoL 2.34-3 11 7.6

Total 145 100%
Table 7.

Assessment of overall quality of life scale of female students with primary dysmenorrhea (N = 145).

university attendance and performance and social relationships. Tanmahasamut
and Chawengsettakul [38] agreed with current study’s findings, they confirm PD in
students has high prevalence and it has result in poor quality of life.

The current study illustrated a negative significant correlation between the aver-
age scores of study subjects with P.D. and overall QoL scale at P < 0.05 (r = —0.642,
p =0.000), in other words when severity of P.D. pain level increase the quality of life
decrease as introduced in Table 9. A descriptive study [39] reported that the reduc-
tion in QoL was clearly linked to the presence of primary dysmenorrhea.

The present study demonstrated that there is no significant association between
socio-demographical features and the intensity of P.D except with marital status as
displayed in Table 10; there are limited studies on an association of P.D intensity
and socio-demographical characteristics.

Present study findings incompatible with a study [33] which accentuated in
their results that the risk of primary dysmenorrhea increase in those who had lower
incomes as well as in those with family history of P.D. Another study [40] similar to
current study’s findings revealed that there was no significant association between
pain relievers use, dietary habits, and BMI of students with PD, except for coffee
consumption at (P < 0.001); also no significant association between menstrual
cycle characteristics and primary dysmenorrhea was revealed except for menstrual
period bleeding duration and family history.

The current study showed in Table 11 that there were mostly significant and
highly significant associations between P.D. intensity and overall SF-36 scale of
quality of life at p < 0.05. Pain has negative impact on females’ life, especially
during menstrual period, because it’s accompanied with hormonal alterations; that
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NO. Items Never Sometimes Always Mean Ass.
General health domain:
1. In general, would you say your health is good? 27 108 10 212 Fair
2. Compared to one year ago, you would say that 38 71 36 2.01 Fair
your health in general is better now?
3. I seem to get sick a little easier than other people 42 54 49 195 Fair
4. I am as healthy as anybody I know 33 84 28 2.03  Fair
5. I expect my health to get worse 21 79 45 1.83  Fair
6. My health is excellent 35 85 25 2.07  Fair
Domain mean = 2.0016 Assessment = Fair
Limitation of activities domain:
1. Do you find difficulty while performing Vigorous 52 68 25 219  Fair
activities, such as running, lifting heavy objects,
participating in strenuous sports?
2. Do you find difficulty while doing Moderate 35 58 52 1.88  Fair
activities, such as moving a table, pushing a
vacuum cleaner, bowling, or playing golf?
3. Do you find difficulty when Lifting or carrying 25 59 61 1.75 Fair
groceries?
4, Do you find difficulty when Climbing several 50 61 34 211  Fair
flights of stairs?
5. Do you find difficulty when Climbing one flight 80 45 20 2.41 Good
of stairs?
6. Do you find difficulty when Bending, kneeling, or ~ 80 46 19 2.42  Good
stooping?
7. Do you find difficulty when Walking more thana 37 63 45 194  Fair
mile?
8. Do you find difficulty when Walking several 27 60 58 179  Fair
blocks?
9. Do you find difficulty when Walking one block? 43 45 57 1.90 Fair
10. Do you find difficulties when Bathing or dressing 105 29 11 2.64 Good
yourself?
Domain mean = 2.1031 Assessment = Fair
Physical health problems domain:
1. Cut down the amount of time you spent on work 23 94 28 1.97  Fair
or other activities
2. Accomplished less than you would like 32 83 30 2.01  Fair
3. Were limited in the kind of work or other 35 54 26 2.06  Fair
activities
4, Had difficulty performing the work or other 33 90 22 2.08 Fair
activities (for example, it took extra effort)
Domain mean = 2.0293 Assessment = Fair
Emotional health problems domain:
1. Cut down the amount of time you spent on work 38 87 20 212 Fair
or other activities
2. Accomplished less than you would like 31 94 20 2.08 Fair
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NO. Items Never Sometimes Always Mean Ass.
3. Didn’t do work or other activities as carefully as 35 75 35 2.00 Fair
usual
Domain mean = 2.0665 Assessment = Fair

Social activities domain:

1. Have you had emotional problems interfered with 47 63 35 2.08  Fair
your normal social activities with family, friends,
neighbors, or groups?

2. During the menstrual cycle, most of the time your 49 78 18 221  Fair
physical health or emotional problems interfered
with your social activities (like visiting with
friends, relatives, etc.)?

Domain mean = 2.1483 Assessment = Fair
Pain domain:
1 Have you had bodily pain during the menstrual 13 64 68 1.62  Poor
cycle?
2. During the menstrual cycle, have you had pain 55 73 17 226  Fair

interfere with your normal work (including both
work outside the home and housework)?

Domain mean = 1.9403 Assessment = Fair

Energy and emotion domain:

1 Did you feel full of pep? 26 87 32 196 Fair
2. Have you been a very nervous person? 52 70 23 220  Fair
3. Have you felt so down in the dumps that nothing 43 75 27 211  Fair
could cheer you up?
4. Have you felt calm and peaceful? 30 90 25 2.03  Fair
5. Did you have a lot of energy? 24 82 39 190 Fair
6. Have you felt downhearted and blue? 38 79 28 2.07  Fair
7. Did you feel worn out? 43 79 23 214  Fair
8. Have you been a happy person? 21 90 34 191  Fair
9. Did you feel tired? 54 72 19 224  Fair
Domain mean = 2.0613 Assessment = Fair

Ass. = assessment, level of assessment: (1-1.66) as poor level, (1.67-2.33) as fair level and (2.34-3) as good level of
QoL.

Table 8.
Distribution of female students according to their quality of life (SF-36) scale.

Primary dysmenorrhea intensity

Quality of life r —.642-"
Sig. .000
N 145

t = (Pearson correlation), sig = (significant).
** Correlation is significant at the 0.01 level.

Table 9.
Correlation between quality of life € primary dysmenorrhea.
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Sociodemographic variable  Primary dysmenorrhea intensity Chi-square test

Age Mild Moderate  Severe X2 D.F Pvalue Sig.
18-21 9 19 61 7.980 6 240 NS.
22-25 9 18 27

Marital status

Married 5 3 8 5.885 2 .050 S

Single 13 34 82

Socioeconomic status

Satisfied 10 22 51 5.483 4 241 NS.
Satisfied to some extent 8 15 31

Not Satisfied 0 0 8

Address

Urban 16 35 72 4.603 2 .100 NS.
Rural 2 2 18

Residency

Living with family 17 35 87 1.386 4 .847 NS.
Hostel 1 1 2

Live with others 0 1 1

BMI

Below weight (BMI < 18.5) 0 2 4 3.372 6 761 NS.
Normal weight 10 23 60

(18.5 < BMI < 25)

Over weight (BMI > 25) 8 12 26

Tea

Yes 13 21 58 1.350 2 .509 NS.
No 5 16 32

Chocolate

Yes 12 26 52 1.923 2 382 NS.
No 6 11 38

Family history

Yes 16 32 82 618 2 734 NS.
No 2 5 8

Pain relievers history

Pharmacological 10 21 58 2.566 4 .633 NS.
Non pharmacological 8 16 30

Hormonal therapy 0 0 2

Type of cycle

Regular 13 24 53 1.298 2 .523 NS.
Irregular 5 13 37

X? = Chi-square, D.F. = degree of freedom, P. value = probability, sig. = significance, S. = significant, H.S. = highly
significant, N.S. = not significant.

Table 10.
Association of primary dysmenorrhea intensity with some variables.
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Association of PD intensity with QoL

General health domain Mild  Moderate  Severe x? D.F Pvalue Sig.
Poor 7 5 20 10.018 4 .040 S
Fair 10 32 60

Good 1 0 10

Limitation of activities

Poor 1 2 17 8.035 6 236 NS.
Fair 9 17 45

Good 8 18 28

Physical health

Poor 1 4 29 19.677 8 .012 H.S
Fair 11 21 50

Good 6 12 11

Emotional health

Poor 3 11 39 11.991 8 152 NS.
Fair 13 18 43

Good 2 8 8

Social activities

Poor 1 7 51 40.822 8 .000 H.S
Fair 6 22 24
Good 11 8 15

Pain domain

Poor 0 2 75 210.944 8 .000 H.S
Fair 0 34 15
Good 18 1 0

Energy and emotion

Poor 2 9 19 5.016 6 542 NS.
Fair 15 26 65
Good 1 2 6

X? = Chi-square, D.F. = degree of freedom, P. value = probability, sig. = significance, S. = significant, H.S. = highly
significant, N.S. = not significant.

Table 11.
Association of primary dysmenorrhea intensity with quality of life (SF-36) scale.

basically cause some aliments to most of females. A study [12] supported this result
and found that primary dysmenorrhea adversely affect the QoL.

3. Conclusions
According to the findings and discussion of the study’s findings it can be con-
cluded that higher percentage of the sample aged of (18-21) and living in urban

region. Majority of these female students were unmarried, their socioeconomic
status was satisfied. More than half of respondents were with severe primary
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dysmenorrhea. Majority the participants had positive family history of Primary
dysmenorrhea. More than half of the study’s sample appeared with regular period.
Most of results showed that respondents using pharmacological agents as strategies
of pain relief. The great majority domains of the quality of life showed fair assess-
ment regarding primary dysmenorrhea. Present study shows that when primary
dysmenorrhea intensity increases the quality of life will decrease. All the demo-
graphic data showed insignificant correlation with primary dysmenorrhea except
the marital status. A significant to high significant association was found between
primary dysmenorrhea intensity and quality of life.
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Abstract

Pregnancy is a time of transformation for both the mother and the baby, with
significant physical and emotional changes. There are many discomforts that occur
during pregnancy. Morning sickness, headache and backache, bladder and bowel
changes, changes in hair and skin colour, indigestion and heartburn, leg cramps and
swelling, vaginal thrush and discharge are the few common complications facing
during pregnancy. As a result, the aim of this study was to describe the difficulties
in obtaining health information and the measures to overcome the discomfort
during pregnancy. Research articles for this review were searched by using the
keywords “pregnancy’, health issues”, “measures to overcome”, “challenges” There
were studies that looked at the health problems that women face during pregnancy
were included in this review article. Pregnancy issues such as gestational diabetes
mellitus, hypertension, preeclampsia, caesarean birth, and postpartum weight
retention are all more likely in overweight and obese women. More research into the
link between nutritional advancements and the rising prevalence of GDM in the
developing world is needed. Iron supplementation has been linked to glucose dys-
regulation and hypertension in mid-pregnancy; its effectiveness and potential risks
should be carefully considered. As a result, legislators and health planners should
remove barriers, promote self-care, and improve the quality of life for pregnant
women, ultimately improving their health.

Keywords: Pregnancy, management, gestational diabetes, Preeclampsia, Anaemia

1. Introduction

Pregnancy is a time of transformation for both the mother and the baby, with
significant physical and emotional changes. Even in uncomplicated pregnan-
cies, these improvements can impact pregnant women’s quality of life as well as
maternal and child health. Women’s wellbeing, as well as their current level of
understanding and knowledge, would undoubtedly have a significant impact on
society [1]. Pregnant women need health information to improve their self-care
skills and increase their empowerment when following preventive health habits.
The cardiovascular system undergoes various changes as a result of pregnancy. A
normal, healthy pregnant woman’s blood volume rises by nearly 50% over that of
a non-pregnant woman. In addition, due to the vascular permeability associated
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with extreme preeclampsia, efforts to increase blood volume in these patients have
been unsuccessful [1, 2]. Pregnancy (critical care scenario) is the reduction in
venous return to the heart and decrease in cardiac output associated with the supine
position. This effect is obviously more pronounced in the third trimester, when the
uterus is largest. The so-called supine hypotensive syndrome.

When treating a critically ill pregnant woman, various hematologic changes
must be taken into account. During pregnancy, the thrombocyte count remains
largely constant, it leads to thrombocytosis. These improvements, when combined
with a decrease in fibrinolysis, lead to the hypercoagulable state of pregnancy. Deep
vein thrombosis and pulmonary embolism are five times more common during
and immediately after pregnancy [3]. Both the residual volume and the expiratory
reserve volume decrease, resulting in an obligate reduction in functional residual
capacity. During pregnancy, the vital ability remains the same. Because of the
reduction in residual volume, total lung capacity is only slightly reduced. The reduc-
tion in residual volume has a minor impact on total lung capacity. The tidal volume
is raised, resulting in an increase in minute volume [4]. Early in pregnancy, both
renal plasma flow and glomerular filtration rate rise. The increase in glomerular
filtration rate reaches 50%, lowering serum creatinine to 0.8 mg/dL, the upper
limit of average. Only a few changes in the gastrointestinal tract during pregnancy
are essential in terms of critical care. The time it takes for the stomach to clear and
the chance of aspiration that comes with general anaesthesia are both increased
during labour. Placental development may cause a significant increase in alkaline
phosphatase, but this does not mean hepatic obstruction. Gallbladder stasis can lead
to increased stone formation.

The liver is the primary source of net endogenous glucose development while
not pregnant. Fasting glucose levels in pregnant women decline as the pregnancy
progresses [5]. GDM is characterised as the presence of glucose concentrations in
pregnant women that are at the upper end of the population range for glucose and
are first observed during pregnancy [6]. Insulin sensitivity decreases overall during
pregnancy. Maternal insulin sensitivity, characterised as a decrease in the glucose
infusion rate during the euglycemic hyperinsulinemic clamp to maintain 90 mg/dL,
decreases in lean women during early pregnancy [7]. Since lean women are more
likely to begin their pregnancies with greater insulin sensitivity than obese women,
the increases in insulin concentration are more pronounced in lean women [8].
During pregnancy, healthy pregnant women’s adipose tissue stores increase sig-
nificantly. The mother and foetus can easily obtain calories from the subcutaneous
stores, particularly during late pregnancy and lactation. Increases in visceral fat can
be linked to decreased insulin sensitivity during late pregnancy [9].

In their research, Das and Sarka found that pregnant women faced a variety of dif-
ficulties when seeking health information, including inadequate hospital treatment,
long wait times, anxiety and shame about discussing pregnancy with a physician,
and alack of time [10]. There are many discomforts that occur during pregnancy.
Morning sickness, headache and backache, bladder and bowel changes, changes in
hair and skin colour, indigestion and heartburn, leg cramps and swelling, vaginal
thrush and discharge are the few common complications facing during pregnancy.

As aresult, the aim of this study was to describe the difficulties in obtaining health
information and the measures to overcome the discomfort during pregnancy.

2. Materials and methods

Research articles for this review were searched by using the keywords

» «

“pregnancy’; health issues”, “measures to overcome’, “challenges”. The following
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were used as exclusion criteria: 1) the subject was unrelated to the study’s goal;

2) there was no abstract available; 3) The research was limited to a single medical
issue involving pregnancy in older women. 4) The report dealt with postpartum
and maternity issues; and 5) the full research paper was not easily accessible. We
looked for original research papers that were written in English and reported on
studies that were performed using qualitative or quantitative methods. The current
research did not include any other review papers. There were studies that looked at
the health problems that women face during pregnancy were included in this review
article.

3. Dental problems

According to previous literature, pregnant women’s dental health care demands
differ dramatically from those of the general population. The most frequent oral
health concerns during pregnancy include periodontal disease, Xerostomia, hali-
tosis, and tooth movement. During pregnancy, the hormonal balance of pregnant
women alters. Because the placenta produces increased levels of oestrogen and
progesterone during pregnancy, several tissues endure modifications. Increased
sensitivity to irritations arises in the gingiva during this time [11]. Low vitamin C
levels are thought to be another cause of this condition. When compared to mothers
with healthy periodontium, mothers with attachment loss have an increased risk
of giving birth to babies with low birth weight [12]. Tooth decay is more common
among pregnant women for a variety of reasons, including increased acidity in the
mouth, sweet food demands, and a lack of attention to oral health. Vomiting can
have a severe impact on oral hygiene and induce degradation of the mother enamel
layer [13]. Due to the effect of pregnancy hormones, pregnant women bleed more
easily and may postpone brushing their teeth and it leads to an increase in bacterial
plaque [14]. Due to diminished flow of saliva, caries are more likely to develop at
this time. Pregnancy oral tumour is indistinguishable from pyogenic granuloma
and occurs in up to 5% of pregnancies. Increased progesterone, in combination
with local irritants and microorganisms, causes this vascular lesion [15]. With a
prevalence of 60 to 75 percent, gingivitis is the most frequent dental illness among
pregnant women. A severe aggravation of preexisting gingivitis occurs in around
half of all pregnant women [16]. Researchers discovered very few oral bacteria in
the amniotic fluid and placenta of women who had preterm labour with periodonti-
tis in one investigation [17]. PGE2 production reduces placental blood flow, result-
ing in placental necrosis and intrauterine growth restriction [18]. Salivary oestrogen
levels are greater in women who are expecting preterm babies than in women who
are expecting full-term babies. Salivary oestrogen promotes oral mucosa prolif-
eration and desquamation, as well as a rise in subgingival crevicular fluid levels.
Desquamating cells offer a favourable environment for bacterial growth by supply-
ing nutrients, hence preventing infection [19].

3.1 Management

Oral acid exposure is reduced through dietary and lifestyle changes, as well as
the use of antiemetics, antacids, or both. Acid can be neutralised by rinsing the
mouth with a teaspoon of baking soda in a cup of water after vomiting [20]. To
lessen the risk of enamel damage, pregnant women should be encouraged to avoid
brushing their teeth shortly after vomiting and to brush with a toothbrush with soft
bristles when they do. Fluoride mouthwash can protect teeth that have been eroded
or are sensitive. Proper dental hygiene can help women with previous periodontal
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disease lower the risk of recurrence or worsening disease during pregnancy.
Education, clear communication, and the creation of continuing collaborative rela-
tionships can help physicians and dentists solve this dilemma. Physicians and dental
colleagues can communicate information about the safety of dental treatment
during pregnancy [21]. There is a link between plaque accumulation and caries
prevalence during pregnancy and preventive maintenance methods. Mouthwashes
or warm salty water should be gargled. Gums are relaxed and gum sensitivity is
reduced by drinking warm salty water [22]. During this time, women can maintain
their oral health by taking the required precautions, preventing potentially irrevers-
ible tooth disorders.

4. Hypertension

The mother’ cardiovascular physiology adapts significantly as a result of the
hormonal changes that occur during pregnancy [23]. Oestrogen, progesterone, and
relaxin levels rise early in the first trimester, resulting in systemic vasodilation [24].
The RAAS is activated to promote salt and water retention, resulting in an increase
in plasma volume. When this is paired with an increase in ventricular wall mass, it
results in greater stroke volume. During pregnancy, the combination of increased
stroke volume and tachycardia causes an increase in cardiac output, which com-
pensates for the decrease in vascular resistance in order to keep blood pressure high
enough for mother and placental perfusion [25]. The increased volume load in the
heart causes left ventricular hypertrophy, which is proportional to the increased
cardiac labour necessary to accomplish the increased cardiac output [26]. Some
changes in the systemic hemodynamics of pregnant women who are predisposed
to hypertension may occur before the condition manifests itself clinically. A sys-
tolic blood pressure of 160 mmHg or a diastolic blood pressure of 110 mmHg, or
both, indicates severe preeclampsia in pregnancy. Eclampsia is a severe form of
pregnancy-induced hypertension that affects one in every 1,600 pregnancies and
appears at the end of the pregnancy [27]. When compared to singleton pregnancies,
twin pregnancies had more than three times the risk of developing hypertension
during pregnancy [28]. Preeclamptic patients have lower renin levels than non-
pregnant women, although they are still significantly higher than non-pregnant
women. Because most preeclamptic individuals have a somewhat reduced plasma
volume, maintaining relatively high levels of these hormones may be necessary [29].

Preeclampsia is the pathophysiology of de novo hypertension and proteinuria
in pregnancy. The delivery of the placenta frequently triggers the remission of
preeclampsia’s acute clinical symptoms, implying that the placenta plays a key role
in the disease’s pathophysiology. The placenta undergoes substantial blood sup-
ply throughout normal pregnancy to allow circulation between the foetus and the
mother [30]. The pathogenesis of preeclampsia has long been focused on altered
uteroplacental blood flow. Relaxin is a hormone secreted more during pregnancy
which acts as vasodilation. According to Jeyabalan et al., low first trimester relaxin
concentrations were linked to an increased risk of preeclampsia [31].

4.1 Management

For non-severe hypertension in pregnancy, oral labetalol is a first-line treat-
ment [32]. Other beta-blockers, such as oxprenolol, are less thoroughly studied
than labetalol, and it is used as a first-line treatment for non-severe hypertension
in pregnancy [33]. In contrast, when oxprenolol was compared to methyldopa,
the results and safety were found to be equal [34]. When mothers are exposed to
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calcium channel blockers during the first trimester, there is low teratogenicity
[35]. Elsewhere in pregnancy, ACE inhibitors are still the first-line treatment for
hypertension [36]. For non-severe hypertension, thiazide diuretics are considered
second-line therapy.

5. Gestational diabetes (GDM)

The prevalence of gestational diabetes mellitus (GDM) is rising in lockstep
with the rise in overweight and obesity among women of childbearing age. GDM-
affected pregnancies increase the risk of caesarean and surgical vaginal delivery,
macrosomia, neonatal hypoglycemia, and hyperbilirubinemia for both mother
and child [37]. The onset of GDM is linked to a number of risk factors. Obesity,
advanced maternal age, a significant family history of diabetes and belonging to
an ethnic group are with a high prevalence of T2DM, polycystic ovarian syndrome,
and chronic glucosuria. Because GDM usually starts in the late second trimester,
when development is complete, congenital abnormalities do not occur at a higher
rate in people with gestational diabetes. Because of the physiological, endocrine,
and metabolic changes that occur throughout pregnancy in order to meet the fetus’s
constant nutritional and oxygen needs, a diabetogenic condition comparable to type
2 diabetes (T2D) develops, increasing insulin resistance, lowering insulin sensitivity,
and thus increasing the demand for insulin [38]. As a result of the increased placen-
tal glucose transport, maternal hyperglycemia causes foetal hyperinsulinemia. Foetal
macrosomia is caused by a high insulin level in the foetus, which accelerates growth
[39]. Although glucose metabolism changes during pregnancy, tolerance occurs and
there is no effect on the mother or the foetus when insulin production rises. There is
a higher risk of foetal when there is an inappropriate response. When the output of
the pancreatic b-cells does not match the insulin requirement of the tissues as a result
of alterations in insulin resistance, abnormal glucose tolerance ensues [40]. Early in
pregnancy, fasting blood glucose levels drop, and this trend continues throughout
the pregnancy. Insulin sensitivity decreases as pregnancy progresses, reaching pre-
gravid levels about 34-36 weeks of pregnancy [40, 41]. Increases in hepatic glucose
production during pregnancy show that the insulin action deficiency also affects
the liver. Placental loss of anti-insulin hormones such as human placental lactogen,
cortisol, oestrogen, and progesterone causes insulin resistance after mid-pregnancy.
Low FBS, a low kidney glucose threshold, and enhanced insulin production are all
effects of these hormones [42]. Maternal tissues become increasingly insulin resis-
tant during pregnancy. This is thought to be produced in part by placental hormones
and in part by unknown obesity and pregnancy-related variables. The main locations
for glucose disposal throughout the body are skeletal muscle and adipose tissue.
Insulin-mediated whole-body glucose elimination declines by 50% during preg-
nancy, and the woman must raise her insulin output by 200-250 percent to maintain
a euglycemic condition [43]. Even while most women revert to a euglycaemic state
immediately after delivery, women who have had GDM have a significantly higher
chance of developing T2DM [44]. The biochemical relationship between GDM and
T2DM is still unknown. Insulin resistance and/or aberrant insulin production define
both illnesses [45]. Multiple potential protein indicators for later GDM have been
discovered through proteomic screening in early pregnancy, including a cluster
linked with insulin production, binding, resistance, and signalling [46]. An oral
glucose tolerance test (OGTT) is usually used to identify GDM during 24-28 weeks
of pregnancy. Because most of the physiologic insulin resistance of pregnancy will
be firmly established, this timeframe has traditionally been favoured for routine
GDM diagnosis. Another important difference in GDM testing techniques around
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the world is the ongoing debate over whether testing should be universal (for all
pregnant women) or targeted solely for women with risk factors linked to a higher
probability of a positive result.

5.1 Management

Preventive interventions are needed to avoid the undesired consequences of obe-
sity and hyperglycemia during pregnancy, given the global rise in obesity and the
resulting increase in GDM [38, 47]. In roughly 70 to 85 percent of women with diag-
nosed GDM, lifestyle changes are enough to meet glycemic objectives [48]. Dietary
counselling, in combination with physical activity and blood glucose self-monitor-
ing, is the major intervention indicated for GDM [49]. A lower-carbohydrate diet
with more animal protein and fat enhanced the risk of type 2 diabetes. As a result,
it’s possible that the diet that’s best for treating GDM in women is not the best
long-term diet [50]. Other nutritional treatments, such as probiotics and vitamin
supplements, have gained popularity, but there is not enough data to suggest their
widespread usage [51]. Insulin therapy is the preferred treatment because it does
not cross the placenta and is thus deemed safe for the foetus. Metformin therapy
was deemed safe and effective, and the women preferred it for insulin treatment
[52]. Another study states that Metformin and sulfonylurea have been increasingly
and safely used in the treatment of GDM [53]. In diabetic pregnant women with
vitamin D deficiency/insufficiency, vitamin D administration can lower the chance
of developing GDM and/or improve glycemic control [54]. Vitamin D regulates
intracellular calcium to promote insulin production and attenuates insulin resis-
tance by acting directly on pancreatic beta cells via the development of vitamin D
receptors and the enzyme 25(OH)D-1-alfa-hydroxylase [55]. Furthermore, recent
evidence from a large prospective trial suggests that increased physical activity may
help reduce the risk of T2DM progression [56]. Exercise activities did not have a sig-
nificant influence on the overall incidence of GDM in obese or overweight pregnant
women, but when the effect measure was taken into account, the incidence of GDM
was 24 percent lower in that group [57]. The following five components of guideline
content were examined: GDM diagnosis, prenatal care, intrapartum care, neonatal
care, and postpartum care. The majority of the suggestions in the guidelines were
on prenatal care, particularly all types of therapy that could lower the risk of bad
pregnancy outcomes due to uncontrolled blood sugar prior to conception [58]. The
usage of information technology and digital platforms by diabetic pregnant women
is fast rising around the world [59]. Telemedicine has been linked to high patient
satisfaction since it allows for quick management of care across distances with
fewer face-to-face physician appointments [60]. As a result, the use of e-platforms
in the management of gestational diabetes shows encouraging results in terms of
patient satisfaction and has no negative impact on pregnancy outcomes. Adequately
powered RCTs are needed to assess whether such healthcare technologies are cost-
effective or can help enhance care in urban or distant settings [61].

6. Gestational thrombocytopenia and anaemia

During pregnancy, several biological markers, particularly haematological,
are physiologically altered. Biologists and doctors who are aware of these changes
in the maternal body can screen for potential abnormalities. The haematological
parameters must adjust in several ways, including providing vitamins and miner-
als for foetal haematopoiesis (iron, vitamin B12, folic acid), which can increase
maternal anaemia, and preparing for birth bleeding, which is necessary to improve
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homeostasis [62]. The total blood volume increases by roughly 1.5 litres during
pregnancy, primarily to meet the demands of the new vascular bed and to com-
pensate for blood loss that occurs during birth [63]. At 6-12 weeks of pregnancy,
the plasma volume expands by 10-15 percent. When maternal erythropoietin
production rises, RBC mass rises as well, albeit at a slower rate than plasma volume,
resulting in a drop in haemoglobin concentration. Dilutional anaemia is the result
[64]. Haemodilution also contributes to a decrease in the rate of haematocrit (HCT)
and haemoglobin (HGB), resulting in a false anaemia. Such a change is natural for
pregnant women and demonstrates the adoption of a different threshold for the
definition of pregnancy anaemia. The WHO defines anaemia in pregnancy as hav-
ing a total circulating HGB concentration of less than 11 g/dl or an HCT of less than
33% at any point during the pregnancy. During pregnancy, RBC indices do not vary
much. However, in an iron-replete woman, there is a slight rise in mean corpuscular
volume (MCV) of around 4 fl, which peaks around 30-35 weeks gestation and does
not indicate a vitamin B12 or folate shortage. The increased MCV can be explained
by increased RBC production to fulfil the demands of pregnancy [65]. The haemo-
globin concentration does not change until the 16th week of pregnancy, after which
it falls steadily to the second trimester due to the expansion of plasma volume [66].
Haemodilution, or an increase in plasma volume greater than an increase in red cell
mass, is the underlying cause of anaemia during pregnancy. This condition is also
known as ‘physiological anaemia of pregnancy’ [67]. Because length is more stable
than weight, haemoglobin demonstrated a positive connection with infant length
but not with weight [68]. Haemoglobin and haematocrit increased on the first day
after birth, decreased on the third and fifth days, and then began to rise again by
day 42, achieving normal haemoglobin in non-pregnant women [69]. Because of the
greater metabolic oxygen requirement, erythropoietin levels are 50 percent greater,
which explains the mild bone marrow erythroid hyperplasia and enhanced reticu-
locyte count. A combination of a lowered maternal RBCs oxygen affinity from an
enhanced 2,3 Diphosphoglycerate and a low maternal pCO2 results in enhanced
oxygen transfer throughout the placenta [70].

Pregnancy causes an increase in white blood cell count, with the lowest limit of the
reference range typically being 6,000/cumm. Leucocytosis occurs during pregnancy
as aresult of the physiologic stress that comes with being pregnant [71]. Throughout
the first and second trimesters of pregnancy, lymphocyte count drops, then rises
during the third trimester. Total leukocyte count levels rise significantly in the IT and
III trimesters, but there is no difference between pregnant and non-pregnant women
in the I trimester. In the first trimester of pregnancy, non-anaemic women have a
higher TLC count than anaemic women, but in the second and third trimesters,
anaemic women have a higher TLC count than non-anaemic women [62]. During
normal pregnancy, leukocytosis is caused by an enhanced inflammatory response,
which can be caused by selective immunological tolerance, immunosuppression, and
immunomodulation of the foetus [72]. During pregnancy, the ratio of monocytes to
lymphocytes rises dramatically. During pregnancy, however, eosinophil and basophil
numbers do not alter appreciably [73]. The neutrophil count starts to rise in the sec-
ond month of pregnancy and reaches a plateau in the second or third trimester, when
total white blood cell counts range from 9,000 to 15,000 cells per microliter.

In 7-8 percent of all pregnancies, gestational thrombocytopenia occurs. Due to
rapid degradation, platelet counts are slightly lower which results in younger, bigger
platelets present in pregnancy. The majority of thrombocytopenia in pregnancy
is caused by increased blood loss [74]. Although the average platelet count falls
monotonically during pregnancy, platelet aggregation increases, notably during the
last 8 weeks of pregnancy [75]. The decline in the quantity of circulating platelets
during pregnancy has been attributed to increased platelet consumption as well as a
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shorter life span in the uteroplacental circulation [76]. As the pregnancy progresses,
the platelet volume distribution width widens dramatically and continually. Asa
result, as pregnancy progresses, the mean platelet volume becomes an insensitive
indicator of platelet size.

Primary immune thrombocytopenia (ITP) affects about 3% of women who are
thrombocytopenic at delivery. It occurs in 1/1000-1/10 000 pregnancies [77]. Two-
thirds of women with ITP have pre-existing disease, according to most studies, and
one-third are diagnosed for the first time during pregnancy [78]. The pathophysi-
ological mechanism of thrombotic thrombocytopenic purpura (TTP) is thrombotic
microangiopathy. Microangiopathic hemolytic anaemia, thrombocytopenia, fever,
neurological signs, and renal impairment are all symptoms of TTP. Pregnancy is
thought to be the trigger event in between 5 to 25% of TTP cases [79]. TTP occurs
in the second trimester of pregnancy and occasionally in the postpartum period,
although it is uncommon in the first trimester [80]. If TTP appears during the first
trimester, regular plasma exchange may be able to maintain pregnancy.

6.1 Management

Preventing anaemia in pregnancy requires effective communication about diet and
nutrition to all pregnant women. Most experts recommend regular iron supplementa-
tion during pregnancy since the extra demand for iron is typically unmet by a typical
diet. Although iron supplementation recommendations vary by location, the CDC
recommends that all pregnant women begin a 30 mg/day iron supplementation [81].
he average iron density in a typical Indian diet is 8.5 mg/1000 Kcal, with 13.3 and 5.3
percent iron absorption in pregnancy from a rice-based and wheat-based Indian diet,
respectively [82]. Women can use smartphone applications to learn about their daily
iron needs, the iron content of various foods, and how to track their dietary iron intake.
We support the creation and use of such applications. For improved absorption, all
pregnant women should be told to take oral iron on an empty stomach or 1 hour after
meals, preferably with a vitamin C-rich product like orange juice or guava. Supplement
2 outlines the oral iron treatments that can be used during pregnancy [82, 83].

The choice of therapy is based on the urgency of the platelet increase, the
duration of the increase, and any potential side effects, and should be determined
on an individual basis for each patient. Platelets should be available on standby if
the mother’s platelet count remains low (50 109/1) around the time of delivery, but
they are likely to be destroyed rapidly after infusion if due to an immune reac-
tion, so they should be given in well-established rather than early labour if there
are increased bleeding complications [84]. Given that there is no evidence that
Caesarean delivery is safer for the foetus with thrombocytopenia than a simple
vaginal delivery, which is usually safer than caesarean for the mother, the mode of
delivery should be decided on obstetric concerns. Treatment may be required just
during the later part of the third trimester to boost the platelet level before epidural
anaesthesia or C section section if the individual is asymptomatic and the platelet
count is more than 20*10°/L [85]. Depending on the platelet level and stability,
general measures such as avoiding aspirin, nonsteroidal anti-inflammatory medica-
tions, and intramuscular injections might be explored. Because low-dose aspirin is
now commonly administered in pregnancy for a variety of reasons, it should not be
avoided unless the risk of bleeding is significant. Prednisone at a low dose or intra-
venous immunoglobulin, or both, are viable alternatives in these circumstances.

In symptomatic pregnant ITP patients or if the platelet count is less than standard
level, other therapeutic options are available. When combined with intravenous
immunoglobulin, a large dose of steroids can be employed [86]. Corticosteroids and
intravenous IVIG are the most common treatments for maternal ITP [87].
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7. Conclusion

When it came to getting health information, pregnant women faced personal,
societal, and structural challenges. As a result, legislators and health planners
should remove barriers, promote self-care, and improve the quality of life for
pregnant women, ultimately improving their health. Pregnancy issues such as ges-
tational diabetes mellitus, hypertension, preeclampsia, caesarean birth, and post-
partum weight retention are all more likely in overweight and obese women. More
research into the link between nutritional advancements and the rising prevalence
of GDM in the developing world is needed. Iron supplementation has been linked
to glucose dysregulation and hypertension in mid-pregnancy; its effectiveness and
potential risks should be carefully considered.
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Abstract

In recent years an increase in premature births (PB) rate has been noticed, as this
pregnancy complication that still remain an important cause of perinatal morbidity
and mortality, is multifactorial and prediction is not easy in many cases. There are
many bibliographic data supporting the view that PB have also genetic predisposi-
tion. The trend of “recurrence” of PB in women as well as its increased frequency
in ethnic groups suggests its association with genetic factors, either as such or asan
interaction of genes and environment. Inmunomodulatory molecules and recep-
tors as well as polymorphisms of various genes and/or single nucleotides (single
nucleotide polymorphisms, SNPs) now allow with advanced methods of Molecular
Biology the identification of genes and proteins involved in the pathophysiol-
ogy of PB. From the history of a pregnant woman, the main prognostic factor is
a previous history of prematurity, while an ultrasound assessment of the cervix
between 18 and 24 weeks is suggested, both in the developed and the developing
world. According to the latest data, an effective method of successful prevention
of premature birth has not been found. The main interventions suggested for the
prevention of premature birth are the cervical cerclage, the use of cervical pessary,
the use of progesterone orally, subcutaneously or transvaginally, and for treatment
administration of tocolytic medication as an attempt to inhibit childbirth for at
least 48 hours to make corticosteroids more effective. Despite the positive results in
reducing mortality and morbidity of premature infants, the need for more research
in the field of prevention, investigation of the genital code and the mechanism of
initiation of preterm birth is important.

Keywords: preterm birth, predisponding factors, complications
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1. Introduction

Premature birth defined as the onset of labor before the 37th week of pregnancy
and is a clinical symptom that is accompanied by multiple pathogenetic causes.

The etiology is multifactorial and complex. It is not a normal premature birth, but
a distinct syndrome with specific characteristics [1-5]. Sometimes, the mother,
the placenta and the fetus altogether are involved to a different degree. The exact
mechanism is not known. Uterine cramps that cause premature birth are coor-
dinated uterine contractions that cause progressive change (elimination and/or
dilation) of the cervix before the 37th week of pregnancy. In contrast, premature
contractions are rhythmic contractions of the uterus that do not cause a change

in the cervix [1-5]. Specifically, in 1948, the World Health Organization (WHO)
defined with the term “prematurity” the delivery of a newborn weighing <2500 g.
The primary problem that arose was that it characterized a multitude of newborns
with heterogeneous fetal development as premature. Therefore, in 1960 Battaglia
and Lubchenco used measurements from a large population of newborns to establish
the rules of fetal development.

Prematurity based on Birth Weight is divided into “low birth weight” infants
<2500 g, “very low birth weight” infants <1500 g (approximately 1-1.5% of live
births) and “extremely low birth weight” infants <1000 g (this category includes
0.7% of all live births).

Premature is the newborn that will be born at a gestational age less than the 37th
week of pregnancy. Very premature is the newborn which will be born at a gesta-
tional age less than 32 weeks of gestation.

Premature birth is subdivided into automatic preterm birth as a consequence
of premature contractions with an incidence of 35% of unknown etiology, a corre-
sponding incidence of 25% resulting from premature rupture of membranes and in
25% of cases iatrogenic, as a consequence of medical or obstetric such as maternal
hypertension, fetal development pathology and gestational bleeding, while in cases
of multiple pregnancy the incidence rate is 15% [6-11].

2. Epidemiology

It contributes a large 75% to the formation of perinatal morbidity and mortality
and it is estimated that about 50% of long-term neurological problems are related to
prematurity. The incidence is between 10 and 12% over a period of about 15 years
(1981-1996) and includes about 467,000 births in United States of America,
compared to European developed countries in which the rates of prematurity are
lower at 5-6%. Prematurity has gradually increased from 6-13% of all births and it
is estimated that 13,000,000 premature babies are born per year worldwide [1-5].

The highest rate of 60% is observed in countries of South Asia and Central
Africa while in African Americans it occurs with twice the frequency of 18%
compared to Caucasians. It is generally and worldwide accepted that an embryo
is viable for more than 20 weeks and in Greece for more than 22 weeks of gesta-
tion. Moreover, the implementation of treatment programs for pregnant women
with symptoms of threatened preterm delivery, failed to reduce the incidence of
preterm birth [12-14]. The lack of progress may be partly related to the increase in
the frequency of multiple pregnancies as a result of the widespread use of assisted
reproduction methods, but the main cause remains largely unclear. The incidence
of prematurity (23rd-24th weeks to <37 weeks) in the US, for single pregnancies is
9.43%, for twins 50.74% and for triplets 91.03%.
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It has also been observed that opposed to the Caucasian race, the black race is
associated with an increased rate of low birth weight neonates and preterm delivery.
There is great heterogeneity within the same racial group, however members of
the same race may have different frequency of precocities in different geographical
areas. The differences remain even after the control for the social order. The racial
difference has not decreased over time. The mother’s race is a stronger indicator of
precocity than the father’s race, although the father’ race is also important. The
probability that the racial difference is genetically determined is based on data
showing different distribution of gestational age in the black and white popula-
tion. The gestational age distributions for black and non-black women appear to
deviate by 1 week, resulting in a mean gestational age of 39 weeks for blacks 37 and
40 weeks for whites [15-20].

Approximately 1/3 of health expenditures in infancy and childhood are due
to complications of preterm delivery as 10% of surviving infants have long-term
disabilities such as developmental or behavioral problems [12-14]. The Financial
Cost in US for health care amounts to 9 billion $/year and the 35% of the expenses is
for newborns and 10% for children. Also, the high cost of hospitalization of new-
borns <1500 g should be emphasized in intensive care units [12-14]. In Germany,
out of a total of 50,000 preterm births (BP) and the annual cost are as follows: PB
<32 weeks 300 million €, PB > 32 weeks 400 million € and cost for tocolysis 112
million €.

It is estimated that about 85% of neonatal deaths in Western countries are
attributed to prematurity and 10% of these neonates will suffer from some form
of long-term disability. Of the reported rate of prematurity, 10% of the neonates
delivered before the 37th week of pregnancy, about 1.5% before the end of the 32nd
week and approximately 0.5% of premature births will take place in the period
before the 28th week [12-14]. Premature birth is a potentially very serious problem
for newborns and the morbidity and mortality rates are inversely proportional to
the maturity of the organic systems, especially the lungs [6, 21].

In particular, in the 22nd week of pregnancy, the temporary survival rate is
40%, respiratory distress syndrome 70%, intra-abdominal bleeding 25%, sepsis
25% and necrotic enterocolitis 8% with a final survival rate of 5% [6, 21]. Some
of the following changes are observed between 22nd and 34th week of pregnancy:
sepsis 4%, increase of temporary survival to 97% reduction of respiratory distress
syndrome to 14%, intra-abdominal bleeding 0%, necrotic 3% with intestinal
necrosis final survival 97% [6-11]. The prognosis of newborns improves when
the gestation period is prolonged. Recent literature reports indicate the following
neonatal survival rates: at 23 weeks 6-9%, at 24 weeks 17-58%, at 25 weeks 35-85%,
at 27-28 weeks 90% and at 33 weeks 95%.

3. Risk factors of preterm birth stimulation
Primary risk factors:
* Multiple pregnancies
* History of preterm birth

* History of threatened preterm birth

* Abdominal surgery during pregnancy
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* Congenital uterine abnormalities

* History of automatic miscarriages

* History of conical resection

* Cervical removal> 30%

* Polyamnium

* Presence of intense myometrial activity
* Cervical dilation> 2 cm

Secondary risk factors:

* Feverish disease in pregnancy

* Bleeding in the 2nd trimester

* History of acute pyelonephritis

* History of miscarriage in the 2nd trimester

* Smoking more than 10 cigarettes per day

4. Maternal causes and conditions in pregnancy related to preterm birth
4.1 Socio-economic and racial factors

The low socio-economic status of pregnant women related to education,
employment or family income and racial, demographic, environmental factors is
one of the most common factors associated with the occurrence of preterm birth.
Statistically, a causal relationship has been found between the economic situation
and the low level of education.

Mothers with a low level of education are more likely to give birth to low birth
weight babies and less likely to give birth to large babies. The average birth weight
increases with the greater education of the mother. White mothers with 12 years of
education, on average, had 82 g heavier babies than mothers with less education,
while the corresponding difference for newborns born to black women was 66 g.
Mothers with >12 years of education had even heavier neonates. The risk of having
a very low birth weight neonate has been shown to vary depending on the level of
education among white, but not among black women [11, 22-26].

Newborns born from low-educated mothers are less likely to survive. Low-
educated mothers have characteristics that are blamed for the birth of low birth
weight babies. They are more likely to be young, have less prenatal care, smoke dur-
ing pregnancy, have a poor diet and have more difficult access to medical care. Also,
women in lower social classes have higher levels of stress with elevated catechol-
amine levels that can lead to increased uterine contractions. Better education of the
mother could improve her diet, reduce smoking during pregnancy but also reduce
other harmful factors [11, 22-26].
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4.2 Maternal age

Maternal age (under 19 or over 35) is associated with an increased incidence of
preterm birth [27-30]. However, the risk may not come from age itself but from the
factors associated with it. For the young women, it is more usual to suffering of vagi-
nitis than the older women, which may have other health problems, such as fibroids,
hypertension and metabolic diseases [15-20]. Also, women with body weight before
pregnancy under 50 kg and height below 150 cm, have higher rates of preterm birth.
Therefore, chronological age is not an independent factor of gestational age but the
increased risks reflect characteristics of the mother’s advanced age.

Great importance was given to the premature birth of women over 35 years old
due to the growing population of pregnant women with first pregnancies at an
older age. However, there are views on the increased risk in those over the age of 30,
compared to women aged 20-29. Maybe due to the improvement of perinatal care,
the relative risk of preterm delivery in women aged >35 years old, decreased from
1.7% in 1976 to 1% in 1981. Adolescent white women give birth to newborns that
are lighter by 149gr, while black women by 99gr, compared to those of mothers aged
20-34 years. Mothers aged 35 years and older give birth to children which are 50gr
heavier than those of women 20-34 years [15-20].

Neonatal mortality is also slightly higher in younger and older women.

4.3 Burdened obstetric history

The existence of a burdened obstetric history seems to be directly related to the
frequency of preterm birth. Miscarriages, especially in the second trimester, previ-
ous preterm births and stillbirths, increase the risk of premature births in subse-
quent pregnancies. A previous history of low birth weight or preterm birth is one
of the most important factors for the next preterm birth. The literature states that
the relative risk with a history of preterm birth is 34%, while it is even higher for the
third childbirth, although both previous ones were premature. Racial differences
have been observed in the relationship between first and second preterm birth,
while the previous history of preterm birth is a significant risk factor for premature
rupture of membranes.

The number of pregnancies does not seem to affect the likelihood of preterm
birth as the results of several studies are contradictory. It is generally accepted
that first-born infants weigh less on average compared to their offspring at each
gestational age. The explanation for the reported data is not known. It is possible
that fetal development is more limited in primiparous pregnant women, due to
the anatomy of the muscular walls of the uterus, compared to those with multiple
pregnancies [15-20].

There is an increased risk of preterm birth compared to the short interval
between two pregnancies, but the results are not statistically significant. It is
therefore not clear whether there is any relationship between short interval between
births and prematurity.

4.4 Previous stillbirths or neonatal deaths
4.4.1 Previous induced abortions
The contribution of abortions to the increased risk of premature birth depends

on the type of abortion, the degree of dilation of the cervix, the gestational age and
the number of abortions [15-20].
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4.4.2 History of infertility

Women who have undergone assisted reproduction therapy in single pregnan-
cies show a prematurity rate of 10-20%. The increase is due to pre-existing repro-
ductive abnormalities, an increased rate of multiple pregnancies, and an increasing
number of cesarean sections before the 37th week of pregnancy.

4.5 Various diseases of the mother

Maternal diseases related to pregnancy (e.g. preeclampsia and eclampsia) or
unrelated to pregnancy (chronic kidney disease, anemia, chronic hypertension,
respiratory failure, etc.) are common causes of premature birth or low birth weight
babies. Most of these diseases cause pathology in the placental circulation resulting
in problematic fetal development and low body weight. Also the most well-known of
the endocrine diseases associated with increased prematurity are diabetes mellitus
and hyperthyroidism [20, 31-35].

4.5.1 Smoking and alcohol

Smoking seems to be responsible for an increased rate of prematurity, is associated
with placental abruption and perinatal mortality. This effect of smoking is attributed
to the increase in anthracylamoglobin and the action of nicotine. Also various toxins
also known as Cyanide reduce the levels of vitamin B12 resulting in metabolic disor-
ders. Anthracycline hemoglobin increases from 1.2% to 4.1% and reduces the oxygen
available for fetal oxygenation while nicotine increases epinephrine secretion and
causes vasoconstriction, further aggravating fetal oxygenation [20, 31-35].

Alcohol abuse, in addition to its association with prematurity, has also been
linked to an increased risk of brain damage in premature infants.

4.5.2 Illegal drug use

Marijuana and cocaine have been studied more for their potential effects on
preterm birth. There is no serious evidence that marijuana is associated with prema-
turity. In contrast, cocaine has been studied much more with a wealth of literature
linking its use to preterm birth [20, 31-35].

4.5.3 Medical monitoring

Inadequate medical follow-up, as expressed by the late first visit of the pregnant
woman and the limited number of visits, has a direct impact on the increase of pre-
maturity. This is confirmed by the increased rate of prematurity in pregnant women,
especially in adolescent pregnant women who are not monitored by their personal
doctor or midwife, where the system of free medical care applies [20, 31-35].

4.5.4 Surgical diseases during pregnancy
Acute surgical diseases of the abdomen, such as acute appendicitis, are associ-

ated with an increased incidence of preterm birth due to the effect of bacterial
endotoxins [20, 31-35].

4.5.5 Uterine congenital abnormalities and diseases

Uterine congenital abnormalities characterized as anatomical are responsible
for a small percentage of preterm births. The most common occurrences are in the
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double uterus, unicorn, duodenum and hypoplastic uterus where the incidence

of miscarriage is close to 30% and the risk of premature birth reaches 20% if the
pregnancy continues beyond the 20th week of pregnancy. There is also an associa-
tion with prematurity and fibroids, endometrial adhesions idiopathic myometrial
activity [20, 31-35].

4.5.6 Insufficiency of internal cervical os

The uterus and cervix come from the union of Miller ducts. The cervix is made
up of extracellular connective tissue and type I, IIl and IV collagen fibers. The per-
centage of smooth muscle fibers is 10-15%. The percentage of muscle and fibrous
components ranges from 29% in the inner cervix to 6% in the outer cervix. Other
components of the cervix are glycosaminoglycans, proteoglycans, fibronectin and
elastin. Before and during labour, the number of ligaments between the collagen
fibers decreases, the concentration of hyaluronic acid increases and this leads to
elimination and dilation of the cervix and uterine contractions.

Internal cervical insufficiency is a fairly common cause of prematurity. Also a
history with conical resection of the cervix is responsible for an increased rate of
premature birth which is observed with a frequency of 14% for the first pregnancy
and quadruples in subsequent ones [35-40].

4.5.7 Maternal infections

Inflammations of the vagina and cervix caused by anaerobic microbes,
Trichomonas, Chlamydia, gonococci and streptococci of group B, usually lead to
premature birth, premature rupture of membranes and low birth weight infants.
With preventive examinations at the beginning of pregnancy such as vaginal fluid
culture and the application of treatment in case of positive results, we achieve the
reduction of the possibility for premature birth [35-40].

Subclinical chorioamnionitis can predispose to preterm birth. However, the
infection is associated with less than 20% of cases of premature birth without
complications. The most common link between infection and premature birth is
bacterial vaginosis. Disruption of the nitric acid and prostaglandin balance of the
myometrium can cause premature contractions and consequent labor.

The vagina is normally colonized by a variety of microorganisms, many of which
are flora, while others are potentially pathogenic. It is not fully known whether the
bacterial flora itself acts as a trigger for preterm birth or secondarily becomes active
only when the cervix is unable to fulfill its protection against incurable infections.
Ascending infection is one of the most important mechanisms that progress to
premature birth. The infection can act as a trigger, either in the sense that it is more
likely to lead to premature birth when the cervix is open at the end of pregnancy, or
when the cervix opens prematurely. The degree of cervical dilation affects the risk
of ascending infection.

Infection that occurs with intact embryonic membranes reduces infection by
the flora of the vagina and cervix. The incidence of amniotic fluid infection var-
ies depending on gestational age at birth. It is particularly high in very premature
fetuses and gradually decreases at 30-34 weeks and remains stable until the end of
pregnancy [35-40].

4.5.8 Infection of the lower urinary tract

The essential role of the infection in preterm birth was confirmed by the find-
ing in the amniotic fluid or the dermis and the amniotic fluid of women with
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pathogenic microorganisms (Ureoplasma urealiticun, Mycoplasma hominis,
Streptococcus agalactiae). In particular, the detection rate of the above infectious
microorganisms during pregnancy according to the literature is Ureoplasma ure-
aliticun 60%, Trichomonas vaginalis 34%, Mycoplasma hominis20%, Streptococcus
agalacticae 5-18% and Gardanerella vaginallis 12% anerobe. Chorioamniosis coloni-
zation was twice as much as amniotic fluid. This colonization was more common
and inversely proportional to the gestational age and birth weight of the newborn,
in women with intact membranes whose labor was spontaneous, compared with
women of the same gestational age who gave birth due to medical or obstetric indi-
cations other than automatic childbirth. The inverse relationship between positive
choriamnia cultures and gestational age was not observed in women giving birth
due to medical indications [35-40].

Among women who gave birth up to 30 weeks by spontaneous delivery, cho-
riamnius culture was positive in 73%, compared with 21% of births due to indica-
tions. Horiamnius cultures were positive in 83% of mothers with spontaneous onset
of labor and in 16% of mothers who gave birth due to indications, in newborns
weighing less than 1000 g. An equal number of newborns are born at gestational
ages who have proinflammatory cytokines in the amniotic fluid, with negative fluid
culture, so that the majority of newborns born under 26 weeks and a significant
proportion of those born under 30 weeks have inflammation or inflammation
amniotic fluid These findings are mirrored in histological studies of the dermis and
amniotic fluid, infiltrated by polymorphonuclear neutrophils in almost all pregnan-
cies of 20-23 weeks, in the majority of those under 26 weeks, and in a significant
proportion of those born before 30 weeks [35-40].

The reason for the high frequency of infections - inflammations in the amni-
otic fluid and chorioamnion is inexplicable in very premature pregnancies under
26 weeks, even under 30 weeks. The flora studies are incomplete from the begin-
ning to the 23rd week of pregnancy, while from the 23rd to the end they show a
rather stable vaginal flora [35-40].

The cervix begins to change composition and have maturation elements between
20 and 26 weeks, under the influence of biochemical changes (prostaglandins and
interleukin) and uterine contractions. Changes in the cervix increase the exposure
to vaginal cervical bacteria of the upper cervix, lower uterus and chorioamnion,
resulting in increased amniotic fluid and chorioamnion infection, the most vulner-
able barrier between the fetus and the environment.

Most amniotic infections are subclinical, with no maternal fever, uterine ten-
derness, tachycardia, or foul-smelling amniotic fluid. Very often, however, the
mother’s infection is not obvious until the infection of the fetus begins. The only
fetal sign indicative of amniotic infection is fetal tachycardia, an unstable symptom
of systemic neonatal infection. But what makes an amniotic infection fetal and not
maternal? The fetus first responds to the infection by responding to the fetal part of
the chorioamnion. Proinflammatory cytokines and prostaglandins accumulate in
the amniotic fluid. A systemic fetal immune response occurs and produces pro-
inflammatory cytokines and other evidence in the fetal blood [35-40].

Periodontitis has also been studied in women who have low birth weight
neonates, resulting from either spontaneous preterm delivery or premature
rupture of membranes. It has been found that these mothers have more severe
periodontal disease than those who give birth to normal weight babies. It is
possible that oral infection with Gram (—) anaerobic microbes fusobacterium
nucleutatum, to act periodically, as a chronic factor of hematogenous disper-
sion of bacteria or bacterial agents (lipopolysaccharides and endotoxins), in the
placental unit [35-40].
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5. Causes and conditions of embryoplacutic unit related to preterm birth
5.1 Multiple pregnancies

A multiple pregnancy is at greater risk for preterm birth due to the continu-
ous dilation of the uterus and the onset of premature contractions. If the average
pregnancy is 280.5 days, in twin pregnancies it is 261 days and in triplets is 247 days
[41-44].

5.2 Congenital fetal abnormalities

Increased rate of prematurity due to uterine overstretching is due to polyamine
and especially hydramnios. The 1/3 of pregnancies with polyamnios leads to pre-
mature birth. The main causes of polyamniosis are congenital abnormalities of the
fetus’s nervous and digestive systems, intestinal obstruction, septal hernia, Potter’s
like Syndrome, Skeletal Deformities (Amniotic bands <24 weeks), chromosomal
abnormalities, infections. In particular, hydramnios is associated with congenital
abnormalities of the fetal nervous system such as aneurysm (due to polydramnios),
renal agenesis (due to oligamnius) in combination with pulmonary hypoplasia and
endogenous metabolic disorders and some of them are causative factors of preterm
birth [45-50].

5.3 Abnormalities of the placenta and umbilicus

Abnormalities in the morphology, implantation and function of the placenta can
often lead to premature birth. Placentas with membranous umbilical cord protru-
sion are at greater risk for premature onset of labor. Also the precursor placenta is
an important factor in causing premature birth. It is characteristic that it is more
common in premature births than in normal ones. Premature placental abruption
has an even higher incidence in preterm birth than in normal.

5.4 Breech fetal presentation

Breech presentation of the fetus in the first trimester of pregnancy has an
incidence of 20% compared to all pregnancies and only 2% of this percentage leads
to premature birth. However, sciatic projection is associated with increased peri-
natal mortality as well as placental abnormalities thus increasing the likelihood of
preterm delivery.

5.5 Premature rupture of membranes

Spontaneous rupture of fetal membranes (s-PROM) before the end of 37 weeks
and 1 hour before the onset of labor covers 14.3% in all preterm births. It is distin-
guished in term Premature Rupture of membranes (t-PROM) which is defined as
rupture of membranes after the 37th week of pregnancy and constitutes the majority
of cases and in preterm Premature rupture of membranes (p-PROM) which is defined
as rupture of membranes before the 37th week of pregnancy has an incidence of 3%
and is responsible for 40% of preterm births. Its incidence is 10-15% of pregnancies.

Findings observed are contractions (4 per 20 min or 8 per 60 min) and cervical
dilation >2 cm and/or cervical effacement >80%. It is associated with complications
related to the outcome of pregnancy and perinatal outcome, increases the chance of
premature birth and neonatal morbidity and mortality to 1-2% [45-50].
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The incidence rates are 6% - 10% <37 weeks, 1.5% <32 weeks, 0.5% <28 weeks.
Often there is no obvious predisposing factor. The main causes of PROM are
malnutrition, vaginitis, cervical insufficiency, abnormalities of the uterus.
Pregnancy usually precedes the same episode. The diagnosis of PROM is based on
the history of the pregnant woman where discharge from the vagina is reported.
The differential diagnosis from other conditions (alkaline urine, inflammation)
is usually made by direct examination of the cervical spine and by testing the
sunflower map.

The complications of PROM, in addition to those of prematurity, include
inflammation of the mother and the fetal placenta, as well as umbilical cord pro-
lapse, which implies significant perinatal morbidity and mortality [45-50]. Babies
born with symptoms of sepsis are 4 times more likely to have neonatal mortality
than those who do not. In addition, there are risks for the mother from the compli-
cations of possible chorioamnionitis [45-50].

Diagnosis is not always easy. It seems that taking a good medical history and
then examining the woman using a vaginal dilator helps a lot. Moreover, obstetric
ultrasound is helpful in diagnosis. Specifically, the presence of amniotic fluid in
the posterior vaginal dome is very helpful in the diagnosis. The nitrazine test and
the microscopic examination of the amniotic fluid for the typical image of the fern,
have a sensitivity of 90% with false positives of 17% and 6%, respectively due to the
mixture of urine and blood or cervical mucus, respectively.

6. PROM monitoring

Criteria for diagnosing chorioamnionitis include: fever, tachycardia, fetal tachy-
cardia, odorous vaginal fluids, leukocytosis and uterine tenderness. Vitals are taken
every 4-8 hours and the existence of one or a combination of the above findings
raises the suspicion of fetal infection. Doppler ultrasound, biophysical profile and
fetal heart rate have been used from time to time in various studies to distinguish
infected fetuses from non-infected ones and therefore pregnancy can be prolonged
without success in distinguishing which fetuses are in risk and which not.

Women should be monitored clinically for signs of chorioamnionitis. Apart
from vaginal fluid culture at the time of introduction no other need to be taken
on a weekly basis. According to the American College of Obstetricians and
Gynecologists, CRP and white blood cell count should be checked twice a week.
No daily blood draws are needed for leukocytosis and CRP, due to the low sen-
sitivity. Biophysical and Doppler can be done but have no significant prognostic
value [45-50].

6.1 Role of antibiotics

Although different regimens have been used in various studies (penicillins,
erythromycin, clindamycin, from 2 doses - 10 days) it seems that the prolongation
of pregnancy is stable and the morbidity for mother and newborn is reduced. It is
recommended 5-7 days administration of macrolides (erythromycin, azithromycin).
Clindamycin is preferred when there is allergy in the first option.

Administration of ceftriaxone, clarithromycin metronidazole p-lactam,
appears to significantly extend the time to delivery and the frequency of cho-
rioamnionitis (23 vs. 12 days, p: 0.01, and 50% vs. 67%, p: 0.05, respectively).
Finally, there are insufficient data to prove the direct favorable contribution
of antibiotics in reducing neonatal morbidity and mortality. Nevertheless the
combination of the mentioned antibiotics used as empirical therapy against the
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aforementioned germs ureaplasma, mycoplasma, anaerobes and gram negative
bacteria according to bibliographic data offered satisfactory results in the early
and early rupture of fetal membranes for both the mother and the fetus. Strategy
for treating a subclinical possible infection. The administration of clavulanic acid
should be avoided due to the possible cause of necrotic enterocolitis in the fetus
and in cases of group B streptococci additional antibiotics should be given dur-
ing delivery. Antibiotics are effective in treating infection without being able to
prevent a premature birth.

6.2 Role of steroids

According to the instructions of the American College of Obstetricians and
Gynecologists, it is recommended to administer a single dose of steroids in pregnan-
cies <32 weeks with PPROM that do not show signs of infection. Two meta-analyzes
conclude that steroids in PPROM significantly reduce Respiratory Difficulty
Syndrome, encephalopathy and intra-abdominal bleeding. It does not appear to
increase the rate of infection from their administration. A single dose should be
given to pregnant women from 24 to 34 weeks. The manifolds are associated with a
smaller head size and smaller birth weight [45-50].

6.3 Role of tocolysis

Tocolysis in women with CPR is not recommended because this treatment does
not statistically significantly improve perinatal outcome. The administration of
tocolysis to women with CPR and contractions to act on steroids and antibiotics
remains unclear. Attempting to suppress preterm uterine-related contractions
using first-line tocolytic therapy can achieve prolongation of gestational age.
Among the administered tocolytics, p-sympathomimetics do not excel in the other
categories in terms of their effectiveness and in addition are associated with a
negligible rate of side effects. Conservative treatment with f-sympathomimetics
or magnesium offers almost nothing in the whole treatment effort. Careful selec-
tion of cases is recommended. Hospitalization for 48-72 hours may be needed, but
other than that, informing pregnant woman about possible symptoms of chorio-
amnionitis is necessary (e.g. temperature measurement).

6.4 PROM and cerclage

There are no randomized studies on what should be done in such cases. Some
studies show a tendency for chorioamnionitis to start earlier, while others show a
prolongation of pregnancy. The risks and benefits of suturing for a short time until
steroids work have not been adequately studied [45-50].

6.5 PROM and childbirth

Childbirth should be scheduled between 34th and 40th weeks. If extended
beyond this time limit the pregnant woman should be explained the increased
chance of choriamnionitis and the reduced chance of respiratory problems from the
newborn. In Premature Childbirth the hypoxia is greater compared to that of a full
term. Vaginal delivery is recommended at a young gestational age (< 25th week).

In fetal difficulty many suggest cesarean section. Between 26th and 34th week is no
different from the way after 34th week. Vaginal childbirth is the appropriate route
of completion of childbirth when there are no abnormal shapes and projections,
elements of fetal difficulty, e.g. IUGR [45-50].
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Iatrogenic PROM occurs after deliberate medical intervention, when it is
estimated that continued pregnancy is at greater risk for the mother and fetus than
prematurity.

Complications of the placenta: placental abruption, placenta previa.

Ammniotic fluid complications: oligamnium, polyamnion, chorioamnionitis,
premature rupture of membranes.

Fetal causes: congenital anomalies, multiple pregnancy, residual development,
fetal discomfort.

7. Pathophysiology of preterm labor

Activation of the maternal/fetal hypothalamic-pituitary—adrenal axis (HPA)
due to maternal or fetal stress: connection between maternal psychosocial stress
and preterm birth - mechanism similar to normal childbirth.

The following factors such as: Stress, Autoimmune mechanisms, PROM,
Inflammation, Bleeding, Uterine overdistension, Multiple pregnancies, disorders
of axis (pituitary axis), Inflammation, Environmental factors, Social factors,
Activation of mechanisms, induction of contractions leading to effacement and
dilation of cervix and finally labor [51-56].

Chorioamnionitis or systemic inflammation from systemic or ascending infec-
tion: cervical, decidual and fetal membrane’s cytokines activation (macrophage
activation, production of interleukins IL 1, IL 6, IL 8, cachectin, 5-hydroxytryp-
theptamine, release of fibronectin in cervical and vaginal secretions).

Bleeding from decidual: three or seven fold risk of prematurity, especially as a
result of premature rupture of membranes.

Uterine oversdistension: myometrial stimulation, increased cytokine
expression [50-60].

7.1 Preterm labor: the mechanism includes

Activation of the maternal and/or fetal HPA axis (psychological or physical
stress).

Inflammatory reaction - local or systemic.

Bleeding from decidual.

Increased uterine stretching (multiple pregnancies, hydramnion).

Cervical insufficiency.

Activation of HPA axis.

An increase of CRH levels (corticosteroids) can cause a raise of PG
(Prostaglandin) levels and consequently an increase of the MMPs (metallopro-
teinases) activity, Activation of metals of protein (MMPs) of the parent substance
(MMP-1, -3, -8, —9) leads to degradation of the fibrous tissue, and premature
rupture of membranes. Bacterial products and/or profibrous cytokines acting on
cervical cells of the uterus may cause a change of MMPs expression. High concen-
trations MMP-8 of amniotic fluid are associated with PB (before the 32nd week of
pregnancy) so induction of uterine contractions (directly or by functional “with-
drawal” of progesterone) [50-60].

The angiogenic factor VEGF, expressed in embryonic membranes and
perishable, is essentially involved in normal angiogenesis and placentaliza-
tion - thus ensuring way to normal fetal growth and development - while at the
same time modifying its permeability in placenta and amniotic membranes.
Daneshmand et al. and Kramer et al. suggest that both the VEGF factor and
(VEGF-R1 and VEGF-R2) receptors have reduced expression in hypoxic
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conditions and chorioamnionitis, disrupt the smooth functioning of placental
abruption and lead to PB. Similarly, Parazoglou et al. proved the correlation
among two common VEGF functional gene polymorphisms (—634G/C and
936C/T) with PB [50-60].

In case of preterm labor, CRH levels are > 2 MoM.

Elevated levels of ACTH (Cortical Adrenal Hormone) and CRH can result in
raised levels of DHEA (dehydroepiandrosterone) and 16-OH-DHEA-S (dehy-
droepiandrosterone sulfate) as increased E1 (estrone) — E3 (estradiole). As a
result uterine contractions are induced. (Activation through binding in oxytocin
receptors, involvement of MLCK (myosin light chain kinase) and calmodulin.
Increased E3 in saline is observed in premature labor, 3—4 weeks before
delivery.

Inflammatory reaction is mediated through the following cytokine agents:

Cytokines, TNF-q, II-1, 1I-1p, 1I-6, I11-8, 11-10, GM-CSF and finally prostagladines
increase.

Fetal membranes, trophoblast and the chorionic villi react, in response to
inflammation and ischemic lesions of placental unit and cause an increase in cyto-
kines levels in maternal plasma, in the amniotic fluid of women with preterm labor
and in cultures of amniotic fluid.

TNF-a is also found in decidual macrophages as well as in chorion villi and
trophoblast. The TNF-a factor is found in maperishable cells of perishables, villi
and trophoblast, in both the 1st and 3rd trimester of pregnancy. Its allele gene A
region —308 of the TNF-a promoter leads to an increase production of it. Roberts
et al. reported positive correlation between polymorphism of the TNF-a promoter
region (—308 A allele) and the PB and/or premature rupture among African
American women [50-60].

On the contrary, Amory et al. found that homozygotes for the TNF-a allele-863
A gene is significantly increased frequency of PB, chorionicamniotnitis and perina-
tal morbidity, but this is not associated with an adverse outcome. Il-1 is detected in
amniotic fluid, in decidua and trophoblast. The receptor antagonist of IL-1 inhibits
the biological effects of IL-1, blocking its receptors. Consequently reduction of IL-1
production and induced from that of prostaglandin production by them endome-
trial tissue can prevent PB associated with infection I1-1p is found in chorionic villi,
decidua, amniotic fluid and placental cultures [50-60]. Elevated levels of 11-6 are
usually found in the amniotic fluid, with inflammation. Interleukin-6 (IL-6) is the
cytokine expressed more than any other in pregnancy. The finding of extremelly
high levels of the specific cytokine in the amniotic fluid pregnant women who
presented with some kind of inflammation and its very low concentration in cases
of PB “idiopathic” etiology, make it one of the most sensitive and specific PB
indicators On the contrary, they were found to be reduced in cases of premature
birth. I1-10 is also elevated in amniotic fluid after amniocentesis during the second
trimester in pregnancies with IUGR and chorioamnionitis [50-60]. Interleukin-10
(IL-10) is known to be major inhibitory cytokine in the process synthesis of cyto-
kines by both T cells (interferon-y and IL-2), as well as by monocytes macrophages
(TNF-a, IL-6, IL-8, and IL-12) and as therefore plays an important role in achieving
the outcome of the pregnancy by securing the maternity tolerance to the allogeneic
fetus. In most pregnancies IL-10 is detected in amniotic fluid Its high levels in amni-
otic fluid of pregnancies complicated with residual embryonic development as well
as in cases of pregnant women with clinical symptoms chorioamnionitis associated
with dysfunctional for immune activity in pregnancy and in PB [50-60].

Increased levels of interleukin-8 (IL-8) are found in monocytes, in inflamma-
tion, in chorioamnionitis and may be used in the future as a prognostic marker
of preterm birth. Interleukin-8 (IL-8), a derivative of monocytes; caused by
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inflammation, may be used in the future as a PB predictor marker as it has been
detected in pregnant women.

Inter twined with chorioamnionitis, and the antigen compatibility (also a deriv-
ative of macrocells, which is considered necessary in cellular immune response) is
associated with inflammation of the elements of pregnancy.

Bacteria, specially their wall lipoproteins and/or endotoxins can stimulate an
increase of IL-1p, TNF-a, IL-8, IL-6, proteases, collagenase, elastase as well as raise
of Phospholipase A2 led to PGF2a endothelins and finally increase the myometrial
sensitivity to oxytocin [51-56].

7.2 Chorioamnionitis

It is observed in 12% of premature labors with intact membranes. Histological
diagnosis of chorioamnionitis is 40% confirmed in the placenta.

It is also known that frequency of choriomnionitis is inversely proportional with
gestational age.

8. Preterm labor and genetic background
8.1 Modern molecular biology certifies a premature gene

Quickly developing fields studying human genome (genomic) and protein products
(proteomic) may allow the identification of genes and proteins respectively involved
in the pathology of PT, making in this way it is possible to develop concrete diagnostic
and therapeutic approaches against that. The use of DNA arrays helps to identify the
different gene expression and their involvement in childbirth, early or full term.

Reduced expression insulin-dependent factor II (IGF-II), of galgranulin A and
B (calgranulin A and B) and of the G-protein-binding receptor (G-protein-coupled
receptor) was observed in the myometrium during childbirth - in contrast increased
expression of the binding genes protein storage of insulin-dependent IGFs (IGF-
binding protein), the binding of the Ca2+/CaM ion protein (Ca2+/CaM binding
protein), the C-kinase substrate (kinase C substrate) and the converting enzyme of
angiotensin-converting enzyme is noticed. Also, the use of DNA arrays in expression
of their cytokine genes fetal membranes of women with endometrial inflammation
and who gave birth prematurely, showed hyper-expression in 22 genes and sub-
expression in 4 on a total of 90 of genes studied. The IL-1p genes of oncostatin M and
the enhancer pre-B-cell enhancing factor factor) were those with the greatest differ-
ence expression.

These studies demonstrate the potential for genomic research in the identification
of genes involved in the pathophysiology of complex diseases, as in the case of PB.

Although the results of studies with the use DNA arrays may show significant
over- or under-expression in a set of genes, that not necessarily related to level
changes of their protein expression [50-60].

DNA analysis is based on molecular biology methods, such as:

1. The investigation of the functional variability of the candidate gene.
2.Northern blots analysis.
3.Linkage analysis.

4. Subtractive hybridization.
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Mutations and polymorphisms in the cytokine genes seem to be involved in
pathogenesis of preterm labor. There is an association between preterm labor and
the functional change of a cytokine gene. So, mother’s carriers of this mutations,
may be can be intensively followed up in the future [51-56].

Proteolytic action of MMPs on fetal membranes and cervical mucus leads to
progressive cervical effacement and therefore to PROM.

Bleeding observed in more than 2 trimesters increases the relative risk of PROM
7 times.

According to Salafia et al. [61], in 38% of preterm labors hematoma and/or
hemosiderin deposition was detected, instead 0.8% in full-term pregnancies.

According to Gargano et al. [62], in cases of preterm labor, Factor V Leyden
& angiotensinogen -6G mutations are associated with an increased relative risk (OR:
4.8) of placental abruption in Caucasians but not in African-American
pregnant women.

It is also found increased frequency of PROM in women with increased TF
(tissue factor - major cellular mediator of hemostasis).

Uterine overdistension due to multiple pregnancy or polydydramnios are the
most common risk factors for preterm labor. Uterine distension leads to oxytocin
receptors activation and increase of PG and MLCK.

According to Nemeth et al. [63] fetal membranes rupture stimulate the cyto-
kines, PGs and collagenase production. Warren et al. [64] suggest that cervical
incompetence may have a genetic background alleles that control anti-inflammatory
mediators, that were found in women with high risk for cervical incompetence.
Sanbhag et al. [65] women diagnosed with CIN III are in high risk for preterm labor
even have not been cured by cone-biopsy. Congenital cervical incompetence is
basically rare [51-56].

In conclusion, preterm labor seems to be a result of the following
mechanisms:

1. Factors stimulated the HPA axon activation.
2. Inflammatory response.
3.Decidual bleeding.
4. Uterine overdistension.
Common mechanism- Contraction associated proteins (CAPs) and proteases
production.
9. Preterm labor prediction
To predict preterm labor are suggested:
1. Cervical ultrasound evaluation (18-24 Weeks).
Combination of cervical length and funneling significantly increases the pos-
sibility of preterm labor.
Combination of cervical length and dilatation of internal os, increases the

sensitivity, but only 29%.

2.Fetal fibronectin (FFN).
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10. Recommendation as routine method in high risk pregnancies

Nowadays, diagnostic view is focused on score systems that combine ultra-
sound, biochemical and endocrinologic parameters with molecular methods, such
as fetal DNA measurement in maternal circulation. Not rarely, among asymp-
tomatic or low risk pregnancies may be can be found high risk pregnancies for
preterm labor.

There is a significant statistical correlation between preterm labor and cervical
length <20 mm—25 mm [56, 66-69].

11. Controversial aspects for the efficacy of ultrasound examination

Transvaginal cervical length measurement between 18 and 24 weeks is com-
monly suggested as a reliable index of preterm labor. On the other hand, some
studies support that generalized preventive cervical measurement has no sufficient
evidence.

The timing of cervical measurement in asymptomatic pregnancies with
increased risk for preterm labor (history of preterm labor and history of PROM)
seems to significantly affect the estimated risk of preterm labor.

Some other studies propose the combination of cervical length measurement
and the detection of fetal fibronectin.

Transvaginal ultrasound confirm the preterm labor diagnosis in high risk
pregnancies, especially when was applied in the first trimester.

Regarding the cervical cerclage as a method of preventing preterm labor,
we clearly suggest that it should be performed only in women with previous
history of preterm labor and if ultrasound examinations indicate cervical
incompetence.

12. Biochemical markers of preterm labor
1. Vaginocervical cytokines
2. Vaginocervical and/or proteases

3.Maternal and/or fetal distress index CRH (Corticotropin-releasing hormone)
estradiol, estriol (plasma, urine)

4.Fibronectin (vaginocervical)
12.1 Vaginocervical fetal fibronectin (fFN)

Vaginocervical fetal fibronectin (fFN) is a glycoprotein of the extracellular
matrix that affects the maintenance of placental adherence to the maternal decidua.
Generally, fFN can be found in cervicovaginal fluid early in gestation until 20th
week. The detection of fFN after the 20 week may indicate a disruption of the
decidual-chorionic interface of the amniotic membrane and is linked with a signifi-
cant increased risk of preterm labor. Diagnostic tests based on fFN have sensitivity
81.7% and specificity 82.5%.

The absence of FFN is a strong marker that preterm labor is unlikely to occur
within the next 7-14 days. So, negative prognostic value in some studies exceed-
ing 99%. The prognostic value of FFN is higher in pregnancies 24-28 weeks, in

72



Premature Birth, Management, Complications
DOI: http://dx.doi.org/10.5772/intechopen.98324

comparison with older gestational ages and much stronger for short-term predic-
tions (7-14 days), than in using for the overall outcome [56, 66-69].

13. Preterm labor diagnosis

Painful contractions are observed at regular intervals combined with progressive
effacement and dilation of the cervix. However in 50% of cases contractions may
not induce premature labor.

14. Pre-symptomatic control for preterm labor

Cervical assessment is necessary to evaluate the risk for preterm labor. Cervical
length <15 mm observed in 2% of women in 23th w, in 90% of cases happens labor
before 28 weeks.

Cervical length >15 mm implies 4% risk for preterm labor.

Cervical length < 5 mm implies 78% risk for preterm labor.

High Bishop’s score increases the risk of preterm labor.

Using the ultrasound cervical length measurement we have to remember that
normal average is about 34-40 mm, without bulging of the fetal membranes into
the internal os. The major risk factor coming from obstetric history that can be used
for the evaluation of preterm risk in the current pregnancy is the previous preterm
labor. Avoiding factors as urinary tract infections, vaginal infections, smoking, drug
abuse and physically demanding work is also important [56, 66-73].

14.1 Fetal fibronectin measurement

Fetal fibronectin helps to maintain the integrity of the extracellular matrix
between chorion villi and basal decidua. It is usually not detected after 20 weeks
and until the membranes rupture happens.

If fibronectin was detected, the risk of preterm labor significantly increases.

The presence of fibronectin at 23 weeks implies 60% possibility for labor before
28th week.

15. Preterm neonates and prematurity complications

The prematurity importance is related to the complications that brings both for
the newborn survival as well as for the later development. These complications are
often unknown and maybe have unclear long-term effects. Medical decisions are
normally defined by the possible effects in combination with the available informa-
tion depending on the gestational age.

Complications of preterm labor arise from immature systems and organs that
are not able to normally function in a ecto-uterine environment. The risk of acute
neonatal disease decreases with advancing gestational age demonstrating the
fragility of the brain, lungs, immune system, kidneys, skin, eyes and gastrointesti-
nal tract.

15.1 Disorders of preterm neonates

The following are the most important acute and chronic problems faced by
premature infants admitted to the Intensive Care Unit. More specifically, these refer
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the developmental and mental retardation, cerebral palsy, deafness, blindness,
transient dystonia, feeding difficulties and speech delay [70-83].

15.1.1 Disovders of thermoregulation

Premature infants usually present difficulties in thermoregulation due to
the immaturity of the homeostatic mechanism of production and elimination.
Contributing factors include the large ratio of body surface area/weight, thin and
immature skin, immaturity of the autonomic nervous system and incomplete
development of sweat glands that can allow increased heat and fluid loss.

15.1.2 Newborn respivatory distress syndrome

Newborn Respiratory Distress Syndrome (NRBS) or hyaline membrane
disease is caused due to the deficiency of surfactant factor and is clinically mani-
fested with respiratory distress of varying severity. Its frequency is inversely
proportional to gestational age, reaching 80% for premature infants born before
28 weeks. Surfactant factor is produced by pneumocytes type II and reduces
cell surface tension by preventing the development of atelectasis at the end of
expiration.

In premature infants, in which the surfactant is deficient, cell atelectasis devel-
ops and gas exchange is disrupted. Newborns with RDS show respiratory distress
immediately after birth or within the first 4 hours, clinically presented by tachy-
pnea, intercostal or subcostal retraction, wheezing, tachycardia and cyanosis.

Diagnosis based on x-ray chest as there are characteristic findings, consisting of
an air bronchogram and a reticular appearance that can reach to complete opacity.
Treatment is etiological by intratracheally administration of exogenous surfac-
tant factor.

Symptomatic treatment of NRDS is based on oxygen administration and
continuous positive airway pressure (CPAP) can be applied with a nasopharyngeal
catheter or mechanical ventilation through a tracheal tube [70-83] (Figures1-3).

Figure 1.
Intubated neonate.
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Figure 2.
CPAP in preterm neonate.

15.1.3 Apnea prematurity and bradycardia

In preterm neonates born < 32 weeks of gestation, apnea episodes are com-
mon, characterized by periods of stop breathing lasting more than 10-15 seconds,
accompanied by cyanosis and bradycardia.

15.1.4 Bronchopulmonary dysplasia

Bronchopulmonary dysplasia or chronic lung disease is the most common
lung disease affecting premature neonates. It is characterized by rapid and shal-
low breathing, dyspnea, shortness of breath, cough, and need for more oxygen.
Bronchopulmonary dysplasia may be a temporary condition, but in some children,
symptoms persist into adulthood, increasing the risk of developing chronic respira-
tory disease, such as chronic obstructive pulmonary disease (COPD) [70-83].

15.1.5 Cardiovascular disorders

These symptoms include prolonged capillary refill (>3 seconds), paleness,
decreased muscle tone, lethargy, tachycardia followed by bradycardia and persistent
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Figure 3.
Preterm neonateweight 490 gr, 23 W,

respiratory distress, despite oxygen administration and mechanical respiratory
support. In some neonates, hypotension appears from the beginning or as a late sign
of shock [70-83].

15.1.6 Patent ductus arteriosus (PDA)

The major cardiovascular disorder of premature neonates is the patent ductus
arteriosus stay. Its frequency reaches 25% of the total in all preterm infants and
exceeds 50% in those born less than 1000 grams.

PDA may be asymptomatic or clinically presented by intense heartbeat,
Corrigan pulse, and systolic or continuous murmur. If there is severe left-right
escape, it causes pulmonary congestion with difficulty breathing and increased
need for oxygen and mechanical respiratory support. Other manifestations include
tachycardia, hepatomegaly, heart failure, and recurrent episodes of apnea. The
diagnosis is based on chest X-ray which shows pulmonary edema or an increase
heart shadow and on clinical examination. Finally, it is confirmed by echocardio-
gram, heart and large vessels Doppler. Treatment includes fluid restriction and
administration of indomethacin or ibuprofen. If conservative treatment does not
work then duct surgical ligation is performed [70-83].

15.1.7 Neurological disorders

Central nervous system of preterm neonates is really susceptible specifically in
damages caused by labor injuries that can affect the immature intracranial struc-
tures, by the capillary bleeding, by coagulation disorders and recurrent hypoxia.
It’s also worth to mention the perseverance for hypoglycemia and blood pressure
fluctuations that reflect in cerebral flow and pressure [70-83].

15.1.8 Neonatal brain hemorrhage

Cerebral bleed is one of the most serious problems of prematurity, as it is the
commonest cause of death and disability. Its frequency is inversely proportional to
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gestational age and occurs in 50-60% of newborns born less than 1000 grams and
in 10-20% of newborns with a birth weight of 1000 to 1500 grams [3].

The frequency has actually decreased in recent years, however, cerebral hemor-
rhage remain a major complication, as the survival of very preterm infants increases.
90% of brain bleeding occur in the first 3 days of life and starts in the germinal matrix,
a group of immature thin-walled capillaries which is located on the head of the
caudate nucleus and underneath ventricular ependyma, behind the Monroe foramen.

Size of this area is gradually decreasing, starting from 2.5 mm at 23-24 weeks
to 1.4 mm at 32 weeks, and is completely regressed at 34 weeks. The diagnosis of
cerebral hemorrhage and its complications based on brain ultrasound [70-83].

15.1.9 Gastrointestinal disorders

Nutrition improvement is particularly essential in the treatment of low birth
weight full-term infants as well as in preterm neonates. All preterm infants are at
risk due to limited nutrient stores and specific physical and developmental charac-
teristics [70-83].

15.1.10 Necrotizing enterocolitis

The incidence of the disease in extremely preterm infants can reached 10% and
the mortality in these children is about 30%. Prematurity is the most important
risk factor.

The onset of the disease initiates usually within the first 10 days of life (in 90%
of cases), but can range from the 1st day of life until to the 3rd month.

Symptoms in newborns vary and in mild cases recess without important sequel.
Abdominal distention and lethargy are early signs of a more serious form of the
disease, followed by bilious vomiting, gastrointestinal bleeding and, in severe cases,
erythema of the anterior abdominal wall (especially in periumbical region).

The prognosis is actually bad and mortality rate can reach up to 20%. Bowel
stenosis and malabsorption syndrome in cases of surgical resection of a large part of
the intestine are some long-term complications [70-83].

15.1.11 Hematological disorders

The premature neonate is usually predisposed to hematological disorders due to
increased capillary fragility, increased bleeding mood, slow red blood cell production,
increased fetal hemoglobin, blood loss due to frequent peripheral blood draws and
decreased albumin levels in peripheral blood. These newborns are checked for signs of
bleeding at the puncture site, in the gastrointestinal tract and in the respiratory system.

15.1.12 Metabolic disorders
* Hypocalcaemia
* Hypoglycemia

Hypoglycaemia is defined as a fall in serum glucose below 40mg/dl for preterm
and full-term infants.

* Hyperglycemia

Hyperglycemia is defined as an increase in the plasma glucose value>
130 mg/dl.
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Retinopathy of prematurity

It is observed in very premature infants, who have been given oxygen in large
concentrations and for a long time. After the recognition of the administered
oxygen as a causative factor, the retinopathy of prematurity is now a rare disease.
Newborns who are more likely to develop retinopathy are those weighing less
than 1,500 grams and those who have been given oxygen in high doses for a
prolonged therapy.

* Neonatal jaundice

Jaundice is probably the most common neonatal disorder especially in prema-
ture neonates.

15.2 Preterm labor management

Maternal well-being control (infection; bleeding; WB; CRP; Urine and vaginal
culture).

Fetal Well-being control (NST, US, Blood pressure, Doppler).

Corticosteroids administration if preterm labor <34 weeks is possible (beta-
methazone, dexamethazone) result to decrease newborn respiratory distress
syndrome (50%), necrotizing enterocolitis and intraventricular hemorrhage.

Corticosteroids are contraindicated in cases of maternal sepsis.

Antibiotics: are not routinely recommended, if maternal infection is absent.

Tocolysis is recommended at least until steroids administration is
completed [70-83].

15.2.1 Contraindications of tocolysis
A. Relatives

Severe Vaginal bleeding
Preclamspia
Severe fetal growth restriction

B. Absolute

Fetal death

Fetal anomalies incompatible with life
Chorioamnionitis

Severe fetal distress

Maternal indication for delivery

16. Conclusion

Despite the great progress of neonatology and prenatal medicine, prematurity
is a serious factor in neonatal morbidity and mortality. Causative factors leading
to prematurity have not yet been completely identified and are a really multi-
factorial condition. Preterm labor can be caused by a number of many different
factors, such as in the case of various infections or diseases of the mother, in the
absence of prenatal control, the low socio-economic level. Preterm labor is a
traumatic experience and extremely stressful not only for the newborn but for the
whole family.
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Parents are possessed by feelings of frustration, failure as well as anxiety about
the survival and future development of their baby.

The severity of a preterm birth lies in the fact that premature neonates are at
greater risk for short-term and long-term complications including normal physical
and mental development, disability and congenital disorders.

This is because the newborn is fully developed in the last weeks of pregnancy.
That’s the reason that medical and obstetric staff should contribute from the begin-
ning of a pregnancy, in the investigation of all the causes of preterm labor in order
to apply in clinical routine the appropriate treatment protocols.
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Chapter 5

Papillary Neoplasm of
Breast-Changing Trends in
Diagnosis and Management

Amyrit Pal Singh Rana and Manjit Kaur Rana

Abstract

Papillary neoplasm of breast comprises of seven separate heterogeneous entities
ranging from benign, atypical and malignancy including non-invasive and invasive
carcinoma. Papillary carcinoma (PC) is seen more commonly in older postmeno-
pausal women with favorable prognosis. PC breast typically presents with bloody
nipple discharge and an abnormal mass with radiologic features of intraductal mass.
Encapsulated PC and solid PC is to be treated as in situ carcinoma, but distinction
of invasive PC from non invasive carcinoma is critical both at microscopic and
molecular level. So, surgical excision should be the choice of definitive diagnostic
technique in papillary neoplasm instead of core needle biopsy. Furthermore, treat-
ment guidelines for invasive PC also have been framed, but incidence of recurrence
and death attributable to various subtypes of carcinoma remained same. So, this is
important topic to be addressed to understand the need for further management
and outcome of the disease.

Keywords: papilloma, invasive carcinoma, intraductal, carcinoma in situ,
solid papillary carcinoma

1. Introduction

Papillary neoplasm of the breast is a broad range of heterogeneous group of
lesions that are characterized by presence of papillae supported by fibrovascular
cores lined by epithelial cells with or without myoepithelial cell layer. These neo-
plasms may be benign, atypical or malignant and are difficult to diagnose. The main
diagnostic concern is differentiating benign and malignant lesions, which can be
challenging both on imaging as well as on histopathological examination [1].

2. Definition of papillary neoplasm breast

World health organization (WHO) in 2021 classified breast intraductal papillary
neoplasm as intraductal papillomas (intraductal papilloma with atypical hyper-
plasia, intraductal papilloma with ductual carcinoma in situ (DCIS), intraductal
papilloma with lobular carcinoma in situ), intraductal papillary carcinoma (solid
papillary carcinoma, encapsulated carcinoma) and invasive carcinoma [1, 2].
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3. Epidemiology
3.1 Age and sex

The benign conditions are commonly seen in between 30 and 50 years of age
and PC commonly affects postmenopausal age group. Papillary neoplasms have sex
predilection for females though intracystic papillary carcinoma (IPC) is rarely seen
in males too. The clinical presentation in males and females is similar except for a
higher median age in males [3, 4].

3.2 Incidence

Papillary neoplasms are less commonly seen and account for less than 3% of
breast tumors and PC of the breast accounts for 0.5-1% of breast cancer [5]. The
frequency of lymph node involvement in invasive papillary carcinoma, its local
recurrence and distant recurrence may be 0-11%, 3-70% and 0-4%, respectively.
Solid papillary carcinoma (SPC) constitutes only 1% of all the breast carcinomas,
presenting as localized mass in approximately 90% of the cases, lymph node
metastases in 8%, and distant metastases in less than 0.8% only. Intracystic papil-
lary carcinoma also has localized involvement in approximately 89.6% of the cases
with 0.4% distant metastases [6, 7].

4. Pathophysiology

Many researchers have analyzed the risk factors for malignant transformation
in benign papilloma of breast, however the results remain inconsistent. Some
investigators considered same attributable factors for carcinoma arising in papillary
neoplasm as that of other carcinomas. The contributing predisposing risk factors
are age, family history, genetic predilection, diet and weight gain, alcoholism, and
endocrine factors [8, 9].

5. Clinical features

Papillary neoplasms may be central and peripheral in location and solitary or
multiple in number. And most papillomas are centrally located with a wide age
distribution and originate in the large ducts, and are typically solitary. The most
common clinical presentation is serous or serosanguineous nipple discharge.

The benign solitary papilloma has 1.5 to 2.0 times high risk of breast carcinoma
whereas four times increased risk of malignant transformation is noted in atypi-
cal papillomas. The peripheral papillomas arise in the terminal duct lobular units
and are often discovered incidentally on imaging studies and risk of carcinoma

is even higher than solitary papilloma. And very rarely, benign papillomas of
breast presenting with local or distant metastases have been reported [10-18].
However, behavior and management of papillary carcinoma whether in situ or
invasive remain a matter of debate. The lymph node involvement, local recur-
rence and distant recurrence may be seen. Solid papillary carcinoma are localized
lesions and may involve lymph node however distant metastasis is rare [6, 7].
Common clinical features include nipple discharge and palpable masses in some
cases, however papillary lesions may be diagnosed in asymptomatic women or on
screening [19].
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6. Diagnosis

Treatment of benign papillary neoplasms require careful evaluation as the
presence of papillary architecture is known to be associated with a higher risk of
carcinoma breast [20]. The precise diagnosis of papillary neoplasm of the breast
is difficult on cytomorphological charaterstics alone. A benign diagnosis on fine
needle aspiration or core needle biopsy may not completely exclude malignancy
especially if it manifests as focal carcinoma in-situ or abruption of the myoepithe-
lial layer. Microcalcification is an important factor in the management of breast
intraductal papillomas diagnosed on core biopsy [21-24]. The benign papillary
lesions can be diagnosed with sonographically guided 14-gauge core needle biopsy.
The sensitivity for detecting papillary lesions is greater by ultrasound than mam-
mography. The USG findings of papillary neoplasm are found to be correlated with
pathologic findings [13, 25]. Recently, automated breast ultrasound scanners have
been developed, and the ultrasound volume data set of the whole breast can be
acquired in a standard manner [26]. MRI features including a mass size exceeding
10 mm may indicate a papilloma with high-risk or malignant lesions [27].

However, histopathological examination is the gold standard tool for the
diagnosis. Nevertheless, the morphology is more important than the immunos-
taining pattern, and diagnosis of neoplastic proliferation should not be made on
the immunostaining pattern alone. For intraductal papillary neoplasm CK5/6
is good marker to differentiate between intraductal hyperplasia (CK5/6 posi-
tive) and intraductal proliferation resembling DCIS or ADH (CK5/6 negative).
Immunohistochemical examination with CK5/6 and a panel of two myoepithelial
markers (p63, SMA, CD10, calponin) acts as useful tool in assessing papillary
neoplasms of the breast [28, 29].

7. Treatment and prognosis

The treatment of benign and atypical papilloma is being evolved. The surgical
excision of all papillary lesions is recommended for definitive diagnosis and stan-
dard management for malignant papillary lesions [24, 30]. Li X et al. suggested the
vacuum assisted excision is applicable for complete excision of small papillomas,
even papillomas with atypical hyperplasia [31]. Bianchi et al. also emphasized that, in
addition to surgery, vacuum assisted excision of beingn intraductal papilloma may be
done [32]. However, some authors have recommended that benign papillary lesions
diagnosed by core needle biopsy (CNB) might not require immediate excision, but
may be safely managed with imaging follow-up for at least 5 years rather than with
surgical excision [33, 34]. Accurate results and coordination between a trained
radiologist and pathology are of utmost importance in the decision making between
follow-up or surgery [35]. However, Fatima K et al. have observed no reliable clinical
or imaging features that can pre-surgically predict atypical upgradation or malignant
potential [30]. Tokiniwa H and fellows detected surgical excision advantageous for
papillary lesions especially for the lesions located far from the nipple [36]. The atypi-
cal papillary lesions should be excised surgically (Figure1) [37].

Intraductal carcinomas like encapsulated papillary carcinoma (EPC) with
presence of myoepithelial cells at the periphery should be treated as DCIS and with
lack of myoepithelial cells may behave in an indolent invasive pattern with reported
lymphnode metastasis and lymphovascular invasion. The present harmony is to
manage EPC as in situ disease, though recurrence may be seen associated with
aggressive behavior (Figure 2).
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Figure 1.
Surgically excised specimen of papillary neoplasm.
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Figure 2.
Surgically excised specimen of EPC.

Due to lack of evidence of behavior and criterion of diagnosis, SPC is difficult to
categorize as benign or malignant and current consensus is to consider it as an in-
situ disease. Consensus is to treat these types of neoplasms for local control without
axillary node sampling or systemic therapy. Inspite of very low risk of metastatic
potential, evidence does not support use of conventional forms of adjuvant systemic
therapy. IPC is known to have benign behavior with 100% disease-specific survival
rate so to be treated with similar way to other types of carcinoma breast except in
cases with moderate nuclear atypia [7, 38].

8. Conclusion

Papillary neoplasm is difficult to detect and diagnose, if diagnosed, surgical
excision is the treatment of choice. Encysted and solid papillary carcinoma should
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be treated as DCIS, irrespective of nuclear grading. Amongst imaging studies ultra-
soography is better than mammography. In difficult cases immunohistochemical
markers (CK 5/6 and minimum two myeloepithelial markers provide the support.

Invasive papillary carcinoma may be treated as per guidelines of invasive carcinoma
breast and shows good prognosis.
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Chapter 6

A Review of Progesterone Effects
on Human Melanoma Cell Growth
In-Vitro

Pandurangan Ramaraj

Abstract

Progesterone, a female sex hormone not only has a role in reproduction, but
also in protecting females in melanoma. A survey of steroid hormones actions
steroid hormones actions survey on melanoma cells and literature survey showed
that progesterone inhibited mouse and human melanoma cell growth significantly
in-vitro. Progesterone not only inhibited cell growth, but also affected adhesion and
migration functions (essential for metastasis) in-vitro. This observation correlated
with the clinical studies where they had shown showed an increased survival and
delayed metastasis in menstruating females in melanoma. Further, progesterone
level in menstruating females (1000-1500 ng/dL) compared to post-menopausal
females (20-100 ng/dL) also correlated with previous clinical studies. Progesterone
action on melanoma cells, as reported by other researchers also supported the
findings from this lab. Hence, progesterone could be the steroid hormone protect-
ing menstruating females in melanoma. Moreover, our recent studies showed that
progesterone suppressed pro-inflammatory cytokine IL-8 secretion by the mela-
noma cells, which decreased melanoma cell growth in-vitro. Hence, progesterone
apart from reproductive function may also be involved in protecting menstruating
females in melanoma.

Keywords: progesterone, menstruating females, protection in melanoma,
IL-8 secretion

1. Introduction

Skin is not only a largest organ in the body, but also an endocrine organ and
a target site for other hormones [1-3]. Skin has all the elements of a functional
hypothalamo-pituitary-adrenal axis [4]. So, it has CRH (corticotropic releas-
ing hormone), POMC (pre-opiomelano cortin) and associated peptides ACTH
(adreno corticotropic hormone), a-MSH (a-melanocyte stimulating hormone),
B-endorphin [5]. Expression of these peptides is environmentally regulated and
their dysfunction can lead to skin and systemic diseases [6]. Skin neuroendocrine
system acts by preserving and maintaining the skin structural and functional
integrity [7]. This network allow skin to maintain local and global homeostasis that
is vital for survival [6, 7]. Skin and hair follicles not only have functional melatonin
receptor, but to a larger extent serve as an extra-pineal organ to synthesize melato-
nin [8]. Skin has the ability to synthesize glucocorticoid from cholesterol or from

99 IntechOpen



Global Women’s Health

steroid intermediates of systemic origin [6]. By interacting with glucocorticoid
receptor, immune functions and physiological functions of epidermal, dermal and
subcutaneous structures are regulated [9]. Since, synthesis and site of actions of
hormones are nearby, it suggests auto, para and intracrine mode of actions. Levels
of local production changes in response to environmental stress. This local glu-
costeroidogenesis is essential for skin homeostasis and prevent skin pathology. Sex
steroids such as androgens, estrogens and progestins are essential for a healthy skin
[1, 2]. Melanocyte, which is transformed to melanoma is also under the influence
of melanocyte stimulating hormone (MSH) from pituitary. Generally, melanoma
is not labeled as a hormone dependent cancer because of the fact that ultraviolet
(UV) rays from the Sun is the major cause for melanoma [10]. UV rays cause deoxy
ribonucleic acid (DNA) damages and other inflammatory changes in the skin,
which result in skin cancer [11]. About 90% of melanoma is caused by environmen-
tal factors such as UV rays, radiations and only 10% is inherited in the family. So,
melanoma is never considered as a hormone dependent cancer. However, existing
evidences point to a hormone relatedness to survival or a hormone responsive
nature of melanoma [12, 13].

2. In-vitro studies from our lab

In-vitro studies from our lab showed the involvement of progesterone in the
regulation of mouse and human melanoma cell growth.

2.1 Effect of Steroids on mouse melanoma (B16F10) cell growth

Initially four sex steroids viz., dehydroepiandsterone (DHEA), androstenedione
(AD), testosterone (T) and progesterone (P4) were used to find out their effect on
mouse melanoma (B16F10) cell growth. Though all four steroids showed a dose-
dependent decrease in cell growth, yet progesterone alone showed a significant
inhibition of the mouse melanoma cell growth [14].

2.2 Dose-response curves with mouse (B16F10) and human (BLM) melanoma
cells

As the initial study was carried out at high concentrations (100, 150 and
200 pM). dose-response study was carried out to rule out toxic effect of steroids
on melanoma cell growth inhibition. Mouse (B16F10) and human melanoma
(BLM) cells showed a dose-dependent cell growth inhibition, suggesting the
inhibition was a biological action and not a toxic inhibition of cell growth at high
concentrations [14, 15].

2.3 Effect of related steroids on mouse melanoma cell growth

A weak androgen DHEA also inhibited mouse melanoma cell growth, but it
was not as significant as the inhibition of progesterone on mouse melanoma cells.
But, RU-486 a progesterone receptor antagonist and also a glucocorticoid receptor
antagonist showed significant inhibition of mouse melanoma cell growth [14, 15].

2.4 Mechanism of progesterone and RU-486 actions

Since progesterone and its receptor antagonist (RU-486) showed significant
inhibition on melanoma cell growth, it raised the question whether progesterone
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receptor was involved in this action. However, a co-incubation experiment of
progesterone and RU-486 showed an additive effect on melanoma cell growth inhi-
bition, suggesting that the action was not mediated through progesterone receptor
and that each hormone acted through different mechanisms resulting in an additive
effect on the inhibition of melanoma cell growth. Similarly human melanoma cell
growth showed an additive effect on cell growth inhibition, when progesterone

at fixed concentration (10 pM) was co-incubated with varying concentrations of
RU-486 (10, 50 and 100 pM).

2.5 Dose-curve with cholesterol to check non-specific action of steroids

Since inhibition was seen with DHEA, progesterone and RU-486, it raised the
question whether it was a specific effect on melanoma cell lines or common effect
on all cancer cell lines? So, cells were incubated with cholesterol the parent com-
pound of all steroids. Though, cholesterol showed initial decrease in cell growth,
it failed to show a dose-dependent inhibition of cell growth. It was almost flat line
from 10 pM to 200 pM, suggesting that the inhibition by progesterone and RU-486
was specific to melanoma cells.

2.6 Effect of progesterone and RU-486 on human gastric cancer cell (NUGC3)
line

The effect of progesterone and RU-486 seen on mouse and human melanoma
cells raised the question whether it was a non-specific effect on melanoma cell lines.
So, progesterone and RU-486 were incubated separately with human gastric cancer
(NUGCS3) cell line. Progesterone and RU-486 did not show a significant inhibition
as seen that of on melanoma cells, suggesting the inhibition was specific to mela-
noma cells.

2.7 Effect of progesterone and RU-486 on normal rat vascular smooth muscle
cells

So far experiments were carried out on transformed cells and hence the effect on
normal cells was not known. So, normal rat vascular smooth muscle cells were used.
Progesterone and RU-486 were incubated with smooth muscle cells, which did not
show a significant inhibition, suggesting progesterone and RU-486 inhibition were
specific to melanoma cells.

2.8 Mechanism of inhibition of human melanoma cell growth

As progesterone showed a dose-dependent inhibition of human melanoma
(BLM) cell growth, the mechanism of inhibition was determined. After ruling
out necrosis and apoptosis, autophagy [12] as the mechanism was detected by
co-incubation with 3-MA (methyl adenine) and progesterone. Results showed a
partial increase in cell growth (rescue of cell growth) with 3-MA and progesterone
co-incubation compared to cells incubated with progesterone alone, suggesting the
mechanism of inhibition of cell growth was due to autophagy.

2.9 Other in-vitro functions inhibited by progesterone
Progesterone not only inhibited cell growth, but also other in-vitro functions

such as adhesion and migration. Both adhesion and migration functions were
essential for metastasis. Clinical study showed that menstruating females were
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better protected in melanoma in terms of increased survival and delayed metastasis
than post-menopausal women and men of any age. Literature survey also revealed
that progesterone level in menstruating females was 100-150 ng/ml in the follicular
phase and 1000-1500 ng/dL in the luteal phase [16]. Whereas, post-menopausal
females’ progesterone level was 20-100 ng/dL and males’ levels were between 27
and 90 ng/dL. The last two groups were not protected in melanoma, as per the
clinical studies. In fact, progesterone in-vitro action also suggested the same. Study
of progesterone effect on melanoma cells by other researchers also showed the
effect of progesterone on other human melanoma cell lines. Fang et al. from China
showed inhibition of A375 and A875 cell line growth by progesterone and RU-486
and that their actions were not mediated through progesterone receptor [17].
Moroni et al. [18] repeated the study with the same lines using progesterone con-
centrations up to 1000 pM. Kanda and Watanbe [19] already showed the inhibition
of human melanoma cell growth by progesterone along with dihydrotestosterone
(DHT) and estradiol (E2). However, these studies did not correlate progesterone
with the protective function as reported by the clinical studies.

3. Summary

Progesterone, a female sex steroid significantly inhibited mouse and human
melanoma cell growth significantly in-vitro. RU-486, a progesterone receptor
antagonist also significantly inhibited melanoma cell growth significantly. But
the action was not mediated through progesterone receptor. In addition, effect of
progesterone and RU-486 were found to be not a spurious or a toxic action. In-vitro
studies also showed that progesterone inhibited human melanoma cells and the
mechanism of inhibition was due to autophagy. Progesterone also inhibited adhe-
sion and migration functions (essential for metastasis) of human melanoma cells
in-vitro. This observation correlated well with the previous clinical studies which
reported that menstruating females were better protected (increased survival and
delayed metastasis) in melanoma than post-menopausal women and men of any
age. Research works around the globe also showed inhibition of human melanoma
cells by progesterone. Progesterone action was mediated by the suppression of IL-8
secretion by melanoma cells.

4, Conclusion

As shown by the in-vitro studies, progesterone could be protecting menstruat-
ing females in melanoma. In fact progesterone could be the appropriate steroid
because progesterone is anti-inflammatory in nature. Further studies from our lab
showed that progesterone suppressed pro-inflammatory cytokine IL-8 [20]. In
fact, progesterone could be the appropriate steroid because progesterone is anti-
inflammatory in nature. So, progesterone action could be mediated by the suppres-
sion of pro-inflammatory cytokine IL-8, which decreased melanoma cell growth
in-vitro. Hence, survival of menstruating females in melanoma may be dependent
on progesterone. So, progesterone apart from its effect on reproduction has also a
role in protecting females from melanoma.
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Abstract

Extracellular vesicles (EVs) are a heterogeneous group of endogenous nanoscale
vesicles that are secreted by various cell types. Based on their biogenesis and
size distribution, EVs can be broadly classified as exosomes and microvesicles.
Exosomes are enveloped by lipid bilayers with a size of 30-150 nm in diameter,
which contain diverse biomolecules, including lipids, proteins and nucleic acids.
Exosomes transport their bioactive cargoes from original cells to recipient cells,
thus play crucial roles in mediating intercellular communication. Breast cancer is
the most common malignancy among women and remains a major health problem
worldwide, diagnostic strategies and therapies aimed at breast cancer are still
limited. Growing evidence shows that exosomes are involved in the pathogenesis of
breast cancer, including tumorigenesis, invasion and metastasis. Here, we provide
a straightforward overview of exosomes and highlight the role of exosomes in the
pathogenesis of breast cancer, moreover, we discuss the potential application of
exosomes as biomarkers and therapeutic tools in breast cancer diagnostics and
therapeutics.

Keywords: extracellular vesicles, exosomes, breast cancer, miRNAs

1. Introduction

Extracellular vesicles (EVs) are heterogeneous membrane-bound vesicles which
originate from endosomal or plasma membrane called exosomes or microvesicles,
respectively [1]. The release of EVs was initially identified as a mode for cells to
eliminate unwanted substances, however, the initial view with regard to EVs has
changed dramatically with the deepening of research, and their crucial roles in
diverse physiological and pathological processes have attracted extensive attention.
According to their original cells, EVs are loaded with a specific set of preassembled
bioactive cargoes, and give rise to phenotypic and genotypic changes in recipient
cells [2, 3]. These cargoes enclosed within EVs are biologically significant, for exam-
ple, three EV subtypes including one microvesicle and two exosome populations
released by LIM1863 CRC (colorectal cancer) cells have distinct miRNA expression
profiles [4]. EVs contribute to numerous aspects of normal physiological processes,
including blood coagulation, immune surveillance, tissue repair and stem cell
maintenance [5]. They are also closely related with diverse human diseases, includ-
ing cancer, infectious diseases, neurologic diseases and cardiometabolic diseases
[6]. Exosomes are a subtype of EVs and the application of exosomes as biomarkers
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and therapeutic tools has appeared as a promising area of research due to some
preponderant properties of exosomes. Exosomes can be released according to the
command received from adjacent and distant cells, or in response to the stimula-
tion induced by local conditions [7]. Both normal and pathological cells are capable
of secreting exosomes and they are stable in biological fluids [8]. Breast cancer is
the most common malignancy affecting women, and its morbidity and mortality
are estimated to increase in the coming years [9]. One in eight to ten women will

be diagnosed with breast cancer during their lifetime [10], and breast cancer has
seriously affected women’s health. Accumulating evidence indicates that exosomes
are involved in the pathogenesis of breast cancer, including tumorigenesis, invasion
and metastasis. Studies focused on exosomes might provide novel perspectives for
revealing breast cancer pathogenesis and improving the current poor diagnostic
and therapeutic status of breast cancer.

2. Extracellular vesicles

Cells naturally release EVs into the extracellular space, these nanoscale vesicles
encompassing bioactive cargoes play crucial roles in diverse physiological and
pathological processes. The term EVs represent several subtypes of vesicles, stan-
dardized criteria for distinguishing EVs subtypes are still under discussion, but it
is universally acknowledged that they can be classified as two main categories: exo-
somes and microvesicles. Other EVs subtypes such as apoptotic bodies [11], sphere-
somes [12] and large oncosomes [13], are not mentioned in this review. Exosomes
have endosomal origin, they are 30-150 nm in diameter and float at a density of
1.13-1.19 g/ml in sucrose gradient [14, 15]. Exosomes are essentially intraluminal
vesicles (ILVs) generated by inward budding of endosomal membrane during the
maturation of endosomes, then released to the extracellular space when multivesic-
ular bodies (MVBs) (also referred to late endosomes) fuse with plasma membranes
[16, 17]. Microvesicles, typically larger than exosomes (100-1000 nm in diameter),
arise through direct outward budding and fission of plasma membrane [18], hence,
the membrane composition of microvesicles can better reflect the membrane com-
position of original cells in contrast to exosomes. Although the origin of exosomes
and microvesicles occurs at distinct intracellular locations, some common mecha-
nisms participate in both processes. The modes by which recipient cells take up EVs
including endocytosis, direct membrane fusion and receptor ligand binding [19],
but the specific molecular mechanisms deserve further investigation.

At present, the biogenesis of EVs, the substances they contain and the biologi-
cal effects they promote have been extensively studied, which make people find
out the potential of EVs in clinical application. EVs subtypes like exosomes and
microvesicles may perform different functions, and it is absolutely necessary to
isolate high-purity EVs subtypes, which will be crucial for EV-related functionality
and therapeutic value studies. But even in EV preparations with high-purity, elec-
tron microscopy (EM) results imply that they still contain co-purifying elements
[20]. The isolation of EVs is challenging because EVs subtypes have some similari-
ties, including their size, density, composition, and surface marker proteins [21].
Meanwhile, EVs derived from biological fluids contain a mixture of multiple EVs
secreted by various cell types [22]. Therefore, it is imperative to formulate universal
standard protocols for the preparation of EVs.

Due to some peculiar characteristics of EVs, they have prominent biotechnologi-
cal potential. EVs are biocompatible and safe, coupled with nanoscale diameter,
resulting in their long blood circulation half-life and high drug loading capacity,
which makes them possible to be ideal drug delivery vehicles [23]. EVs represent
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an attractive group of therapeutic biomarkers and has tremendous potential in
immune response regulation and tissue regeneration [5, 24]. EVs are extensively
found in diverse bodily fluids, and it is a promising area to serve EVs as biomarkers
for early diagnosis and accurate prognosis. Since EVs are derived from bodily fluids,
the diagnostic methods are probably non-invasive and considerably less painful
than some existing diagnostic methods (for example, liver biopsy). Meanwhile,

the clinical application of EVs can also monitor the response of therapy, which will
contribute to convalescent process.

3. Exosomes

Exosomes are enveloped by lipid bilayers and act as mediators of intercel-
lular communication through transmitting diverse functional biomolecules from
original cells to recipient cells, and they are secreted by virtually all cell types,
such as stem cells, immune cells and tumor cells [25]. The cargoes transported by
exosomes including lipids, proteins, RNA (coding and non-coding) and even DNA
(genomic and mitochondrial) [26]. Exosomes can be detected and isolated from
diverse bodily fluids, exemplified by blood, urine, saliva, cerebrospinal fluid and
breast milk [27], they can also be obtained from cell culture-conditioned media
[28]. Some specific surface proteins are considered as the makers of exosome, such
as tetraspanin family (CD9, CD63 and CD81), heat shock protein 70 (HSP70) and
major histocompatibility complex (MHC) molecules [29]. Exosomes also contain
abundant ceramide, cholesterol and sphingomyelin, which may relate to their lipid
raft microdomains [30]. Multiple genetic materials are detected in exosomes, and
exosome-encapsulated miRNAs have obtained extra attention because of their vital
roles in regulating gene expression and can be used as biomarkers for a variety of
diseases [31].

Exosomes exhibit unique biogenesis mechanism. Plasma membrane buds
inward through endocytosis, resulting the generation of early endosomes [32]. The
process from early endosomes to late endosomes (also referred to MVBs) requires
the involvement of Golgi complex, during which ILVs also accumulate by the
invagination of endosomal membrane in their lumen [15]. Then, MVBs either fuse
with lysosomes, which ILVs are degraded, or fuse with plasma membranes, which
ILVs are released to the extracellular space as exosomes [33]. Fusion of MVBs with
plasma membrane requires the assistance of soluble N-ethylmaleimide-sensitive
fusion attachment protein receptor (SNARE) complexes [34]. The endosomal
sorting complex required for transport (ESCRT) machinery, a vital participant
in exosome biogenesis, is responsible for ILVs formation and protein sorting [35].
ESCRT machinery contains four complexes, ESCRT-0, ESCRT-I, ESCRT-II and
ESCRT-III, as well as associated proteins, including ALIX, VPS4 and VTA1 [36].
ESCRT-0 recognizes the ubiquitinated cargoes, ESCRT-I and ESCRT-II initiate
the budding process of ILVs, whereas ESCRT-III terminates this process [3, 37].
ESCRT-independent mechanisms also exist by the evidence that MVBs still form in
the absence of ESCRTs [38], further studies report that the mechanisms are related
with the sphingolipid ceramide [39] or some members of the tetraspanin family
[40]. In single MVBs, a competitive relationship between ESCRT-dependent and
ESCRT-independent mechanisms exists, which affects the size of ILVs formed inside
[41], this makes it possible to identify different subpopulations of MVBs based on
their ILVs size. A group of Rab GTPases including Rabl1, Rab27a, and Rab27b, are
also involved in the release of exosomes [42]. Once exosomes are released to the
extracellular space, they may exist in the circulation or be taken up by adjacent and
distant cells [43, 44].
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Exosomal preparations with high-purity are significant for further exploration
of exosomal biogenesis and functions, and techniques for exosomal isolation have
made great advances. At present, the commonly used isolation techniques including
ultracentrifugation-based techniques, size-based techniques, precipitation, immu-
nocapture and microfluidic-based techniques [35, 45] (Table1). Among them,
ultracentrifugation is the most extensively used exosomal isolation technique for
bodily fluids and cell culture supernatant [46]. Each technique has its own merits
and demerits, and the combination of aforementioned techniques may lead to a
more desirable isolation. Recent study showed that the acidic condition was more
suitable for the isolation of exosomes [47], indicating that local pH of exosomes
should be taken into account for future researches.

Specific roles of the tumor microenvironment during cancer progression and
metastasis have been widely studied [48], and cancer cell-derived exosomes can
establish a favorable microenvironment to induce cell proliferation, angiogenesis,
resistance to apoptosis and initiation of pre-metastatic niches through their bioac-
tive content [22, 49]. The secretion of exosome appears to have an impact on drug
resistance, for example, exosomes enriched in TAG72 imply that CRC patients
might be resistant to 5-FU [50]. And cells under pathological status release even
more exosomes, it is estimated that there are approximately 2,000 trillion exosomes
presented in normal human blood and 4,000 trillion exosomes presented in the
blood of cancer patients [51]. According to these results, it is feasible to serve
exosomes as biomarkers for diagnosis and prognosis. Exosomes are capable of
inducing anti-tumor responses through delivering tumor antigens to immune cells,
and exosomes derived from T cells can suppress tumor development [52], demon-
strating their great potential in modulating immune responses. Enlightened by the
capability of exosomes that transmits biomolecules from original cells to recipient
cells, accompanied with their biocompatibility, low immunogenicity and toxic-
ity, high stability in the circulation, biological barrier permeability and potential
targeting to specific sites [53], diverse strategies have been developed for loading
therapeutic cargoes into exosomes, which have a broad application prospect.

Exosome plays important roles in tumor diagnostics and therapeutics. Tissue
biopsy is usually acquired from the site of primary tumor and reflects its molecular
traits over a period of time, therapies will be determined according to the results of
tissue biopsy. However, the limitations of tissue biopsy are obvious, it is not com-
prehensive enough to reflect heterogeneity and dynamic evolution of tumor [54].

Isolation techniques Advantages Disadvantages References
Ultracentrifugation-based Low cost, most Time-consuming, high [15, 45]
techniques commonly used equipment cost, low recovery
Size-based techniques Fast, convenient, high Lack specificity, requires [17, 46]
yield dedicated equipment
Precipitation Easy, does not require Lack specificity, [15, 45, 46]
specialized equipment time-consuming
Immunocapture High purity Expensive, low capacity [28, 35]
Microfluidic-based Fast, low cost, Lack standardization and [45, 52]
techniques convenient large-scale tests on clinical
samples, lack method
validation
Table 1.

The advantages and disadvantages of different techniques used for exosome isolation.
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Exosome related liquid biopsy techniques including surface-enhanced Raman
spectroscopy (SERS), next generation sequencing (NGS), digital droplet PCR
(ddPCR) and molecular barcoding, have drawn extra attention due to its unique
advantages of minimally invasive and serial biochemical tests [55]. Among diversi-
fied methods developed for liquid biopsy, SERS-based technique for detection of
circulating tumor markers including exosomes is one of the most powerful meth-
ods, it owns the advantages of high sensitivity, specificity, tremendous spectral
multiplexing capacity for simultaneous target detection, and its unique capability
for obtaining intrinsic fingerprint spectra of biomolecules [56]. The application of
exosome related liquid biopsy enables the improvement of various aspects of tumor
management including early diagnosis and screening, prediction of prognosis,
early detection of relapse, serial sampling and efficient longitudinal monitoring of
disease progress and response to treatment [57]. Although exosome related liquid
biopsy is a promising area, there are still some loopholes including difficult extrac-
tion and did not analyze the phenotypic studies of cells from tumor, that require
further refinement and validation [58].

4. Breast cancer

Breast cancer is a disease with high heterogeneity, containing multiple tumor
entities that have diverse clinical behavior and biological features [59], which com-
plicate its diagnosis and treatment. Among women, breast cancer is the most com-
mon malignancy and the second leading causes of cancer-related death [60]. The
5-year overall survival rate for non-metastatic breast cancer patients is greater than
80%, whereas distant metastasis can reduce this rate to approximately 25%, and
the main metastatic sites including bone, brain, liver and lung [61]. The diagnosis
and treatment of patients are evaluated by clinical assessment, breast imaging,
tumor size, histologic grade, lymph node involvement or acknowledged biomark-
ers, including estrogen receptor (ER), human epidermal growth factor receptor 2
(HER2) and progesterone receptor (PR) [62]. The clinical classification of breast
cancer should be reasonable, so as to select the most appropriate diagnostic strat-
egy and therapy for each patient, and the molecular subtypes of breast cancer are
represented by basal-like, HER2-enriched, normal breast-like, luminal A, luminal
B and claudin-low [63]. The occurrence of breast cancer is influenced by age, race,
obesity, smoke, drinking, oral contraceptives and other exogenous estrogens, age
at menarche, age at menopause, age at first live birth and environmental toxins
[64, 65], also, inherited genetic mutations are responsible for 5-10% of all breast
cancer cases, and mutations in BRCA1 and BRCA?2 are believed to increase the
lifetime risk of being diagnosed with breast cancer by more than four times [66].

Breast cancer is generally diagnosed by mammography, computed tomogra-
phy (CT), magnetic resonance imaging (MRI), ultrasound, core needle biopsy,
excisional biopsy and histopathologic evaluation [65, 67]. Diagnosed patients
with parallel clinical and biological characteristics may exhibit distinct responses
to treatment and bring about different outcomes [68], therefore, the research on
breast cancer treatment needs to be further deepened. At present, surgery and radi-
ation are mentioned frequently in treatment, and three approaches are primarily
adopted in medical oncology: ER + -related breast cancer aimed at anti-endocrine
strategies, HER2 + -related breast cancer treated with HER2-targeted drugs and
triple-negative breast cancer (TNBC) managed with traditional cytotoxic therapy
[69]. More importantly, it is not just about choosing the appropriate treatment for
each patient, the sequencing of therapies should also be considered.
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5. Exosomal functionality and therapeutic value in breast cancer

It has been widely acknowledged that exosomes are important players in the
pathogenesis of breast cancer (Figure 1). The release of exosomes induced by
heparanase, hypoxia and other stimulation is involved in breast cancer angiogen-
esis, which facilitate tumorigenesis process of breast cancer [70]. Also, exosomes
promote breast cancer tumorigenesis by modifying tumor microenvironment to
permissive niches. Typically, alteration in miRNAs expression have been found to
influence initiation and development of breast cancer [71], for example, compared
with non-malignant breast cells or non-metastatic breast cancer cells, exosomal
miR-10b is significantly upregulated in metastatic breast cancer cells [72]. Further
research shows that RNA induced silencing complex-loading complex (RLC)
proteins Dicer, AGO2 and TRBP, which have been proved to participate in miRNA
biogenesis, can be detected in exosomes derived from the serum of breast cancer
patients and breast cancer cells, moreover, Dicer inhibition in cancer exosomes
obviously decelerates tumor growth in recipient cells [73]. Invasion plays an impor-
tant role in cancer development, invasion ability of non-malignant breast cells can
be induced by exosomes derived from metastatic breast cancer cells [72]. Metastatic
breast cancer cells specifically express and release miR-105, during which exosomal
miR-105 can transfer to endothelial cells and acts as an effective regulator of their
migration [74]. Recent study also suggested that miR-7641 was identified as an
important component of exosomes that could promote breast tumor metastasis

[75]. Drug resistance are also closely related with exosomes as they are capable of
transporting anti-cancer drugs outside breast cancer cells. Chen et al. reported
that drug-resistant breast cancer cells might spread their drug-resistant capacity
to sensitive cells through secreting exosomes, they further confirmed that this

\ AA

. . RNA
Recipient m
P [ ]

cell Protein mi??\-l A
Oncogenic transformation
. Drug
Aﬂglogenesjs b '
Iy : :
U8 resj Stance !
Exosome 7

Permissive niche formation

Tumor
microenvironment

Figure 1.
Exosome in the pathogenesis of breast cancer. Exosome contribute to oncogenic transformation, angiogenesis,
permissive niche formation and drug vesistance in breast cancer.
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process was mediated by exosomal miRNAs [76]. Trastuzumab is a commonly used
drugs to treat breast cancer, while exosome-transmitted cicHIPK3 could promote
trastuzumab chemoresistance of drug-sensitive BC cells, decreasing the therapeutic
effect [77]. Recent study showed that exosomal miR-155 regulated drug resistance
of breast cancer [78] and chemotherapy with miR-155-targeting therapies may lead
to satisfactory outcomes.

Breast cancer is a disease which tends to metastasis, patients with early diagno-
sis, reasonable prognosis and accurate treatment usually have more favorable out-
comes, yet approaches against breast cancer are still limited, and exosomes could be
employed as novel biomarkers and therapeutic tools for patients with breast cancer.
Hannafon and colleagues found that exosomes derived from breast cancer cells
were enriched with specific miRNAs (miR-1246 and miR-21), what’s more, these
miRNAs in plasma exosomes of breast cancer patients were significantly higher
than those of healthy control subjects [79], and exosomes may play crucial roles as
biomarkers for breast cancer. Distant metastasis or local recurrence of breast cancer
are strongly related with exosomal miRNAs, including miR-17-5p, miR-93-5p, miR-
130a-3p, miR-340-5p [80], which can serve as indicators for prognosis. Now that
exosomes remain stable in biological fluids, they are also promising for early diag-
nosis or monitoring the treatment process of breast cancer. In contrast to delivering
anticancer drugs outside breast cancer cells, exosomes can also target anticancer
drugs to breast cancer cells after appropriate modifications, for example, exosomes
modified by targeting ligands deliver doxorubicin to tumors [81], which improve
the therapeutic efficacy. Exosomes derived from mesenchymal stem cells (MSCs)
can be used as drug delivery vehicles to transport locked nucleic acid (LNA)-anti-
miR-142-3p, therefore reducing tumorigenicity in breast cancer [82].

6. Summary

Over the past few decades, on account of great advances in our understanding
of breast cancer biology, diverse diagnostic and prognostic strategies, as well as
targeted therapies are continuously evolving, while the situation of breast cancer
patients remains unsatisfactory. For prevention and treatment of breast cancer, we
need not only to develop new biomarkers and therapeutic tools, but also to further
investigate the potential molecular mechanisms. Fortunately, accompany by our
comprehension of exosomes is becoming more refined, the role of exosomes in
initiation and development of breast cancer has been widely explored, and it is
meaningful to translate exosomal research achievements to develop safe and effec-
tive therapies, diagnostic methods, along with drug delivery vehicles, which may
conduce to improve the unsatisfactory situation of breast cancer patients.
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Chapter 8

Long-Term Survivors of Breast
Cancer: A Growing Population

Nadeem Bilani, Elizabeth Blessing Elimimian, Leah Elson,
Hong Liang and Zeina Nahleh

Abstract

Breast cancer represents the most common malignancy among women.
However, due to effective public health campaigns and updated screening guide-
lines, the annual incidence of late stage diagnoses has fallen. This stage migration
has allowed for better prognosis and more women achieving long-term survival.
In this chapter, we review long-term survivorship — defined as 10 years from
diagnosis — as reported in the United States and around the world. Additionally,
we provide analysis for socio-demographic, clinical and pathologic factors
associated with 10-year survival, using data from a large national registry. This
chapter also utilizes historical case data to forecast stage migration patterns in
breast cancer diagnoses, within the United States, to 2030. Finally, we discuss the
effects of the novel coronavirus pandemic on breast cancer treatment and access
to care, with a review of clinical considerations for the future.

Keywords: breast cancer, epidemiology, survivors, clinical considerations,
forecasting

1. Introduction

In 2015, the World Health Organization reported that cancer ranked within the
top four reasons for death, before the age of 70, in 113 of the 172 countries surveyed
[1]. The impact of cancer on women’s health is incontrovertible. An estimated 2.1
million individuals around the world were diagnosed with breast cancer in 2018,
alone [2]. It is the most common malignancy in women, matched only in Sub-
Saharan Africa by cervical cancer, due to an elevated prevalence of tumorigenic
strains of the human papillomavirus [3].

The breast cancer disease burden is expected to increase, due to a number of
socioeconomic risk factors, including: aging and growth of the population, nul-
liparity, later maternal age at first pregnancy, the use of exogenous hormones
(i.e. oral contraceptive pills, hormonal replacement therapy), alcohol intake, and
obesity [4].

In addition to this rising incidence rate, outcomes in breast cancer are improving
over time. In the United States, mortality has dropped by 40% between 1989 and
2017 [5]. This is thought to be due to a combination of a) mass screening cam-
paigns that allow caregivers to diagnose the disease at earlier stages, thus offering
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better prognoses, and b) the evolution of targeted and increasingly-efficacious
therapeutics.

The relative indolence of most non-metastatic breast neoplasms, compared
to other malignancies with more acute courses, makes reports of 5-year overall
survival less clinically relevant, except in patients who already have limited life
expectancy. Additionally, certain breast cancers may be associated with a high rate
of late recurrence. For instance, patients with primary tumors that are estrogen
receptor (ER)-positive develop distant metastasis in 10-20% of cases, five or more
years following initial diagnosis [6]. Therefore, there is great utility in surveying
literature, which reports long-term survival outcomes in patients with breast cancer.
For the purposes of this chapter, we define “long-term survival” as 10-year overall
survival (OS).

We start by reporting national data from the United States, and exploring vari-
ous socio-demographic, clinical, and pathologic characteristics significantly associ-
ated with 10-year OS. Next, we perform a literature review of epidemiologic studies
from the United States, and around the world, to survey for trends in this growing
population. Finally, we explore numerous clinical considerations in addressing the
needs of this specific population, with lessons learned from the coronavirus disease
2019 (COVID-19) pandemic, and implications for future clinical care.

2. Prevalence of long-term survivorship in the United States

On an annual basis, the American Cancer Society (ACS) provides national sur-
vival data on breast cancer cases diagnosed within the United States. With respect
to long-term survival, the society published that current “relative survival rates” for
women diagnosed with breast cancer are 85% after 10 years and 80% after 15 years
[7]. These rates are age- and race-adjusted; supported by the provided definition
of “relative survival” as the “percentage of patients who will survive their cancer
for a given period of time after diagnosis...compared to survival among people of
the same age and race who have not been diagnosed with cancer” [8]. Despite high
heterogeneity within the breast cancer population, the ACS did not stratify long-
term survival rates by other socio-demographic, clinical, or pathologic characteris-
tics in this publication. In order to add to ACS findings, we explored the impact of
these factors in more granular detail, using OS as reported by the National Cancer
Database (NCDB).

The NCDB is a United States-based registry which collects de-identified clinical,
pathologic, and outcomes data on approximately 70% of all cancer diagnoses in the
country [9]. Data on patients with breast cancer is uploaded into the NCDB from
over 1,400 facilities, accredited by the Commission on Cancer and the American
College of Surgeons. At the time of this publication, survival surveillance for
patients in this repository included data collected through the year 2016. Therefore,
in order to ensure adequate time had transpired to capture 10-year OS, we selected
a cohort of patients diagnosed between 2004 and 2006. Univariate analysis was
conducted to evaluate for independent factors (e.g., age, race, ethnicity, income,
insurance status, facility type, co-morbidity index, clinical stage, grade, histology,
oncotype, and treatment type) exhibiting significant association with 10-year
survival. Subsequently, variables significant at the univariate level were selected
for inclusion within one multiple logistic regression model also predicting 10-year
survival. A p-value of <0.001 was considered significant, due to the very large
sample size that may overpower correlative testing. A total of n = 515,610 patients
with breast cancer were analyzed in this model. The results are depicted in Table 1,
and explained as follows.
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2.1 Overall survival by socio-demographic characteristics

Age at diagnosis was significantly associated with likelihood of long-term
OS. The age distribution of our cohort was: n = 125,657 (24.4%) <50 years old,

n = 256,003 (49.7%) between 50-70 years old, and n = 133,950 (26.0%) older
than 70. Long-term OS rates were similar in patients diagnosed before 50 (54.1%)
compared to those diagnosed between 50 and 70 years of age (53.0%). This may
highlight the relative indolence of breast cancer as a primary malignancy, particu-
larly when diagnosed and treated at early stages. However, a large drop in 10-year
OS was seen in those diagnosed after 70 (30.1%), a cohort more likely to experi-
ence acute events due to the cumulative effect of chronic comorbidities such as
hypertension, diabetes, and dyslipidemia. This is supported by the life expectancy
of individuals in the United States which, in 2016, was estimated to be 78.9 years
[10]. The distribution of survival, by age, may differ in other parts of the world,
particularly in low- and middle-income countries, or those without mass screen-
ing programs.

Racial disparities continue to be a significant major healthcare challenge. In the
1980s, a marked divergence in death rates between White and Black women with
breast cancer was first noted [11]. The implementation of mass screening programs
disproportionately benefited areas wherein residents had access to favorably-resourced
and accredited healthcare institutions [12, 13]; these communities were predominantly
White. Additionally, hormonal therapy (e.g. tamoxifen), newly introduced to systemic
treatment regimens for treatment of ER+ tumors, was not appropriate for many Black
women, who are more likely to present with triple negative breast cancer (TNBC) —a
type of breast cancer without ER, PR, or HER2 expression, which is unresponsive to
tamoxifen regimens [14]. This is elaborated upon in Section 2.2.

Race-based survival disparity peaked in 2011, with mortality rates reported to
be approximately 45% higher in Black versus White patients with breast cancer
[5]. Despite improvements over the last decade, race continues to be an important
predictor of 10-year OS (p < 0.001), as depicted in Figure 1. In our analysis, using
data extrapolated from the NCDB, patients of Asian descent exhibited the high-
est long-term overall survival rate (51.9%), followed by White (48.0%) and then
Black (40.7%) patients. Beyond access to healthcare, these race-based disparities
are thought to be due to the complex interplay between multiple lifestyle factors
(such as alcohol consumption and smoking), extent of comorbidity (including
obesity, which is associated with worse outcomes in breast cancer due to increased
estrogens and inflammatory mediators [15]), and genetics. Interestingly, from our
analysis, ethnicity (defined in the NCDB as Hispanic vs. Non-Hispanic) was not
determined to be a significant predictor of 10-year OS, even when adjusting for

55.4%
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Race Insurance status Clinical stage at diagnosis
Figure 1.

Pictorial of key predictors of 10-year OS in the United States, through analysis of the National Cancer
Database (NCDB).
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relevant confounders such as age, race, comorbidity (Charlson/Deyo index), and
AJCC clinical stage at diagnosis.

Measures of socioeconomic status — including annual income, insurance
status, and treatment facility type — were also significantly associated with
10-year OS in this cohort (p < 0.001). Patients who were uninsured exhibited the
lowest 10-year OS rates (36.8%), in contrast to patients who had private insurance
(56.5%), as depicted in Figure 1. A study by Ko, et al., indicates that roughly half
of all racial/ethnic disparity, associated with the risk of locally-advanced disease,
can be attributed to insurance status as “uninsured” or “underinsured” [16].
Patients without healthcare coverage are less likely to effectively manage chronic
comorbidities, including hypertension [17] and diabetes [18], which is likely a
contributing factor of higher mortality observed in this subgroup. While setting
(urban vs. rural) was not a significant predictor of long-term survival, facility
type was (p < 0.001), with patients treated at academic cancer programs exhibit-
ing the highest 10-year OS rate (49.0%), followed by those treated at compre-
hensive community cancer programs (47.7%) and those treated at community
cancer programs (43.8%). This may be due to differences in time-to-diagnosis and
time-to-treatment, determined by institution size, and care practices that may
differ based on the accreditation of different cancer programs, as available to
different communities [19].

2.2 Overall survival by clinical characteristics

As expected, the most important predictor of survival in breast cancer in
our analysis was ‘stage’ at diagnosis, as depicted in Figure 1. Breast cancer stage
represents the extent of spread of cancer in the body, expressed on a spectrum
ranging from O (the earliest form, wherein cancer cells are restricted to the milk
ducts of the breast, but have not invaded other breast tissue) to IV (the latest
form, where the cancer has spread to another organ in the body, referred to as
“metastatic”). Staging may be clinical (based on physical exam and imaging
such as mammogram, ultrasound, or magnetic resonance imaging) or patho-
logic (based on evaluation of breast tissue and lymph nodes removed during
surgery). We found that the widest disparity in long-term OS was associated
with clinical stage of diagnosis (54.5% with stage 0, versus just 6.1% with stage
IV disease, p < 0.001). As the majority of patients in the United States are
diagnosed at early stages of disease (i.e. 0-II), this supports the positive, clini-
cal impact of public health campaigns that target awareness of prevalence, risk
factors, signs and symptoms of breast cancer.

Diagnosis of breast cancer is typically confirmed with a biopsy, during which
a tumor tissue sample is sent for evaluation by specialists in pathology. Through
microscopy, and the use of staining techniques, numerous pathophysiological
characteristics of the neoplasm can be determined. Important among them, is the
‘breast cancer subtype), referring to the molecular profile of the tumor, based on the
expression of three receptors on the surface of breast cancer cells: 1) the estrogen
receptor (ER), 2) progesterone receptor (PR), and the 3) human epidermal fac-
tor growth factor 2 (HER?2) receptor. The combination of these receptors forms
the basis for clinical decision-making regarding targeted therapy in breast cancer.
For instance, if the primary tumor is ER+/PR+, ‘endocrine’ or ‘hormonal’ therapy
can be administered (e.g. selective estrogen receptor modulators, or SERMs, like
tamoxifen, that directly modulate these hormonal receptors, or aromatase inhibi-
tors, which decrease the natural conversion of androgens to estrogens in the body);
if the tumor exhibits HER2+ status, the monoclonal antibody trastuzumab is given
to block this receptor subtype.
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The NCDB did not routinely document HER? receptor status in cases diagnosed
before 2009, thus the impact of this receptor expression on 10-year OS could not be
evaluated in this multivariate model. However, the analysis did include ER status
and PR status, demonstrating that positivity of either receptor significantly pre-
dicted long-term survival. This finding underscores progress made in the improve-
ment of patient outcomes as treatment modalities become more targeted (prior to
endocrine therapy, non-targeted chemotherapy was the gold standard for treatment
of even hormone receptor positive breast cancer). This is also strongly reflected
in one of our previous analyses, indicating that patients with tumors which were
negative for all three receptors (TNBC), exhibited the lowest rate of 5-year OS
(71%), followed by the ER-, PR-, HER2+ subtype (77%), the ER/PR+, HER2+
subtype (83%), and a highest 5-year OS rate seen in the ER/PR+, HER2- subtype
(84%) [20].

Interestingly, HER2 overexpression, occurring in around 20% of breast cancers,
is associated with worse natural prognosis due to increased growth and marked
metastatic potential of these tumors [21]. However, we have shown that survival
outcomes in ER/PR-, HER2+ breast cancer, in the United States, have surpassed
TNBC due to the advent of HER2-targeted regimens. Therefore, HER2+ status may
be predictive of treatment efficacy in breast cancer. This may not be the case glob-
ally, particularly in low- and middle-income countries which may exhibit limitation
in drug funding. In 2012, the Union for International Cancer Control and the Dana-
Farber Cancer Institute filed an application with the World Health Organization to
add trastuzumab (a HER2-targeted therapy) to the essential medications list [22],
an advisory list of the minimum medicine needs for basic healthcare systems. This
was not approved until May 2015 [23]. Current literature still reports trans-national
disparities in the availability of HER2-targeted therapeutics, and advocates for the
distribution of more affordable trastuzumab biosimilars in order to address this
ongoing need [24, 25].

Pathologists will also assign a ‘grade’ to the tumor under evaluation using a
method of classification known as the Nottingham modification of the Scarff-
Bloom-Richardson system [26]. Grading in breast cancer designates how “abnor-
mal” neoplastic cells appear, and is based on the extent of glandular/tubular
differentiation, nuclear pleomorphism, and mitotic count [27]. Grade 1 tumors are
“well differentiated”, meaning their growth is slower and appears most similarly
to normal breast tissue. Grade 3 tumors, on the other hand, are “poorly differenti-
ated”, appearing “dysplastic” (very different from normal cells) and have a higher
growth potential. Grade 2, tumors have “moderate” differentiation, and fall
between Grade 1 and Grade 3 in prognostic implication. While not predictive of
the same breadth of overall survivorship as tumor staging, we found in our NCDB
analysis that tumor grade was still a statistically significant predictor of 10-year
OS: patients with Grade 1 tumors exhibited a 10-year OS rate of 51.6% (unadjusted
for stage at diagnosis) versus those with Grade 2 tumors (48.5%) and those with
Grade 3 tumors (44.9%). Finally, we also showed that while ‘histological subtype’
(referring to the tissue type a neoplasm originated from) was not a statistically-
significant predictor of long-term overall survival (p > 0.001), the highest 10-year
OS rates were seen in the most common subtypes: ductal carcinoma (47.7%, not
adjusted for stage at diagnosis) and lobular carcinoma (47.3%). Patients with
some rare histologies exhibited lower rates of 10-year OS, including epithelial-
myoepithelial (42.1%), fibroepithelial (34.9%), papillary (30.8%), and mesenchy-
mal (21.4%) breast cancers. The scarcity of these subtypes has limited the ability
to study these unique histologies in a high-throughput manner. However, recent
studies suggest that tumor histology should be considered when determining the
optimal treatment approach for each patient [28-30].
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3. Prevalence of long-term survivorship globally

Survival rates for breast cancer vary considerably in different parts of the world.
The 5-year OS rate — which is more commonly reported and can thus be compared
when controlling for confounders such as race, stage at diagnosis, age at diagnosis,
etc. — varies from over 80% in developed countries, to less than 60% in low- and
middle-income countries [31]. However, less is known about 10-year OS in low- and
middle-income countries. We conducted a systematic search using MEDLINE, via
PubMed and Google Scholar, from inception until December 2020. We included
observational cohort studies also reporting OS rates if published in the English
language. The search strategy involved a combination of free text searches, as well
as medical subject headings (MeSH), as follows: (“Breast Neoplasms” [MeSH],
OR “breast cancer” OR “breast tumor”) AND (“Survival” [MeSH] OR “Survival
Rate” [MeSH] OR “Life Tables” [MeSH] OR “Kaplan-Meier Estimate” [MeSH]
OR “Hazard Ratio” OR “Cox regression”) AND (“Cohort Studies” [MeSH] OR
“Retrospective Studies” [MeSH] or “Prospective Studies” [MeSH] OR “follow-up”
or “longitude”).

We found n = 37 studies reporting 10-year OS rates, as presented in Table 2.
The majority were from high income countries (n = 27, 73%), while n = 10 (27%)
reported data from low- and middle-income countries. It was found that high
income countries have been reporting long-term OS data over a longer period of
time (1978-2020), while data from low- and middle-income countries have been
published more recently (2008-2020). Additionally, cohorts used in studies from
high income countries were larger (mean sample size: n = 1,573) than those from
low- and middle-income countries (mean sample size: n = 268). In comparing
data published since the year 2000, the mean 10-year OS rate from high-income
country studies was 72%, versus the mean 10-year OS rate from low- and middle-
income countries studies, which was 64%. However, these comparisons do not
control for the impact of patients age at diagnosis (most studies did not reporta

First author Year of Country Sample Mean age 10-year
publication size y+/-SD survival

Low- and middle-income countries

Mai TTX etal. 2019 Korea 206 47 +1-9 0.88
Dolatkhah R etal 2019 Iran 4989 50.4 0.65
+/-13
Bender MPF etal 2015 Brazil 264 63 +/—-13 041
Ziaei JE et al 2013 Iran 271 48 0.76
LiBJetal 2012 China 84 57 +/-11 0.63
Gokce Tetal 2011 Turkey 1746 51 0.79
XiaLPetal 2010 China 70 NR 0.73
Heydari ST etal 2009 Iran 877 47 +/-12 0.46
Rajaeefard AR etal 2009 Iran 310 NR 0.53
Yaghmaei et al 2008 Iran 50 52 +/-14 047

High-income countries

WuSCetal 2020 Taiwan 2,002 NR 0.78

Ameijide A etal 2019 Spain 10,195 NR 0.41
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First author Year of Country Sample Mean age 10-year
publication size y+/-SD survival
Ignatov A etal 2018 Germany 12,053 NR 0.82
Yoshimura A et al 2018 Japan 63,348 NR 0.79
Park EH etal 2017 Korea 109,988 NR 0.85
Plichta JK etal 2016 USA 584 NR 0.86
Campbell ID et al 2015 New 101,824 NR 0.84
Zealand
FongY etal 2014 England 1,712 NR 0.77
Hamadeh RR et al 2014 Bahrain 1,005 51 0.49
Hauth EA etal 2012 Germany 222 NR 0.96
Marchal F et al 2009 France 116 66 +/—12 0.52
Thalib L etal 2009 Sweden 300,011 NR 0.64
UenoM etal 2007 Japan 559 NR 0.75
Jayasinghe UW et al 2005 Australia 393 54 0.69
Tejler G etal 2004 Sweden 7,892 NR 0.54
Minelli L et al 2004 Italy 2,460 NR 047
Jensen AR et al 2003 Denmark 1,573 56 0.66
Twelves CJ et al 2001 Scotland 1,617 NR 0.52
Barchielli A etal 1999 Italy 1,182 NR 0.53
Fakhro AE etal 1999 Bahrain 93 50 0.36
Wallgren A et al 1997 Sweden 75 NR 0.54
Sariego ] etal 1995 USA 81 NR 0.49
SantM etal 1991 Italy 1,991 NR 0.5
Toikkanen S etal 1990 Finland 461 NR 0.37
Isard HJ et al. 1988 USA 70 57 0.7
Adami HO etal 1985 Sweden 12,319 NR 0.38
Heller KS etal 1978 USA 304 65 0.62
Table 2.

Review of global cohort data reporting long-term overall survival vates of breast cancer.

mean age), disease stage at diagnosis (though all cohorts reported individuals from
all four stages of breast cancer), race, or the presence of comorbidities in these
cohorts. Therefore, more information will be needed to calculate pooled estimates
of global survival, by region or country. This review of studies reveals a stark
disparity in the availability of long-term outcomes data from different regions
around the world.

4. Forecasting stage of diagnosis in the United States to 2030
As mentioned, the strongest predictor of 10-year survival outcomes, in breast

cancer, is stage at diagnosis. As diagnostic capabilities continue to facilitate earlier
identification of disease, it is important to understand how stage migration is
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predicted to change in the future — an important metric for allocation of resources
and services needed for this growing group of survivors.

In order to understand future stage migration patterns, in a cohort of long-term
survivors of breast cancer, there is utility in forecasting the predicted proportion of
cases that are expected to be early stage (0, I or II) versus late stage (III or IV) based
on historical trends. To do this, we extracted annual incidence data from the NCDB
from 2004-2016, stratifying by cases that were diagnosed at early stage versus
those at late stages. This data was analyzed via time-series forecasting, specifically
autoregressive integrated moving averages (ARIMA) modeling, which considers
annual variation and accounts for temporal correlation in analysis of historical data
[32]. The performance of ARIMA models has been found to be comparable to other
time series models in its capacity to forecast healthcare data, such as the Bayesian
shared two-component model [33].

Multiple ARIMA models were generated using the Statistical Package for the
Social Sciences (SPSS) Version 27.0 software (IBM Corp, Armonk, NY) using
different combinations of the autoregressive parameters for ‘p) the order of
the autoregressive model, ‘d} the degree of differencing and ‘q), the order of the
moving average (p, d, q). The most predictive model was selected using the lowest
Bayesian Information Criteria, and mean absolute percentage error, and this was
the (0, 1, 0) ARIMA model. Figure 2 depicts 1) the historical incidence of breast
cancer in the United States (black curve), stratified by stage at diagnosis (blue
for early-stage and red for late-stage) for the years 2004-2016, and 2) forecasted
incidence of total, early stage and late stage cases to the year 2030. The annual
proportion of new cases diagnosed at late-stage is highlighted on as an embold-
ened numerical figure in red. Tabulated numerical data of these forecasts can be
found in Table 3.

We found that, based on historical trends, the proportion of cases diagnosed at
advanced stages of disease is projected to fall to 10.7%, compared to the historical
proportion, in 2004, of 19.8%. Based on this projected stage migration, we can
expect the number of long-term survivors in the United States to continue to grow.
In Section 5, we discuss the impact of the COVID-19 pandemic on mass screening,
and implications for staging and care of patients diagnosed during 2020.

Historical data Forecasted data
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Figure 2.
ARIMA forecasts of breast cancer incidence in the United States to the year 2030, stratified by stage at diagnosis,
using the NCDB.
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5. Impact of the COVID-19 pandemic
5.1 COVID-19: Epidemiology & healthcare impacts

The COVID-19 pandemic is now a defining feature of the year 2020. This novel
coronavirus was identified in 2019, as the etiology of a pneumonia diagnosis in
Wuhan, in the Hubei province in China [34]. Genomic sequencing and phyloge-
netic analysis indicated that the coronavirus that causes COVID-19 is of the same
subgenus as the severe acute respiratory syndrome (SARS) virus [35, 36]. This led
to the determination that COVID-19 is due to severe acute respiratory syndrome
coronarivurs-2. Following its discovery, the outbreak of this disease spread rapidly:
on January 10, 2020, the genomic sequence of SARS-CoV-2 was released and shared
globally by China [37]; by February of 2020, COVID-19 had quickly spread through
the Hubei province [38]; and On March 11,2020, the World Health Organization,
had declared the COVID-19 outbreak a global emergency and pandemic [38].

In an attempt to flatten the epidemiologic growth curve of new COVID-19
diagnoses, public health departments implemented targeted social measures to
decrease transmission rates. This included emphasis on social distancing, stay-at-
home mandates, a requirement of face masks worn in public, and hand hygiene
[39]. Additionally, in order to reduce mortality and relieve the case-load pressure
on clinical care providers, many healthcare systems were forced to change clinical
practice. While there has been much investigation into the pathology and biologic
effects of COVID-19, the overall impact of COVID-19 on management of chronic
health outcomes — including breast cancer management and overall survival — is still
evolving.

Due to the COVID-19 pandemic, the mechanism for healthcare delivery has
changed substantially. One of the changes seen in the United States, was the broad
adoption of telemedicine and the upheaval of the in-person visit. Prior to the year
2020, the use of telemedicine was unsubstantial [40]. However, telemedicine visits
increased from 1.1% during the second quarter (Q2) of 2019, to 35.3% in Q2 of 2020
[41]. Correspondingly, as the rise in the rate of remote visits increased, the number
of in-person visits decreased — the number of office-based health care visits in Q2 of
2020, decreased by 50.2% compared with the previous year [41]. While helping to
slow the dissemination of COVID-19, this decrease of in-person visits has made the
full-spectrum of care for patients with breast cancer challenging, because physi-
cal exams and in-person evaluations have also declined. As a result, co-morbidity
management may have also suffered: during Q2 of 2020, blood pressure assessments
decreased by 50.1%, while cholesterol assessments decreased by 35.3% [41].

The overall effect of COVID-19 on delays in cancer diagnosis, disruptions in
treatment, and modifications to therapeutic regimens is still being evaluated. One
report, including 609 patients with breast cancer, identified treatment delays for
44% of the study population, aged 45 years and younger [42]. Another study sug-
gests a higher death rate in cancer patients in receipt of recent therapy, however the
proportion of patients reported on active therapy, in this study, was marginal and
thus conclusive correlation cannot be determined [43-45]. Literature has shown
that patients with cancer, when compared to those without cancer, are at increased
susceptibility to infection, secondary to systemic immunosuppression from their
cancer or anticancer therapy [46-49]. Initial reports suggested patients with cancer
experienced more frequent COVID-19 complications [43, 50, 51]. As a result,
physicians and patients must strategically balance the risks of cancer advancement,
cancer relapse, etc. with the risks of hospitalization or death secondary to a COVID-
19-related complication. Through diagnoses to management, special concern for
patients with cancer is warranted due to the pandemic.
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Patients with breast cancer might be at an increased risk for treatment-related
complications and other health issues during the COVID-19 pandemic. The CDC
reports that having cancer increases your risk of severe illness from COVID-19 [52].
Several studies have been conducted with respect to the effects of COVID-19 on
patients with cancer. One multicenter study was conducted to evaluate the clinical
characteristics of COVID-19-infected patients who died within 28 days of hospital-
ization in the intensive care unit [53]. This study reported 784 deaths after 28 days,
60 of these deaths (7.7%) were among those with active cancer; their multivariable
model revealed that active cancer was associated with increased COVID-19-driven
mortality (odds ratio (OR), 2.15; 95% CI, 1.35-3.43) [53]. An additional multi-insti-
tutional study was performed to evaluate the impact of COVID-19 on patients with
active or prior malignancies [54]. The primary end point of this analysis was all-
cause mortality, within 30 days of a COVID-19 diagnosis. Within this population,
22% had hematologic malignancies, and the remainder were previously diagnosed
with solid tumors [54]. This study did not find an association between increased
COVID-19-related mortality and cancer type, anticancer therapy, or recent sur-
gery. There were several factors associated with increased 30-day mortality: male
sex (OR, 1.63 [95% CI, 1.07-2.48]), older age (per 10 years) (partially adjusted
OR, 1.84 [95% CI, 1.53-2.21]), increased comorbidities (>2) (OR, 4.50 [95% CI,
1.33-15.28]), a previous smoking status (OR, 1.60 [95% CI, 1.03-2.47]), Eastern
Cooperative Oncology Group performance status 2 (OR, 3.89 [95% CI, 2.11-7.18])
or more (OR, 5.66 [95% CI, 2.79-11.47]), and progressive cancer (defined as no
longer responding to treatment) (OR, 5.20 [95% CI, 2.77-9.77]) [54].

5.2 Relationship between COVID-19 and breast cancer

The increased risk of severe illness, secondary to COVID-19, in patients with
breast cancer [52] might be multifaceted. Both cancer, and cancer treatment, can
cause a significant physiologic strain on protective mechanisms of the human
body. The immune system is intrinsically linked to breast cancer pathogenesis
via inflammatory pathways, immune surveillance, and adaptive immunity [55].
Chronic inflammatory activity has been discovered in all breast cancers, regard-
less of breast cancer subtype [56]. This chronic inflammation can lead to damaged
breast cells, which may support continued tumor progression, with some breast
cancer models revealing CD4+ T lymphocytes indirectly promoting invasion and
metastasis [57].

An additional reason for a potentially increased risk of serious complications,
including death, secondary to COVID-19, in breast cancer patients, is impaired
immunity due to chemotherapy. Treatment, with chemotherapy or radiation
therapy, can lead to chronic pain, immune suppression, treatment-related toxicities,
failure to thrive, and decreased physical and cognitive abilities [58]. Chemotherapy
has been shown to induce neutropenia and lymphopenia in patients [59]. Women
with breast cancer, who were treated with adjuvant therapy that consisted of
chlorambucil, methotrexate, and 5-fluorouracil had decreased peripheral blood
lymphocytes [60]. Similarly, other studies report decreased CD4+ cell counts along
with concurrent pneumocystis pneumonia in patients with breast cancer who had
received multi-agent chemotherapy and radiation therapy [61].

The relationship between the uses of immune check point inhibitors (ICIs) in
breast cancer patients is another new area of interest during the COVID-19 pan-
demic. Several ICIs have been developed targeting breast cancer; some of the most
clinically-advanced are those that target programmed cell death-1 (PD-1) and pro-
grammed cell death ligand-1 (PD-L1) [62]. Anti-PD-1/PD-L1 agents are an emerg-
ing treatment modality with encouraging results for aggressive breast tumors, like
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triple negative breast cancers [63]. These ICI therapies, however, are associated with
several significant side effects -- one of which includes inflammatory syndromes
like pneumonitis, which targets the lungs [64, 65]. These treatments have also been
associated with increased inflammation and tissue damage [66, 67]. Currently,
reports evaluating the relationship between anti-PD-1/PD-L1 agents and COVID-19
are ongoing. But, some preclinical studies reveal that viral clearance is accelerated
by PD-1/PDL-1 pathways and, thus blocked by immune check point inhibitors [68].
Other reports have associated COVD-19 with increased T-cell exhaustion when
there is increased expression of PD-1 and PDL-1 [69].

As the effect of COVID-19 on breast cancer patients in receipt of IClIs is still
being evaluated, members of the medical community defer to historical trends
between ICIs and other viruses for clinical decision making. For instance, the
checkpoint inhibitor, pembrolizumab has demonstrated efficacy in a subset of
patients with progressive multifocal leukoencephalopathy caused by JC virus
infection [70]. Additionally, some studies have noted that ICIs exacerbate viral lung
infections, with increased toxicities observed in the winter months when the major-
ity of the population are diagnosed with colds and the flu [71, 72].

Although there are increased risks and side effects associated with the use of
chemotherapy and ICIs during the COVID-19 pandemic, the benefits of these
treatment modalities could outweigh the risks. The OS of breast cancer patients
has improved significantly over the last three decades, due in part to improvements
in systemic chemotherapy, endocrine therapy, targeted therapy, and recently the
application of ICIs [73, 74]. Therefore, while breast cancer therapies may be associ-
ated with negative side effects, recovery is possible with appropriate management,
dependent upon tumor burden and the overall health status of the patient [75-77].
In order to maximize the clinical efficacy of these treatment modalities, while limit-
ing COVID-19-related health risks, additional research is needed to guide practice.

6. Clinical considerations of a growing cohort of long-term survivors

While outcomes following treatment of invasive breast cancer have become
increasingly favorable, survivors remain at-risk for recurrence of disease, either
loco-regionally or at a distant site. In one large cohort of 9,514 women diagnosed with
breast cancer under the age of 75, 10.4% developed distant metastasis, most com-
monly at a bony site [78]. Patients were more likely to experience recurrence in the
period 5-10 years after diagnosis, if they presented with primary tumors that were
ER-positive, lymph-node positive, or larger than 20 mm in size [78]. Women with
ER-negative tumors, however, have a lower risk during this period. The development
of multigene sequencing panels predicting outcomes in ER-positive tumors can guide
clinicians to ensure at-risk patients receive the appropriate adjuvant therapy.

Survivors of breast cancer should undergo regular follow-up for surveillance
and management of treatment-related effects, as well as breast-specific and other
indicated imaging to evaluate for malignant recurrence, or new disease. This man-
agement necessarily includes a wide range of disciplines in medicine. Breast surgery
or radiation therapy can result in chronic pain, fibrosis, fat necrosis, or recurrent
skin infections in the chest wall [79, 80]. Patients are also at long-term-risk for
cardiovascular dysfunction, including congestive heart failure [81], ovarian failure
[82], and even the development of secondary cancers [83]. For this reason, the care
of long-term survivors of breast cancer should be based on collaboration between
multiple subspecialties. Patients should also continue to receive age-appropriate
screening as indicated for the general population with respect to conditions other
than breast cancer.
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Cancer diagnoses are also associated with increased patient distress and anxiety
[84]. Therefore, clinicians are strongly encouraged to consider psychosocial sup-
port for long-term breast cancer survivors, as an important complement to clinical
monitoring. Providing integrated care that is directed to the overall wellness of the
patient, maximizes the potential to increase patient satisfaction, increase patient
medical compliance, and preserve quality of life [85-87]. Interestingly, it has also
been found that ethnic minority groups, who typically report poorer quality of life
and worse distress after diagnosis, may derive more acute benefit from integrated
modalities like art therapy [88]. It is also of importance to note that effective
psychosocial support programs have been shown to be significantly associated with
favorable clinical outcomes [84, 89-92].

7. Conclusions

The advancement of screening modalities and novel therapies has led to more
favorable prognoses in patients with breast cancer. As a result, long-term breast
cancer survivors are a large and continually-growing group, globally. This group is
also projected to increase, substantially, within coming years. While these trends
are favorable and clinically promising, patients with breast cancer should undergo
regular follow-up for surveillance and management of treatment-related effects,
as well as potential disease recurrence. In the time of the COVID-19 pandemic,
it is also important to note a potential combinatorial effect of possible complica-
tions secondary to cancer treatment received, and possible impact on screening
and treatment delays imposed by the novel coronavirus, on both communities and
health care delivery systems.
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Chapter 9

Implication of Connexin 43 asa
Tumor Suppressor in Pathogenesis
of Breast Cancer

Rabiya Rashid, Shazia Ali and Mahboob-Ul-Hussain

Abstract

Breast cancer (BC) is a global public health burden, constituting the highest
cancer incidence in women worldwide. Connexins 43 proteins propagate intercellu-
lar communication, gap junction intercellular communication (GJIC), remarkably
expressed in several tumor types including liver, prostate, and breast. This domain
of Cx43 possesses functionally critical sites identical to those involved in gating of
channel and phosphorylation sites for various kinases. However, the mechanism
by which Cx43 down regulation occurs in breast cancer is far from clear. Several
mechanisms like Cx43 promoter hyper-methylation or a cancer-specific reduction
of Cx43 expression/trafficking by the modulation of various components of the
Cx43 life cycle give the idea to be involved in the down regulation of Connexins in
mammary glands, but irreversible mutational alterations have not yet been proved
to be among them. Summarily, the efficacy or specificity of these drugs can be
increased by a combinatory approach considering an effect on both the Connexins
and their regulatory molecules. This chapter will summarize the knowledge about
the connexins and gap junction activities in breast cancer highlighting the differ-
ential expression and functional dynamics of connexins in the pathogenesis of the
disease.

Keywords: Breast Cancer, Connexin, Tumor Suppressor, Gap junction,
mammary gland

1. Introduction

Cancers that originate from the breast tissue are called as Breast cancers. Quite
often, these cancers originate from the epithelial cells lining the milk ducts or
lobules supplying the ducts with milk [1]. Sub-classification of breast cancer into
various types is done on the basis of certain characteristics that the cancers develop
depending on their origin i.e. whether cancer originates from glandular portion
or ductal portion of the breast. Accordingly, cancers that stem from lobules are
called as lobular carcinomas, whereas those stemming from ducts are called as
ductal carcinomas. Once Primary tumors become invasive, it spreads beyond its
place of origin (Breast) to the regional lymph nodes. It may also metastasize i.e.,
expand to different organ systems of the body, thereby becoming systemic in
nature. On the basis of this expansion, breast cancer is of two types Non-invasive or
in-situ and invasive. A non-invasive or in-situ cancer is one where the cancer cells
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remain confined to boundaries of the lobular unit or draining duct of their origin.
On the other hand, cancer cells that traverse outside the basement membrane of
the lobules or ducts into the surrounding normal tissues are classified as invasive
cancers. Apart from these, there are other types of breast cancer with different
stages, varied aggressiveness and different genetic makeup. These factors greatly
affect the chances of survival of a patient. Several breast cancers are up regulated
by estrogens. These cancer cells carry estrogen receptors on their surfaces and are
called Estrogen Receptor-positive cancers or ER-positive cancers. Similarly, some
women suffer from another type of breast cancer called as HER2-positive breast
cancer. HER2 is a gene responsible for cell growth, division and repair. Increased
copy number of HER2 gene may result in faster growth of cancers. Women with
HER2-positive breast cancer have higher incidence of disease recurrence making it
as a risk factor for breast cancer recurrence. The disease is also more aggressive than
women who do not have this type of breast cancer.

2. Stages of breast cancer

Expansion of a cancer determines its stage. Stages of a cancer indicate whether
the cancer is limited to the area of origin or has spread to other healthy tissues of the
body. Four important characteristics determine a cancer stage:

a. Size of the cancer.

b.Type of cancer i.e. invasive or non-invasive.
c.Has cancer reached lymph nodes,

d.Has cancer metastasized to other body parts.

Firstly, on the basis of extent of the cancer, it can be classified as local, regional
or distant. A cancer is local, when it is confined within the breast (where it origi-
nated). It is regional when lymph nodes are involved. And it is distant when it has
metastasized to other body parts as well.

There is another staging system used to describe the cancer called as TNM
staging system. The TNM System is based on three components - size of the tumor
(denoted by T), involvement of the lymph node (denoted by N) and whether the
cancer has metastasized (denoted by M).

Stage O: It is a non-invasive stage, during this stage cancer is present at its origin
e.g., Ductal Carcinoma In Situ (DCIS). There is no indication of the cancer cells or
non-cancerous abnormal cells traveling beyond their origin to neighboring normal
tissues.

Stage I: This stage describes an invasive breast cancer i.e., cancer cells invade
neighboring normal tissues. There are chances of microscopic invasion in this
stage. In such an invasion, the cancer cells have just begun to travel outside the
boundaries of their duct or lobule. However, the invading cancer cells are not more
than 1 mm.

Stage II: This stage is further sub-categorized into stages IIA and IIB, both
describing a different invasive breast cancer. Stage IIA refers to an invasive breast
cancer where the tumor cannot be located in the breast but lymph nodes (axillary)
under the arm show presence of cancer cells.

Stage IIB: Refers to an invasive breast cancer where a tumor sized between 2 cm
and 5 cm has spread to axillary lymph nodes.
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Stage III: This stage is further sub-categorized into three stages - Stages IIIA,
IIIB and IIIC. Stage IIIA refers to an invasive breast cancer where either the tumor
cannot be located in the breast but cancer is found in axillary lymph nodes which
are clumped or clinged to other structures, or lymph nodes at breast bone may be
involved too.

Stage IIIB: Defines an invasive breast cancer stage where cancer has involved
chest wall or breast skin or both and may involve axillary lymph nodes and showing
Stage IIIA like features too.

Stage ITIC: Refers to an invasive breast cancer where there is no evidence of
cancer in the breast or, in the event there exists a tumor, it is of any size, which
may be involving chest wall or breast skin, or both. In this stage, the cancer has
also extended to the lymph nodes below or above the collarbone and may also have
spread to axillary lymph nodes or to lymph nodes near the breastbone.

Stage IV: This stage describes an invasive breast cancer which has extended
outside the breast and adjacent lymph nodes and has affected other organs of the
body e.g., lungs, bones, brain, liver, skin etc.

3. Epidemiology of breast cancer

In Modern world, occurrence of non-communicable diseases is increasing day by
day [2, 3]. This is mainly due to factors like increased lifespan, prolonged exposure
to risk factors and changes in lifestyle. While being one of the most crucial diseases
in the world, cancer is also regarded as a complicated-on account of being multi-
factorial, epidemiologically. In 2012 alone, around 14.9 million new cases of cancer
were tradition, culture, food habits, intra-community marriages and ethnicity. In
recent past recorded. It is estimated that in the next two decades, this number will
be around 22 million [4]. Now a day, breast cancer is becoming more common in
women and is cosmopolitan in nature with high rate of incidence [5]. It accounts for
25% of all types of cancers, recording 1.7 million new cases per year. It is also the
second common most cancer [4]. As per WHO, the latest incidence rate of breast
cancer in east Africa to west Europe ranges from 19.4 to 89.7 per one lakh people
respectively [6]. Other than its fast growth rate in South America and Africa,
breast cancer incidence in on rise in several Asian countries too. For instance, Japan
witnessed a 6% increase per year from 1999 to 2008. In Australia, mortality rate
due to breast cancer has reduced by 2%. While it is increasing in several countries.
Malaysia and Thailand recorded the highest increase. The ratio of mortality and
incidence of breast cancer in the world and Asia-Pacific countries is 0.30 and 0.27
respectively. However, this ratio of mortality and breast cancer incidence is 0.2 and
0.41 in the Pacific and Southeast-Asian countries respectively [7]. Not so long ago,
breast cancer incidence was rare in South Korea. However, now, the incidence and
death rate from breast cancer has increased [8]. Hong Kong has seen a decline in
the incidence [9]. Generally, different regions show different breast cancer inci-
dence due to difference in risk factors, level of education, different life expectancy,
screening programs [10], and cancer registration [2]. The number of diagnosed
breast cancer cases is increasing because of the increased life expectancy and
increased full health screens [10]. Cancer accounts for around 3—-4 million deaths
worldwide annually. Of these, 2-3 million deaths occur in developing countries
[11]. In India, cervical cancer has a higher occurrence than breast cancer. On the
contrary, our state (J&K) in the Indian Subcontinent, Kashmir shows a reverse
trend (World Health Organization, 1978) (Figure1). Rise in breast cancer in
Kashmir valley is considered a major health concern. Experts attribute this increase
in breast cancer to various factors like sedentary lifestyle, bottle feeding, late
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No of patients

Figure 1.
Shows year-wise number of registered cancer patients, incidence sites and cancer trends 2000-2012). Adapted
Sfrom Wani [12].

marriages etc. Kashmir valley is quite different from other areas with respect to its
unique geographical location, Kashmir has seen a huge increase in the occurrence of
breast cancer among its unexplored ethnic population. The overall cancer incidence
in Kashmir region is increasing. In men, esophagus and gastroesophageal (GE)
junction, lung, stomach, colon, rectum, lymph nodes, skin, laryngopharynx, blood,
prostate and brain are the common sites of cancer. While in females the common
sites are breast, esophagus and GE junction, ovary, colon, rectum, stomach, lung,
gallbladder, lymph nodes, blood and brain.

4. Connexin 43 and breast cancer

Connexin 43 is the most widely expressed gap-junction protein in normal breast
tissue and is thought to play important role in normal mammogenesis, lactogenesis
and involution [13]. Cx43 is not expressed in normal breast stem cells but is
expressed in the normal breast epithelial cells derived from these breast stem cells
[14-16]. Studies have shown that Cx43 is down regulated at the mRNA and protein
level in human breast tumors and several human mammary tumor cell lines [17].
Decreased expression of connexin gap junctions is seen in breast cancer at various
stages of progression and restoration of gap-junction intercellular communication.
Studies have shown that Cx43 is down regulated at the mRNA and protein level in
human breast tumors and several human mammary tumor cell lines [17]. Decreased
expression of connexin gap junctions is seen in breast cancer at various stages of
progression and restoration of gap-junction intercellular communication. Under in
vitro conditions it has been seen that the upregulation of connexins restore normal
phenotype and reduce tumor growth in vivo conditions [18, 19]. Various studies
have shown that down-regulation of Cx43 plays role in primary tumor formation as
well as its metastasis in breast tissue. Primary breast cancer is generally composed
of tumor cells and surrounding connective tissue. The arrangement within cancer
creates multiple patterns of cell-cell interactions among tumor cells and between
tumor cells and normal neighboring stromal cells. Among, these patterns the GJIC
involving Cx43 is considered to be initial step associated with malignant cell
transformation. Studies have shown down-regulation of Connexin 43 gap-junction
occurs in human breast cancer tissues compared with the non-neoplastic breast
tissue surrounding primary tissue. It has been seen that re-expression of Cx43
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reverses the malignancy of human mammary carcinoma cells [19-21]. In, rat
mammary carcinoma induced by DMBA data obtained demonstrates that connexin
43 gap junction loss is a common feature of transformed mammary neoplastic cells.
Furthermore, data obtained with rat mammary carcinoma, induced by DMBA also
demonstrates that the loss of connexin 43 gap junction is a common feature of
mammary neoplastic transformed cells. In human mammary carcinoma
(MDA-MB-435) cells it has observed that the Cx43 re-expression suppresses the
cancer phenotype, increases ability of cells to differentiate into well defined 3D
structures and also reduces the tumor growth in animal models [20, 22]. Studies
have also shown that down-regulation of endogenous connexin 43 expression by
small interfering RNA promoted a more aggressive phenotype in human breast
cancer cell lines. It was seen in this study that Cx43 reduced the expression of
fibroblastic factor receptor (FGFR) and of other proteins that are involved in tumor
progression. Studies have revealed that over expression of Cx43 in tumor cells not
only restores growth control, but they also revert to less malignant phenotypes [18].
Upregulation of Cx43 by the drugs like genistein and quercetin leads to GJIC-
independent inhibition of cell proliferation [23]. Cx43 plays role in tumorigenesis
probably by inhibiting angiogenesis independently of cell communication as
inhibition of Cx43 expression by RNAi in breast cancer Hs578t cells, resulted in
faster growth and increased aggressiveness of the cells, TSP-1 expression was
reduced while pro-angiogenic factor VEGF was upregulated. Similar results were
observed in MDA-MB-231 cells over expressing Cx43. In addition conditioned
media from these cells inhibited in vitro endothelial cell tubulogenesis and migra-
tion [24]. Additionally, tumor angiogenesis was decreased in xenografts of Cx43-
overexpressing MDA-MB-231 cells. Altogether these findings suggest that Cx43
plays tumor suppressing role by mediating cell proliferation, migration and angio-
genesis, enduring support to relatedness between physiological variation in Cx43
levels and aggressive of breast cancer. Tumor metastasis, a multi-step process
involves the entry of transformed cells into the circulation after dissociating from
the site of origin, extravasation from the vascular system and proliferation into
tumor masses at secondary tissue sites. Different stages of this metastatic cascade
depend both on cell-cell and cell-matrix interactions [25]. Metastasis has been
shown to be promoted by down-regulation of connexins as the breast metastasis
suppressor 1 gene exogenous expression in MDA-MB-435 cells led to upregulation
of Cx43 and restoration of GJIC, providing evidence that connexins act as tumor
suppressors in metastasis [26]. The migratory potential and ability to invade
through basement membrane matrix was found to diminish in cells with exogenous
expression of Cx26 and Cx43 during functional in vitro studies [27] along with a
slight drop-off in matrix metalloproteinase activity [28]. Additionally, studies show
decrease in the number of metastases to lungs in mice injected with breast cancer
cells expressing Cx43 relative to mice injected with vector controls only [20]. The
movement of cancer cells across the endothelial cell barrier as they move in and out
of the blood vessels has been shown to be a key step in metastasis and studies have
shown that Connexins play an important role in tumor cell vascular intravasation
and extravasation [29]. Co-culturing of endothelial cells with breast cancer cells
results in the reduction of GJIC in endothelial cells. This reduction weakens cell—cell
contacts and also it becomes easier for cells to cross endothelial barrier during the
process of extravasation and intravasation [30]. This fact was supported by another
study which shows that over expression of Cx43 in HBL-100 breast cancer cells
(GJIC deficient) makes them capable of forming heterocellular junctions. These
junctions allow dye transfer between human microvascular endothelial cell express-
ing cx43 and breast cancer cells resulting in tumor cell diapedesis. Treatment of
endothelial culture with GJIC inhibitors or co culturing of endothelial cells with
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breast cancer cells that express mutated or non-functional Cx43 results in blockage
of trans endothelial migration [31]. Hence these studies imply that both homocel-
lular GJIC between endothelial cells and heterocellular GJIC between endothelial
cells and breast cancer cells facilitate trans endothelial migration. A series of studies
performed on the effects of metastatic breast cancer cells on osteoblast differentia-
tion with MDA-MB-231 and MC3T3-E1 cells showed inhibition of osteoblast
differentiation by conditioned medium from breast cancer cells [32, 33]. It has also
been demonstrated by other studies that in MDA-MB-231 Cx43 expression results in
decreased expression of OB-cadherin [34] a similar trend was also found in Cx43
expressing MDA-MB-435 cells. Decrease in the expression of N-cadherin, a protein
which is involved in increased motility, invasion and metastases of breast cancer
cells [35, 36] has been observed in in Cx43 over expressing MDA-MB-231 cells [34]
this clearly shows that it contributes to decreased metastasis in vivo. In human
glioblastoma cells it has been seen that Cx43 enhances response to chemotherapeu-
tic agents or low serum hence confirming the fact that Cx43 shows anti metastatic
effect [37]. In human breast cancer tissue, studies have also demonstrated that
expression of Cx43 is directly correlated with the expression of BAK (Bcl-2 homolo-
gous antagonist/killer), a pro-apoptotic gene of the Bcl-2 family [38]. In human
mammary carcinoma cell, MDA-MB-435 Cx43 suppressed the cancer phenotype
and cell growth in culture and in animal models. There remains little doubt that
down regulation of Cx43 plays a very important role in the primary tumor forma-
tion and its metastasis in mammary glands. However, the mechanism by which
Cx43 down regulation occurs in breast cancer is far from clear. Several mechanisms
like Cx43 promoter hyper-methylation or a cancer-specific reduction of Cx43
expression/trafficking by the modulation of various components of the Cx43 life
cycle appear to be involved in the down regulation of Connexins in mammary
glands, but irreversible mutational alterations have not yet been proved to be among
them. Therefore, the role of Cx43 in carcinogenesis requires further investigations.
Additional studies on Cx43 in different cancers, thus, will establish its role in cancer
signaling and thus as a therapeutic target.

5. Regulation of Connexin 43 by epigenetic mechanisms and
transcription factors

Tumors and transformed cell lines generally exhibit down regulation of
Connexin expression. This down regulation is said to be responsible for the loss of
proliferating control. However, deletion or mutation of connexin gene as a com-
mon factor in human tumors has not yet been demonstrated by various intensive
studies on the subject. On the other hand, what various studies have shown is that
silencing of Connexin expression in several kinds of malignant cells can be caused
due to epigenetic inactivation of the promoter region by hypermethylation. Studies
have also indicated that types of cells and connexins determine the effects of DNA
methyltransferase inhibitors on connexin expression, as illustrated by Vinekn et
al. in a review [39]. A correlation was established with micrometastasis into lymph
nodes and the lack of Cx43 mRNA expression in adjacent normal lung cancer tissue
in human non-small lung cancers [40]. Patients lacking Cx43 mRNA possessed
higher frequency of promoter methylation compared with Cx43 mRNA-positive
patients, as reported by Chen. Their data also indicates a possible interference of
promoter methylation with AP-1 binding to the promoter which results in lack
of Cx43 gene expression. The human Cx43 proximal promoters possesses several
binding sides for Spl and AP1 transcription factors and have been demonstrated
to be indispensable for optimal promoter activity by promoter/report assays and
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Sp1/AP1 over expression studies. The Spl- and Apl- binding sites were shown to
contribute to the activity of the promoter. Each of them also contributed to bind the
transcription factors Spl/Sp3 or AP1, respectively. Both Spl and Sp3 resulted in the
rat Cx43 promoter activation during trans-activation assays. These findings indicate
the importance of the transcription factors Spl, Sp3 and AP1 in rat Cx43 proximal
promoter activity. Cell type-specific expression of Cx43 may thus depend on
additional activators or repressors in different Cx43-expressing cell types (includ-
ing cardiomyocytes) as similarities exist in proximal promoter regulation by univer-
sally expressed transcription factors (Spl, Sp3, AP1). Although the mechanism
Connexin gene silencing by DNA methylation is clear, the origin of this epigenetic
modification still remains elusive. In liver cancer, elevated DNMT1 mRNA levels
are thought to decrease expression of connexins, in casu Cx26 [41]. Moreover, the
aberrant binding of transcription factors to methylated Connexin gene promoters
may contribute to poor Connexin expression in cancer cells. This is supported by
the decreased Cx43 gene transcription accompanied by DNA methylation in human
non-small cell lung cancer cells. The decreased Cx43 gene transcription is also
correlated with reduced binding of activator protein 1 (AP1) to its promoter [40].
Furthermore, in human breast cancer cells [42] and rat liver cancer cells [43] the
Spl cis-acting elements of the Cx26 and the Cx32 gene promoter are especially rich
in methylated CpG dinucleotides.

6. Regulation of Connexin 43 by micro RNAs

Almost one-tenth of all new cancers and 23% of cancer cases detected in females
are breast carcinomas with more than 1 million diagnoses every year worldwide
[44, 45]. Major causes of this disease-related death are relapse and metastasis [46,
47]. Recent studies that on the metastatic mechanisms of breast cancer suggest the
gap junction to be a major regulator of tumor metastasis [48]. Located at the cell
membrane, the gap junction primarily comprises of different connexin proteins.
These connexin proteins are closely associated with numerous functions of the cell
[49, 50]. Connexins constitute a family of 21 members with Cx43 being abundantly
expressed in the mammary gland [49]. It is reported that Cx43 plays an important
role in normal cell migration [51] and tumor cell invasion [52]. As such, promis-
ing strategies in regulating cell functions are provided by the regulation of Cx43
expression [53, 54]. Different transcription factors tightly regulate the expression
of CX43 gene at transcription level. Studies have found that Spl (specificity protein
1), Sp3, AP-1 (activating protein 1) and c-Jun can promote transcriptional activity
of Cx43 gene by directly binding to its promoter [55, 54] addition, at the post-
transcription level Cx43 is also closely regulated by miRNAs [53, 56, 57]. miRNAs,
largest groups of posttranscriptional regulators, [58]. Eight bases at the 5’end of
miRNAs, are involved in posttranscriptional regulation. These two to eight bases
could bind to the 3"-UTR of the target genes in order to bring about inhibition of
gene expression at mRNA level [58]. By virtue of their direct or indirect regulation
of target gene expression, miRNAs regulate a number of biological processes. The
processes include cell cycle [59], growth [60], apoptosis [60], differentiation [61]
and stress reaction [62]. Studies have identified miR-1, miR-206, and miR-381 as
potent suppressors of Cx43 [53, 56, 63]. Cx43 has been found to enhance metastasis
in breast cancer cells. It has been proven to be a direct negative target for miR-206,
miR-1and miR-133 and an indirect target for miR 381 [8]. During the myoblast
differentiation in vitro and in vivo, two related miRNAs, miR-206 and miR-1,
cause inhibition of Cx43 protein expression without altering Cx43 mRNA levels
[63]. Further it has been reported by Anderson et al. that Cx43 mRNA contains
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two binding sites in its 3’UTR for miR-206/miR-1, both of which are essential for
an efficient down regulation. Also, they observed sections of eight nucleotides in
the 3UTR of Cx43 gene that are complementary to the first eight nucleotides from
the 5" end of miR-1. Which then they proved that miR-1 binds to these nucleotide
sequences. miR-1 was also shown to cause reduction of Cx43 levels in isolated
neonatal rat ventricular myocytes in culture [64]. They further found two putative
target sequences in the 3’ UTR of Cx43 for miR-206 and proved that miR-206 that is
expressed ectopically binds these sites. Moreover, the ectopic expression of miR-
206 downregulated the endogenous expression Cx43 gene without affecting Cx43
mRNA expression. The continuous expression of miR-206 in osteoblasts resulted
in decreased expression of osteoblast differentiation and Cx43 protein expression.
The suppression of Cx43 gene expression was caused by miR-381 via the promoter
region —500/—-250 miR-381 could directly bind the sequences CACUUGUAU in

the 3'UTR. Site-directed gene mutation was done (CCAAT/enhancer-binding
protein a) in order to inhibit C/EBPa expression. By binding it to a canonic element
(AATTGTC) located at —459/—453 in the promoter region of the Cx43 gene, they
identified C/EBPa as a novel transcription factor. Therefore, miR-381 causes C/
EBPa dependent Cx43 suppression in breast cancer cells.

7. IRES mediated regulation of Connexin 43

Connexin 43 (Cx43) is one of the main gap junction (cell-cell channel) proteins
expressed in the heart ventricle. Constitutive expression of Connexin 43 has been
found to be responsible for the anisotropic propagation of action potentials in the
heart [65]. And also, Cx43 gap junctions are essential for the synchronous contrac-
tion of the myometrium of the uterus during labour pain. While the expression of
Cx43 is ordinarily sparse in the myometrium, the ovarian hormones and mechani-
cal stretch upregulate it [66]. This upregulation is seen at the transcriptional as well
as the translational level, as there is accumulation of Cx43 mRNA before the swift
advent of Cx43 protein, just prior to childbirth [67-70]. The Cx43 gene like most of
the connexin genes consists of two exons separated by a large intron. Exon 1 con-
tains most of the 5P-untranslated region (5P-Utr) while the remaining 13 bases of
the SP-UTR followed by the entire coding region and the 3P-UTR are contained in
Exon 2. There is wide acceptance of observation that in eukaryotes, protein synthe-
sis initiation begins with the binding of the small ribosomal subunit to the 5P-cap
structure. Then the mRNA is scanned by the 40S ribosome until it encounters
an AUG codon where the 60S ribosomal subunit joins, and hence the translation
begins. Between the cap structure and the first AUG codon, most cellular mRNAs
contain fewer than 50 nt between the cap structure and the first AUG codon but
the SP-UTR of Cx43 mRNA has been found to 208 nt. In addition, the 5P-UTR of
Cx43 mRNA has a stable secondary structure. The scanning of the 40S ribosome
can be inhibited by such structures. The secondary structures of the Cx43 IRES and
most of the other described IRES elements have a semi-conserved Y-like structure,
which is suggested to have role in the IRES mediated translation in eukaryotic cells
in Stress conditions. Inhibition of cap-dependent translation is one of the cellular
responses to stress [71]. This inhibition allows continuation of synthesis of proteins
essential for survival and stops the synthesis of non-essential proteins. Illustrations
for this are as follows: VEGF is translated in response to hypoxia [72], the transla-
tion of the chaperone proteins Bip [73] and hsp70 takes place under conditions of
cellular stress in response to misfolded and degraded proteins and in the infarcted
myocardium FGF-2 functions in the salvage of cells [74]. In all these genes, IRES
elements have been found that are translated even under stress conditions. The need
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is to maintain intercellular communication via Cx43 channels even under certain
stressful conditions likely. For instance, in the hypoxic hear gap junctional remodel-
ing occurs [75] requiring the synthesis of new Cx43. Recent reports have claimed
that in addition to estrogen, mechanical stretch is required to upregulate expression
of Cx43 in the uterus at the commencement of labor [66]. The fetus grows faster
than the uterus during the later phase of pregnancy which causes physical stretch

in the myometrium. As such, Cx43 must be speedily upregulated during this time.
A mechanism by which a high level of translation can be accomplished during this
stress may be offered by the IRES.

8. Carboxy terminal domain of Connexin 43 and human breast cancer

Cellular communication is paramount for tissue/organ homeostasis in multicel-
lular organisms. Exchange of small ions, secondary messengers and small metabo-
lites required for electrical and bio-chemical coupling between cells is mediated
via intercellular channels known as gap junctions [76, 77]. Each gap junction is
formed by association of Connexin proteins. Human genome contains 21 different
Connexin genes, expressed differentially in various types of cells and tissues [78].
Among these gap junction proteins, connexin 43 (Cx43) is major gap junction pro-
tein which is widely expressed across tissues and besides its role in mediating cell
to cell communication, it also plays very critical role in cellular proliferation [79].
More precisely, Cx43 acts a tumor suppressor [80] usually downregulated in various
diseases such as cancer [81, 82], connexin 43 possesses long cytosolic C-terminus
and most of the non-canonical functions of connexin 43 are attributed to it [83]
(Figure 2).

More interestingly independent of full length Cx43, CT-Cx43 expression has
been found to occur in various cell types [85]. This CT domain is subjected to
various post translational modifications like phosphorylation, S-nitrosylation and
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Figure 2.

Gap junctional intercellular communication (GJC) mediated by connexin proteins. Hexameric arrangements
of connexin monomers comprise a hemi-channel or connexon. Adjoining cells each contribute one connexon
to form a complete gap junction channel. For several connexin types, the assembly, gating and turnover of this
channel are regulated to a large extent via phosphorylation of the cytoplasmic tail by various cellular kinases
including: Src, PKC and MAPK. Adapted from (king and Bertram, 2005) [84].
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truncation [86]. Also CT-Cx43 has been shown to interact directly and indirectly
with microtubules and actin respectively. The later takes place by the interaction
of CT-Cx43 with adaptor proteins such as zonula occludens-1 (ZO-1) and drebrin
(developmentally regulated brain protein). Perturbation of this interaction has
been implicated for the development of various developmental and cardiac defects
(Figure 3) [87].

The growth suppressing effect of Cx43 was not compromised while express-
ing only CT-Cx-43 in HeLa cells [89] and HEK-293 cells [89]. CT-Cx-43 has been
shown to have nuclear localization implying that it may be involved in regulating
gene expression directly or indirectly within the nucleus [89]. In direct regulation
it may act as a transcriptional activator or repressor of target genes however, in
indirect regulation it may regulate target gene by acting as a transcriptional activa-
tor or repressor of miRNAs targeting them. In various cancers it has been shown
the expression of one tumor suppressor gene can rescue the expression of other
tumor suppressor gene as well [75, 90]. However the exact mechanism is not fully
understood. P53 known to act as guardian of genome is a tumor suppressor play-
ing very important role in regulating cellular process [91] such as cell proliferation
[92, 93]. The expression of p53 increases under stress conditions [94] than its basal
levels under normal condition [95]. These stress conditions include DNA damage
[96] and oncogenic insults [97]. Dysregulation of p53 is considered to be initiator of
tumorigenesis which includes its down regulation or mutation [98-100]. Expression
of p53 has been found to be upregulated by CT-Cx43 in cardiomyocytes [88]. In
addition, a group of small RNAs, i.e., microRNAs (miRNAs), has been shown to be
able to regulate the expression of genes implicated in various normal and pathologi-
cal conditions, including cellular proliferation and cancer [101-106]. More precisely
a conserved homolog of C. elegans miRNA lin-4 namely miR-125b has been found
to be dysregulated in various cancers [107]. The expressional studies of miR-125b
in various cancers have revealed that miR-125b is upregulated in some cancers and

A

Gap junction

Figure 3.

Channel dependent and independent mechanisms by which Connexin expression can alter other genes. (A)
Channel dependent mechanism. In this model, signaling molecules (ved arrow) are divectly exchanged between
cell cytoplasms there by coordinately regulating gene expression patterns in the nucleus (N) (B) connexin
dependent but channel independent mechanism. In this model connexins that may or may not be at junction
membrane either bind a molecule with transcriptional activity (purple trapezoid) or can cleave such a portion
of carboxy terminus to signal to the nucleus In this model connexins that may or may not be at junction
membrane either bind a molecule with transcriptional activity (purple trapezoid) or can cleave such a portion
of carboxy terminus to signal to the nucleus. Adapted from (Kardami et al., 2007) [88].
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downregulated in others such as breast cancer. Therefore, it has occasionally been
labeled as a tumor suppressor. Most of the dysregulated miRNAs has been shown to
target tumor suppressor genes such as PTEN, RB, Cx43 and p53 [108, 109].

9. Connexin 43 as theurapatic target

Connexins have a dynamic role in the metastatic process, involving multiple
factors. Metastasis is preceded by a series of events -tumor cells leave the primary
tumor, move too far off sites and some start secondary tumors. While dealing with
therapeutic issues, this variety of roles of connexins and GJIC in tumor develop-
ment requires special attention. The anti-tumor growth function of connexins and
their observed loss in cancer has made it clear that a possible strategy to inhibit
tumor growth could be provided by restoring connexins expression. The targets of
anti-cancer therapeutics are enzymes that affect global gene expression including
HDAC, a set of enzymes involved in chromatin remodeling. Upon generation and
testing of many HDAC inhibitors (HDACI), it has been observed that the effects of
these drugs (at least some part of them) are GJIC-dependent. When prostate cancer
cells were treated with the HDACi Trichostatin A (TSA) restoration of both Cx43
expression and GJIC takes place [110]. Hyperphosphorylation and degradation of
Cx43 was also countered via the modulation of MAP kinases and Src [111]. Proteins
that are involved in tumor progression and metastasis can regulate Connexin
expression at transcriptional level. Cx43 is transcriptionally upregulated by the
Ras-Raf-MAPK pathway via the interaction of its promoter with a protein complex
that contains both HSP90 and c-Myc [112]. Protein AML1-ETO fusion protein tran-
scriptionally upregulated Cx43 expression resulting from the chromosomal trans-
location t(8;21) frequently associated with acute myeloid leukemia (AML) via the
JNK signaling pathway. The JNK specific inhibitor SP600125 was shown to inhibit
this effect [55]. Melanoma metastasis was promoted by the protease-activated
receptor-1 (PAR-1) via transcriptional regulation of Cx43 [54, 113]. The importance
of Connexin phosphorylation, especially Cx43, in the regulation of their levels and
functions has been extensively investigated [114]. The stability and degradation
of Connexin proteins are regulated by the lysosomal and proteasomal systems,
in addition to phosphorylation [113]. The efficacy of drugs could be improved by
the stabilization of the Cx43 protein. For example, while sensitizing cells to the
pro-apoptotic effect of MG132, the rate of degradation was decreased by treatment
with the proteasome inhibitor MG132 [115]. A major regulatory event in the life of
Connexins is phosphorylation by the kinase Src. Phosphorylation by Src takes place
either directly or via signaling intermediates such as PKC and MAPK which resuls
in a disruption of GJIC [116]. This effect has been shown to lead to drug resistance
[117]. In colon cancer cells that already express Cx43 mRNA, Cx43 expression and
phosphorylation were enhanced by Kaempferol, a plant flavonoid, via a Stat3-
dependent mechanism. However, Kaempferol showed no effect in cells that were
devoid of Cx43 mRNA and deficient in GJIC [118]. Therefore, targeting the post-
translational modification of connexins is limited by the requirement of a func-
tional transcriptional regulation. Such an isolated treatment would not be useful
unless in combination with other treatments such as methylation- or acetylation-
modulatory agents in order to unblock the transcription of ¢ bvonnexins. In ovarian
cancer cells, Cx43 phosphorylation and inhibition of GJIC was brought about by
their treatment with endothelin-1 (ET-1), a ligand for the ETA receptor (ETAR),
which is overexpressed in ovarian carcinoma [119]. The selective ETAR antagonist
BQ 123, the tyrosine kinase inhibitor tyrphostin 25 or the c-Src inhibitor 4-amino-
5-(4-chlorophenyl)-7-(t-butyl) pyrazolo [3, 4-d] pyramidine (PP2) blocked this
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effect, which suggests a role for Src in this mechanism [119]. Further, inhibition of
ovarian tumor growth in vivo alongside a reduction of Cx43 phosphorylation was
caused by ABT-627, an ETAR antagonist [119]. Summarily, the efficacy or specificity
of these drugs can be increased by a combinatory approach considering an effect on
both the Connexins and their regulatory molecules. In conclusion, gap junctional
intercellular communication mediated by Connexins offer immense therapeutic
opportunities that are still widely open. This approach is supported by original tools
in the form of new findings regarding the regulation of Connexins expression. In
view of the vast array of data about Connexins generated in various different tumor
models and contexts, it is perhaps the right time for a consensus meeting devoted to
focusing attention of the possibilities for Connexins as therapeutic targets.
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