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Abstract
Environmental factors are important causes that impair global pregnancy outcomes and are, importantly,
responsible for maternal morbidity and mortality. However, apart from the direct reasons for maternal
deaths, mainly obstetric and neonatal complications, such factors are ignored or given less importance. The
recent surge in research on the impact of various environmental factors on pregnancy outcomes suggests
the need for immediate attention to such factors and device-specific policies to counter the situation.
Moreover, the recent coronavirus disease of 2019 (COVID-19) pandemic, global warming, and climate
change showed a lack of preparedness to counter the impact of such events on maternal survival and safe
and successful pregnancy outcomes. In the present review, we have emphasized the specific factors
responsible for increased maternal and neonatal deaths and their association with specific environmental
factors. Increased attention on maternal healthcare, preparedness to counter sudden environmental
challenges and improvement of the conventional requirement for better maternal healthcare access and
nutrition at a global level may improve the scenario.
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Introduction And Background
The complications of maternal morbidity and mortality and their association with neonatal health have
been a global problem for a long time. However, the most affected countries related to maternal morbidity,
mortality, and neonatal health are the middle- and low-income countries [1].

Socio-economic conditions, access to affordable and better-quality healthcare facilities, education level, and
other demographic and clinical factors were found to be responsible for such conditions. Recent surveys
suggest that a global integrated effort by medical and social welfare organizations and local governments
was successful in reducing maternal and newborn deaths by almost half in number between 1990 and 2020.
The global estimation of UNICEF suggests the death of 2.4 million in the year 2020 alone; further, the
estimated daily death due to pregnancy complications is 810 globally [2]. However, unacceptably high
numbers of babies and mothers, particularly young moms, are still dying, largely from preventable or
treatable reasons such as infectious infections and problems during pregnancy or childbirth. In recent years,
we have seen alarming setbacks for women's health, with maternal fatalities increasing or remaining stable
in practically every part of the world. Many countries struggle to improve mother and newborn survival and
reduce stillbirths due to inequitable access to inexpensive, high-quality health care and services. A large
proportion of maternal and neonatal mortality occurs in conflict or displacement contexts. If current trends
continue, 48 million children under the age of five will die between 2020 and 2030, with half of them being
newborns. The major causes of maternal mortality are severe bleeding, high blood pressure, pregnancy-
related illnesses, and complications from botched abortions. All of these are generally avoidable with access
to high-quality healthcare. If this trend continues, the lives of almost 1 million additional women will be
jeopardized by 2030 [2,3]. Hence, such data suggest the required immediate requirement of global attention
to improve the situation irrespective of the demographical factors.

Review
Global status of neonatal health, maternal morbidity and mortality
burden
Several reports have provided ample data on the global scenario related to maternal health conditions,
neonatal health, and associated risk factors, along with their possible solutions, for a long time [3-6].
Estimation and evaluation of the maternal mortality trend at the global level showed improvement in the
situation; however, at the country level, contradictory and diverse outcomes were observed for densely
populated larger countries [5]. At the economic level, the global burden of severe maternal mortality (SMM)
ratio was reported to be higher in low- and middle-income countries (LMICs) compared to high-income
countries [6]. In an African country, such as Nigeria, a region-specific strategy has been recommended to
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reduce the incidences [7]. Further, the strategically implemented health extension programme (HEP) and
development of the health development army (HAD) programme reflected a significant and drastic
reduction in the maternal mortality ratio (MMR) in Ethiopia [8]. Similar to the African nations, other South
Asian countries also reported the impact of huge maternal mortality and morbidities, along with cases of
newborn mortalities [9,10].

The burden of maternal morbidity and mortality in Indian states
The MMR declined in India by about 70% from 398/100,000 live births (95% CI 378-417) in 1997-98 to
99/100,000 (90-108) in 2020. About 1.30 million (95% CI 1.26-1.35 million) maternal deaths occurred
between 1997 and 2020, with about 23,800 (95% CI 21,700-26,000) in 2020, with most occurring in poorer
states (63%) and among women aged 20-29 years (58%). The MMRs for Assam (215), Uttar
Pradesh/Uttarakhand (192), and Madhya Pradesh/Chhattisgarh (170) were the highest, surpassing India’s
2016-2018 estimate of 113 (95% CI 103-123) [11].

At present, according to socio-economic surveys, Bihar is considered one of the lagging states. An
improvement from 18.7% to 34.6% in antenatal health check-up percentage was observed in the National
Family Health Survey (NFHS) and NFHS4 in Bihar; however, this percentage was quite lower than the survey
result in Madhya Pradesh [12,13]. The latest NFHS5 survey (2019-2020) highlighted that antenatal check-
ups in the first trimester were done by 59.8% of pregnant women in urban areas and 51.9% in rural areas
[14].

Several scientific investigations explored the plausible reasons for higher MMR and newborn mortalities
globally, especially for African nations and South Asian countries, along with the other LMICs. It was
observed that varying causes are responsible, apart from the already discovered association of socio-
economic factors. With ongoing climate change and ever-changing global environmental scenarios,
different environmental causes are being detected as associated reasons for higher maternal mortality and
morbidity rates and newborn mortality. Such environmental exposures encompass socio-economic
conditions, behavioural factors, cultural conditions of the neighbourhood, and close social interactions
between the mother and the child [15].

In the present article, we focused on important environmental factors that impact mother and child health,
along with global statistics on maternal and newborn morbidity and mortality.

Disparity in environmental causes for maternal health
The global improvement in the maternal mortality ratio has been witnessed in the last 5 years; however,
there is still immense scope for improvement in maternal and child health conditions for better outcomes.
Unfortunately, at the global level, a disparity has been observed in maternal and newborn healthcare
conditions, which drastically vary from country to country or even in a country with varied socio-economic
strata. Interstate variation is very alarming in India [11]. Hence, the best possible solution could be better
and unrestricted access to the best possible reproductive healthcare facilities for all. Global analyses and
reports suggest many direct and indirect causes that are associated with poor maternal health care
conditions. Older reports suggest that the majority of the maternal deaths in Asia, Africa, and some
European countries were associated with direct obstetric reasons such as sepsis, haemorrhage, infections
such as hepatitis due to poor sanitization and hygienic conditions, treatment complications, complications
related to hypertension, ruptured uterus, malnutrition, anaemia, and others [16,17].

Direct Impact

Managing pregnancy throughout the gestational period requires utmost maternal care, not only for the
health of the mother but also for the future child's health. Such a level of care warrants the requirement of
easier and faster access to basic healthcare facilities, the presence of doctors, nurses, and trained staff, along
with logical and scientific decision-making capabilities both for the family and the medical practitioners.
However, certain situations involving maternal conditions require immediate attention. Specific conditions
that may impact maternal and child health, morbidity, and mortality include hypertension, gestational
hypertension, preeclampsia, especially in the first trimester, and gestational diabetes [18-20]. Genetic,
epigenetic, and inheritable complications can also modulate certain disease conditions, such as gestational
diabetes mellitus (GDM). Differential gene expression patterns have been identified in the gravid and non-
gravid populations through genome-wide association studies, where expression of the GDM-causing genes
was observed in the gravid population [21].

Indirect Impact

Several socio-economic and environmental factors play a crucial role in pregnancy management and
maternal and child healthcare. Several indirect obstetric reasons also influence maternal deaths. Indirect
obstetric reasons include previously existing diseases or diseases that may develop during pregnancy due to
inheritable and acquired disease conditions in pregnant women. Indirect reasons for maternal death also
include the lack of facilities in emergency obstetric care (EmOC) during pregnancy management and delivery
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[22]. Say et al. reported that a considerable percentage (27.5%) of maternal deaths occurred globally due to
the influence of indirect causes [23]. Communicable and non-communicable diseases play a pivotal role in
increasing the maternal death rate globally, especially due to a lack of maternal healthcare and disease
management. Pre-existing medical conditions account for the majority (14.8%) of the indirect global burden
of maternal deaths due to non-communicable diseases; however, communicable diseases like HIV (5.5%)
and malaria are also responsible for such indirect maternal morbidities [24,25].

Various environmental factors also contribute to pregnancy outcomes. The role of various pollutants, such
as air pollution, in reduced fertility and the association of air pollution with female fertility are well studied
[26,27]. The association of certain compounds, such as NO2 and ozone, with pregnancy outcomes is well

documented [28-30].

Complications and changing scenarios in pregnancy
Management of pregnancy and associated healthcare require dedicated, trained personnel with scientific
knowledge and experience, as each case differs from the other and the possible complications in different
trimesters vary from each other on a case-by-case basis. The dynamic condition remains challenging to the
healthcare provider and medical practitioners and requires keen attention, understanding, and observation
of the ongoing pregnancy, along with the proper and timely diagnosis and therapeutics as required.
Depending on the case, a successful pregnancy outcome requires the management of varying complexities
associated with pregnancy, close monitoring, the supply of medical and healthcare facilities, effective
decision-making by the medical practitioner and the family, and constant support from the socio-economic
condition. However, the dynamic condition may face various complications and challenges from time to time
and require timely resolution on a case-by-case basis.

Medical conditions and common risk factors associated with
pregnancy
The demographic conditions, such as age and associated factors, and medical conditions, such as general
health conditions and pre-existing diseases, of pregnant women affect pregnancy and the outcomes. Hence,
assessment of the health condition and evaluation of the risk factors are mandatory for every pregnancy to
ensure a safe and successful outcome and to avoid complications.

Various risk factors are reported that are commonly associated with different stages of pregnancy and are
managed through proper medical and therapeutic interventions as required. Often, medical practitioners
categorize pregnancy based on the risk factors associated with a high-risk, medium-risk, or low-risk
pregnancy, and decisions on the treatment course are made accordingly for a safe and successful outcome.
High-risk pregnancy includes advanced maternal age (>35 years), unhealthy lifestyle of the mother such as
smoking, drinking over the permissible limits, illegal use of drugs and banned substances, pre-existing
severe disease conditions, multiple pregnancy conditions, complications during the pregnancy terms such as
uncommon placental position, restricted or impaired foetal growth than the estimated normal growth
during pregnancy, and rhesus factor complications (rh+ or rh−) [31]. Apart from the mentioned
complications and risk factors, numerous studies were conducted in specific contexts related to pregnancy-
associated risk factors. Thompson et al. reported that in a specific socio-economic condition, homeless
teens with pregnancy, i.e., 20% of the total homeless population, even suffer for proper shelter during
pregnancy in a developed country like the USA [32]. Hence, the associated risk factors for pregnancy and
outcomes are complex and encompass health and medical, socio-economic, demographic, and other factors.
Certain common and important risk factors associated with pregnancy complications are discussed here.

Pregnancy and Anaemia

Due to socio-economic or nutritional deficiency, genetic, or pregnancy-associated physiological alterations,
anaemia is observed in many pregnant women at various stages of pregnancy. Pregnancy-associated
anaemia is reported in many populations during pregnancy, especially in Asian countries. In China, the
prevalence of maternal anaemia reported was 23.5% of the total pregnancy and was found to be significantly
associated with the growing maternal age, per-capita income of the family, and other factors [33,34]. In
India, the prevalence of anaemia in pregnant women (15-49 years) is 52.2%. There has been an increase in
the prevalence of anaemia as per NFHS 5 compared to NFHS 4 [12-14]. Evaluation of the adverse outcomes
suggested more NICU admissions after the births, pre-term deliveries, neonatal complications, and other
adverse medical conditions [33]. Certain environmental conditions, such as poor socio-economic and
educational background, lack of nutrition and proper diet during pregnancy, and deficiency of healthcare
facilities, especially blood banks and iron supplement-associated therapies, are the major causes of
pregnancy-associated anaemia, especially in sub-Saharan African regions [35]. Similar reports were available
from other LMIC countries such as Nigeria, Tanzania, and others [36-38].

Pregnancy and Hypertension

Hypertension is a common problem in a large global population. However, a recent report suggested that the
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prevalence of hypertension is higher in the adults of the LMIC countries (31.5%) than in the adult population
of the developed countries (28.5%) [39]. Similarly, acute and chronic hypertension during pregnancy are
reported in different studies [40]. Such hypertensive conditions can induce cardiovascular risk in pregnant
women as a long-term effect due to augmented cardiovascular ageing and the onset of valvular heart
complications in pregnant women. Further, the presence of chronic hypertension during pregnancy may
result in an impaired normal delivery, preeclampsia, impaired growth of the foetus, preterm delivery, and
also perinatal and maternal death [41].

Many associated factors were reported with pregnancy and hypertension, including preeclampsia, caesarean
delivery, cerebrovascular accidents, foetal growth restriction, preterm birth, and maternal and perinatal
deaths. Environmental factors, such as toxicants, were reported to be associated with hypertension in
pregnancy. Even though inconclusive, specific toxicants such as polycyclic biphenyls, phthalates, cadmium,
lead, and pesticides were reported to have an association with preeclampsia and reasons associated with
hypertension during pregnancy [42].

Metabolic Disorders During Pregnancy

The physiological alterations during pregnancy support the increased metabolic demands of the mother and
the foetus. Changes in specific metabolism, such as the metabolism of homocysteine, alteration in general
nutrient metabolism, altered drug metabolism, and hormonal regulation, were reported earlier [43-45].
However, most of the metabolic changes are reversible and can return to normal after the completion of the
pregnancy. In this process of metabolic changes, several metabolic disorders like endothelial dysfunction,
gestational diabetes, calcium metabolism disorder, parathyroid dysfunction, and other metabolic
complications may occur in the pregnant mother [46-48]. This kind of metabolic problem can also affect
foetal development and child growth. The role of various factors such as perfluoroalkyl substances (PFAS),
polystyrene microplastics, and natural and synthetic endocrine disrupting chemicals (EDCs) was found to be
harmful to the pregnant mother and the foetus and directly impair placental development, child
development, maternal metabolism, and foetal metabolism [49-51].

Role of Genetic and Epigenetic Factors

Genetic factors are directly associated with the health conditions and pregnancy terms of the mother and the
foetus. The foetal metabolic condition was reported to be programmed based on maternal obesity and
overnutrition associated with the epigenetic control of the metabolic condition of the pregnant mother [52].
Further, diet can influence epigenetic changes that may in turn adversely affect the intrauterine
environment [53]. Such altered epigenetic changes and changed gene expression can impact foetal
developmental programming and may cause permanent structural changes to the foetal tissues and organs
[53]. An association of epigenetic factors is also reported with asthma, nutrition, and maternal diabetes [54-
56]. A study reported that smoking during pregnancy can induce epigenetic modification of brain-derived
neurotrophic factor 6 in the offspring [57]. Recent studies also reported maternal diabetes in pregnancy [56],
and oxidative stress can have a tremendous impact on the child’s epigenome and can induce early vascular
diseases in the foetus [58]. Hence, the genetic and epigenetic condition of the mother directly impacts the
genetic and epigenetic condition of the foetus. Environmental factors play a crucial role in the proper,
healthy development of the foetus and the child. A proper maternal diet can influence the role of
epigenetics in protecting the child against environmental pollution [59]. The complex interplay of genetic,
environmental, and epigenetic factors was reported to be associated with autism as well [60]. Therefore, it is
important to understand the complex interplay and association of the genetic and epigenetic factors
concerning safe and successful pregnancy outcomes and their relationship with environmental influencers.

Maternal and neonatal physiology and climate change
Many scientific reports suggest the association of various climatic and geological factors with pregnancy
outcomes as part of the environmental causes. Such studies are essential considering the present context of
global warming, climate change, and pandemics. In association with the climatic factors, identification of
the vulnerable population, evaluation of maternal and child health, and mortality and morbidity are crucial
[61].

Environmental conditions
Extreme Events

Extreme and harsh weather and climatic conditions affect pregnancy conditions adversely. In this context,
increased frequency of drought, floods, and extreme environmental conditions negatively influence the
basic nutritional and healthcare needs of pregnant women in a population that results in poor pregnancy
outcomes and higher maternal and foetal mortality. Such statistics are witnessed in populations with poor
socio-economic backgrounds and populations impacted heavily by natural calamities [61]. Many sudden
impacts on the pregnant condition are witnessed, such as spontaneous abortion, premature contractions,
dehydration, low birth weight, malnutrition of the mother and lack of food security, endemic diseases such
as diarrhoea, and others.
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Temperature

The adverse impact of high temperatures on pregnancy has been reported in many studies. Rostami et al.
recently reported that higher and more adverse temperatures may induce chronic toxoplasmosis (CT) in
pregnant women [62]. A study on the impact of temperature shocks suggested that higher temperatures may
affect parental characteristics and behaviours [63]. A Spanish study suggested a relationship between
maternal group B streptococci (GBS) colonization and the increasing climatic temperature that may further
impact the condition of the onset of neonatal sepsis [64]. Studies associated with ambient temperature
("heat island effect") for urban pregnant women and congenital heart disease (CHD) suggested no significant
association; however, the researchers have identified specific exceptions [65]. Studies considering
temperature as a major climatic influencer for pregnancy outcomes establish the facts that changing climatic
conditions and increasing global warming should be considered concerns associated with maternal and
foetal health and pregnancy outcomes. However, more studies are required to confirm the specific influences
and relations between temperature and pregnancy outcomes.

Pollution

The adverse effect of pollution on human health is well-researched and a scientific fact. Ample research has
been conducted to understand the various effects of pollution, especially air pollution, water pollution, and
industrial pollution [66].

Air pollution: The impact of air pollution on hypertension-associated pregnancy, polycystic ovarian
disorder, reduced fertility, and miscarriage is well documented [67,68]. In the case of foetus development
and neonatal birth, lower birth weight and affected lung development of the foetus are some of the adverse
effects of air pollution [69]. The association between ambient air pollution and hypertensive disorder (HDP)
in pregnant women has been well investigated by many studies and established [70-72].

The association of PM10 and NO2 with systolic blood pressure in the different trimesters of pregnancy was

observed in the pregnant women's population of the Netherlands [70]. However, a significant relationship
with pregnancy-induced hypertension was seen only for the PM10 level in this study. In another study, Hu et
al. established that constant NO2 exposure during pregnancy can cause pregnancy-associated HDP [71].

Similar results were reported by Mobasher et al.: an association between PM2.5 and carbon monoxide
showed increased HPD in the first trimester, and ozone (O3) was found to be adversely effective in the

second trimester [72]. In another cohort study, it was reported that in the first and second trimesters of
pregnancy, exposure to NO2, O3, PM2.5, and PM10 can enhance the risk for preeclampsia, whereas in the

second trimester of pregnancy, increased levels of SO2 and CO exposure may become the major risk factor

for pre-eclampsia [73]. Exposure to high-level air pollution can induce the development of HDP at an early
stage of pregnancy [68].

A significant association between particulate matter (PM2.5) and blood pressure parameters was reported
recently [74]. Short-term and long-term exposure to particulate matter (PM2.5) can alter blood pressure-
related factors, as evidenced by analyzing the data of residents with varying exposure to higher ambient
(PM2.5) air quality. Increased exposure to ambient air (PM2.5) enhances the hospital admission of patients
due to hypertension, especially cardiovascular (CVD) patients and pregnant women with elevated blood
pressure-related complications [74]. Vasoconstriction occurs due to regular exposure to such ambient air that
changes the normal hemodynamics of the patient; further, enhanced inflammation and raised prooxidative
mediators were also reported due to the continuous exposure to ambient air (PM2.5). In a recent study,
prenatal maternal stress was also reported to be associated with ambient air pollution [75].

All these reports were successful in establishing the relationship between hypertensive disorder during
pregnancy, impaired neonatal development, and air pollution; hence, the environmental factors are crucial
for pregnancy management and outcomes.

Water pollution: Water pollutants are often considered severely harmful to pregnant women and their
foetuses. Certain pollutants such as arsenic, uranium, lead, trihalomethane, hexavalent chromium,
cadmium, and nitrate are highly hazardous to the health of pregnant women and the foetus. In California,
such water pollutants were found to be tremendously influential in increasing hypertensive disorders in
pregnancy [76]. An earlier study conducted in the same region on pregnant women to understand the
exposure to trichloroethane through drinking water also reported adverse outcomes [77]. In Punjab, India,
heavy metals and pesticides present in the drinking water were recommended as potential risk factors for
possible adverse pregnancy outcomes [78]. Similarly, high-concentration arsenic exposure through drinking
water was found to be associated with higher stillbirth rates in West Bengal [79]. Further, exposure to a
higher concentration of fluoride through drinking water was reported to be responsible for the lower mean
concentration of vitamin D (<10 ng/ml) in pregnant women irrespective of their access to a regular, adequate
diet and other sources of vitamin D; hence, fluoride exposure through water may become hazardous and
adversely effective for the pregnancy outcomes [80].
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Occupational exposure and pregnancy outcomes
Occupational health hazards are a global concern, especially for low-income group members and labourers.
Developing and third-world countries require special attention to understand the plausible cause and
prevention of several occupational hazards involving a major part of the underprivileged population. In
India, reports are available on the exposure to municipal solid waste, musculoskeletal problems of the child
labourers in the brickfield, exposure to lead, etc. [81-83]. Most of these occupational hazardous exposures
are caused by the population belonging to economically poor backgrounds and consisting of workers of both
genders and children. Hence, pregnant women are often exposed to radioactive or non-radioactive
hazardous substances that may affect pregnancy outcomes.

Exposure to Lead

In India, apart from various occupations in the unorganized sector, possible exposure to lead may occur in
the cosmetic and traditional medicine-related industries [84]. The adverse and toxic effect of lead on the
human reproductive system has already been reported [85]. Apart from occupational aspects, lead exposure
may occur in a normal household through paints and children's polyvinyl chloride (PVC) toys [86]. Impaired
childhood executive function and behaviour were observed due to continuous lead exposure [87]. High levels
of lead exposure (>40 µg/dl) for short or long durations (>25 µg/dl for over a year) and lead levels >10 µg/dl in
maternal blood enhance the possibility of spontaneous abortion, preterm delivery, low foetal weight during
birth, and impaired foetal neurological development [88].

Migration of population and socio-economic background
Among demographic causes, migration is an important factor in pregnancy outcomes. Healthy migration
due to personal or professional reasons with proper healthcare management during pregnancy may not
affect pregnancy outcomes much; however, forced and unprepared migration during pregnancy may have an
adverse and severe outcome that may lead to maternal and neonatal death as well [89]. Kragelund et al.
recently reported the presence of GDM in the immigrant pregnant population; however, the study concluded
that the country of origin of the immigrant and the ambiance they are coming from may be responsible for
such adverse pregnancy outcomes and associated complications [90]. Gibson-Helm et al. suggested that
significant differences in pregnancy management and outcomes were observed between the migrant women
from the humanitarian source countries and the non-humanitarian source countries [91]. Therefore,
socioeconomic background remains a determining factor for the pregnancy outcomes of migrant women.
However, there are individual causes that may vary before and after migration and may tremendously
impact the pregnancy outcome on a case-by-case basis. Apart from the direct adverse outcome-inducing
causes, all indirect factors of the safe and successful pregnancy outcomes may depend on the socio-
economic background of the family. Socioeconomic background is so important that it may cause major
differences even with the availability of a universal healthcare system [92]. Specific socioeconomic
conditions such as monthly family income, maternal and paternal education, social status of the family, and
paternal occupation directly impact the pregnancy management level and the healthcare conditions
provided to pregnant women [93]. Therefore, in the modern era, the social background and economic
condition of the family remain determining factors in pregnancy management and in countering indirect
adverse pregnancy outcomes. As part of the SDG, global health-associated organizations have pledged to
provide at least a similar healthcare facility to the global population, irrespective of their socioeconomic
backgrounds.

Nutritional deficiency and starving
Nutrition is a major factor that directly impacts pregnancy outcomes. Malnutrition remains a cause of huge
maternal and neonatal mortality in many LMIC countries. Many African countries have pregnant women in
their population who are living 10% beyond the acceptable rate of malnutrition; such a level of malnutrition
affects pregnancy outcomes severely even if other factors are managed [94]. Supplementation of vitamins,
iron-fortified diets, and other nutritional factors remains the only option to manage such situations [95-97].

Hygiene, sanitation, and altering disease pattern
Since the beginning of obstetrics, hygiene and sanitation have been considered key factors to prevent
infection and improve pregnancy outcomes. In the ancient and mediaeval ages, such knowledge was known
to us, and proper care was taken. However, with time and environmental conditions, the nature of the
infection and the type of pathogen may have changed, other than for some common pathogens. Modern
medicine can well manage common pathogenic infections; however, in specific cases, hospital-induced and
healthcare-acquired infections may require special attention and the maintenance of proper hygiene and
sanitation.

The altered disease pattern can also be a matter of concern. During the earlier pandemics and the recent
COVID-19 pandemic, we witnessed the requirement for instant medical preparation, special care, and a
novel strategy to manage pregnancy outcomes and reduce maternal morbidity. During the COVID-19
pandemic, previously ignored or unimportant factors such as pandemic containment measures adopted by
the country or region and concomitant COVID infection risk to pregnant women became crucial in
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determining the reason for the pregnancy outcome and maternal mortality [98]. Therefore, with
environmental dynamics and special situations such as pandemics, specific strategies and methods should
be adopted for maternal care and improved pregnancy outcomes.

Non-communicable diseases, pregnancy, and childbirth
Several studies have been conducted to understand the possible relationship between non-communicable
diseases (NCDs) and pregnancy outcomes. In young adults, the possible association of non-communicable
diseases with birth by caesarean section suggested no apparent relationship [99]. Early post-natal life and
childhood food habits, nutrition, and hygiene maintenance influence the probable susceptibility to NCDs
[100,101]. In a study, de Mendonça et al. reported that low birthweight and premature birth were associated
with cardiometabolic (CMD) and glycidic metabolism (GMD); further, such birth conditions may also induce
the risk of metabolic syndrome during adulthood [102]. Hence, in the absence of any genetic problem,
personalized nutrition may help in managing susceptibility to non-communicable diseases during early
childhood and adulthood [103].

Environmental exposure and inheritable diseases
Environmental epigenomic conditions influence the disease susceptibility of humans through altering DNA
methylation, remodelling chromatin structures, and consecutive gene expression changes [104].
Environmental conditions, especially teratogenic chemical compounds, may impact the foetal epigenome
and influence the onset of disease conditions [105]. The likelihood of possible adverse pregnancy outcomes
and susceptibility to inheritable genetic diseases was not observed even when the population exposed to
nuclear radiation was studied [106]. The influence of the intrauterine environment and outside chemical
exposure was suggested to enhance susceptibility to various genetic abnormalities and disease conditions;
however, there is a dearth of evidence on the direct association between environmental exposure and
inherent genetic conditions.

Conclusions
The ever-dynamic environmental conditions remain challenging and demanding for global policymakers in
relation to reduced maternal and neonatal mortality and better pregnancy outcomes. Since ancient times, it
has been a major challenge for medical practitioners and medical caregivers. In recent times, during the
COVID-19 pandemic, we have witnessed that sudden alterations in environmental conditions can drastically
impact the existing healthcare system and may demand prompt scientific and logical decisions and action to
reduce maternal mortality. Therefore, dedicated attention should be provided to maternal healthcare and
obstetrics to improve the situation. Furthermore, the present era of global climate change demands more
effort and a better strategy apart from the conventional ways to counter the unknown or lesser-known
adverse factors associated with maternal and neonatal deaths. More scientific exploration of the recently
associated factors may provide information for developing better strategies, policies, and solutions for
reducing maternal morbidity, mortality, and neonatal deaths.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Maternal health. (2022). Accessed: October 2, 2022: https://www.who.int/health-topics/maternal-

health#tab=tab_1.
2. Maternal and newborn health. (2022). Accessed: October 2, 2022: https://www.unicef.org/health/maternal-

and-newborn-health.
3. AbouZahr C: Global burden of maternal death and disability . Br Med Bull. 2003, 67:1-11.

10.1093/bmb/ldg015
4. Zureick-Brown S, Newby H, Chou D, Mizoguchi N, Say L, Suzuki E, Wilmoth J: Understanding global trends

in maternal mortality. Int Perspect Sex Reprod Health. 2013, 39:32-41. 10.1363/3903213
5. Liang J, Li X, Kang C, et al.: Maternal mortality ratios in 2852 Chinese counties, 1996-2015, and

achievement of Millennium Development Goal 5 in China: a subnational analysis of the Global Burden of
Disease Study 2016. Lancet. 2019, 393:241-52. 10.1016/S0140-6736(18)31712-4

6. Geller SE, Koch AR, Garland CE, MacDonald EJ, Storey F, Lawton B: A global view of severe maternal
morbidity: moving beyond maternal mortality. Reprod Health. 2018, 15:98. 10.1186/s12978-018-0527-2

7. Meh C, Thind A, Ryan B, Terry A: Levels and determinants of maternal mortality in northern and southern
Nigeria. BMC Pregnancy Childbirth. 2019, 19:417. 10.1186/s12884-019-2471-8

8. Rieger M, Wagner N, Mebratie A, Alemu G, Bedi A: The impact of the Ethiopian health extension program

2023 Kumari et al. Cureus 15(5): e38548. DOI 10.7759/cureus.38548 7 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.who.int/health-topics/maternal-health?utm_medium=email&utm_source=transaction#tab=tab_1
https://www.who.int/health-topics/maternal-health?utm_medium=email&utm_source=transaction#tab=tab_1
https://www.unicef.org/health/maternal-and-newborn-health?utm_medium=email&utm_source=transaction
https://www.unicef.org/health/maternal-and-newborn-health?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/bmb/ldg015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/bmb/ldg015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1363/3903213?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1363/3903213?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31712-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31712-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12978-018-0527-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12978-018-0527-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-019-2471-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-019-2471-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.socscimed.2019.05.037?utm_medium=email&utm_source=transaction


and health development army on maternal mortality: a synthetic control approach. Soc Sci Med. 2019,
232:374-81. 10.1016/j.socscimed.2019.05.037

9. Hanif M, Khalid S, Rasul A, Mahmood K: Maternal mortality in rural areas of Pakistan: challenges and
prospects. Rural Health. 2021 (ed): IntechOpen, London; 10.5772/intechopen.96934

10. Alimohamadi Y, Khodamoradi F, Khoramdad M, Shahbaz M, Esmaeilzadeh F: Human development index,
maternal mortality rate and under 5 years mortality rate in West and South Asian countries, 1980-2010: an
ecological study. East Mediterr Health J. 2019, 25:189-96. 10.26719/emhj.18.029

11. Meh C, Sharma A, Ram U, et al.: Trends in maternal mortality in India over two decades in nationally
representative surveys. BJOG. 2022, 129:550-61. 10.1111/1471-0528.16888

12. Dehury RK, Samal J: Maternal health situation in Bihar and Madhya Pradesh: a comparative analysis of state
fact sheets of National Family Health Survey (NFHS)-3 and 4. J Clin Diagn Res. 2016, 10:IE01-4.
10.7860/JCDR/2016/19079.8404

13. National Family Health Survey-4. (2022). Accessed: November 25, 2022:
http://rchiips.org/nfhs/pdf/nfhs4/br_factsheet.pdf.

14. National Family Health Survey-5 (NFHS-5) . (2022). Accessed: November 25, 2022:
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml.

15. Theall KP, Johnson CC: Environmental influences on maternal and child health . Int J Environ Res Public
Health. 2017, 14:10.3390/ijerph14091088

16. Prakash A, Swain S, Seth A: Maternal mortality in India: current status and strategies for reduction . Indian
Pediatr. 1991, 28:1395-400.

17. Montgomery AL, Ram U, Kumar R, Jha P: Maternal mortality in India: causes and healthcare service use
based on a nationally representative survey. PLoS One. 2014, 9:e83331. 10.1371/journal.pone.0083331

18. Gestational hypertension and preeclampsia: ACOG practice Bulletin, Number 222 . Obstet Gynecol. 2020,
135:e237-60. 10.1097/AOG.0000000000003891

19. Hod M, Kapur A, Sacks DA, et al.: The International Federation of Gynecology and Obstetrics (FIGO)
initiative on gestational diabetes mellitus: a pragmatic guide for diagnosis, management, and care. Int J
Gynaecol Obstet. 2015, 3:173-211. 10.1016/S0020-7292(15)30033-3

20. Buchanan TA, Xiang AH, Page KA: Gestational diabetes mellitus: risks and management during and after
pregnancy. Nat Rev Endocrinol. 2012, 8:639-49. 10.1038/nrendo.2012.96

21. Dalfrà MG, Burlina S, Del Vescovo GG, Lapolla A: Genetics and epigenetics: new insight on gestational
diabetes mellitus. Front Endocrinol (Lausanne). 2020, 11:602477. 10.3389/fendo.2020.602477

22. Monitoring emergency obstetric care: a handbook. (2022). Accessed: November 25, 2022:
https://apps.who.int/iris/handle/10665/44121.

23. Say L, Chou D, Gemmill A, et al.: Global causes of maternal death: a WHO systematic analysis . Lancet Glob
Health. 2014, 2:323-33. 10.1016/S2214-109X(14)70227-X

24. Hussein J: Non-communicable diseases during pregnancy in low and middle income countries . Obstet Med.
2017, 10:26-9. 10.1177/1753495X16684709

25. Storm F, Agampodi S, Eddleston M, Sørensen JB, Konradsen F, Rheinländer T: Indirect causes of maternal
death. Lancet Glob Health. 2014, 2:566. 10.1016/S2214-109X

26. Nieuwenhuijsen MJ, Basagaña X, Dadvand P, Martinez D, Cirach M, Beelen R, Jacquemin B: Air pollution
and human fertility rates. Environ Int. 2014, 70:9-14. 10.1016/j.envint.2014.05.005

27. Conforti A, Mascia M, Cioffi G, et al.: Air pollution and female fertility: a systematic review of literature .
Reprod Biol Endocrinol. 2018, 16:117. 10.1186/s12958-018-0433-z

28. Maul H, Longo M, Saade GR, Garfield RE: Nitric oxide and its role during pregnancy: from ovulation to
delivery. Curr Pharm Des. 2003, 9:359-80. 10.2174/1381612033391784

29. Maroziene L, Grazuleviciene R: Maternal exposure to low-level air pollution and pregnancy outcomes: a
population-based study. Environ Health. 2002, 1:6. 10.1186/1476-069x-1-6

30. Ha S, Sundaram R, Buck Louis GM, Nobles C, Seeni I, Sherman S, Mendola P: Ambient air pollution and the
risk of pregnancy loss: a prospective cohort study. Fertil Steril. 2018, 109:148-53.
10.1016/j.fertnstert.2017.09.037

31. Holness N: High-risk pregnancy. Nurs Clin North Am. 2018, 53:241-51. 10.1016/j.cnur.2018.01.010
32. Thompson SJ, Bender KA, Lewis CM, Watkins R: Runaway and pregnant: risk factors associated with

pregnancy in a national sample of runaway/homeless female adolescents. J Adolesc Health. 2008, 43:125-32.
10.1016/j.jadohealth.2007.12.015

33. Lin L, Wei Y, Zhu W, Wang C, Su R, Feng H, Yang H: Prevalence, risk factors and associated adverse
pregnancy outcomes of anaemia in Chinese pregnant women: a multicentre retrospective study. BMC
Pregnancy Childbirth. 2018, 18:111. 10.1186/s12884-018-1739-8

34. Goonewardene M, Shehata M, Hamad A: Anaemia in pregnancy. Best Pract Res Clin Obstet Gynaecol. 2012,
26:3-24. 10.1016/j.bpobgyn.2011.10.010

35. Benson CS, Shah A, Frise MC, Frise CJ: Iron deficiency anaemia in pregnancy: a contemporary review . Obstet
Med. 2021, 14:67-76. 10.1177/1753495X20932426

36. Idowu OA, Mafiana CF, Dapo S: Anaemia in pregnancy: a survey of pregnant women in Abeokuta, Nigeria .
Afr Health Sci. 2005, 5:295-9. 10.5555/afhs.2005.5.4.295

37. Stephen G, Mgongo M, Hussein Hashim T, Katanga J, Stray-Pedersen B, Msuya SE: Anaemia in pregnancy:
prevalence, risk factors, and adverse perinatal outcomes in northern Tanzania. Anemia. 2018,
2018:1846280. 10.1155/2018/1846280

38. Rahman MM, Abe SK, Rahman MS, et al.: Maternal anemia and risk of adverse birth and health outcomes in
low- and middle-income countries: systematic review and meta-analysis. Am J Clin Nutr. 2016, 103:495-504.
10.3945/ajcn.115.107896

39. Mills KT, Stefanescu A, He J: The global epidemiology of hypertension . Nat Rev Nephrol. 2020, 16:223-37.
10.1038/s41581-019-0244-2

40. Battarbee AN, Sinkey RG, Harper LM, Oparil S, Tita AT: Chronic hypertension in pregnancy . Am J Obstet
Gynecol. 2020, 222:532-41. 10.1016/j.ajog.2019.11.1243

41. Honigberg MC, Zekavat SM, Aragam K, et al.: Long-term cardiovascular risk in women with hypertension

2023 Kumari et al. Cureus 15(5): e38548. DOI 10.7759/cureus.38548 8 of 11

https://dx.doi.org/10.1016/j.socscimed.2019.05.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5772/intechopen.96934?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5772/intechopen.96934?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.26719/emhj.18.029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.26719/emhj.18.029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1471-0528.16888?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1471-0528.16888?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7860/JCDR/2016/19079.8404?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7860/JCDR/2016/19079.8404?utm_medium=email&utm_source=transaction
http://rchiips.org/nfhs/pdf/nfhs4/br_factsheet.pdf?utm_medium=email&utm_source=transaction
http://rchiips.org/nfhs/pdf/nfhs4/br_factsheet.pdf?utm_medium=email&utm_source=transaction
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml?utm_medium=email&utm_source=transaction
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph14091088?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph14091088?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/1819558/?utm_medium=email&utm_source=transaction#:~:text=Effective strategies for reducing the,for complications%3B 3) to provide
https://dx.doi.org/10.1371/journal.pone.0083331?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0083331?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/AOG.0000000000003891?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/AOG.0000000000003891?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0020-7292(15)30033-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0020-7292(15)30033-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrendo.2012.96?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrendo.2012.96?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2020.602477?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2020.602477?utm_medium=email&utm_source=transaction
https://apps.who.int/iris/handle/10665/44121?utm_medium=email&utm_source=transaction
https://apps.who.int/iris/handle/10665/44121?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2214-109X(14)70227-X ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2214-109X(14)70227-X ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753495X16684709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753495X16684709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2214-109X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2214-109X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envint.2014.05.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envint.2014.05.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12958-018-0433-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12958-018-0433-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1381612033391784?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1381612033391784?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1476-069x-1-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1476-069x-1-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.fertnstert.2017.09.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.fertnstert.2017.09.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cnur.2018.01.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cnur.2018.01.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jadohealth.2007.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jadohealth.2007.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-018-1739-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-018-1739-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpobgyn.2011.10.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpobgyn.2011.10.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753495X20932426?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753495X20932426?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5555/afhs.2005.5.4.295?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5555/afhs.2005.5.4.295?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/1846280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/1846280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.115.107896?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.115.107896?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41581-019-0244-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41581-019-0244-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ajog.2019.11.1243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ajog.2019.11.1243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2019.09.052?utm_medium=email&utm_source=transaction


during pregnancy. J Am Coll Cardiol. 2019, 74:2743-54. 10.1016/j.jacc.2019.09.052
42. Kahn LG, Trasande L: Environmental toxicant exposure and hypertensive disorders of pregnancy: recent

findings. Curr Hypertens Rep. 2018, 20:87. 10.1007/s11906-018-0888-5
43. Ubeda N, Reyes L, González-Medina A, Alonso-Aperte E, Varela-Moreiras G: Physiologic changes in

homocysteine metabolism in pregnancy: a longitudinal study in Spain. Nutrition. 2011, 27:925-30.
10.1016/j.nut.2010.10.017

44. King JC: Physiology of pregnancy and nutrient metabolism . Am J Clin Nutr. 2000, 71:1218S-25S.
10.1093/ajcn/71.5.1218s

45. Jeong H: Altered drug metabolism during pregnancy: hormonal regulation of drug-metabolizing enzymes .
Expert Opin Drug Metab Toxicol. 2010, 6:689-99. 10.1517/17425251003677755

46. Echeverria C, Eltit F, Santibanez JF, Gatica S, Cabello-Verrugio C, Simon F: Endothelial dysfunction in
pregnancy metabolic disorders. Biochim Biophys Acta Mol Basis Dis. 2020, 1866:165414.
10.1016/j.bbadis.2019.02.009

47. Salzer L, Tenenbaum-Gavish K, Hod M: Metabolic disorder of pregnancy (understanding pathophysiology of
diabetes and preeclampsia). Best Pract Res Clin Obstet Gynaecol. 2015, 29:328-38.
10.1016/j.bpobgyn.2014.09.008

48. Parkes I, Schenker JG, Shufaro Y: Parathyroid and calcium metabolism disorders during pregnancy . Gynecol
Endocrinol. 2013, 29:515-9. 10.3109/09513590.2012.754880

49. Szilagyi JT, Avula V, Fry RC: Perfluoroalkyl substances (PFAS) and their effects on the placenta, pregnancy,
and child development: a potential mechanistic role for placental peroxisome proliferator-activated
receptors (PPARs). Curr Environ Health Rep. 2020, 7:222-30. 10.1007/s40572-020-00279-0

50. Luo T, Zhang Y, Wang C, et al.: Maternal exposure to different sizes of polystyrene microplastics during
gestation causes metabolic disorders in their offspring. Environ Pollut. 2019, 255:113122.
10.1016/j.envpol.2019.113122

51. Papalou O, Kandaraki EA, Papadakis G, Diamanti-Kandarakis E: Endocrine disrupting chemicals: an occult
mediator of metabolic disease. Front Endocrinol (Lausanne). 2019, 10:112. 10.3389/fendo.2019.00112

52. Şanlı E, Kabaran S: Maternal obesity, maternal overnutrition and fetal programming: effects of epigenetic
mechanisms on the development of metabolic disorders. Curr Genomics. 2019, 20:419-27.
10.2174/1389202920666191030092225

53. Smith CJ, Ryckman KK: Epigenetic and developmental influences on the risk of obesity, diabetes, and
metabolic syndrome. Diabetes Metab Syndr Obes. 2015, 8:295-302. 10.2147/DMSO.S61296

54. Prescott SL, Clifton V: Asthma and pregnancy: emerging evidence of epigenetic interactions in utero . Curr
Opin Allergy Clin Immunol. 2009, 9:417-26. 10.1097/ACI.0b013e328330634f

55. Geraghty AA, Lindsay KL, Alberdi G, McAuliffe FM, Gibney ER: Nutrition during pregnancy impacts
offspring’s epigenetic status-evidence from human and animal studies. Nutr Metab Insights. 2015, 8:41-7.
10.4137/NMI.S29527

56. Hjort L, Novakovic B, Grunnet LG, et al.: Diabetes in pregnancy and epigenetic mechanisms-how the first 9
months from conception might affect the child’s epigenome and later risk of disease. Lancet Diabetes
Endocrinol. 2019, 7:796-806. 10.1016/S2213-8587(19)30078-6

57. Toledo-Rodriguez M, Lotfipour S, Leonard G, et al.: Maternal smoking during pregnancy is associated with
epigenetic modifications of the brain-derived neurotrophic factor-6 exon in adolescent offspring. Am J Med
Genet B Neuropsychiatr Genet. 2010, 153B:1350-4. 10.1002/ajmg.b.31109

58. Ávila JG, Echeverri I, de Plata CA, Castillo A: Impact of oxidative stress during pregnancy on fetal epigenetic
patterns and early origin of vascular diseases. Nutr Rev. 2015, 73:12-21. 10.1093/nutrit/nuu001

59. Li S, Chen M, Li Y, Tollefsbol TO: Prenatal epigenetics diets play protective roles against environmental
pollution. Clin Epigenetics. 2019, 11:82. 10.1186/s13148-019-0659-4

60. LaSalle JM: Epigenomic strategies at the interface of genetic and environmental risk factors for autism . J
Hum Genet. 2013, 58:396-401. 10.1038/jhg.2013.49

61. Rylander C, Odland JØ, Sandanger TM: Climate change and the potential effects on maternal and pregnancy
outcomes: an assessment of the most vulnerable--the mother, fetus, and newborn child. Glob Health
Action. 2013, 6:19538. 10.3402/gha.v6i0.19538

62. Rostami A, Riahi SM, Esfandyari S, et al.: Geo-climatic factors and prevalence of chronic toxoplasmosis in
pregnant women: A meta-analysis and meta-regression. Environ Pollut. 2021, 288:117790.
10.1016/j.envpol.2021.117790

63. Wilde J, Apouey BH, Jung T: The effect of ambient temperature shocks during conception and early
pregnancy on later life outcomes. Euro Econ Rev. 2017, 97:87-107. 10.1016/j.euroecorev.2017.05.003

64. Dadvand P, Basagana X, Figueras F, Sunyer J, Nieuwenhuijsen MJ: Climate and group B streptococci
colonisation during pregnancy: present implications and future concerns. BJOG. 2011, 118:1396-400.
10.1111/j.1471-0528.2011.03044.x

65. Agay-Shay K, Friger M, Linn S, Peled A, Amitai Y, Peretz C: Ambient temperature and congenital heart
defects. Hum Reprod. 2013, 28:2289-97. 10.1093/humrep/det244

66. Boyles AL, Beverly BE, Fenton SE, et al.: Environmental factors involved in maternal morbidity and
mortality. J Womens Health (Larchmt). 2021, 30:245-52. 10.1089/jwh.2020.8855

67. Choe SA, Kauderer S, Eliot MN, et al.: Air pollution, land use, and complications of pregnancy . Sci Total
Environ. 2018, 645:1057-64. 10.1016/j.scitotenv.2018.07.237

68. Xu X, Hu H, Ha S, Roth J: Ambient air pollution and hypertensive disorder of pregnancy. J Epidemiol
Community Health. 2014, 68:13-20. 10.1136/jech-2013-202902

69. Proietti E, Röösli M, Frey U, Latzin P: Air pollution during pregnancy and neonatal outcome: a review . J
Aerosol Med Pulm Drug Deliv. 2013, 26:9-23. 10.1089/jamp.2011.0932

70. van den Hooven EH, de Kluizenaar Y, Pierik FH, et al.: Air pollution, blood pressure, and the risk of
hypertensive complications during pregnancy: the generation R study. Hypertension. 2011, 57:406-12.
10.1161/HYPERTENSIONAHA.110.164087

71. Hu H, Ha S, Roth J, Kearney G, Talbott EO, Xu X: Ambient air pollution and hypertensive disorders of
pregnancy: a systematic review and meta-analysis. Atmos Environ (1994). 2014, 97:336-45.

2023 Kumari et al. Cureus 15(5): e38548. DOI 10.7759/cureus.38548 9 of 11

https://dx.doi.org/10.1016/j.jacc.2019.09.052?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11906-018-0888-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11906-018-0888-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nut.2010.10.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nut.2010.10.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/71.5.1218s?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/71.5.1218s?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1517/17425251003677755?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1517/17425251003677755?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbadis.2019.02.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbadis.2019.02.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpobgyn.2014.09.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpobgyn.2014.09.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3109/09513590.2012.754880?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3109/09513590.2012.754880?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40572-020-00279-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40572-020-00279-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2019.113122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2019.113122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2019.00112?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2019.00112?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1389202920666191030092225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1389202920666191030092225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S61296?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S61296?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/ACI.0b013e328330634f?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/ACI.0b013e328330634f?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4137/NMI.S29527?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4137/NMI.S29527?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(19)30078-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(19)30078-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ajmg.b.31109?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ajmg.b.31109?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/nutrit/nuu001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/nutrit/nuu001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13148-019-0659-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13148-019-0659-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jhg.2013.49?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jhg.2013.49?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3402/gha.v6i0.19538?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3402/gha.v6i0.19538?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2021.117790?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2021.117790?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.euroecorev.2017.05.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.euroecorev.2017.05.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1471-0528.2011.03044.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1471-0528.2011.03044.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/humrep/det244?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/humrep/det244?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jwh.2020.8855?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jwh.2020.8855?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.scitotenv.2018.07.237?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.scitotenv.2018.07.237?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech-2013-202902?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech-2013-202902?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jamp.2011.0932?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jamp.2011.0932?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/HYPERTENSIONAHA.110.164087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/HYPERTENSIONAHA.110.164087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.atmosenv.2014.08.027?utm_medium=email&utm_source=transaction


10.1016/j.atmosenv.2014.08.027
72. Mobasher Z, Salam MT, Goodwin TM, Lurmann F, Ingles SA, Wilson ML: Associations between ambient air

pollution and hypertensive disorders of pregnancy. Environ Res. 2013, 123:9-16.
10.1016/j.envres.2013.01.006

73. Jia L, Liu Q, Hou H, Guo G, Zhang T, Fan S, Wang L: Association of ambient air pollution with risk of
preeclampsia during pregnancy: a retrospective cohort study. BMC Public Health. 2020, 20:1663.
10.1186/s12889-020-09719-w

74. Giorgini P, Di Giosia P, Grassi D, Rubenfire M, Brook RD, Ferri C: Air pollution exposure and blood pressure:
an updated review of the literature. Curr Pharm Des. 2016, 22:28-51. 10.2174/1381612822666151109111712

75. Lamichhane DK, Jung DY, Shin YJ, et al.: Association between ambient air pollution and perceived stress in
pregnant women. Sci Rep. 2021, 11:23496. 10.1038/s41598-021-02845-4

76. Padula AM, Ma C, Huang H, Morello-Frosch R, Woodruff TJ, Carmichael SL: Drinking water contaminants in
California and hypertensive disorders in pregnancy. Environ Epidemiol. 2021, 5:e149.
10.1097/EE9.0000000000000149

77. Deane M, Swan SH, Harris JA, Epstein DM, Neutra RR: Adverse pregnancy outcomes in relation to water
contamination, Santa Clara County, California, 1980-1981. Am J Epidemiol. 1989, 129:894-904.
10.1093/oxfordjournals.aje.a115223

78. Thakur JS, Prinja S, Singh D, Rajwanshi A, Prasad R, Parwana HK, Kumar R: Adverse reproductive and child
health outcomes among people living near highly toxic waste water drains in Punjab, India. J Epidemiol
Community Health. 2010, 64:148-54. 10.1136/jech.2008.078568

79. von Ehrenstein OS, Guha Mazumder DN, Hira-Smith M, et al.: Pregnancy outcomes, infant mortality, and
arsenic in drinking water in West Bengal, India. Am J Epidemiol. 2006, 163:662-9. 10.1093/aje/kwj089

80. Thippeswamy HM, Devananda D, Nanditha Kumar M, Wormald MM, Prashanth SN: The association of
fluoride in drinking water with serum calcium, vitamin D and parathyroid hormone in pregnant women and
newborn infants. Eur J Clin Nutr. 2021, 75:151-9. 10.1038/s41430-020-00707-2

81. Thakur P, Ganguly R, Dhulia A: Occupational health hazard exposure among municipal solid waste workers
in Himachal Pradesh, India. Waste Manag. 2018, 78:483-9. 10.1016/j.wasman.2018.06.020

82. Das B: Health hazards and risks for musculoskeletal problems among child labourers in the brickfield sector
of West Bengal, India. Int Health. 2019, 11:250-7. 10.1093/inthealth/ihy071

83. Balasubramanian B, Meyyazhagan A, Chinnappan AJ, et al.: Occupational health hazards on workers
exposure to lead (Pb): a genotoxicity analysis. J Infect Public Health. 2020, 13:527-31.
10.1016/j.jiph.2019.10.005

84. Obeng-Gyasi E: Sources of lead exposure in various countries . Rev Environ Health. 2019, 34:25-34.
10.1515/reveh-2018-0037

85. Kumar S: Occupational and environmental exposure to lead and reproductive health impairment: an
overview. Indian J Occup Environ Med. 2018, 22:128-37. 10.4103/ijoem.IJOEM_126_18

86. Njati SY, Maguta MM: Lead-based paints and children's PVC toys are potential sources of domestic lead
poisoning - a review. Environ Pollut. 2019, 249:1091-105. 10.1016/j.envpol.2019.03.062

87. Fruh V, Rifas-Shiman SL, Amarasiriwardena C, et al.: Prenatal lead exposure and childhood executive
function and behavioral difficulties in project viva. Neurotoxicology. 2019, 75:105-15.
10.1016/j.neuro.2019.09.006

88. Bellinger DC: Teratogen update: lead and pregnancy. Birth Defects Res A Clin Mol Teratol. 2005, 73:409-20.
10.1002/bdra.20127

89. Wingate MS, Alexander GR: The healthy migrant theory: variations in pregnancy outcomes among US-born
migrants. Soc Sci Med. 2006, 62:491-8. 10.1016/j.socscimed.2005.06.015

90. Kragelund Nielsen K, Andersen GS, Damm P, Nybo Andersen AM: Migration, gestational diabetes, and
adverse pregnancy outcomes: a nationwide study of singleton deliveries in Denmark. J Clin Endocrinol
Metab. 2021, 106:e5075-87. 10.1210/clinem/dgab528

91. Gibson-Helm ME, Teede HJ, Cheng IH, et al.: Maternal health and pregnancy outcomes comparing migrant
women born in humanitarian and nonhumanitarian source countries: a retrospective, observational study.
Birth. 2015, 42:116-24. 10.1111/birt.12159

92. Kim MK, Lee SM, Bae SH, et al.: Socioeconomic status can affect pregnancy outcomes and complications,
even with a universal healthcare system. Int J Equity Health. 2018, 17:2. 10.1186/s12939-017-0715-7

93. Morrison J, Najman JM, Williams GM, Keeping JD, Andersen MJ: Socio-economic status and pregnancy
outcome. An Australian study. Br J Obstet Gynaecol. 1989, 96:298-307. 10.1111/j.1471-0528.1989.tb02389.x

94. Desyibelew HD, Dadi AF: Burden and determinants of malnutrition among pregnant women in Africa: A
systematic review and meta-analysis. PLoS One. 2019, 14:e0221712. 10.1371/journal.pone.0221712

95. Allen LH: Anemia and iron deficiency: effects on pregnancy outcome . Am J Clin Nutr. 2000, 71:1280S-4S.
10.1093/ajcn/71.5.1280s

96. Lim SS, Noakes M, Norman RJ: Dietary effects on fertility treatment and pregnancy outcomes . Curr Opin
Endocrinol Diabetes Obes. 2007, 14:465-9. 10.1097/MED.0b013e3282f1cfc6

97. Chia AR, Chen LW, Lai JS, Wong CH, Neelakantan N, van Dam RM, Chong MF: Maternal dietary patterns and
birth outcomes: a systematic review and meta-analysis. Adv Nutr. 2019, 10:685-95.
10.1093/advances/nmy123

98. Takemoto ML, Menezes MO, Andreucci CB, et al.: Maternal mortality and COVID-19. J Matern Fetal
Neonatal Med. 2022, 35:2355-61. 10.1080/14767058.2020.1786056

99. Horta BL, Gigante DP, Lima RC, Barros FC, Victora CG: Birth by caesarean section and prevalence of risk
factors for non-communicable diseases in young adults: a birth cohort study. PLoS One. 2013, 8:e74301.
10.1371/journal.pone.0074301

100. Singhal A: The role of infant nutrition in the global epidemic of non-communicable disease . Proc Nutr Soc.
2016, 75:162-8. 10.1017/S0029665116000057

101. Heidari-Beni M: Early life nutrition and non communicable disease . Adv Exp Med Biol. 2019, 1121:33-40.
10.1007/978-3-030-10616-4_4

102. de Mendonça EL, de Lima Macêna M, Bueno NB, de Oliveira AC, Mello CS: Premature birth, low birth weight,

2023 Kumari et al. Cureus 15(5): e38548. DOI 10.7759/cureus.38548 10 of 11

https://dx.doi.org/10.1016/j.atmosenv.2014.08.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envres.2013.01.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envres.2013.01.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-020-09719-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-020-09719-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1381612822666151109111712?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1381612822666151109111712?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-02845-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-02845-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/EE9.0000000000000149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/EE9.0000000000000149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/oxfordjournals.aje.a115223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/oxfordjournals.aje.a115223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.2008.078568?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.2008.078568?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/aje/kwj089?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/aje/kwj089?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41430-020-00707-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41430-020-00707-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wasman.2018.06.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wasman.2018.06.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/inthealth/ihy071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/inthealth/ihy071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jiph.2019.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jiph.2019.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/reveh-2018-0037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/reveh-2018-0037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijoem.IJOEM_126_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijoem.IJOEM_126_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2019.03.062?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.envpol.2019.03.062?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neuro.2019.09.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neuro.2019.09.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/bdra.20127?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/bdra.20127?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.socscimed.2005.06.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.socscimed.2005.06.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/clinem/dgab528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/clinem/dgab528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/birt.12159?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/birt.12159?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12939-017-0715-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12939-017-0715-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1471-0528.1989.tb02389.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1471-0528.1989.tb02389.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0221712?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0221712?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/71.5.1280s?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/71.5.1280s?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MED.0b013e3282f1cfc6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MED.0b013e3282f1cfc6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/advances/nmy123?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/advances/nmy123?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/14767058.2020.1786056?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/14767058.2020.1786056?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0074301?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0074301?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0029665116000057?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0029665116000057?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/978-3-030-10616-4_4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/978-3-030-10616-4_4?utm_medium=email&utm_source=transaction


small for gestational age and chronic non-communicable diseases in adult life: A systematic review with
meta-analysis. Early Hum Dev. 2020, 149:105154. 10.1016/j.earlhumdev.2020.105154

103. Alabduljabbar S, Zaidan SA, Lakshmanan AP, Terranegra A: Personalized nutrition approach in pregnancy
and early life to tackle childhood and adult non-communicable diseases. Life (Basel). 2021,
11:10.3390/life11060467

104. Jirtle RL, Skinner MK: Environmental epigenomics and disease susceptibility . Nat Rev Genet. 2007, 8:253-62.
10.1038/nrg2045

105. Perera F, Herbstman J: Prenatal environmental exposures, epigenetics, and disease . Reprod Toxicol. 2011,
31:363-73. 10.1016/j.reprotox.2010.12.055

106. Boice JD Jr: The likelihood of adverse pregnancy outcomes and genetic disease (transgenerational effects)
from exposure to radioactive fallout from the 1945 Trinity atomic bomb test. Health Phys. 2020, 119:494-
503. 10.1097/HP.0000000000001170

2023 Kumari et al. Cureus 15(5): e38548. DOI 10.7759/cureus.38548 11 of 11

https://dx.doi.org/10.1016/j.earlhumdev.2020.105154?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.earlhumdev.2020.105154?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/life11060467?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/life11060467?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrg2045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrg2045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.reprotox.2010.12.055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.reprotox.2010.12.055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/HP.0000000000001170?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/HP.0000000000001170?utm_medium=email&utm_source=transaction

	Environmental Exposure: Effect on Maternal Morbidity and Mortality and Neonatal Health
	Abstract
	Introduction And Background
	Review
	Global status of neonatal health, maternal morbidity and mortality burden
	The burden of maternal morbidity and mortality in Indian states
	Disparity in environmental causes for maternal health
	Complications and changing scenarios in pregnancy
	Medical conditions and common risk factors associated with pregnancy
	Maternal and neonatal physiology and climate change
	Environmental conditions
	Occupational exposure and pregnancy outcomes
	Migration of population and socio-economic background
	Nutritional deficiency and starving
	Hygiene, sanitation, and altering disease pattern
	Non-communicable diseases, pregnancy, and childbirth
	Environmental exposure and inheritable diseases

	Conclusions
	Additional Information
	Disclosures

	References


