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Abstract

Objectives: To compare the environmental health results in women trying to get pregnant or pregnant using a mobile health
application (Green Page) through healthcare professionals or self-completed by women, and to explore the relationship
between the subjective well-being of these women with their lifestyles and environmental factors.

Methods: A descriptive study with mixed methods was conducted in 2018. A mobile health survey was used in two phases.
Phase 1 was a cross-sectional study through professionals (n = 1100) followed by phase 2, a convenience sampling through
women’s self-reporting (n = 3425). A personalized report was downloadable with health recommendations for the well-
being of the mother and child.

Results: Of the 3205 participants (mean age = 33 years, SD = 0.2 years), 1840 were planning a pregnancy and 1365 were
pregnant. One in five pregnant women had a low level of happiness. Globally, subjective well-being and happiness were
found to be negatively associated with lack of contact with nature, sedentary lifestyle, excess weight, environmental expos-
ure, and older age in pregnancy. Precisely 45%, 60%, and 14% of women were exposed to tobacco, alcohol, and illegal
drugs, respectively. The women self-reported levels of risk factors higher than when the tool was used by or through
professionals.
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Conclusions: The use of mobile health interventions focused on environmental health during planning or pregnancy periods
could help improve the quality of healthcare and foster greater involvement of women in their self-care process, thus pro-
moting empowerment, healthier environments, and lifestyles. Ensuring equity of access and data protection are global chal-
lenges to be addressed.
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Introduction

The World Health Organization (WHO) and the European
Union consider Children’s Environmental Health to be
one of the main sanitary challenges of the 21st century,
and stimulate the development of strategies to approach
these issues.1 Environmental health risk factors during
pregnancy include chemical, physical, biological, and psy-
chosocial risk factors that impact pregnant women and
infant health. The WHO and the American Obstetrician
Society encourage healthcare professionals to conduct an
environmental screening in order to assess exposure
and risk to environmental health factors during the
prenatal period.2,3 Following this advice, the Pediatric
Environmental Health Specialty Unit in the Clinical
University Hospital Virgen de la Arrixaca located in
Murcia, Spain, developed Green Page, a clinical screening
tool on reproductive environmental health.4–8 This ques-
tionnaire produces a standard clinical record of each preg-
nant woman and includes a series of basic questions by
healthcare professionals to identify environmental expo-
sures during or when planning a pregnancy. The Green
Page approach is based on a comprehensive overview that
assesses physical, chemical, biological, social, and psycho-
social factors that affect the health of the pregnant woman
and her child. Green Page is reproducible and has been
adapted to the reality of different countries.9 Despite
efforts and the growing concern of pregnant women regard-
ing environmental matters, the majority of physicians do
not routinely screen for known environmental factors.10

Mobile health is defined as a public health, medical, and
clinical intervention based on digital devices such as com-
puters, tablets, smartphones, or other mobile devices.11

The Spanish health system is reported as one of the bench-
marks of the digital revolution, including the use of mobile
health, especially during the COVID-19 outbreak.12

According to the European Union, mobile health appli-
cations may increase early diagnosis, promote health pre-
vention, and enhance time management with 30% less
effort required in data analysis, thereby reducing costs

and expenses in both public as well as private health care
and services throughout Europe by 99 billion euros annu-
ally.13 Mobile health interventions offer a chance for the
early detection of millions of cases of non-communicable
diseases (such as asthma and diabetes) by means of
remote diagnosis facilitated by health practitioners in a
less expensive way and which can progressively extend
their occupational capacity and work productivity.13,14

Other areas presenting opportunities include greater health
coverage by enabling equity and inclusion; broadening
the range of health promotion and education outreach,
which increases patient skills and knowledge; strengthening
global health; improving data science research; assisting in
healthier aging; and enabling more encouraging strategies,
focused on affordable self-care and self-management of
people’s health which, in general, succeeds in overcoming
the patient’s reluctance to seek healthcare.15–18

Meta-analyses show that electronic and mobile health-
based treatments are effective public health interventions.19

Efforts from both the patient and the health providers are
essential for better well-being and health during pregnancy.
Accordingly, mobile health explores self-management in
patients relating to pregnancy care to reinforce positive
health outcomes.19–22 The mobile health apps that are
already in use have different functionalities: informative,
educational, or healthcare-delivery intended to address
social and environmental health in pregnant women.
Although mobile health interventions have shown great
potential to modify behavior, relatively few evaluations
have assessed the effectiveness of mobile health interven-
tions during pregnancy. Mental health during pregnancy
is important for women’s health and their offspring.
Happiness is a psychological conception with several
dimensions of well-being and is one of the most important
concepts in the field of mental health, since it represents a
protective factor.23 Maternal stress has an impact not only
on the mother but also harms birth outcomes, including
low birth weight, preterm birth, lower gestational age, and
intrauterine growth restriction.24,25 Examining positive
psychology and its benefits on mental health and well-being
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among pregnant women is very important.26,27 Using
mobile health apps may increase the physical, cognitive,
and emotional health of women during pregnancy without
significant risks or adverse effects.28

The planning or pregnancy are critical periods for mater-
nal and child health, it is therefore essential to develop and
implement intervention strategies to reduce or eliminate
environmental risk factors. Mobile health apps related to
environmental health offer a potential and novel tool to
empower families and communities about their health
care. Thus, mobile health applications may contribute to
improving the environment and lifestyles of women in the
reproductive period and ensuring the normal development
of the infant. Self-assessment interventions by apps are
needed in order to help pregnant women or women plan-
ning a pregnancy.29,30 Accessibility must be created for
women who are pregnant or planning a pregnancy so they
can gather concise and valuable information concerning
environmental health factors that may affect their preg-
nancy. Through this environmental health self-assessment,
the participant received an automated, adapted, and perso-
nalized report containing healthcare recommendations for
the well-being of the parents and future infants.

The main objective of this study is to compare the envir-
onmental health status of women trying to get pregnant or
pregnant using a mobile health application (Green Page)
by or through healthcare professionals or self-completed
by women and to explore the relationship between the sub-
jective well-being/happiness of these women and with their
lifestyles and environmental factors.

Methods

Participants and data collection

The Region of Murcia is a Mediterranean region located in
the southeast of Spain. It has a population of approximately
1.5 million inhabitants. The Murcian Public Health System
assists and monitors more than 98% of pregnant women
from the region across the nine Health Areas which it orga-
nizes. In 2014, there were 14,200 births in the five maternity
hospitals in the Region of Murcia.31 In the present study, we
included women who were pregnant or planning to get
pregnant in the Region of Murcia during 2018. We
defined women planning to get pregnant as those who
were seeking pregnancy. They completed a mobile health
survey, and at the end of the questionnaire, respondents
received a personalized report with recommendations for
improving pregnancy outcomes. The study was conducted
in two phases by mixed methods.

In Phase 1, a cross-sectional study was carried out by or
through healthcare professionals of the Murcian Public
Health System in the first semester of 2018. The mobile
health survey was available to all women when they

attended their first pregnancy check-up or during a precon-
ception care visit if they were planning to become pregnant.
The mobile health application was completed by healthcare
providers. The midwives, obstetricians, and reproductive
healthcare professionals received training (10 h contact
course) about the mobile health version of the Green Page
survey.

The sample size in phase 1 was calculated with a con-
fidence level (1− α) of 95%, a precision of 3%, an
expected percentage of the response variable of 50%,
and a loss rate of 10%.32 During the first half of 2018,
1100 pregnant women or women planning a pregnancy
in the Region of Murcia were systematically selected in
participating consultations and local hospitals and
invited to participate.

For the second period (phase 2), during the second half
of 2018, a non-probabilistic sampling was carried out
through the web and social networks such as Facebook
and Twitter, and with the collaboration of the web portal
Natalben Group (Italfarmaco Company). Information was
also sent to pharmacies and other health departments
(health centers and hospitals). The women accessed the
surveys through a link (web format) or through a QR
code (posters or brochures). The mobile health application
was self-administered and completed by women who
were pregnant or planning to get pregnant and who
agreed to participate (Multimedia Appendix 1). The
responses were limited to one answered survey per email
or internet protocol (IP) address.

All responses were reviewed by two experts on envir-
onmental health, and participants were excluded from the
analysis if they had duplicated information due to soft-
ware error or with inappropriate or contradictory
responses about age, alcohol intake, weight, and height
(e.g. ages between 0 and 11 years old, 99 mixed drinks/
week, contradictory weight or height). Disagreements
were discussed in the research group, and the majority’s
decision was accepted. Finally, a total of 3205 partici-
pants during both phases of the study were considered
for analysis.

Survey and report: mobile health green page

Green Page4–8,33 (on paper) is a screening questionnaire of
environmental health for pregnancy and lactation periods
that has been developed and used since 2009 in the
Paediatric Environmental Health Unit of Murcia. Green
Page for pregnancy and lactation is a clinical tool that pro-
vides a comprehensive picture of the pregnant woman and
her partner. Training of the health professional is required
prior to use, and it is carried out face-to-face with the preg-
nant couple within a motivational interview framework in 5
to 7 min. It is a very versatile instrument given that it can be
used in preconception consultations, during pregnancy, and
during lactation.
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The Green Page mobile application was designed and
adapted from paper to a web version in 2016 and became
available in 2018. The purpose of the mobile application
is to obtain valuable information regarding the user’s
health, detect environmental factors, and prevent, educate,
and empower women to reduce or eliminate harmful expo-
sures during pregnancy. It also serves to promote protective
factors during pregnancy and to foster maternal and peri-
natal health outcomes.

This electronic format was grouped into 10 main
spheres: (a) emotional state; (b) neighborhood (outdoor
air quality by an air pollution annoyance scale and per-
sonal perception of environmental risks); (c) hobbies
with environmental exposures; (d) medical x-ray expos-
ure; (e) pesticides at home/garden; (f) alcohol, tobacco,
and illegal drugs; (g) body mass index (BMI) information
and food intake; (h) supplements intake, pharmaceutical
products; (i) Occupational exposures; and (j) physical
activity (PA)/interaction with nature. This mobile
health web application consists of a self-administered
survey by pregnant women or those planning to get preg-
nant. In the end, the toolkit provides each woman with a
personalized report offering recommendations for

improving the pregnancy outcome. In this automated
and personalized report, for each of these spheres, the
women received an outcome—emoji face, either red,
yellow, or green color with a personalized report contain-
ing healthcare recommendations. A green smiley face
indicates that current behavior in that category is condu-
cive to a healthy pregnancy. A neutral yellow or sad red
face indicates that there is a growing concern about the
risk factors that may affect the pregnancy and includes
the measures to be taken to decrease exposure and
improve environmental health outcomes. Depending on
the answers, a downloadable online report was self-
generated by the participant. An example of the first
page from a personalized report, with visual information
(emoji) based on the answers to the questions, is avail-
able in Multimedia Appendix 2. Additionally, in the fol-
lowing pages of this report, each category has been
expanded with specific recommendations generated
from the algorithm based on the woman’s responses.

The differences between the traditional and mobile
health versions of Green Page are shown in Table 1.

The Ethical Committee and Institutional Review
Board of the Clinical University Hospital Virgen de la

Table 1. Comparison of green page pregnancy spheres.6,7

Sphere Traditional mobile health

Happiness and emotional health Likert scale X

Weight, height, body mass index (BMI) X

Sociodemographic variables (home, residence address, education level of both parents, household
income)

X X*

Obstetric history and characteristics of current pregnancy X

Outdoor air quality (by an air pollution annoyance scale) X

Exposure to drugs, parapharmaceutical and herbal products X

Exposure to ionizing radiation (periconceptional and different periods of pregnancy) X X

Occupational exposure and risky hobbies X X

Exposure to legal and illegal drugs X X

Food intake/supplements (servings fruit/week, servings red meat/week, servings of shark,
swordfish, or red tuna, folate or vitamin supplements intake)

X

Physical activity and activities in contact with nature X

Pesticides at home/garden X X

Personal perception of environmental risks X X

*Only region and country.
Note: Digital version protects the user’s identity.
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Arrixaca approved Green Page (SAELCI Project, 18 July
2014). All participants electronically signed an informed
consent.

Variables

The following variables were assessed to study their influ-
ence on subjective well-being.

Sociodemographic: Country, age (years), maternal
main occupation (jobs related to chemical reproductive
risk)34; environmental factors of community or at home
concern. Environmental and lifestyles: (a) height (m),
weight (kg), and calculated BMI (kg/m2); (b) PA was eval-
uated according to an hour per week of sporting activity
and measured by a categorical global self-perceived
scale of overall PA—at home, sports activities and work
—(sedentary, slightly active, moderately active, and very
active); (c) consumption per serving/week of dried fruit,
red meat, fresh tuna or shark; (d) illegal (yes/no) or legal
drugs—women smoker (yes/no), secondhand smoke
exposure (yes/no), grams of alcohol/day; (e) activities in
contact with nature (defined as the frequency of activities
in a natural environment; mountain, beach, forest, or urban
park, or similar); (f) outdoor air quality as measured by an
air pollution annoyance scale. This scale relates the per-
ceived risk of families with outdoor air quality on an
11-point Likert scale and ranges from 0 (no disturbance
at all) to 10 (intolerable disturbance). For analysis pur-
poses, it was then divided into four categories: <2 good;
3–5 acceptable; 6–7 bad; and 8–10 very bad; (g) dragging
chemical traces on job’s clothes or shoes at home (yes/no),
hobbies of chemical risk for pregnancy (yes/no), and use
of pesticides at home/garden (yes/no). Other variables
included were: medical ionizing radiation conducted or
planned in the coming weeks; folic supplement intake
(yes/no).

Outcomes: Emotional state/happiness. The emotional state/
happiness was self-reported by a direct question: how
happy and well-prepared emotionally do you feel for the
pregnancy? It has been studied as a Likert variable where
1 represents “not at all emotionally prepared/unhappy” to
5 “A lot emotionally prepared for the pregnancy/happy”
(1 = not at all; 2 = a little; 3= somewhat; 4= consider-
ably; 5= a lot). For analysis purposes, it was then divided
into three categories: 1 to 2 not prepared emotionally; 3
somewhat emotionally prepared; and 4 to 5 fully prepared
emotionally. From this, 4 and 5 were the variables that
grouped the pregnancies considered emotionally prepared
or quite, or very happy.

Statistical analysis

The answers to the self-administered survey using the
mobile health app were analyzed with IBM Statistical

Package for the Social Sciences version 21 (SPSS) statis-
tical analysis software. Data were analyzed by descriptive
statistics. An alpha level of significance of 0.05 was used
for the statistical tests. The comparison tests aimed to
analyze differences between both phases of the study.
Furthermore, we undertook an association study between
environmental health variables and the level of maternal
happiness.

Results
Figure 1 shows the flowchart of the participant’s selection.
Overall, 77% of those who used the app completed the
questionnaire and downloaded the auto-generated persona-
lized report. A total of 3476 participants completed the
environmental screening questionnaire in the mobile
health application, of whom 7.79% were excluded.
Finally, a total of 3205 participants were considered for
the study. The mean time taken to complete the question-
naire was 6.5 min.

The majority of the surveyed women were planning a
pregnancy (n = 1840; 57%) compared to those currently
pregnant (n = 1365; 43%). The reported age average of
the sample was 33 years old.

Amongst the participants planning pregnancy, 36% had
excess weight (26% overweight and 10% obesity).
Regarding the geographical place of origin, the majority
(∼80%) came from Spain, followed by Latin America and
the Caribbean (15%).

Among the women as a whole, no significant differences
were observed in the study variables between phase 1
(mobile health by or through the professional) and phase
2 (self-completed). Nevertheless, the pregnant women self-
reported levels of risk factors (alcohol, exposure to canna-
bis, risky hobbies in the family, air pollution perception
scale, and medical x-ray radiation) higher than when the
tool was used by or through professionals. The women
who planned to have a pregnancy self-reported more
alcohol exposure than in phase 1. Table 2 shows the socio-
demographic results obtained with the use of mobile health
in phase 1 (by professionals) and phase 2 (through women’s
self-reporting).

Emotional health/happiness

Nearly 20% of the women in both groups considered them-
selves to not be happy and well-prepared emotionally for
the pregnancy. Furthermore, 5% of all the women reported
being not at all or little prepared in their emotional health
and being unhappy. Lastly, differences by geographic
origin were observed in the well-being and emotional
health reported between the women planning pregnancy
and pregnant women. Precisely 10% of the women
planning a pregnancy from the rest of Europe and 11% of
pregnant women from the Americas reported that they did
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not feel emotionally prepared for pregnancy. In phase 2
(self-reporting), pregnant women reported significantly
lower levels of emotional health than in phase 1 (by
professionals).

Illegal and legal drugs

Precisely 21% of women planning a pregnancy and 14% of
those pregnant reported as active smokers and 45% of the
women were exposed to any kind of tobacco smoke, includ-
ing passive smoke. Cannabis or other illegal drug exposure
(passive or active) amounted to 15% and 12%, respectively,
for women planning a pregnancy and pregnant women.
Precisely 36% to 47% of the total women reported being
teetotalers.

Food/supplement consumption

For the women planning a pregnancy and the pregnant
women, the consumption of any weekly servings of preda-
tory sea fish was 44% and 29%, respectively. Precisely,
90% of both groups identified weekly consumption of
more than one serving of red meat. In both groups, 16%
of the women ate no fruit. More than half (60%) of the
women planning pregnancy reported folic acid

consumption in preparedness for the pregnancy, while
90% of the pregnant women reported consuming that
supplement.

PA, contact with nature

Precisely 11% of the women lived sedentarily. Only 13% of
the pregnant women carried out activities in contact with
nature daily, while that percentage reached 19% in the
women preparing for pregnancy. When comparing the
data for emotional health and happiness, we found that
for the most emotionally prepared subgroup, the results of
the pregnant women who performed daily activities in
natural environments presented a percentage difference of
7.7 points higher than that of women who reported not per-
forming any activity in nature (<0.05). In the group of
women who were preparing for a pregnancy, the differ-
ences between the same groups were 4.5 points (<0.05).

Occupational exposure

Precisely 60% of all the women had jobs related to chemical
reproductive risk. In 16% of the families, some members of
the household had clothing or shoes contaminated with
chemical products from work to home.

Figure 1. Flowchart detailing selection phases of mHealth green page.
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Environmental risk perception

Around 33% of the women identified at least one environ-
mental factor that concerned them in their neighborhood or
community. The most frequent community environmental
pollution factors identified by the total of this subgroup
were air pollution (23%), home age (22%), exposure to pes-
ticides in nearby areas at home (12%), and the lack of green
areas (10%).

Outdoor air pollution/Chemical exposure at home

Precisely 29% of women planning pregnancy and 31% of
pregnant women were exposed to pesticides in their home
or gardening activities. Nealy 33% reported bad to very
bad air quality in their neighborhood.

The demographic descriptions and differences in well-
being and happiness (emotional health) outcomes between
both groups are shown in Table 3.

The lifestyles and exposure to legal and illegal drugs
between the two groups of the sample are presented in
Table 4.

Table 5 shows the results of the chemical and ionizing
radiation exposures.

The distribution of the state of emotional health and hap-
piness was studied for pregnancy associated with different
environmental health risk factors in Tables 6 and 7.
Different statistical tests, such as the Spearman correlation
test and chi-square test, were run to assess various relation-
ships between these variables.

Discussion
The environmental health data reported in our study display
an interesting profile to discover certain opportunities for
public health strategies to benefit mothers and their infants.

The screening of environmental health reported similar
results when women completed the mobile health (Green
Page) by themselves to when it was done by or through
the healthcare professional. These findings are important
to us because these tools can help increase efficiency,
reduce visits to the doctor, and also provide valuable guid-
ance to pregnant women or women who want to get

Table 3. Sociodemographic characteristics and emotional health outcomes.

Variables

Planning pregnancy (n = 1840) Pregnant (n = 1365)
P-value

n (%) Mean (95% CI) n (%) Mean (95% CI)

Age (years) 34.5 (33.9, 35.1) 32.8 (32.3, 33.2) 0.005a

Height (cm) 164.3(163.6,165.0) 164.6 (164.1, 1651) -

Weight (kg) 65.5 (64.0, 67.0) 67.3 (66.3, 68.4) -

BMI 24.2 (23.7, 24.8) 24.8 (24.5, 25.2) 0.0005a

Place of origin

Spain 1433 (77.9) 1095 (80.2) < 0.001

Other Europe 97 (5.3) 52 (3.8)

America 303 (16.5) 177 (13.0)

Others 7 (0.4) 41 (3.0)

Emotional health for pregnancy

Not prepared 79 (4.3) 68 (5.0) 0.632

Somewhat prepared 256 (13.9) 193 (14.1)

Fully prepared 1505 (81.8) 1104 (80.9)

n: number; CI: confidence interval; BMI: body mass index.
aStudent t-test used.
Notes: χ2 test used unless otherwise noted. Statistical tests used a level of significance of 0.05.
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Table 4. Drugs and lifestyles.

Variables

Planning pregnancy (n = 1840) Pregnant (n = 1365)

P-valuen (%) Mean (95% CI) n (%) Mean (95% CI)

Drugs exposure

Teetotaler 666 (36.2) 36.2 641 (47) 47.0 —

Alcohol (g/day) 1174 (63.8) 8.85 (7.9, 9.8) 724 (53) 7.95 (6.9, 9.0) < 0.001a

Binge drinking

None 1290 (70) 741 (54.3) <0.001

1–2 369 (20) 439 (32.2)

>2 141 (7.7) 177 (13)

Tobacco active smoker 384 (20.9) 188 (13.8) <0.001

Any tobacco exposure 842 (46.4) 585 (43.2) 0.072

Illegal drugs exposure 285 (15.5) 159 (11.6) 0.002

Food/supplement consumption

Fresh fruit servings/day

None 350 (19) 152 (11) < 0.001

<4 1244 (67.6) 983 (72)

≥4 246 (13.4) 230 (16.8)

Red meat servings/week

Not usually eat 156 (8.5) 126 (9.2) 0.325

1–2 546 (29.7) 399 (29.2)

3 or more 1138 (61.8) 840 (60.9)

Big fish servings/week < 0.001

None 1003 (54.5) 953 (69.8)

1-2 701 (38.1) 354 (25.9)

>3 102 (5.6) 45 (3.3)

Folic acid consumption 1084 (58.9) 1193 (87.4) < 0.001

PA and contact with environment

Exercise (hr/week) 0.028

(continued)

10 DIGITAL HEALTH



pregnant with the best recommendations through learning
tools and artificial intelligence.

Precisely 80% of women of childbearing age and
seeking pregnancy feel happy and emotionally prepared
for the pregnancy. In our study, this indicator is associated
with age, the geographical place of origin, and environmen-
tal factors such as exposure to drugs, contact with nature, or
lifestyles related to reproductive health and pregnancy.
Globally, the data reported by women about exposure to
legal and illicit drugs is alarming. The national average
maternal age estimated (32 years) by Spain’s National
Statistics Institute31 is similar to that of our results (33
years). Overall, young pregnant women in our study refer
to being happier and emotionally prepared. The distribution
of the origin of mothers is that they are predominately from
Spain, followed by Latin America and the Caribbean. It
should be especially noted that among the geographical differ-
ences obtained in the outcome of subjective well-being, a rela-
tively high frequency (11%) of women of American origin did
not report feeling emotionally prepared for pregnancy. To

explain these differences, cross-cultural and social aspects
such as chauvinism, health inequities, and poverty, as well
as the psychosocial approach of pregnant young women,
should be addressed.35–37

According to the Centers for Disease Control and
Prevention,38 women preparing for pregnancy with a weight
above average are more likely to experience adverse maternal
and neonatal outcomes (e.g. cesarean delivery, macrosomia,
stillbirth, and/or childhood obesity).39 In our study, 35% of
women planning pregnancy had a BMI above the recom-
mended level, similar to the prevalence (31%) of over-
weight/obese women for the same age groups.40 Body
weight, diet, and PA may influence a healthy pregnancy; so
this is clinically important in order to help improve
women’s and children’s health outcomes.41–43 In our study,
10% of the pregnant women reported being sedentary, and
28% did no exercise per week. Increasing PA such as
walking could help reduce premature deliveries, improve
birth weight, and lead to a healthier child,44–46 also contribut-
ing to decreasing air pollution in cities, and diminishing the

Table 4. Continued.

Variables

Planning pregnancy (n = 1840) Pregnant (n = 1365)

P-valuen (%) Mean (95% CI) n (%) Mean (95% CI)

None 455 (24.7) 385 (28.2)

<5 968 (52.6) 713 (52.2)

≥5 417 (22.7) 267 (19.6)

Global PA level

Sedentary 221 (12) 141 (10.3) 0.006

Slightly active 674 (36.6) 464 (34)

Moderately active 624 (33.9) 505 (37)

Very active 321 (17.4) 255 (18.7)

Frequency contact with nature

None 109 (5.9) 88 (6.4) 0.002

Only on vacations 334 (18.2) 199 (14.6)

Once a month 504 (27.4) 325 (23.8)

Once a week 700 (38) 579 (42.4)

Every day 193 (10.5) 174 (12.7)

n: number; CI: confidence interval; PA: physical activity.
aStudent t-test used.
Notes: χ2 test used unless otherwise noted. Statistical tests used a level of significance of 0.05.
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personal carbon footprint.47 In our analysis, women with posi-
tive emotional health are more active physically and in contact
with nature (Table 6a). Recommendations for pregnant
women include a workout of at least 2.5 h weekly, together
with a balanced diet that includes an intake of more fruits
and vegetables, and less red meat, in order to maintain a
healthy weight.38,48 According to the European Health
Survey 2020 in Spain,31 71% of women reported a daily
intake of fruits which was similar to our findings. The
intake of folic acid as a supplement in the analyzed women
was high.49 This might indicate that the respondents are
taking measures to prepare for a healthy pregnancy.

Exposure to legal and illegal drugs is a growing global
environmental health problem.5 The prevalence of
tobacco smoking during pregnancy in this study (14%)
is higher than the estimated 10% in the European
Perinatal Report,50 but lower than the estimated 19.8%
smokers in the general population of Spain.51 However,
similarly, 20% of the women planning a pregnancy in
the present study were reported as active smokers.
These differences are possibly due to those answers
being given during the pregnancy, without the trimester
or period of pregnancy being specified, and it is known
that consumption decreases throughout.5 Other research-
ers have reported that between 14% and 20% of pregnant
women in their study were active smokers.52 Spain is

reportedly among the European countries where
smoking (mostly tobacco) during pregnancy has a
higher prevalence.52 Alcohol intake in our survey exhibits
a high daily consumption, with 64% of women planning
pregnancy and 53% of pregnant women; this is concurrent
with previous research.53–55 No amount of alcohol con-
sumption is without effect.5 Alcohol is a known neuro-
toxic substance, and such exposure might explain the
estimated prevalence of 2.5% fetal alcohol spectrum dis-
order in Spain.56 The binge intake model is very import-
ant to be screened for and detected during critical periods
of pregnancy. We have observed geographical differences
in exposure to legal and illegal drugs between Europe and
America (χ2 = 6.55, p-value= 0.01). Figure 2 shows the
significant association that, the greater the exposure to
drugs such as alcohol consumption in pregnant women,
the lower their emotional health. Apart from tobacco
and alcohol consumption in pregnancy, cannabis is the
most frequent drug substance used.57,58 Estimates of can-
nabis use range from 1% to 28% worldwide, exhibiting a
trend of increasing exposure.59 In our results, we found an
average global exposure to illegal drugs (14%) within this
range, and similar to that reported in previous studies,1,5

but this was almost three times higher than the prevalence
in the United States.60 The data reported by the mothers on
exposure to illegal drugs certainly represents a challenge

Table 5. Chemical and x-radiation exposure.

Variables

Planning pregnancy (n = 1840) Pregnant (n = 1365)

P-valuen (%) Media (95% CI) n (%) Media (95% CI)

Medical x-ray radiation 110 (6.0) 71 (5.2) 0.346

Chemical traces (clothes/shoes) 256 (13.9) 257(18.8) < 0.001

Risky hobbies in family 297 (16.1) 192 (14.1) 0.106

Chemical risk jobs for pregnancy 778 (42.3) 502 (36.8) < 0.001

Pesticides at home/ garden 526 (28.6 429 (31.4) 0.086

Air pollution perception 4.0 (3.9, 4.1) 3.9 (3.8, 4.1) < 0.001a

Good 704 (38.3) 593 (43.4) 0.006b

Acceptable 577 (31.4) 365 (26.7)

Bad 292 (15.9) 196 (14.4)

Very bad 267 (14.5) 211 (15.5)

n: number; CI: confidence interval.
aStudent t-test used.
bSpearman χ2 test used.
Notes: χ2 test used unless otherwise noted. Statistical tests used a level of significance of 0.05.
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Table 6. Emotional health and happiness in preparedness for pregnancy in women planning pregnancy and pregnant in association with
environmental health factors.

Variables

Planning pregnancy (n = 1840)

P-value

Pregnant (n = 1365)

P-value

Emotional Health/happiness
preparedness

Emotional health/happiness
preparedness

Not Somewhat Fully Not Somewhat Fully

n (%) n (%) n (%) n (%) n (%) n (%)

Teetotaler 26 (3.9) 88 (13.2) 552 (82.9) — 56 (4.3) 168 (12.9) 1083 (82.9) —

Binge drinking

None 46 (3.6) 175 (13.6) 1069 (82.9) 0.05 24 (3.2) 98 (13.2) 619 (83.5) 0.15

1-2 20 (5.4) 50 (13.6) 299 (81.0) 29 (6.6) 62 (14.1) 348 (79.3)

>2 12 (8.5) 25 (17.7) 104 (73.8) 14 (7.9) 33 (18.6) 130 (73.4)

Tobacco smoker 22 (5.7) 50 (13.0) 312 (81.3) 0.269 15 (8.0) 28 (14.9) 145 (77.1) 0.111

Any tobacco exposure 39 (4.6) 121 (14.4) 682 (81.0) 0.436 32 (5.5) 81 (13.8) 472 (80.7) 0.664

Illegal drugs exposure 23 (8.1) 52 (18.2) 210 (73.7) < 0.001 12 (7.5) 31 (19.5) 116 (73.0) 0.024

Fresh fruit servings/day

None 27 (7.7) 53 (15.1) 270 (77.1) 0.003 10 (6.6) 28 (18.4) 114 (75.0) 0.190

<4 40 (3.2) 165 (13.3) 1039 (83.5) 43 (4.4) 131 (13.3) 809 (82.3)

≥4 12 (4.9) 38 (15.4) 196 (79.7) 15 (6.5) 34 (14.8) 181 (78.7)

Red meat servings/week

Not usually eat 10 (6.4) 23 (14.7) 123 (78.8) 0.38 10 (7.9) 19 (15.1) 97 (77.0) 0.50

1–2 21 (3.8) 87 (15.9) 438 (80.2) 22 (5.5) 52 (13.0) 325 (81.5)

− 3 or more 48 (4.2) 146 (12.8) 944 (83.0) 36 (4.3) 122 (14.5) 682 (81.2)

Big fish servings/week

None 36 (3.6) 125 (12.5) 842 (83.9) <0.001 34 (3.6) 131 (13.7) 788 (82.7) 0.002

1–2 24 (3.4) 109 (15.5) 568 (81.0) 25 (7.1) 56 (15.8) 273 (77.1)

>3 16 (15.7) 19 (18.6) 67 (65.7) 6 (13.3) 5 (11.1) 34 (75.6)

Folic acid consumption 25 (2.3) 135 (12.5) 924 (85.2) <0.001 43 (3.6) 155 (13.0) 995 (83.4) <0.001

Air pollution perception

Good 32 (4.5) 86 (12.2) 586 (83.2) 0.001 22 (3.7) 72 (12.1) 499 (84.1) <0.001

(continued)
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Table 6. Continued.

Variables

Planning pregnancy (n = 1840)

P-value

Pregnant (n = 1365)

P-value

Emotional Health/happiness
preparedness

Emotional health/happiness
preparedness

Not Somewhat Fully Not Somewhat Fully

n (%) n (%) n (%) n (%) n (%) n (%)

Acceptable 23 (4.0) 99 (17.2) 455 (78.9) 14 (3.8) 65 (17.8) 286 (78.4)

Bad 5 (1.7 48 (16.4) 239 (81.8) 9 (4.6) 31 (15.8) 156 (79.6)

Very bad 19 (7.1) 23 (8.6) 225 (84.3) 23 (10.9) 25 (11.8) 163 (77.3)

Exercise (hr/week)

None 34 (7.5) 65 (14.3) 356 (78.2) 0.002 30 (7.8) 63 (16.4) 292 (75.8) 0.008

<5 28 (2.9) 137 (14.2) 803 (83.0) 25 (3.5) 100 (14.0) 588 (82.5)

≥5 17 (4.1) 54 (12.9) 346 (83.0) 13 (4.9) 30 (11.2) 224 (83.9)

Global PA level

Sedentary 31 (14.0) 33 (14.9) 157 (71.0) <0.001 11 (7.8) 28 (19.9) 102 (72.3) 0.013

Slightly active 24 (3.6) 108 (16.0) 542 (80.4) 24 (5.2) 80 (17.2) 360 (77.6)

Moderately active 16 (2.6) 74 (11.9) 534 (85.6) 22 (4.4) 56 (11.1) 427 (84.6)

Very active 8 (2.6) 41 (13.2) 262 (84.2) 11 (4.3) 29 (11.4) 215 (84.3)

Frequency of contact with nature

None 12 (11.0) 11 (10.1) 86 (78.9) <0.001 9 (10.2) 14 (15.9) 65 (73.9) 0.008

Only on vacations 18 (5.4) 36 (10.8) 280 (83.8) 8 (4.0) 31 (15.6) 160 (80.4)

Once a month 12 (2.4) 87 (17.3) 405 (80.4) 20 (6.2) 59 (18.2) 246 (75.7)

Once a week 25 (3.6) 102 (14.6) 573 (81.9) 19 (3.3) 69 (11.9) 491 (84.8)

Every day 12 (6.2) 20 (10.4) 161 (83.4) 12 (6.9) 20 (11.5) 142 (81.6)

Pesticides at home or garden 29 (5.5) 88 (16.7) 409 (77.8) 0.016 23 (5.4) 68 (15.9) 338 (78.8) 0.403

Medical x-ray radiation 14 (12.7) 20 (18.2) 76 (69.1) <0.001 11 (15.5) 13 (18.3) 47 (66.2) <0.001

Chemical traces on clothes or shoes 20 (7.8) 45 (17.6) 191 (74.6) 0.001 16 (6.2) 29 (11.3) 212 (82.5) 0.233

Chemical risk hobby in family 23 (7.7) 43 (14.5) 231 (77.8) 0.005 12 (6.3) 28 (14.6) 152 (79.2) 0.659

Place of origin

Spain 56 (3.9) 193 (13.5) 1184 (82.6) 0.047 46 (4.2) 148 (13.5) 901 (82.3) <0.001

(continued)
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for health systems. The mental health of pregnant women
and their future offspring may be compromised.

Planned or exposure to ionizing radiation was only 5%
of the women having an x-ray or body scan scheduled for
the upcoming weeks at the time of completing the survey.
Ionizing radiation exposure during pregnancy is potentially
teratogenic and neurotoxic, and a risk factor for developing
childhood cancer.5,61 It is important to consider that women
of childbearing age who require an x-ray test should have it
done in the second half of their menstrual cycle.62

On average, our results show that air quality was per-
ceived to be within an improbable range of levels, as evi-
denced by exposure to environmental air pollution (23%>
7 out of 10).63,64 A trend was observed of a higher propor-
tion of women emotionally prepared for pregnancy who
perceive the air in their environment as good and accept-
able. This scale is related to air pollution levels of NO2,
and particulate matter (PM10) in the neighborhood.65

Exposure to urban air pollution is associated with decreased
weight in infants, physical growth retardation in early life
years, neurodevelopment alterations, and preterm birth.66–
68

Non-occupational exposure to pesticides accounts for
severe morbidities and mortality rates due to their frequency
of usage and persistence in the environment.69 Exposure to
pesticides in the yard or residence was reported at 30%.
Exposure to pesticides is associated with urogenital malfor-
mations and other alterations by hormonal disruption. It is
therefore vital to improve the home environment’s quality
of life.70

Precisely 40% of the females declared working in jobs
with chemical risk for reproduction or pregnancy. Of that
figure, healthcare professionals, along with the agricultural
industry sectors (43% and 13%, respectively) were the most
frequently exposed. It is essential to take appropriate occu-
pational and personal measures to avoid and reduce expos-
ure to chemicals and environmental substances that pose a

risk to maternal and child health. These measures include
changing out of work clothes and work shoes before
leaving work. Para-occupational exposure to these sub-
stances may be a major source of exposure to endocrine
disruptors.71,72

In terms of perceived environmental risk of concern in
their neighborhood or community, air pollution and the
age and condition of the residence were the predominant
factors. The age of the home provides a valuable source
of information about the quality of the construction materi-
als and the quality of the air inside the house. According to
the WHO,47 housing conditions may affect human health
and be attributable to many preventable morbidities.

Previous research suggests that women with a positive
attitude toward pregnancy had a higher parental self-
efficacy and well-being, and this may mean less risk for
maternal and child adverse health outcomes.18,73,74 When
determining the relationship between the emotional health
of pregnant women and those planning a pregnancy with
other environmental factors, statistical significance
(p-value < 0.05) was reached when analyzing the following:
age, BMI, binge drinking, cannabis, and illegal drug expos-
ure; big fish servings per week; folic acid consumption; PA;
geographical place of origin; air pollution perception; and
contact with nature. Researchers in China68 supported the
implications of air pollution on the mental health of preg-
nant women; in our analyses, we can reaffirm this since
we found a significant association between the emotional
state when preparing for pregnancy in both women plan-
ning pregnancy and pregnant and the perception of air pol-
lution. In our analysis, relating subjective well-being with
contact with nature in the population studied suggests that
an association exists, which could be explored in greater
depth in a future approach. Spending time in nature helps
to reduce maternal stress and exposure to air pollution.
Exposure to air pollution during pregnancy and living in
areas with little surrounding vegetation, or more than 1

Table 6. Continued.

Variables

Planning pregnancy (n = 1840)

P-value

Pregnant (n = 1365)

P-value

Emotional Health/happiness
preparedness

Emotional health/happiness
preparedness

Not Somewhat Fully Not Somewhat Fully

n (%) n (%) n (%) n (%) n (%) n (%)

Other Europe 10 (10.3) 14 (14.4) 73 (75.3) 2 (3.8) 5 (9.6) 45 (86.5)

America 12 (4.0) 47 (15.5) 244 (80.5) 19 (10.7) 38 (21.5) 120 (67.8)

Others 1 (14.3) 2 (28.6) 4 (57.1) 1 (2.4) 2 (4.9) 38 (92.7)

Notes: χ2 test used unless otherwise noted, n: number. Statistical tests used a level of significance of 0.05.
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km from urban parks have been related to adverse effects on
the offspring, such as inadequate birth weight, premature
births, or uterine growth retardation.75–78 Researchers
have also previously found evidence regarding the effect
of the proximity of urban parks on the blood pressure of
3416 women in the first trimester of pregnancy and sug-
gested that the probability of having normal pressure
increased when closer to green areas,79 acted as a protective
factor against preeclampsia. In another study, contact with
nature in pregnancy or planning it promoted bonds with
nature that allowed their future children to have a greater
connection with nature, positively impacting their physical
and mental health.80 Moreover, lower levels of personal
exposure to air pollution among pregnant women residing
in greener areas were found in a study in Barcelona,
Spain.81 The results of our study show us alarming data
that highlight the need to promote “nature prescription”
initiatives in pregnant women and future pregnant
women, as well as to communicate and disseminate the ben-
efits of contact with nature for improved health for both
them as well as their offspring. In the group of women plan-
ning to be pregnant, we found an association between the
weekly consumption of fresh fruits and emotional health,
compared to the other group of pregnant women. In add-
ition, women planning for a pregnancy have significant
associations between emotional health and chemical risks.
No significant associations were found for tobacco expos-
ure or red meat servings weekly in both cohorts. Any
tobacco smoke exposure during preconception and preg-
nancy may be associated with an increased risk of mother
morbidities, infant mortality, and other human health
risks.82

Furthermore, another noteworthy aspect of this study
was the power to compare two samples that used different
data collection methods (by or through healthcare profes-
sionals or self-completed by women). We found significant
differences between the samples, especially among the
pregnant women. It is likely that the legal, social, and psy-
chological conditions (stigmas) that certain habits imply
(alcohol, tobacco, or cannabis intake) may be one of the
reasons why the results have differed. It is possible that
the fact that the application issues a report may encourage
women to be more candid in their responses because they
were then provided with a report that assessed the real
risks to which the fetus may be exposed.

Additionally, significant differences have been found in
other spheres of the environment of pregnant women
(hobbies, pesticides, and folic acid intake). Pregnant
women who have completed the questionnaires on their
own probably have a greater perception of risk that
allows them to be more objective when it comes to
knowing and being exposed to day-to-day environmental
risks. Self-completed Green Page during pregnancy seems
to better detect the risk factors such as alcohol or loss of
happiness than when completed by professionals, possiblyTa
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due to the anonymity and privacy provided by the mobile
application.

The intervention of mobile health applications proves to
be a novel and useful tool for the integrated management of
women’s health in pregnancy and its preparation. Risky
behaviors and environmental risk exposures have enormous
implications for maternal and child health, so it is impera-
tive that these factors can be modified and thereby reduce
potential harm through public health education and infor-
mation acquired by this mobile application.83

Additionally, with rising healthcare costs, particularly in
underserved areas, mobile health applications could
provide an affordable and accessible means of managing
women’s health during pregnancy and its preparation.
Underserved communities must be guaranteed equitable
access to health information provided by these technologies
and ensure personal data protection in the face of a globa-
lized information system. These challenges represent
areas of focus that must be addressed in the future to
fully harness the potential benefits of mobile health inter-
ventions for women’s health. Future research could
explore ways to maximize the effectiveness of mobile
health applications in reaching underserved communities
and reducing disparities in access to maternal and child
health information and services.

Strengths and limitations

The present study faces some limitations. Firstly, sample
validity, the sampling was not random, women were volun-
teer participants to answer the self-questionnaire using the
digital tool, which does not allow inferring from the data.
Secondly, the problem of non-response, following self-
selection, or the automatic exclusion of those without
Internet access. Human error, recall, and survey bias may
have been incurred when answering the questionnaire.
Nonetheless, the overall dropout rate was around 25% of

those who started the questionnaire. The dropout rate was
much lower in phase 1 of this study, in which the invitation
to participate was made through trained healthcare profes-
sionals, thus offering the opportunity to provide trusted
source information. Thirdly, it may happen that stakeholder
bias in obtaining certain results contributes to the massive
participation of people oriented toward one direction. To
try to control this, the results were reviewed and limited
to one response per email address or IP address of a
device. In this part of the study, another limitation is unveri-
fied respondents. Survey responses were reviewed by two
experts from the research group, and when responses
were contradictory or incongruent, they were eliminated.
Likewise, other important socioeconomic aspects such as
educational level and income are not included in the ques-
tionnaire. This has been done intentionally to encourage
participation, reduce time and avoid stigma, asking about
aspects that could be important for professionals, but
perhaps not so much so that they could be changed by the
pregnant woman.

As strengths of the study, the results serve as a basis to
describe the perception, challenges, and opportunities of
physical and emotional health associated with environmen-
tal health factors in pregnant women or women planning a
pregnancy. In phase I of the study, satisfaction with the tool
was measured by means of a satisfaction questionnaire
where 100% of health professionals and women participat-
ing gave a positive global assessment (average 7.7 out of
10), the most valued was the personalized report received
and having the opportunity to contact a health profes-
sional.84 In addition, our response rate was comparable to
that reported in other studies.85,86 The percentage of
women who completed the questionnaire, once started, sug-
gests that it was well accepted by the participants.
Moreover, downloading the report from the mobile applica-
tion provides personalized information on environmental
risks and how to improve them. In addition, this has the

Figure 2. Emotional health (x-axis) in women planning pregnancy and pregnant in association with air pollution (y-axis), and alcohol
consumption (y-axis), N = 3205. Note: One-way analysis of variance (ANOVA) test used with significance level 0.05.
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advantage that it effectively facilitates the work of clinical/
medical staff, reducing the existential workload, and
without requiring specially trained health professionals in
environmental reproductive health.

This study did not implement the use of quality of life
(QoL) scales to measure subjective well-being in
women’s pregnancy preparation.87 However, it is the sub-
jective nature of self-assessment by women through
simply asking in our questionnaire, “How happy and emo-
tionally prepared do you feel as a future mother?,” associa-
tions arise as a proxy for environmental risk factors for
reproduction. For future studies, it is recommended to
expand the information, and offer personalized health
reports as a result of the mobile health application, to new-
borns, children, and adolescents, taking the offspring into
account. Standardization of the format and systematized
application of mobile health as a health intervention in preg-
nant women or preconception is necessary in order to ascer-
tain its quality when educating, informing, and training in
the self-care of women and their newborns. Finally, we con-
clude that more studies are needed to understand the mag-
nitude and direction of the associations between the
emotional health of women who are pregnant or planning
to get pregnant and contact with nature; exposure to legal
and illegal drugs; PA; among other environmental factors
reported in the group studied.

Conclusion
A significant proportion of women who are pregnant or
planning a pregnancy could improve their happiness and
emotional preparedness to face being mothers-to-be.
Emotional health indicators could serve as a proxy for iden-
tifying other environmental risks during pregnancy.
Women’s self-reported values of exposure to environmen-
tal contaminants and lifestyles seem higher than those
obtained through professional surveys. Additionally,
further analyzing the interactions between other variables
might warrant exploration. Observational studies that
allow the direction of the effects to be inferred will be
needed.

Mobile health apps for environmental health provide
valuable information on exposures to environmental risk
factors in a way that is accessible to the general population,
particularly in socially disadvantaged or remote settings.
Additionally, they allow for self-assessment, which can
help identify and implement effective intervention strat-
egies to promote healthier lifestyles and environments
during pregnancy. Future follow-up studies with a more
experimental design may help clarify the hypotheses
arising from this study.
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