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Abstract

:

Background: The protection of pregnant workers should be based on evidence regarding the risks to reproductive health from exposure to specific work environments and conditions. The objective of this study was to identify the effects on mothers and newborns resulting from environmental exposure to various occupational risks. Methods: The study cohort was composed of 399 women admitted to the Obstetrics/Postpartum ward at Hospital La Fe in Valencia, Spain. Face-to-face interviews were conducted to establish associations between workplace exposure during pregnancy and its effects on maternal and newborn health. Sex, anthropometric characteristics, and blood gas analysis in arterial and venous umbilical cord blood at delivery were collected. Results: A total of 138 women were exposed to biological and/or chemical risks, 122 to physical risks, and 139 at no risk of exposure. In the group with chemical and/or biological risks, the frequency of women who resorted to in vitro fertilization to achieve the studied pregnancy is less than half of the group exposed to physical risks, with statistically significant differences (p = 0.047). The mean values for the arterial analysis in both exposure groups were within average values, with similar pH values between them, but the mean values of PCO2 and PO2 were lower in the group of neonates of mothers exposed to physical risks, with a significant difference for arterial PO2 (p = 0.027). Conclusion: Our analysis contributes evidence for planning and prioritizing preventive actions to protect women’s reproductive health. The results suggest the continuation of a future project that would consider more factors and potentially increase the sample size.
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1. Introduction


The protection of pregnant workers should be based on evidence regarding the risks to reproductive health from exposure to specific work environments and conditions. Several studies have shown that certain physical hazards in the workplace, such as ionizing radiation, electromagnetic fields, and noise, as well as exposure to chemical agents such as lead, mercury, cadmium, solvents, pesticides, ethylene oxide, anesthetic gases, and pharmaceuticals, have negative consequences for women’s reproductive health in terms of fertility, risk of fetal loss, and pregnancy outcomes, as well as on the newborn, when it comes to anthropometry, APGAR scores, and blood gas levels at birth [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15].



Moreover, the physical demands of work, such as lifting heavy loads or prolonged standing, have also been linked to adverse effects on pregnancy and fetal development [16]. Psychosocial factors such as shift and night work, stress, job dissatisfaction, and excessively long working hours have demonstrated implications for reproductive health [17]. Additionally, risks associated with exposure to biological agents, including rubella, cytomegalovirus, hepatitis virus, and human immunodeficiency virus, are well known [18], and these exposures have been linked to adverse outcomes, such as spontaneous abortion, low birth weight, preterm births, syndromes, congenital malformations, central nervous system defects, and delayed psychomotor development [19,20,21,22,23,24].



Fetuses and children are particularly vulnerable to environmental toxins due to their physiological immaturity and extended exposure time following exposure. In recent years, there has been increased interest in studying the effects of environmental exposures on fetal health. The developmental effects can have immediate and long-term consequences for individuals’ health. Until relatively recently, there were only a few studies on the impact of prenatal exposure to environmental pollution on fetal and neonatal health [25].



Low birth weight and preterm birth are significant predictors of perinatal morbidity and mortality [26]. Due to their clinical relevance and profound social and economic implications, they are critical indicators for public health [27]. Preterm and low-birth-weight children are more likely to die during the first months or years of life [28]. Additionally, they are more prone to childhood illnesses [29], developmental difficulties, and even health issues in adulthood. Hence, it is essential to identify factors related to these problems to develop necessary preventive measures. Some determinants associated with this issue are linked to maternal employment and occupation during pregnancy [30]. Early studies conducted in the 1950s and 1960s suggested that maternal work posed a risk to pregnancy outcomes [31,32,33,34]. However, subsequent research has found better pregnancy and birth outcomes in working women.



Therefore, it seems pertinent to question whether having a job outside the home during pregnancy can affect the fetus, newborn, or the duration of gestation and potential effects during the gestation period. It is important to determine if the differences in the risk of low birth weight or preterm births, newborn birth problems, and maternal health effects are related to maternal occupation, especially considering the increase in women’s labor force participation in most European Union countries. This is in light of the fact that the employment rate for women (aged between 20 and 64) in the European Union (EU) stood at 67% in 2018, a 1 percentage point (pp) increase from the previous year and 5 pp higher than in 2008 [35].



The objective of this study was to identify the effects on mothers and newborns resulting from occupational exposure to various occupational risks.




2. Materials and Methods


The design of this study is nonexperimental and observational, consisting of two phases: a descriptive phase to characterize the studied sample and an analytical phase with a nested case-control design on a retrospective cohort.



In our study, the cohort is composed of women who, after childbirth, were admitted to the Obstetrics/Postpartum ward at Hospital La Fe in Valencia. To establish a potential association between occupational exposure during pregnancy and its effects on maternal and newborn health, we considered the different chemical, biological, and physical risks in the mother’s work environment during pregnancy as the exposure factor. The possible outcomes of this exposure on maternal and newborn health were considered as the effects. The effects on newborn anthropometry, APGAR scores, and blood gas levels were evaluated at the time of birth, while the maternal occupational exposure and other characteristics, including maternal health measures, such as fertility, risk of fetal loss, and pregnancy outcomes, were collected at the time of birth but assessed retrospectively.



For the descriptive part of our study, we analyzed parental characteristics (personal, socioeconomic, and anthropometric); maternal clinical and obstetric history; and data related to gestation and childbirth, including the newborn’s condition, anthropometry, APGAR scores, and blood gas levels. In the analytical part of the study, these data were related to maternal occupational exposure based on the occupation during pregnancy and its potential effects on maternal and newborn health.



Based on the different environmental workplace risks as the exposure variable, we identified cases as mothers with exposure to chemical and/or biological risks and mothers with exposure to physical risks. Controls were pregnant women without workplace exposure. The information for these three groups was obtained in parallel and randomly, ensuring the homogeneity and representativeness of the study population.



2.1. Study Population


The target population for this study includes pregnant mothers who gave birth at Hospital La Fe in Valencia between February 2016 and June 2016 and were admitted to the Obstetrics/Postpartum ward for 2 to 3 days, as per the established protocol. The population includes both the mothers and their respective newborns, who may be admitted to the same ward, Neonatology (NN) or the Neonatal Intensive Care Unit (NICU).



The study included mother–child pairs who were admitted to the Obstetrics/Postpartum ward after childbirth and agreed to participate in the study. Out of 400 mothers who were offered participation, 200 were contacted directly during their postpartum hospital stay, and the remaining 200 were randomly selected and extracted from the database registry of the Department of Preventive Medicine and Public Health at the Faculty of Pharmacy. The participation rate in data collection was 99.5% for the mothers contacted in person (n = 199) and 100% for the cohort (n = 200) from the Department of Preventive Medicine and Public Health. A total of 399 mothers were included in the study. Out of these, 389 women hade singleton pregnancies, and 10 had twin pregnancies (Figure 1). For the purposes of this study, only one baby from each twin pregnancy was considered. Thus, the final number of mother–child pairs included in the study was 399 (n = 399).



Inclusion criteria for the study population required the consent of pregnant mothers to participate in the study and the availability of newborn data. Exclusion criteria encompassed mothers who did not provide consent, lack of available data on the newborn’s characteristics, incomplete or inconsistent responses from mothers, maternal admission to the Intensive Care Unit after delivery, stillbirth, or neonatal death shortly after birth.



Mothers included in the study signed a consent form evaluated and approved by the Ethics Committee of Clinical Research at Hospital La Fe in Valencia, ensuring the confidentiality of collected data according to the Organic Law 15/13 December 1999 on Personal Data Protection.




2.2. Data Collection


The data for this study were collected through face-to-face interviews with mothers during their postpartum admission at the Obstetrics/Postpartum ward at Hospital La Fe in Valencia. Additionally, relevant information was gathered from the medical records of both mothers and newborns.



The interview was structured using a questionnaire with various sections dedicated to obtaining all the necessary information for the study. The data collected were both qualitative and quantitative, and this was considered during the coding and statistical analysis. For digitization, different variables were encoded using a binary numerical system (0/1) for qualitative dichotomous variables and the decimal numbering system for qualitative nominal and quantitative variables. All the information was entered into an Excel database using Microsoft Excel 2010.




2.3. Assessment of Employment Status and the Level of Physical Activity


The questionnaire included a first section comprising three questions to assess the maternal employment status during pregnancy. The first question determined employment status, whether the mother was employed or unemployed at the time of birth and during pregnancy. The second question inquired about the type of job the mother had carried out during pregnancy. The third question gathered information about the level of physical activity during pregnancy in the workplace (sedentary behavior, light physical efforts, or intense physical efforts and movements). Sedentary behavior was defined as sitting most of the day/standing for most of the day, without much movement or effort; light physical activity, such as walking, carrying some weight, and making frequent journeys; and intense physical activity, such as performing tasks that require great physical effort.



Based on the maternal occupational information obtained in the survey, a classification was made according to previously conducted studies [36], using the International Standard Classification of Occupations (ISCO) and Nomenclature of Economic Activities (NACE) to determine the potential risks associated with the occupations of the studied mothers. After the classification of the maternal occupations and their associated risk, women were categorized into one of three exposure groups: no exposure (unemployed mothers), chemical/biological risk (mothers exposed to biological and/or chemical risks), and physical risk (mothers exposed to physical risks).




2.4. Analysis


The maternal workplace exposure was categorized into three groups: no exposure, chemical/biological risk, and physical risk. Descriptive statistics were used to analyze the study population in each category. For quantitative variables, the mean and standard deviation were determined, while for qualitative variables, the frequency or percentage in the study population was studied. ANOVA was used for comparing different variables in maternal occupational exposure categories for quantitative variables, and chi-square test was used for qualitative variables. The level of significance was set at p < 0.05. The IBM SPSS 28.01.01 statistical software was used for analysis.





3. Results


Out of the 399 women included in this study, 138 (34.6%) were exposed to biological and/or chemical risks in their workplace environment, compared to 122 women (30.6%) exposed to physical risks in the same environment. Table 1 shows the distribution of occupational categories during pregnancy based on different workplace environmental risk groups. Regarding the ISCO, occupations with physical risks predominated compared to those with no exposure or with chemical and/or biological risks, and this difference was statistically significant (p = 0.047). On the other hand, the volume of economic activities with chemical and/or biological risks in the NACE is noteworthy, but no statistical differences were found.



Pregnant women in the younger age group, aged 24 years or younger, had lower occupational exposure, with fewer potential resulting risks, with a maximum percentage of 6.8% in the group with biological and/or chemical risks (Figure 2). However, it is notable that pregnant women over 35 years old had a higher exposure to these same risks in their workplace, with a percentage of 40.1%. Nevertheless, no statistically significant differences were found (p = 0.341).



Similarly, in the group of women exposed to biological and/or chemical risks during pregnancy, a higher proportion resided in a family unit, had a higher level of education for both the mother and father, and had a higher frequency of having Western European nationality.



Regarding marital status, 61.4% of women in the group with biological and/or chemical risks, 63.0% in the group with physical risks, and 57.9% in the group with no exposure declared being married or in a partnership. The percentages of pregnant women in these marital statuses were higher compared to the percentages of single or divorced women, but these differences were not statistically significant (p = 0.939).



Regarding the level of physical activity at work, in the group with chemical and/or biological risks, 43.0% had sedentary behavior at work, and 57.0% had movements or engaged in light to moderate physical efforts during their workday. In contrast, in the group with physical risks, a higher percentage (56.3%) of pregnant women performed light-to-moderate movements/efforts compared to those with sedentary behavior in their work routine.



However, statistically significant differences were found in relation to the mother’s level of education for the studied groups of workplace exposure (p = 0.019). For the group exposed to biological and/or chemical risks, 42.6% had secondary education, and 47.2% had a university education; meanwhile, only 2.3% of mothers reported no schooling, and 8.0% had primary education. For the group exposed to physical risks, it is worth noting that 51.9% had secondary education and 44.4% had a university education, while none of the mothers exposed to these risks reported no schooling, and only 3.7% had primary education.



Regarding the country of maternal origin, no statistically significant differences were found. It is noteworthy that both in the group with biological and/or chemical risks and in the group with physical exposure, as well as in the group with no exposure, a higher frequency of women from Western Europe was observed (84.1%, 91.0%, and 84.2%, respectively).



As can be seen from the obstetric data of the mothers in Table 2, in the group with biological and/or chemical risks, there was a higher mean of multiparous women (1.10 ± 1.13), but also a higher mean number of abortions, which was 0.52 ± 0.77. In contrast, as expected, the lowest mean number of previous fetal loss was found in women without exposures during pregnancy (0.44 ± 0.83). It is important to note that statistically significant differences were found (p = 0.025) in the mean number of previous births, with a value of 0.82 ± 0.87 in pregnant women without exposure, 0.68 ± 0.79 in women with chemical and/or biological exposures, and 0.53 ± 0.713 in mothers with physical risks.



Regarding the characteristics of the pregnancy studied, a statistically significant difference was found for in vitro fertilization treatment (Table 3). On the other hand, no statistically significant differences were found for weeks of gestation and hospitalization during pregnancy.



Regarding the sex and anthropometric characteristics of the newborns in relation to occupational exposure (Table 4), in the group with chemical and/or biological risks, there were more male infants, i.e., 52.2%, compared to 47.8% female neonates. Similarly, in the group of women with physical risks, male births predominated, with 52.5% male and 47.5% female, showing no statistically significant difference between groups. The mean weight in the group of mothers with criteria for chemical and/or biological risks was 3201.9 ± 594.9 g, slightly higher than the mean weight of newborns of mothers with exposure to physical risks, where we found a mean of 3181.3 ± 534.2 g; however, this difference was not statistically significant (p = 0.915). The mean height was also slightly lower in the latter group, while the mean head circumference was slightly higher, but not significant in either case. Regarding the Apgar test results, both in the first and fifth minute, the mean score was lower in the newborns of the group of women with chemical and/or biological exposure, with statistically significant differences in the first minute.



In Table 5, the values of the arterial and venous blood gas analysis of the umbilical cord are presented. First, the arterial analysis shows that the mean pH value was quite similar in neonates from both groups, while the mean values of both PCO2 and PO2 were lower in the group of neonates of mothers with physical risks in their workplace environment. Here, it is worth noting the difference in means for PO2 between both groups, as it is statistically significant, with a mean of 21.96 ± 10.18 mmHg in the group with chemical and/or biological risks and 20.46 ± 8.70 mmHg in the group with physical risks, with a significance level of p = 0.027.



Second, the venous analysis of cord blood gases is shown. In this case, similarly to the previous case, no significant differences were found in pH. Likewise, a higher mean PO2 was found in neonates of the group with chemical and/or biological risks; however, no statistically significant differences were found.



Regarding the factors considered in the newborn in Table 6, an increase in the odds ratio (OR) was found for the relationship between physical risk and arterial PO2 value (adjusted OR, 1.96; 95% CI, [0.88–4.08]). This increase was obtained when adjusting the relationship with variables such as gestational week at birth, maternal age, and physical exercise at work. On the other hand, for the relationship between workplace exposure and Apgar score at one minute, an increase was observed in the group with chemical and/or biological risks when adjusting with variables such as gestational week at birth, maternal age, and physical exercise at work (adjusted OR, 1.35; 95% CI, [0.31–5.85]).




4. Discussion


In the present study, it was identified that more than half of the women were exposed to work-related risks (65.2%), with 34.6% of women exposed to chemical and/or biological risks in their workplace and 30.6% of them exposed to physical risks. Additionally, the frequency of exposure to these risks was related to sociodemographic characteristics, including maternal age, mother’s and father’s educational level, and nationality, but differences among the exposure groups only appear for maternal educational level.



As previously mentioned, all considered risk categories have some potential negative effects on pregnancy. However, our data do not allow us to estimate the intensity of exposure to these factors. Further evaluations would be necessary to calculate the magnitude of these exposures and determine the intervention needs in each case.



Sociodemographic and maternal lifestyle characteristics: One notable maternal factor was maternal age in relation to work exposure, where the percentage of women aged 35 or older exposed to chemical and/or biological risks was 40.1%, and that of the group exposed to physical risks in the studied sample was 30.7%. These results align with previous studies [37]. This could indicate a current trend in society towards delayed pregnancies, possibly due to changes in lifestyle and socioeconomic situations, leading women to become mothers later in life. There is a global trend to postpone motherhood, which is more pronounced in developed countries. Late pregnancies, after the age of 35, need to be closely monitored due to the inherent risks associated with such pregnancies, which may interact synergistically with occupational exposures [38].



In the same vein, the educational level of the pregnant woman was also evaluated, and statistically significant differences were found (p = 0.019). For the group exposed to biological and/or chemical risks, 42.6% of pregnant women had secondary education, and 47.2% had university education, compared to 2.3% of mothers who reported no schooling and 8.0% with primary education. For the group exposed to physical risks, it was notable that 51.9% had secondary education, and 44.4% of pregnant mothers had university education, compared to none of the mothers declaring no schooling and 3.7% declaring only primary education.



No statistically significant differences were found between the maternal country of origin and occupational exposure, probably due to the minor representation of foreign participants in the study. Similar results were not found significant when evaluating the same variable in similar studies [39].



For this study, it was crucial to assess the maternal employment status. One of the factors considered for this evaluation was the physical activity of the pregnant woman during her working hours. Although statistical significance was not obtained in the present analysis, there was a prevailing trend among mothers who engaged in light-to-moderate physical exertion or movements during their work. Excessive or inappropriate physical activity during pregnancy increases energy expenditure and negatively impacts fetal nutrition. Excess physical load can retard fetal growth through its effect on blood flow since both exercise and certain work postures reduce uteroplacental blood flow [40]. However, other authors have found a significant association between physical work, prolonged standing, fatigue, and lifting heavy weights at work with preterm birth [41]. Environmental conditions in the workplace, such as noise, hot ambient temperature, and humidity, can also influence the final outcome of pregnancy [42].



During the second and third trimesters of pregnancy, the fetus requires a continuous supply of nutrients for its normal development and needs to avoid exposure to toxins that hinder its normal growth. In this regard, different maternal occupational exposures to certain chemicals, such as solvents or metals, among others, can reach the fetus through the placenta and hinder its development, leading to low birth weight [43].



There is significant controversy in the literature on this topic, manifesting the difficulties in answering the question of how the type of work performed by the mother during pregnancy affects the duration of gestation and birth weight [44].



The mean scores for the Apgar test in the first minute were statistically significant (p = 0.047), being slightly lower in the chemical and/or biological risk group. There seem to be no studies that relate Apgar test results to occupational exposure during pregnancy [37]. As a simple scoring method, it is routinely used in neonatal evaluation immediately after birth. The score at one minute of life serves as a guide for resuscitation, and the score at five minutes indicates the effectiveness of resuscitation or provides an idea of extrauterine adaptation [45]; however, it cannot be interpreted in isolation for the diagnosis of perinatal asphyxia [46].



Data from umbilical cord blood gasometry, which provides an objective measurement of the fetal condition before birth [47], were also collected. On the one hand, the arterial analysis reflects the fetal oxygenation and acid–base status. This blood has reduced oxygen and nutrient content and increased CO2 [48]. In the present study, the mean values for the arterial analysis in both exposure groups were within average values, with similar pH values between them, but mean values of PCO2 and PO2 were lower in the group of neonates of mothers exposed to physical risks, with significant difference for arterial PO2 (p = 0.027). The plasma partial pressure of oxygen is a good indicator of oxygenation status, but due to the characteristics of fetal hemoglobin, its variations and consequences in the fetus have been difficult to interpret [49]. On the other hand, the venous analysis reflects maternal oxygenation and acid–base status, as well as placental status, which, when interpreted along with arterial values, can provide an idea of the possible origin of fetal distress [48]. No studies were found to contrast these results of cord blood gasometry, perhaps because this practice is usually reserved for cases where adverse outcomes for the newborn may be expected due to intrapartum events [47].



However, intrapartum fetal asphyxia is a significant perinatal complication, diagnosed based on the pH, the Apgar index, neurological manifestations (hypotonia, seizures, or coma), and the dysfunction of two or more organs [50,51]. Hence, it may be interesting to consider these factors when planning new studies.



One of the strengths of this study was its execution on a population of pregnant women from the University and Polytechnic Hospital La Fe in Valencia, following homogeneous selection criteria. Likewise, all data were collected by the same interviewer in a personal and direct manner with the mothers, subsequently cross-referencing them with the clinical records of the mother and the newborn. Another strong point of this work is that it used the type of exposure in the workplace during pregnancy, with standardized work coding [37].



Regarding the limitations, it should be noted that the achieved sample size was not very large, and this limited the study. Therefore, in future investigations, increasing the sample size would be beneficial to obtain more robust results. Additionally, it should be mentioned that the information was collected retrospectively, which may lead to memory bias, possibly reinforced by a reluctance to admit unhealthy practices during pregnancy. The exclusion of women admitted to the Intensive Care Unit after delivery or who had suffered a stillbirth or neonatal death shortly after birth may have led to an underestimation of the effects of occupational exposure.



Another limitation stems from the fact that information about occupational exposures is based on self-reports from the workers, without access to other objective measurements, making it impossible to estimate whether the exposures they experienced exceeded any normative or reference limits. However, interviews are the only feasible approach to understanding the working conditions in the general Spanish population, as there is no population-based registry of occupational exposures.



In addition, it would be important to evaluate, in more detail, the implications of individual specific exposures, especially within the chemical exposure category, given the possible differences in their effects depending on the classes or types of chemicals to which pregnant women may be exposed.




5. Conclusions


The present study provides valuable information on the frequency of exposure to different biological, chemical, and physical risks and their potential effects on pregnancy and newborns. The prevalence of chemical, biological, or physical occupational exposures in pregnant women is notable. In this study, an increased risk of adverse effects was observed, although not statistically significant, as in the previously available literature. This would support the need for specific occupational prevention programs for pregnant women and/or women of childbearing age.



It is evident that to establish specific links between occupational exposures and reproductive and developmental problems, much more detailed information is necessary. Nevertheless, our analysis already contributes useful evidence for planning and prioritizing preventive actions to protect women’s reproductive health. The results of our study suggest the continuation of a future project, considering more factors and potentially increasing the sample size.







Author Contributions


Conceptualization, M.M.-S.-V.; methodology, M.M.-S.-V.; software, M.M.-S.-V., B.M.-P., I.P.-C. and J.L.-M.; validation, M.M.-S.-V., B.M.-P., I.P.-C., J.L.-M. and G.D.; formal analysis, M.M.-S.-V., B.M.-P., I.P.-C. and J.L.-M.; investigation, M.M.-S.-V., B.M.-P., I.P.-C. and J.L.-M.; resources, M.M.-S.-V., B.M.-P., I.P.-C. and J.L.-M.; data curation, M.M.-S.-V., B.M.-P., I.P.-C. and J.L-M.; writing—original draft preparation, B.M.-P., I.P.-C. and J.L.-M.; writing—review and editing, M.M.-S.-V. and G.D.; visualization, M.M.-S.-V. and G.D.; supervision, M.M.-S.-V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Clinical Research at Hospital La Fe in Valencia, approval code 2014/0116, approval date 15 September 2014.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


No new data were created or analyzed in this study. Data sharing is not applicable to this article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gye, M.C.; Park, C.J. Effect of Electromagnetic Field Exposure on the Reproductive System. Clin. Exp. Reprod. Med. 2012, 39, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Ristovska, G.; Laszlo, H.E.; Hansell, A.L. Reproductive Outcomes Associated with Noise Exposure—A Systematic Review of the Literature. Int. J. Environ. Res. Public Health 2014, 11, 7931–7952. [Google Scholar] [CrossRef] [PubMed]

	



Rzymski, P.; Tomczyk, K.; Rzymski, P.; Poniedzialek, B.; Opala, T.; Wilczak, M. Impact of Heavy Metals on the Female Reproductive System. Ann. Agric. Environ. Med. 2015, 22, 259–264. [Google Scholar] [CrossRef]

	



Haggerty, D.K.; Upson, K.; Pacyga, D.C.; Franko, J.E.; Braun, J.M.; Strakovsky, R.S. REPRODUCTIVE TOXICOLOGY: Pregnancy Exposure to Endocrine Disrupting Chemicals: Implications for Women’s Health. Reproduction 2021, 162, F169–F180. [Google Scholar] [CrossRef]

	



Alvarado-Jiménez, D.; Donzelli, G.; Morales-Suárez-Varela, M. A Systematic Review on the Association between Exposure to Air Particulate Matter during Pregnancy and the Development of Hypertensive Disorders of Pregnancy and Gestational Diabetes Mellitus. Rev. Environ. Health 2023. [Google Scholar] [CrossRef] [PubMed]

	



Morales-Suarez-Varela, M.; Llopis-Morales, A.; Doccioli, C.; Donzelli, G. Relationship between Parental Exposure to Radiofrequency Electromagnetic Fields and Primarily Hematopoietic Neoplasms (Lymphoma, Leukemia) and Tumors in the Central Nervous System in Children: A Systematic Review. Rev. Environ. Health 2023. [Google Scholar] [CrossRef]

	



Ramezanifar, S.; Beyrami, S.; Mehrifar, Y.; Ramezanifar, E.; Soltanpour, Z.; Namdari, M.; Gharari, N. Occupational Exposure to Physical and Chemical Risk Factors: A Systematic Review of Reproductive Pathophysiological Effects in Women and Men. Saf. Health Work 2023, 14, 17–30. [Google Scholar] [CrossRef]

	



Kumar, S.; Sharma, A.; Kshetrimayum, C. Environmental & Occupational Exposure & Female Reproductive Dysfunction. Indian J. Med. Res. 2019, 150, 532–545. [Google Scholar] [PubMed]

	



Cai, C.; Vandermeer, B.; Khurana, R.; Nerenberg, K.; Featherstone, R.; Sebastianski, M.; Davenport, M.H. The Impact of Occupational Activities during Pregnancy on Pregnancy Outcomes: A Systematic Review and Metaanalysis. Obstet. Gynecol. 2020, 222, 224–238. [Google Scholar]

	



Irwin, M.G.; Trinh, T.; Yao, C. Occupational Exposure to Anaesthetic Gases: A Role for TIVA. Expert Opin. Drug Saf. 2009, 8, 473–483. [Google Scholar] [CrossRef]

	



Spinder, N.; Prins, J.R.; Bergman, J.E.H.; Smidt, N.; Kromhout, H.; Boezen, H.M.; de Walle, H.E.K. Congenital Anomalies in the Offspring of Occupationally Exposed Mothers: A Systematic Review and Meta-Analysis of Studies using Expert Assessment for Occupational Exposures. Hum. Reprod. 2019, 34, 903–919. [Google Scholar] [CrossRef] [PubMed]

	



Yılmaz, S.; Çalbayram, N.Ç. Exposure to Anesthetic Gases among Operating Room Personnel and Risk of Genotoxicity: A Systematic Review of the Human Biomonitoring Studies. J. Clin. Anesth. 2016, 35, 326–331. [Google Scholar] [CrossRef] [PubMed]

	



Gaya da Costa, M.; Kalmar, A.F.; Struys, M.M. Inhaled Anesthetics: Environmental Role, Occupational Risk, and Clinical Use. J. Clin. Med. 2021, 10, 1306. [Google Scholar] [CrossRef] [PubMed]

	



Tannenbaum, T.N.; Goldberg, R.J. Exposure to Anesthetic Gases and Reproductive Outcome: A Review of the Epidemiologie Literature. J. Occup. Med. 1985, 27, 659–668. [Google Scholar]

	



Thulstrup, A.M.; Bonde, J.P. Maternal Occupational Exposure and Risk of Specific Birth Defects. Occup. Med. 2006, 56, 532–543. [Google Scholar] [CrossRef]

	



Mínguez-Alarcón, L.; Souter, I.; Williams, P.L.; Ford, J.B.; Hauser, R.; Chavarro, J.E.; Gaskins, A.J. Occupational Factors and Markers of Ovarian Reserve and Response among Women at a Fertility Centre. Occup. Environ. Med. 2017, 74, 426–431. [Google Scholar] [CrossRef]

	



Watanabe, K.; Sakuraya, A.; Kawakami, N.; Imamura, K.; Ando, E.; Asai, Y.; Eguchi, H.; Kobayashi, Y.; Nishida, N.; Arima, H. Work-related Psychosocial Factors and Metabolic Syndrome Onset among Workers: A Systematic Review and Meta-analysis. Obes. Rev. 2018, 19, 1557–1568. [Google Scholar] [CrossRef]

	



Lindbohm, M.; Sallmén, M. Reproductive Effects Caused by Chemical and Biological Agents; Finnish Institute of Occupational Health: Helsinki, Finland, 2017. [Google Scholar]

	



Enders, M.; Weidner, A.; Zoellner, I.; Searle, K.; Enders, G. Fetal Morbidity and Mortality After Acute Human Parvovirus B19 Infection in Pregnancy: Prospective Evaluation of 1018 Cases. Prenat. Diagn. Publ. Affil. Int. Soc. Prenat. Diagn. 2004, 24, 513–518. [Google Scholar] [CrossRef]

	



Miller, E.; Fairley, C.K.; Cohen, B.J.; Seng, C. Immediate and Long Term Outcome of Human Parvovirus B19 Infection in Pregnancy. BJOG Int. J. Obstet. Gynaecol. 1998, 105, 174–178. [Google Scholar] [CrossRef]

	



Nori, S.; Greene, M.A.; Schrager, H.M.; Falanga, V. Infectious Occupational Exposures in dermatology—A Review of Risks and Prevention Measures: II. the Pregnant Dermatologist. J. Am. Acad. Dermatol. 2005, 53, 1020–1026. [Google Scholar] [CrossRef]

	



Ornoy, A.; Tenenbaum, A. Pregnancy Outcome Following Infections by Coxsackie, Echo, Measles, Mumps, Hepatitis, Polio and Encephalitis Viruses. Reprod. Toxicol. 2006, 21, 446–457. [Google Scholar] [CrossRef] [PubMed]

	



Russi, M.; Buchta, W.G.; Swift, M.; Budnick, L.D.; Hodgson, M.J.; Berube, D.; Kelafant, G.A. Guidance for Occupational Health Services in Medical Centers. J. Occup. Environ. Med. 2009, 51, e1–e18. [Google Scholar] [CrossRef] [PubMed]

	



Valeur-Jensen, A.K.; Pedersen, C.B.; Westergaard, T.; Jensen, I.P.; Lebech, M.; Andersen, P.K.; Aaby, P.; Pedersen, B.N.; Melbye, M. Risk Factors for Parvovirus B19 Infection in Pregnancy. JAMA 1999, 281, 1099–1105. [Google Scholar] [CrossRef] [PubMed]

	



Esplugues, A.; Fernández-Patier, R.; Aguilera, I.; Iñíguez, C.; García Dos Santos, S.; Aguirre Alfaro, A.; Lacasaña, M.; Estarlich, M.; Grimalt, J.O.; Fernández, M. Exposición a Contaminantes Atmosféricos Durante El Embarazo Y Desarrollo Prenatal Y Neonatal: Protocolo De Investigación En El Proyecto INMA (Infancia Y Medio Ambiente). Gac. Sanit. 2007, 21, 162–171. [Google Scholar] [CrossRef] [PubMed]

	



Fite, M.B.; Tura, A.K.; Yadeta, T.A.; Oljira, L.; Roba, K.T. Prevalence, Predictors of Low Birth Weight and its Association with Maternal Iron Status using Serum Ferritin Concentration in Rural Eastern Ethiopia: A Prospective Cohort Study. BMC Nutr. 2022, 8, 70. [Google Scholar] [CrossRef]

	



Blencowe, H.; Krasevec, J.; De Onis, M.; Black, R.E.; An, X.; Stevens, G.A.; Borghi, E.; Hayashi, C.; Estevez, D.; Cegolon, L. National, Regional, and Worldwide Estimates of Low Birthweight in 2015, with Trends from 2000: A Systematic Analysis. Lancet Glob. Health 2019, 7, e849–e860. [Google Scholar] [CrossRef]

	



Jana, A.; Saha, U.R.; Reshmi, R.S.; Muhammad, T. Relationship between Low Birth Weight and Infant Mortality: Evidence from National Family Health Survey 2019–21, India. Arch. Public Health 2023, 81, 28. [Google Scholar] [CrossRef]

	



Grillo, M.A.; Mariani, G.; Ferraris, J.R. Prematurity and Low Birth Weight in Neonates as a Risk Factor for Obesity, Hypertension, and Chronic Kidney Disease in Pediatric and Adult Age. Front. Med. 2022, 8, 769734. [Google Scholar] [CrossRef]

	



Casas, M.; Cordier, S.; Martínez, D.; Barros, H.; Bonde, J.P.; Burdorf, A.; Costet, N.; Dos Santos, A.C.; Danilevičiūtė, A.; Eggesbø, M. Maternal Occupation during Pregnancy, Birth Weight, and Length of Gestation: Combined Analysis of 13 European Birth Cohorts. Scand. J. Work Environ. Health 2015, 41, 384–396. [Google Scholar] [CrossRef]

	



Axelsson, G.; Rylander, R.; Molin, I. Outcome of Pregnancy in Relation to Irregular and Inconvenient Work Schedules. Occup. Environ. Med. 1989, 46, 393–398. [Google Scholar] [CrossRef]

	



Cerón-Mireles, P.; Sánchez-Carrillo, C.I.; Harlow, S.D.; Nuñez-Urquiza, R. Condiciones De Trabajo Materno Y Bajo Peso Al Nacer En La Ciudad De México. Salud Pública México 1997, 39, 2–10. [Google Scholar] [CrossRef]

	



Cai, C.; Vandermeer, B.; Khurana, R.; Nerenberg, K.; Featherstone, R.; Sebastianski, M.; Davenport, M.H. The Impact of Occupational Shift Work and Working Hours during Pregnancy on Health Outcomes: A Systematic Review and Meta-Analysis. Obstet. Gynecol. 2019, 221, 563–576. [Google Scholar] [CrossRef]

	



Bonzini, M.; Palmer, K.T.; Coggon, D.; Carugno, M.; Cromi, A.; Ferrario, M.M. Shift Work and Pregnancy Outcomes: A Systematic Review with Meta-analysis of Currently Available Epidemiological Studies. BJOG Int. J. Obstet. Gynaecol. 2011, 118, 1429–1437. [Google Scholar] [CrossRef]

	



Eurostat. Eurostat Women’s Employment in the EU Available; Eurostat: Luxembourg, 2020. [Google Scholar]

	



Anna, D.H. The Occupational Environment: Its Evaluation, Control and Management; American Industrial Hygiene Association: Falls Church, VA, USA, 2011. [Google Scholar]

	



Henrotin, J.; Vaissière, M.; Etaix, M.; Dziurla, M.; Radauceanu, A.; Malard, S.; Lafon, D. Deprivation, Occupational Hazards and Perinatal Outcomes in Pregnant Workers. Occup. Med. 2016, 67, kqw148. [Google Scholar] [CrossRef] [PubMed]

	



Glick, I.; Kadish, E.; Rottenstreich, M. Management of Pregnancy in Women of Advanced Maternal Age: Improving Outcomes for Mother and Baby. Int. J. Women’s Health 2021, 13, 751–759. [Google Scholar] [CrossRef] [PubMed]

	



Burdorf, A.; Figà-Talamanca, I.; Jensen, T.K.; Thulstrup, A.M. Effects of Occupational Exposure on the Reproductive System: Core Evidence and Practical Implications. Occup. Med. 2006, 56, 516–520. [Google Scholar] [CrossRef] [PubMed]

	



Naeye, R.L.; Peters, E.C. Working during Pregnancy: Effects on the Fetus. Pediatrics 1982, 69, 724–727. [Google Scholar] [CrossRef]

	



Palmer, K.T.; Bonzini, M.; Harris, E.C.; Linaker, C.; Bonde, J.P. Work Activities and Risk of Prematurity, Low Birth Weight and Pre-Eclampsia: An Updated Review with Meta-Analysis. Occup. Environ. Med. 2013, 70, 213–222. [Google Scholar] [CrossRef]

	



Rekha, S.; Nalini, S.J.; Bhuvana, S.; Kanmani, S.; Vidhya, V. A Comprehensive Review on Hot Ambient Temperature and its Impacts on Adverse Pregnancy Outcomes. J. Mother Child 2023, 27, 10–20. [Google Scholar]

	



Gingrich, J.; Ticiani, E.; Veiga-Lopez, A. Placenta Disrupted: Endocrine Disrupting Chemicals and Pregnancy. Trends Endocrinol. Metab. 2020, 31, 508–524. [Google Scholar] [CrossRef]

	



McIntosh, E.D. Paediatric Infections: Prevention of Transmission and Disease—Implications for Adults. Vaccine 2005, 23, 2087–2089. [Google Scholar] [CrossRef] [PubMed]

	



Chaure López, I.; Inarejos García, M. Enfermería Pediátrica, 1st ed.; Masson-Salvat Enfermería: Barcelona, Spain, 2001. [Google Scholar]

	



Casey, B.M.; McIntire, D.D.; Leveno, K.J. The Continuing Value of the Apgar Score for the Assessment of Newborn Infants. N. Engl. J. Med. 2001, 344, 467–471. [Google Scholar] [CrossRef] [PubMed]

	



Alegría, X.; Cerda, M. Gases En Cordón Umbilical. Rev. Obstet. Ginecol. Hosp. Santiago Oriente Dr. Luis Tisné Brousse 2009, 4, 78–81. [Google Scholar]

	



Bernal Pérez, E.E. Características Del Análisis De Sangre Umbilical Arterial Y Venosa Al Nacer Y Al Pinzar El Cordón Umbilical, En Recién Nacidos a Término Sin Factores De Riesgo, En Bogotá (Colombia); Departamento de Pediatría: Porto, Portugal, 2013. [Google Scholar]

	



Coissard, M. Intérêts De La Mesure Systématique Du pH Sur Le Sang Du Cordon Ombilical. Ph.D. Thesis, UHP-Université Henri Poincaré, Nancy, France, 2005. [Google Scholar]

	



Leuthner, S.R. Low Apgar Scores and the Definition of Birth Asphyxia. Pediatr. Clin. 2004, 51, 737–745. [Google Scholar] [CrossRef]

	



Tejerina Morató, H. Asfixia Neonatal. Rev. La Soc. Boliv. Pediatría 2007, 46, 145–150. [Google Scholar]








[image: Life 13 01962 g001] 





Figure 1. Participant selection flow diagram. 
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Figure 2. Personal and sociodemographic characteristics. 
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Table 1. ISCO and NACE occupational classification according to the different risks in the work environment during pregnancy of the mothers studied.






Table 1. ISCO and NACE occupational classification according to the different risks in the work environment during pregnancy of the mothers studied.





	

	
No Exposure

	
Chemical/Biological Hazard

	
Physical Hazard

	
p-Value *




	

	
N = 139

Coding of Occupations

	
N = 138

Coding of Occupations

	
N = 122

Coding of Occupations






	
ISCO

(2008)

	
0

	
14, 21, 22, 23, 26, 31, 32, 34, 42, 51, 52, 53, 61, 72, 75, 91, 93

	
11, 12, 14, 21, 22, 24, 25, 26, 31, 33, 34, 35, 41, 42, 43, 44, 52, 73, 74, 75, 83

	
0.047




	
NACE

Rev.2

	
4639, 4799, 6832,

7111, 7410, 7419,

7820, 8211, 8532,

8690, 8891, 8899,

9602, 9700

	
0161, 2016, 2592, 2892, 3109,

4299, 4639, 4719, 4724, 4762,

4799, 4941, 5210, 5610, 5629,

5819, 5829, 5920, 6203, 6391,

6411, 6832, 6910, 6920, 7010,

7022, 7111, 7172, 7312, 7320,

7410, 7430, 7490, 7500, 7820,

7911, 7912, 7990, 8129, 8211,

8411, 8413, 8510, 8520, 8532,

8610, 8621, 8623, 8690, 8731,

8891, 8899, 9602, 9620, 9700,

9820

	
0990, 4639, 5610, 6832, 7120, 7490, 8119, 8211, 8520, 9620

	
0.386








* p-value obtained by X2 test (p < 0.05).













 





Table 2. Median maternal obstetric history as a function of occupational exposure.
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No Exposure

	
Chemical/Biological Risk

	
Physical Risk

	
p-Value 2




	

	
Mean ± SD 1

	
Mean ± SD 1

	
Mean ± SD 1






	
Previous pregnancies

	
1.07 ± 1.09

	
1.10 ± 1.13

	
0.84 ± 0.965

	
0.101




	
Previous births

	
0.81 ± 0.87

	
0.68 ± 0.79

	
0.53 ± 0.713

	
0.025




	
Previous fetal loss

	
0.44 ± 0.83

	
0.52 ± 0.77

	
0.46 ± 0.855

	
0.692








1 Values correspond to the mean and standard deviation; 2 p-value obtained by ANOVA (p < 0.05).













 





Table 3. Characteristics of the pregnancy studied (N = 399) as a function of occupational exposure.
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No Exposure

	
Chemical/Biological Risk

	
Physical Risk

	
p-Value 2




	

	
Mean o fr 1

	
±SD o % 1

	
Mean o fr 1

	
±SD o % 1

	
Mean o fr 1

	
±SD o % 1

	






	
In vitro fertilization

	




	
No

	
130

	
94.9

	
132

	
95.7

	
108

	
88.5

	
0.047




	
Yes

	
7

	
5.1

	
6

	
4.3

	
14

	
11.5




	
Weeks of gestation

	
38.73

	
±1.56

	
38.84

	
±2.07

	
38.67

	
±1.96

	
0.765




	
Hospitalization during pregnancy

	

	

	

	

	

	

	




	
No

	
121

	
92.4

	
130

	
95.6

	
114

	
95.8

	
0.395




	
Yes

	
10

	
7.6

	
6

	
4.4

	
5

	
4.2








1 Values correspond to the mean and standard deviation for quantitative variables and to the number and frequency for qualitative variables; 2 p-value obtained by ANOVA (p < 0.05) for quantitative variables and by X2 test (p < 0.05) for qualitative variables.













 





Table 4. Sex and anthropometric characteristics of the newborn as a function of occupational exposure.
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No Exposure

	
Chemical/Biological Risk

	
Physical Risk

	
p-Value 2




	

	
Mean o fr 1

	
±SD o % 1

	
Mean o fr 1

	
±SD o % 1

	
Mean o fr 1

	
±SD o % 1






	
Sex of newborn

	

	

	

	

	

	

	




	
Male

	
74

	
53.6

	
72

	
52.2

	
64

	
52.5

	
0.968




	
Female

	
64

	
46.4

	
66

	
47.8

	
58

	
47.5

	




	
Height of newborn (cm)

	
49.7

	
±2.39

	
50.0

	
±2.50

	
49.2

	
±2.62

	
0.415


