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The effect of exposure to particulate matter during pregnancy on lower respiratory tract infection hospitalizations during first year of life
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Abstract
Background
Lower respiratory tract infections (LRTI) in early life, including pneumonia, bronchitis and bronchiolitis, can lead to decreased lung function, persistent lung damage and increased susceptibility to various respiratory diseases such as asthma. In-utero exposure to particulate matter (PM) during pregnancy may disrupt biological mechanisms that regulate fetal growth, maturation and development. We aimed to estimate the association between intrauterine exposure to PM of size < 2.5 μm in diameter (PM2.5) and incidence of LRTIs during the first year of life.

Methods
A retrospective population-based cohort study in a population of mothers and infants born in Soroka University Medical Center (SUMC) in the years 2004–2012. All infants < 1 year old that were hospitalized due to LRTIs were included. The main exposure assessment was based on a hybrid model incorporating daily satellite-based predictions at 1 km2 spatial resolution. Data from monitoring stations was used for imputation of main exposure and other pollutants. Levels of environmental exposures were assigned to subjects based on their residential addresses and averaged for each trimester. Analysis was conducted by a multivariable generalized estimating equation (GEE) Poisson regression. Data was analyzed separately for the two main ethnic groups in the region, Jewish and Arab-Bedouin.

Results
The study cohort included 57,331 deliveries that met the inclusion criteria. Overall, 1871 hospitalizations of infants < 1 year old due to pneumonia or bronchiolitis were documented. In a multivariable analysis, intrauterine exposure to high levels of PM2.5 (> 24 μg/m3) in the first and second trimesters was found to be adversely associated with LRTIs in the Arab-Bedouin population (1st trimester, RR = 1.31, CI 95% 1.08–1.60; 2nd trimester: RR = 1.34, CI 95% 1.09–1.66).

Conclusion
Intrauterine exposure to high levels of PM2.5 is associated with a higher risk of hospitalizations due to lower respiratory tract infections in Arab-Bedouin infants.
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Introduction
Respiratory diseases are a major cause of mortality and morbidity worldwide, particularly in infants and young children. Lower respiratory tract infections (LRTIs), including pneumonia and bronchiolitis, in early life may lead to a decreased lung function, and persistent lung damage, as well as increased susceptibility to various respiratory diseases like asthma later in life [1]. Risk factors for LRTIs are either intrinsic such as prematurity, congenital or acquired cardiopulmonary diseases, neuromuscular disorders and immunodeficiency [2–4] or external such as environmental crowding, exposure to cigarette smoke and postnatal exposure to air pollutants, such as particulate matter (PM) [5–7].
The Negev region in southern Israel is a part of the global dust belt extending from West Africa to the Arabian Desert, and is subjected to dust storms in which PM levels may increase by 10–100 fold [8]. The two major ethnic groups residing in this area are the Jewish and Arab-Bedouin, with the latter practicing a semi-nomadic way of living. The Jewish population lives in modern housing, usually works indoors and have higher socio-economic status. Approximately half of the Arab-Bedouin population lives in temporary settlements that cannot be hermetically sealed from outdoor pollutants and therefore is more likely to be exposed to and affected by them. These different lifestyles, coupled with the lower socioeconomic status create the difference between the two populations and has a potential to modify the environmental effects on health [9, 10].
Previous studies dealt with the association between postnatal exposure to PM and LRTIs [11–13]. Horne et al. found that short term exposure to PM2.5 is associated with LRTIs among infants younger than two years [14]. In our area, Yitshak-Sade et al. reported higher rates of hospitalizations due to bronchiolitis during or near elevated levels of PMs between 0 and 2 years of age [15].
Fetal cells that are in the process of differentiation have faster rate of replication and higher sensitivity to signals, and therefore, the fetus is likely to be more susceptible to environmental toxicants compared to adults [16–19]. Nevertheless, relatively few studies examined the effect of intrauterine exposure to pollution and early life respiratory infections [1, 20]. Some have found an association between prenatal exposure to PM and respiratory infections in children [1, 21, 22] while others did not find any association between the two, specifically for exposure to nitrogen dioxide (NO2) during pregnancy [23].
The lung maturation process takes a long period of time, extending from prenatal development through adolescence. In-utero development is composed of different phases that grossly correlate with the pregnancy trimesters [17, 24]. Studies investigating the prenatal effect of PMs on developing lungs in-vitro proposed different pathophysiological mechanisms: mice which were exposed to urban PMs showed elevated cytokine levels and increased levels of lipid and protein oxidation [25]. Likewise, in two studies prenatal and postnatal exposure to urban levels of PM2.5 were associated with decreased lung volumes [26, 27]. PM2.5 can cross the placenta and enter the bronchi and alveoli of the fetus compared to larger PMs [17, 28] and are associated with abnormal lung genesis and hyperactive lung disease [1, 20, 29].
In light of the unique climatic conditions and ethnic characteristics in the Negev area, we hypothesized that exposure to PM2.5 during gestation is independently associated with higher incidence of lung disease in children, and specifically lower respiratory tract infection in infants. The aim of our study was to assess the association of PM 2.5 exposure in the three trimesters of pregnancy and LRTIs in two different ethnic populations in southern Israel.
Methods
We conducted a retrospective population-based cohort study of infants born in Soroka University Medical Center (SUMC) in southern Israel between the years 2004–2012, and their mothers. Included in this study were all women insured by Clalit Health Services (CHS), the largest health care provider in Israel. The follow-up of their infants was conducted until their first birthday. Only the first hospitalization due to LRTI was used in the analysis.
Women residing outside the exposure assessment area, i.e., the Negev region, women whose residence information was missing, and infants diagnosed with major congenital anomaly were excluded from the analysis.
Maternal demographic and clinical data on residential address, age at delivery, ethnicity, medical obstetrical history and birth outcomes were obtained from the Admission-Transfer-Delivery (ATD) database. Socioeconomic status was based on the evaluations by Israel Central Bureau of Statistics.
Due the known inherent difference between the two major ethnic groups in the region we a-priori intended to assess these groups separately.
Exposure assessment
Exposure to PM2.5 was assessed based on a hybrid model developed by Kloog et al. [30, 31] utilizing daily satellite remote sensing data at 1km2 spatial resolution. The model uses an algorithm developed by the National Aeronautics and Space Administration (NASA) – called MAIAC (Multi-Angle Implementation to Atmospheric Correction) which is part of the MODIS (Moderate Resolution Imaging Spectroradiometer) system, providing satellite aerosol optical depth (AOD) data. The model then uses a hybrid LUR mixed model approach, by regressing daily PM2.5 mass concentration from MoEP (Ministry of Environmental Protection) monitoring networks against AOD, spatial predictors and temporal predictors. For days when AOD data are not available (because of meteorological conditions or retrieval errors) for some grid cells, the model fit a generalized additive model with a thin plate spline term of latitude and longitude to interpolate PM2.5. Model performance is excellent with out-of-sample cross validation R2 values of 0.92 and 0.87 for PM less than 10 μm in diameter (PM10) and PM2.5, respectively [31, 32].
In addition, we retrieved data on air pollution (PM2.5, PM10, NO2, sulphur dioxide (SO2), carbon monoxide (CO), ozone (O3)), temperature and relative humidity (RH) from 14 monitoring sites operated by the Ministry of Environmental Protection.
Outcome definition
LRTI case was defined as the first hospitalization with pneumonia or bronchiolitis during the first year of life. The two morbidities were defined based on diagnoses recorded in the medical charts according to ICD9 codes 480–483, 486 and 466, for pneumonia or bronchiolitis, respectively. To minimize the contribution of postnatal exposure we limited the follow-up period to the first year of life.
Statistical analysis
Quantitative variables were expressed as mean ± standard deviation, medians and ranges. Categorical variables were expressed by frequencies out of available cases. Hospitalization incidence was compared between sub-groups using t-test, Mann-Whitney test and Chi-Square or Fisher’s exact test.
Environmental exposures were assessed for collinearity and were found not highly correlated (Spearman rho< 0.8). Environmental exposures were averaged per each trimester, and presented as quartiles of pollutants concentrations, with the first quartile used as reference, to allow for a non-linear impact of the exposure on the outcome.
Prior to the multivariable analysis, all variables were examined in a univariable analysis for confounding and interactions in their association with the main exposure and the outcome at study. Only covariates that were identified as confounders and were significantly associated with both the exposure of interest and the outcome were included in the final models. The list of covariates included parity, preterm delivery, gender, low birth weight (< 2500 g), Apgar score at 5 min, ambient temperature, NO2 level, O3 level and cold season during first months of life.
For the assessment of associations between prenatal exposure to PM2.5 and LRTI-related hospitalization we used generalized estimating equation (GEE) models with Poisson distributed outcome while accounting for clusters of newborns born to the same mother during the study period. Relative risk (RR) represented the main measure of an effect. Models were corrected for overdispersion to meet the assumptions of the Poisson-based regression.
We also performed a sensitivity analysis, which included all confounders mentioned above and the mean exposure to PM2.5 during 1 year after birth (post-natal exposure).
Due to the exploratory nature of the study, we did not adjust to multiple comparisons in the analysis.
Statistical significance was set at p-value< 0.05. Data were analyzed using SPSS (IBM) software version 21.
Results
During the study period there were 82,215 deliveries, of them 57,331 (70%) met the inclusion criteria and were included in the study. Women were excluded mainly due to missing exact address (19,111 women, 23.2%); residence out of the assessment area, or non CHS membership criterion (3760 women, 4.5%), deliveries of infants with major congenital malformations (1246 infants, 1.5%).
Among all women included in the analysis, the mean maternal age was 28.2 ± 5.7 years, and 40.5% of them were of Jewish ethnicity. In the newborn population, the mean gestational age was 38.9 ± 2 weeks, with 9.5% premature deliveries. Mean weight was 3148 g and 51% of them were males. The characteristics of the maternal and neonatal populations are summarized in Table 1 as a comparison between the Jewish and the Arab-Bedouin populations that demonstrate significant differences between the two groups. Arab-Bedouin women were on average 3 years younger at delivery, of lower socioeconomic status, more frequently resided in a rural area, were less likely to be diagnosed with diabetes during pregnancy and were less likely to be primiparous. In addition, their offspring were more frequently small-for-gestational age and they had a higher proportion of infants born with lower Apgar score. Maternal and neonatal characteristics by LRTI incidence are presented in Table 2.
Table 1Maternal and neonatal characteristics by Jewish and Arab-Bedouin origin


	 	Jewish origin
(n = 23,254)
	Arab-Bedouin origin
(n = 34,077)
	p-value

	Demographic characteristics

	 Age, years

	  Mean ± SD, (n)
	30.0 ± 5.0 (23,243)
	27.0 ± 6.0 (34,063)
	< 0.001

	  Median
	29.0
	27.0
	 
	 Low tertile of socioeconomic status, % (n)
	2.1 (499)
	66.6 (22,692)
	< 0.001

	 Address, % (n),

	  Urban
	92.2 (21,443)
	78.3 (26,185)
	< 0.001

	  Rural
	3.0 (566)
	6.5 (2250)
	 
	Medical and obstetrics history

	 Gestational Diabetes Mellitus, % (n)
	4.7 (1083)
	2.7 (911)
	< 0.001

	 Primiparous, %, (n)
	31.8 (7383)
	19.3 (6574)
	< 0.001

	Neonatal data

	 Gestational age (weeks)

	  Mean ± SD, (n)
	38.8 ± 2.0 (23,223)
	39.1 ± 2.1 (34,045)
	< 0.001

	  Median
	39.0
	39.3
	 
	 Preterm delivery, % (n)
	9.7 (2248)
	9.5 (3249)
	0.585

	 Male gender, % (n)
	50.9 (11,827)
	51.1 (17,427)
	0.508

	 Birth weight, gram
	 	 	0.335

	  Mean ± SD, (n)
	3151 ± 541 (23,237)
	3147 ± 541 (34,057)
	 
	  Median
	3180
	3168
	 
	 Small for Gestational Age (SGA), % (n)
	3.4 (774)
	4.4 (1500)
	< 0.001

	 Large for Gestational Age (LGA), % (n)
	6.7 (1531)
	6.8 (2283)
	0.585

	 Apgar score

	  1st minute < 5, % (n)
	5.3 (1218)
	7.1 (2368)
	< 0.001

	  5th minute < 7, % (n)
	0.6 (149)
	1.0 (333)
	< 0.001



Table 2Maternal and neonatal characteristics by LRTI incidence


	 	Jewish origin
	Arab-Bedouin origin

	Without LRTI (n = 22,724)
	LRTI (n = 530)
	p-value
	Without LRTI (n = 32,736)
	LRTI (n = 1341)
	p-value

	Demographic characteristics

	 Age, years
	 	 	 	 	 	 
	  Mean ± SD, (n)
	30 ± 5 (22,724)
	29 ± 5 (530)
	0.203
	27 ± 6 (32,736)
	28 ± 6 (1341)
	0.04

	  Median
	29
	29
	 	27
	27
	 
	 Low tertile of socioeconomic status, % (n)
	2.3 (485)
	2.8 (14)
	0.02
	66.4 (21,762)
	69.3 (930)
	0.05

	Medical and obstetrics history

	 Gestational Diabetes Mellitus, % (n)
	4.7 (1058)
	4.7 (25)
	0.94
	2.6 (859)
	3.9 (52)
	0.005

	 Primiparous, % (n)
	32.1 (7290)
	17.6 (93)
	< 0.001
	19.6 (6419)
	11.6 (155)
	< 0.001

	Neonatal data

	 Gestational age (weeks),
	 	 	 	 	 	 
	  Mean ± SD, (n)
	38.8 ± 2 (22,724)
	38.2 ± 2 (530)
	< 0.001
	39.1 ± 2 (32,736)
	38.5 ± 2 (1341)
	< 0.001

	  Median
	39
	38.8
	 	39.2
	39
	 
	 Preterm delivery, % (n)
	9.5 (2159)
	16.8 (89)
	< 0.001
	9.2 (3025)
	16.7 (224)
	< 0.001

	 Male gender, % (n)
	50.7 (11,527)
	56.6 (300)
	0.007
	51 (16,698)
	54.4 (729)
	0.01

	 Birth weight, gram
	 	 	 	 	 	 
	  Mean ± SD, (n)
	3154 ± 539 (22,724)
	3062 ± 611 (530)
	< 0.001
	3151 ± 537 (32,736)
	3045 ± 625 (1341)
	< 0.001

	  Median
	3180
	3105
	 	3180
	3110
	 
	 Small for Gestational Age (SGA), % (n)
	3.3 (756)
	2.8 (18)
	0.90
	4.4 (1440)
	4.5 (60)
	0.92

	 Large for Gestational Age (LGA), % (n)
	6.7 (1501)
	5.8 (30)
	0.406
	6.8 (2191)
	6.9 (92)
	0.84

	 Apgar score

	  1st minute < 5, % (n)
	5.3 (1185)
	6.3 (33)
	0.312
	6.9 (2234)
	10.2 (134)
	< 0.001

	  5th minute < 7, % (n)
	0.6 (144)
	0.9 (5)
	0.256
	0.9 (304)
	2.2 (29)
	< 0.001




During the study period, 2079 LRTI-related hospitalizations were recorded in the cohort of infants < 1 year old: 784 were due to pneumonia and 1295 were due to bronchiolitis, overall 1871 primary hospitalizations after excluding 208 repeated hospitalizations.
We detected higher rates of hospitalizations due to LRTIs, and separately due to pneumonia or bronchiolitis within the Arab-Bedouin population (LRTI: 3.9% vs. 2.3%, p < 0.001) as compared to infants born to Jewish mothers. The rate of hospitalized infants which had the highest in utero exposure to PM2.5 (Q4) was also higher in the Arab-Bedouin population (5% vs. 2.5%, p < 0.001).
The environmental factors are presented in Table 3. The mean of pollutants rate was higher in the Jewish population. Specifically, the average daily PM2.5 exposure over the entire pregnancy in Jewish population was 22.3 ± 2.1 μg/m3, with an IQR of 20.6–23.7 μg/m3 (Q1: 13–20.6 μg/m3; Q2: 20.6–22.0 μg/m3; Q3: 22.0–23.7 μg/m3; Q4: 23.7–60.4 μg/m3). The average daily PM2.5 exposure over the entire pregnancy in Arab-Bedouin population was 22.0 ± 1.7 μg/m3, with an IQR of 20.7–23.1 μg/m3 (Q1: 13.5–20.7 μg/m3; Q2: 20.7–21.7 μg/m3; Q3: 21.7–23.1 μg/m3; Q4: 23.1–77.0 μg/m3).
Table 3Environmental factors in pregnancy in the study population


	Environemntal factors
	Jewish origin
(n = 23,254)
	Arab-Bedouin origin
(n = 34,077)
	p-value1

	Min-Max
	Mean ± SD Median
	Inter-Quartile Range (IQR)
	Min-Max
	Mean ± SD Median
	Inter-Quartile Range (IQR)

	PM2.5, μg/m3
	13.0–60.4
	22.3 ± 2.1
22.0
	20.6–23.7
	13.5–77.0
	22.0 ± 1.7
21.7
	20.7–23.1
	< 0.001

	PM10, μg/m3
	14.7–185.1
	53.1 ± 6.5
52.9
	48.2–57.1
	23.2–168.5
	50.2 ± 6.2
49.7
	45.6–54.3
	< 0.001

	NO2, ppb
	1.3–22.9
	9.6 ± 1.7
9.9
	8.8–10.8
	1.30–24.10
	9.5 ± 1.7
9.8
	8.8–10.6
	< 0.001

	SO2, ppb
	0.02–4.37
	1.7 ± 0.4
1.8
	1.6–2.0
	0.01–3.62
	1.6 ± 0.5
1.8
	1.3–2.0
	< 0.001

	O3, ppb
	10.45–55.83
	36.5 ± 3.0
36.5
	34.8–38.6
	6.85–56.79
	36.3 ± 4.0
36.5
	34.7–38.6
	< 0.001

	Temp, °C
	9.17–32.19
	20.1 ± 1.8
20.1
	18.6–21.5
	8.7–29.11
	20.0 ± 1.7
20.1
	18.6–21.4
	< 0.001

	Humidity, %
	16.65–86.8
	60.4 ± 15.5
65.4
	59.0–67.6
	16.44–83.02
	60.4 ± 15.7
65.4
	59.0–67.8
	0.960


1Data evaluated with t-test or Mann-Whitney test



After adjustments to relevant demographical, clinical and environmental factors (see Methods), highest exposure (4th quartile) to PM2.5 in the first and second trimesters was found to be adversely associated with LRTI-related hospitalizations in the subgroup of the Arab-Bedouin population (RR = 1.31; 95% CI 1.08–1.60 and RR = 1.34; 95% CI 1.09–1.66 for the first and second trimesters, respectively, Fig. 1). We did not find statistically meaningful associations in the Jewish population.
[image: ../images/12940_2020_645_Fig1_HTML.png]
Fig. 1Association between intrauterine exposure to PM2.5 and LRTI by quartiles, based on a multivariable analysis1. 1Associations were adjusted for gender of a newborn, parity, preterm delivery, birth weight and Apgar score at 5 min, temperature, NO2, Ozone level and cold season during first months of life. Environmental exposure was averaged per each trimester, and presented as quartiles of pollutants’ concentrations, with the first quartile used as reference. * p < 0.05 for comparison with the first quartile of PM2.5 exposure


Sensitivity analysis models, which included postnatal exposure to PM2.5 did not change the results (RR = 1.26; 95% CI 1.02–1.54 and RR = 1.34; 95% CI 1.07–1.68 for the exposure to the 4th quartile of PM2.5 averaged over the first and second trimesters in the Arab-Bedouin population, respectively).
Discussion
In our current study, we examined an effect of intrauterine exposure to pollutants on the risk of LRTI. We found that exposure to higher levels of PM2.5 in-utero is associated with a higher risk of LRTI-related hospitalizations in the Arab-Bedouin sub-population of the Negev area. This effect was not demonstrated within the Jewish population.
Based on previous research, the association demonstrated above may be explained by several mechanisms. Generally, chronic exposure to external factors during pregnancy, such as PM, may disrupt biological mechanisms that regulate fetal growth, maturation and development [1, 16, 17, 33]. Specifically, exposure to PMs during pregnancy may induce oxidative stress that cause inefficient repair mechanisms of the developing lung [17, 24, 34] and genetic modification that probably contribute to an increased pulmonary susceptibility [1, 20, 35–37]. In addition to classical genetic mechanisms, environmental stimuli may induce acquired epigenetic states that affect gene expression and phenotypic outcome [38, 39].
Several investigations have already assessed the adverse effect of prenatal exposure to PM2.5 and asthma disease [20, 40]. Although different pathophysiology (as asthma is an inflammatory disease and not infectious), oxidative stress seems to play a role in both diseases and eventually contribute to more vulnerable infants [41]. In addition, researchers in previous studies have reported on the second trimester as the sensitive window to asthma disease [29, 42]. Our results partially support this observation, as we find the beginning and mid gestation periods to be the vulnerability window most relevant for environmental exposures.
In our study, exposure to PM2.5 was found to be associated with health outcome only in the Arab-Bedouin population and not among the Jewish population. The discrepancy in findings between the two sub-groups is intriguing and may have several possible explanations:
First, the Jewish population is attending the community medical services more often, and are more compliant with preventive medicine lifestyle [43], thus it is possible that their respiratory infections are treated earlier and do not require hospitalization, as opposed to patients of Arab-Bedouin origin. Secondly, as demonstrated in Table 1, the Arab-Bedouin population has different characteristics compared to the Jewish population, that has to do with many aspects of life, which may support the assumption that their actual exposure to outdoor pollutants is higher. Likewise, as shown in other studies, this population is more likely to be exposed to cigarette smoke and open fire cooking, conditions that may increase the effect of prenatal exposure to other pollutants [44, 45]. This behaviour is strongly correlated with a low socio-economic status, and hence, poverty, that as been shown, enhances the effects of all risk factors, and specifically of environmental risk factors [46–48]. In our case, the aforementioned risky behaviours may lead to an increased risk for LRTIs within Arab-Bedouin infants.
Our study had several limitations. As most of the rural Arab-Bedouin settlements do not have a permanent address (they use a P.O. Box instead) they were excluded from the study analysis and a possible selection bias might have ensued. However, since the excluded population was probably more likely to be exposed to higher PM levels, we probably underestimated the effect of PM2.5. In addition, the exposure estimation in our analysis is linked to the women’s residential address at delivery hospitalization. As the information on changing residence was not available to the researchers, which might have resulted in a minor information bias in exposure assessment.
Another limitation is related to indoor exposure to pollutants and/or the accurate time pregnant women were outdoors in their residence area, data that we were unable to collect and may have provided more accurate estimates of exposure. As a result, this study is prone to a non-differential misclassification in exposure assessment and consequently, a decreased statistical power of the study. However, it is most probably driving the study towards the null hypothesis.
Finally, information about maternal smoking or postnatal environmental tobacco exposure were severely underreported and therefore not used in multivariable analysis. Since perinatal and postnatal exposure to tobacco smoke has been found to be associated with infant’s respiratory morbidity, this lack of information may bias our results. However, previous studies that assessed the quantity of tracers of cigarettes smoking (cadmium and cotinine) in pregnant Arab women, found that they appear the least exposed to passive smoking, and that these tracers had very low concentrations in this population [9, 49]. Likewise, the information on open fire cooking rates in the Arab-Bedouin population was not available from medical databases and therefore could not be included in the analysis. As a result, the study conclusions may be prone to a certain residual confounding, not fully accounted in spite of the extensive adjustment performed in the models.
The current investigation benefited from the large sample size, which allowed an efficient adjustment of the estimates to multiple co-variates. Furthermore, this is a population-based study, where all cases were hospitalized in the single hospital in the Negev region ensuring an accurate case ascertainment of all severe LRTI cases in the area. We also used an exposure model with a high spatial resolution, permitting an estimation of exposure levels to PMs with high accuracy.
Conclusions
In this large population-based study, higher prenatal exposure to PM2.5 was found to be adversely associated with LRTIs during the first year of life in the Arab-Bedouin population in southern Israel. Our results add to the accumulating data on the harmful effect of PMs on human health, while focusing on one of the most vulnerable periods of life. Further studies are necessary to ascertain the relevant window of exposure and the most harmful pollutants in order to devise effective measures to deal with these problems.
Acknowledgements
Not Applicable.

Authors’ contributions
SG has analysed and interpreted the raw data and wrote the first draft of the manuscript. LN has made substantial contribution to the study design, interpreted the results and was a major contributor in writing the manuscript. OE has contributed to the study’s conception and design. MYS has aided with acquiring the data and contributed to the analysis. IK has provided the spatial meteorological model. AS has assisted with the spatial meteorological model. ES has contributed to the study design, interpretation of the results and the manuscript writing. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets during and/or analyzed during the current study available from the corresponding author on reasonable request.

Ethics approval and consent to participate
We confirm that the study was approved by Soroka University Medical Center Helsinki Committee.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Jedrychowski WA, Perera FP, Spengler JD, Mroz E, Stigter L, Flak E, et al. Intrauterine exposure to fine particulate matter as a risk factor for increased susceptibility to acute broncho-pulmonary infections in early childhood. Int J Hyg Environ Health. 2013;216(4):395–401.Crossref

	2.
Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood pneumonia. Bull World Health Organ. 2008;86(October 2007):408–16.Crossref

	3.
Jokinen C, Heiskanen L, Juvonen H, Kallinen S, Kleemola M, Koskela M, et al. Microbial etiology of community-acquired pneumonia in the adult population of 4 municipalities in eastern Finland. Clin Infect Dis. 2001;32:1141–54.Crossref

	4.
Pelton SI, Hammerschlag MR. Overcoming current obstacles in the management of bacterial community-acquired pneumonia in ambulatory children. Clin Pediatr (Phila). 2005;44(February):1–17.Crossref

	5.
Sram RJ, Binkova B, Dostal M, Merkerova-Dostalova M, Libalova H, Milcova A, et al. Health impact of air pollution to children. Int J Hyg Environ Health [Internet] 2013;216(5):533–540. Available from: http://​dx.​doi.​org/​10.​1016/​j.​ijheh.​2012.​12.​001.​

	6.
Karr C, Lumley T, Schreuder A, Davis R, Larson T, Ritz B, et al. Effects of subchronic and chronic exposure to ambient air pollutants on infant bronchiolitis. Am J Epidemiol. 2007;165(5):553–60.Crossref

	7.
Fuchs O, Latzin P, Kuehni CE, Frey U. Cohort profile: the Bern infant lung development cohort. Int J Epidemiol. 2012;41(January 2011):366–76.Crossref

	8.
Ganor E, Stupp A, Alpert P. A method to determine the effect of mineral dust aerosols on air quality. Atmos Environ [Internet] 2009;43(34):5463–5468. Available from: http://​dx.​doi.​org/​10.​1016/​j.​atmosenv.​2009.​07.​028.​

	9.
Karakis I, Landau D, Yitshak-Sade M, Hershkovitz R, Rotenberg M, Sarov B, et al. Exposure to metals and congenital anomalies: a biomonitoring study of pregnant Bedouin-Arab women. Sci Total Environ [Internet]. 2015;517:106–12 Available from: http://​linkinghub.​elsevier.​com/​retrieve/​pii/​S004896971500199​0.Crossref

	10.
Novack L, Manor E, Gurevich E, Yitshak-Sade M, Landau D, Sarov B, et al. Can cell proliferation of umbilical cord blood cells reflect environmental exposures? Springerplus [internet]. 2015;4:372. Available from. http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​26217549.

	11.
Kennedy C, Flak Pennington A, Darrow LA, Klein M, Zhai X, Bates JT, et al. Associations of mobile source air pollution during the first year of life with childhood pneumonia, bronchiolitis, and otitis media. Env Epidemiol. 2017;176(1):139–48.

	12.
Morgenstern V, Zutavern A, Cyrys J, Brockow I, Gehring U, Koletzko S, et al. Respiratory health and individual estimated exposure to traffic-related air pollutants in a cohort of young children. Occup Environ Med. 2007;64(1):8–16.Crossref

	13.
Girguis MS, Strickland MJ, Hu X, Liu Y, Chang HH, Kloog I, et al. Exposure to acute air pollution and risk of bronchiolitis and otitis media for preterm and term infants article. J Expo Sci Environ Epidemiol. 2018;28(4):348–57.Crossref

	14.
Horne BD, Joy EA, Hofmann MG, Gesteland PH, Cannon JB, Le JS, et al. Short-term elevation of fine particulate matter air pollution and acute lower respiratory infection. Am J Respir Crit Care Med. 2018;198(6):759–66.Crossref

	15.
Yitshak-Sade M, Yudovitch D, Novack V, Tal A, Kloog I, Goldbart A. Air pollution and hospitalization for bronchiolitis among Yound children. Ann Am Thorac Soc. 2017;14(12):1796–802.Crossref

	16.
Jedrychowski W, Galas A, Pac A, Flak E, Camman D, Rauh V, et al. Prenatal ambient air exposure to polycyclic aromatic hydrocarbons and the occurrence of respiratory symptoms over the first year of life. Eur J Epidemiol. 2005;20:775–82.Crossref

	17.
Kajekar R. Environmental factors and developmental outcomes in the lung. Pharmacol Ther. 2007;114:129–45.Crossref

	18.
Selevan SG, Kimmel CA, Mendola P. Identifying critical windows of exposure for children’s health. Environ Health Perspect. 2000;108(SUPPL. 3):451–5.

	19.
Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and early-life conditions on adult health and disease. N Engl J Med [Internet]. 2008;359(1):61–73. Available from: https://​www.​nejm.​org/​doi/​full/​10.​1056/​nejmra0708473.

	20.
Jedrychowski WA, Perera FP, Maugeri U, Mroz E, Klimaszewska-Rembiasz M, Flak E, et al. Effect of prenatal exposure to fine particulate matter on ventilatory lung function of preschool children of non-smoking mothers. Paediatr Perinat Epidemiol. 2010;24(5):492–501.Crossref

	21.
Rice MB, Rifas-Shiman SL, Oken E, Gillman MW, Ljungman PL, Litonjua A a., et al. Exposure to traffic and early life respiratory infection: A cohort study. Pediatr Pulmonol 2014;1–8.

	22.
Yang SI, Kim BJ, Lee SY, Kim H. Bin, Lee CM, Yu J, et al. prenatal particulate matter/tobacco smoke increases infants’ respiratory infections: COCOA study. Allergy, Asthma Immunol Res. 2015;7(6):573–82.Crossref

	23.
Madsen C, Haberg SE, Magnus MC, Aamodt G, Stigum H, London SJ, et al. Pregnancy exposure to air pollution and early childhood respiratory health in the Norwegian mother and child cohort study ( MoBa ). BMJ Open. 2017:1–8.

	24.
Proietti E, Röösli M, Frey U, Latzin P. Air pollution during pregnancy and neonatal outcome: a review. J Aerosol Med Pulm Drug Deliv. 2012;26(1):120802095343004.

	25.
Pardo M, Porat Z, Rudich A, Schauer JJ, Rudich Y. Repeated exposures to roadside particulate matter extracts suppresses pulmonary defense mechanisms, resulting in lipid and protein oxidative damage. Environ Pollut [Internet]. 2016;210:227–37. Available from: http://​dx.​doi.​org/​10.​1016/​j.​envpol.​2015.​12.​009.​

	26.
Mauad T, Rivero DHRF, De Oliveira RC, Lichtenfels AJDFC, Guimarães ET, De Andre PA, et al. Chronic exposure to ambient levels of urban particles affects mouse lung development. Am J Respir Crit Care Med. 2008;178(7):721–8.Crossref

	27.
Tang W, Du L, Sun W, Yu Z, He F, Chen J, et al. Maternal exposure to fine particulate air pollution induces epithelial-to-mesenchymal transition resulting in postnatal pulmonary dysfunction mediated by transforming growth factor-β/Smad3 signaling. Toxicol Lett [Internet]. 2017;267:11–20. Available from: http://​dx.​doi.​org/​10.​1016/​j.​toxlet.​2016.​12.​016.​

	28.
Backes C, Nelin T, Gorr M, Wold L. Early life exposure to air pollution: how bad is it? Toxicol Lett [Internet]. 2013;216(1):47–53. Available from: http://​ezproxy.​library.​usyd.​edu.​au/​login?​url=​http://​ovidsp.​ovid.​com/​ovidweb.​cgi?​ T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=medl&AN=23164674.

	29.
Hsu HHL, Chiu YHM, Coull BA, Kloog I, Schwartz J, Lee A, et al. Prenatal particulate air pollution and asthma onset in urban children: identifying sensitive windows and sex differences. Am J Respir Crit Care Med. 2015;192(9):1052–9.Crossref

	30.
Kloog I, Chudnovsky A a., Just AC, Nordio F, Koutrakis P, Coull B a., et al. A new hybrid spatio-temporal model for estimating daily multi-year PM2.5 concentrations across northeastern USA using high resolution aerosol optical depth data. Atmos Environ [Internet]. 2014;95:581–90. Available from: http://​dx.​doi.​org/​10.​1016/​j.​atmosenv.​2014.​07.​014.​

	31.
Shtein A, Karnieli A, Katra I, Raz R, Levy I, Lyapustin A, et al. Estimating daily and intra-daily PM 10 and PM 2.5 in Israel using a spatio-temporal hybrid modeling approach. Atmos environ [internet]. 2018;191(July):142–52. Available from: https://​doi.​org/​10.​1016/​j.​atmosenv.​2018.​08.​002.​

	32.
Kloog I, Sorek-Hamer M, Lyapustin A, Coull B, Wang Y, Just AC, et al. Estimating daily PM2.5 and PM10 across the complex geo-climate region of Israel using MAIAC satellite-based AOD data. Atmos Environ. 2015;122(1994):409–16.Crossref

	33.
Lewis TC, Robins TG, Dvonch JT, Keeler GJ, Yip FY, Mentz GB, et al. Air pollution-associated changes in lung function among asthmatic children in Detroit. Environ Health Perspect. 2005;113(8):1068–75.Crossref

	34.
Schwartz J. Air pollution and children’s health. Pediatrics. 2004;113(4 Suppl):1037–43.

	35.
Ghosh R, Topinka J, Joad JP, Dostal M, Sram RJ, Hertz-Picciotto I. Air pollutants, genes and early childhood acute bronchitis. Mutat Res [Internet] 2013;749(1–2):80–86. Available from: http://​dx.​doi.​org/​10.​1016/​j.​mrfmmm.​2013.​04.​001%5Cnhttp://www.ncbi.nlm.nih.gov/pubmed/23648357.

	36.
Perera FP, Rauh V, Whyatt RM, Tsai W-Y, Bernert JT, Tu Y-H, et al. Molecular evidence of an interaction between prenatal environmental exposures and birth outcomes in a multiethnic population. Environ Health Perspect. 2004;112(5):626–30.Crossref

	37.
Perera FP, Tang D, Tu YH, Cruz LA, Borjas M, Bernert T, et al. Biomarkers in maternal and newborn blood indicate heightened fetal susceptibility to procarcinogenic DNA damage. Environ Health Perspect. 2004;112(10):1133–6.Crossref

	38.
Jones P. A, Takai D. the role of DNA methylation in mammalian epigenetics. Science. 2001;293(August):1068–70.Crossref

	39.
Korten I, Ramsey K, Latzin P. Air pollution during pregnancy and lung development in the child. Paediatr Respir Rev [Internet] 2017;21:38–46. Available from: http://​dx.​doi.​org/​10.​1016/​j.​prrv.​2016.​08.​008.​

	40.
Chiu Y-HM, Coull BA, Sternthal MJ, Kloog I, Schwartz J, Cohen S, et al. Effects of prenatal community violence and ambient air pollution on childhood wheeze in an urban population. J Allergy Clin Immunol. 2014;133(3):713–22.Crossref

	41.
Wright RJ, Brunst KJ. Programming of respiratory health in childhood: influence of outdoor air pollution. Curr Opin Pediatr. 2013;25(2):232–9.Crossref

	42.
Lee A, Hsu H-HL, Chiu Y-HM, Bose S, Rosa MJ, Kloog I, et al. Prenatal fine particulate exposure and early childhood asthma: effect of maternal stress and fetal gender. Allergy Clin Immunol. 2018;141(5):1880–6.Crossref

	43.
Daoud N, Soskolne V, Mindell JS, Roth MA, Manor O. Ethnic inequalities in health between Arabs and Jews in Israel: the relative contribution of individual-level factors and the living environment. Int J public health [internet]. 2018;63(3):313–23. Available from: https://​doi.​org/​10.​1007/​s00038-017-1065-3.​

	44.
Landau D, Novack L, Yitshak-Sade M, Sarov B, Kloog I, Hershkovitz R, et al. Nitrogen dioxide pollution and hazardous household environment: what impacts more congenital malformations. Chem Int 2015;139:340–348. Available from: http://​dx.​doi.​org/​10.​1016/​j.​chemosphere.​2015.​06.​091.​

	45.
Treister-Goltzman Y, Peleg R. What is known about health and morbidity in the pediatric population of Muslim Bedouins in southern Israel: a descriptive review of the literature from the past two decades. J Immigr Minor Heal [Internet] 2015;17(3):940–946. Available from: http://​dx.​doi.​org/​10.​1007/​s10903-014-0001-3.​

	46.
Kravitz-Wirtz N, Teixeira S, Hajat A, Woo B, Crowder K, Takeuchi D. Early-life air pollution exposure, neighborhood poverty, and childhood asthma in the United States, 1990–2014. Int J Environ Res Public Health. 2018;15(6):1–14.Crossref

	47.
Nikiéma B, Spencer N, Séguin L. Poverty and chronic illness in early childhood: A comparison between the United Kingdom and Quebec. Pediatrics. 2010;125(3).

	48.
Lessard LN, Alcala E, Capitman JA. Pollution, poverty, and potentially preventable childhood morbidity in Central California. J Pediatr [Internet] 2016;168:198–204. Available from: http://​dx.​doi.​org/​10.​1016/​j.​jpeds.​2015.​08.​007.​

	49.
Levine H, Berman T, Goldsmith R, Göen T, Spungen J, Novack L, et al. Exposure to tobacco smoke based on urinary cotinine levels among Israeli smoking and nonsmoking adults: A cross-sectional analysis of the first Israeli human biomonitoring study. BMC Public Health. 2013;13(1241).



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of exposure to particulate matter during pregnancy on lower respiratory tract infection hospitalizations during first year of life


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12940_2020_645_Fig1_HTML.png
Adjusted RR (95% Cl)

Adjusted RR (95% Cl)

-

0.8

0.6

1.6

1.4

1.2

0.8

0.6

1sttrimester - Bedouins

Q2

*

Q3 Q4

PM2.5 exposure quartiles

Isttrimester - Jews

Q2

Q3 Q4

PM2.5 exposure quartiles

Adjusted RR (95% Cl)

Adjusted RR (95% Cl)

2nd trimester - Bedouins

1.6

1.4

1.2

0.8

0.6

1.6

14

12

0.8

0.6

*

4o

Q2 Q3 Q4

PM2.5 exposure quartiles

2 trimester - Jews

Q2 Q3 Q4

PM2.5 exposure quartiles

Adjusted RR (95% Cl)

Adjusted RR (95% Cl)

3rd trimester - Bedouins

16

14

1.2

1

0.8

0.6

1.6

14

12

0.8

0.6

________ pobot

Q2 Q3 Q4

PM2.5 exposure quartiles

3rd trimester- Jews

Q2 Q3 Q4

PM2.5 exposure quartiles





OEBPS/css/sidebar.gif





