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Abstract
The association between environmental conditions and pregnancy outcome has been under investigation for a long time, but 
results appear to be inconclusive regarding damage to either the newborn or the mother. The aim of this study was to evaluate 
the distribution of hospitalization of newborns with low birthweight (< 2500 g) and extremely low birthweight (< 1000 g) 
in the geographical area of Taranto, Italy, which is characterized by high environmental risk because of industrial pollution. 
We analyzed the database of hospital discharge forms for the years 2001–2013 regarding hospital admission of newborns in 
the region of Apulia. The relative risk (RR) of hospitalization, adjusted for the deprivation index, was estimated using the 
Besag–York–Molliè Bayesian model. The city of Taranto, which has the highest environmental risk, had the highest RR for 
newborns with low birthweight (1.47, 95% uncertainty interval 1.38–1.56). Other geographical areas with high environmental 
pollution had higher RRs for low birth weight compared with the regional average. We found no geographical distribution 
pattern of extremely low birthweight that would suggest an association with environmental pollution.
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Introduction

Birthweight less than 2500 g (low birth weight, LBW) or less 
than 1500 g (very low birth weight, VLBW), small for ges-
tational age fetus (SGA), and intrauterine growth restriction 
(IUGR) are pregnancy outcomes that can predict newborn 
health. The rate of LBW in Western countries is 6% (United 
Nations 2004) and 7.4% in Italy. According to a recent report 
on birth and pregnancy; the rate of VLBW in Italy is 1% 
(Basili et al. 2018). It has been observed that mortality and 
morbidity within the first 30 days after delivery of a VLBW 
newborn are higher than that of other neonates (O’Leary 

et al. 2017), especially in developing countries where there 
is a greater frequency of LBW infants (Lee et al. 2017).

LBW can predict a greater need for hospital care, with 
higher costs for care; therefore, cost–benefit analyses are 
needed to evaluate actions and decisions regarding pre-
vention of this pregnancy outcome. In particular, preterm 
VLBW infants need more care than other LBW newborns 
(Cavallo et al. 2015). Interventions targeting health-related 
habits in the mother that are risk factors for pregnancy and 
for the fetus have not reversed the cost of care; in fact, pre-
vention has often been more costly than infant care (Almond 
et al. 2004).

According to many authors, environmental pollution is 
considered an important risk factor that is unrelated to the 
mother’s health habits. Researchers believe that environ-
mental policies that can reduce exposure to this risk fac-
tor could have a beneficial effect on pregnancy as well as 
preventing other diseases. For example a review including 
41 studies found an association between sulfur dioxide and 
preterm birth, as well as an association of particulate mat-
ter (PM) with preterm birth and SGA. However, the same 
review found no association between pregnancy outcomes 
or newborn health and other oxides like nitric oxide (NO), 
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nitrogen dioxide  (NO2), ozone  (O3), and carbon monoxide 
(CO) (Shah et al. 2011).

A 2012 metanalysis evaluated the association between 
CO,  NO2, PM, and LBW in newborns, and air pollution 
was found to be a significant risk factor. In particular, the 
pooled odds ratio suggested CO,  NO2, and PM with diameter 
≤ 10 μm (PM10) were associated with a risk for LBW and 
these were strong risks factors for preterm birth (Stieb et al. 
2012). Another metanalysis found no relationship between 
mortality in newborns or pregnant woman and environ-
mental pollution, but an increased risk of LBW, IUGR, and 
malformation associated with environmental pollution was 
found (Kihal-Talantikite et al. 2017).

Apulia is a geographical area in the southern part of Italy 
that comprises large industrial areas with steelworks and 
chemical production. These are mostly located in the county 
of Taranto on the Ionian Sea and Brindisi on the Adriatic 
Sea. Taranto is included as a site of national interest for 
surveillance of environmental pollution and increased can-
cer incidence (Mataloni et al. 2012). Since 2007 Regional 
Environmental Protection Agencies have monitored pol-
lutants finding critical levels especially for PM10, dioxin 
and benzopyrene (Mincuzzi et al. 2013). The last Report on 
Air Quality in Apulia has shown for the area of Taranto an 
annual mean concentration of 20 μg/m3 for PM10 and 10 
μg/m3 for PM2.5 (Development Team 2014). Taranto’s local 
managers are encouraging continuous surveys of population 
health status to evaluate and rapidly detect increases in vari-
ous diseases, including cancers. Several research works have 
been funded to evaluate temporal and spatial trends of dis-
eases in Taranto (Mincuzzi et al. 2013; Minerba et al. 2018).

In this paper we report the results of the analysis of hos-
pital discharges for preterm infants with LBW and extremely 
LBW (ELBW) in the high environmental risk area of Taranto 
and in the whole Apulia, to evaluate association between 
pregnancy outcomes and environmental pollution.

Materials and methods

The present analysis included all births in Apulia from 
01/01/2001 to 31/12/2013. Data were extracted from the 
Hospital Discharge Form Data Base (HDFDB) for residents 
of Apulia admitted to hospitals both within and outside 
Apulia. Information was collected from two different data-
bases for hospital admissions inside and outside the Apulia 
region; these data were normalized and merged.

LBW newborns in the HDFDB were identified accord-
ing to the primary diagnosis or a secondary diagnosis using 
International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes 765.01–765.08 
(Disorders relating to extreme immaturity of infant) 
or 765.11–765.18 (Disorders relating to other preterm 

infants). The ELBW subgroup, comprising newborns with 
birthweight less than 1000 g, was identified using ICD-
9-CM codes 765.01 (Disorders relating to extreme imma-
turity of infant less than 500 g), 765.02 (Disorders relat-
ing to extreme immaturity of infant 749–500 g), 765.03 
(Disorders relating to extreme immaturity of infant less 
999–750 g), 765.11 (Disorders relating to other preterm 
infants 500 g), 765.12 (Disorders relating to other preterm 
infants 749–500 g), and 765.13 (Disorders relating to other 
preterm infants 999–750 g). All data from discharge forms 
with codes 765.00 or 765.10 for any diagnosis were excluded 
from the analysis because these could not be classified for 
birthweight.

Results were reported using a choropleth map as rela-
tive risk (RR) of hospitalization. The regional map showed 
cities, and the map of Taranto showed the municipal dis-
tricts. To determine the RR, the average regional rate was 
applied to newborns in each district. For regional analysis, 
we used the population recorded by ISTAT (ISTAT 2020). 
For the analysis by district, we used the population from the 
Taranto Registry Office (TRO), which was georeferenced 
to the district area using batch geocoding (Batch Geocode 
Tool 2020) to overlay the information of residence location 
to the district area. To georeference birth events in Taranto, 
we applied two-step record linkage (RL). The first step was 
deterministic and consisted of a perfect match for each let-
ter or figure in the identification code between the HDFDB 
and TRO. The second step was probabilistic (Fornari et al. 
2008), based on the Fellegi and Sunter model (Fellegi and 
Sunter 1969). Additional runs of probabilistic RL were 
applied to unlinked records, changing the locking and com-
parison variables each time. The choice of false positive and 
false negative threshold values in the probabilistic proce-
dures was carried out by means of sensitivity analysis. In 
case of a change in residence, a weight was given to the 
time spent in a specific area, determined as the percentage 
of time spent with respect to the total time of the survey for 
a specific subject.

RR was estimated using the Besag–York–Molliè (BYM) 
Bayesian model (Besag et al. 1991), adjusted for the depri-
vation index. The deprivation index, which is an adjustment 
variable in the model, depends on five indicators: low level 
of education, unemployment, non-home ownership, one 
parent family, and overcrowding (Caranci et al. 2010). To 
smooth RR in the structured component of the BYM model, 
we used an adjacency matrix. To smooth the RR of cities 
in the regional maps, we used the matrix for neighboring 
municipalities. Expected cases for each geographical area 
were determined by indirect standardization, using regional 
rates of the Puglia region as reference.

Results were reported as RR and 95% uncertainty 
interval (UI), given by the 2.5th and 97.5th percentile of 
the Bayesian model. The model was run with a burn-in of 
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10,000 simulations and a total of 30,000 simulations. If 
the UI included 1, the RR was considered not statistically 
significant.

Record linkage and standardization to determine the 
expected number of events were performed using SAS ver-
sion 9.4 (SAS Institute, Inc., Cary, NC, USA) (SAS Institute 
2011). The BYM model was run using WinBUGS 1.4 (Lunn 
et al. 2000). Maps were generated with QGIS version 2.8.2 
(Environmental Protection Regional Agency Apulia 2019).

Results

From 2001 to 2013, there were 492,537 live births, includ-
ing 252,899 (51.3%) male and 239,638 (48.7%) female 
infants. Among these, 16,265 (7,949 (48.9%) male and 8,316 
(51.1%) female infants) were immature preterm (LBW). In 
the same period, there were 1,342 (645 (48.1%) male and 
697 (51.9%) female) ELBW newborns. In Taranto, there 
were 22,582 live births, 11,636 (51.5%) male and 10,946, 
(48.5%) female infants. Among these, 1,113 were LBW (564 
(49.1%) male and 567 (50.9%) female), among which 46 
were ELBW (23 male and 23 female). In the analysis by 
district, a total of 215 HDF records were lost owing to failure 
of record linkage between the HDFDB and TRO or unsuc-
cessful georeferencing.

The time series for the raw rate of LBW and ELBW in 
the entire region (Fig. 1) did not show a specific trend or 
cycle. Regional rates (Fig. 1a) for LBW infants increased 
from 26.9 per 1000 live births in 2001 to 30.2 per 1000 live 
births in 2013. Rates of LBW in Taranto (Fig. 1a) in these 
years were consistently high, from 41.6 per 1000 live births 
in 2001 to 42 per 1000 live births in 2013 with a peak in 
2003 with a rate of 82.3 per 1000 live births. Regional rates 
for ELBW infants (Fig. 1b) changed from 2.0 per 1000 live 
births in 2001 to 2.2 per 1000 live births in 2013. There 
was an increase in 2004 with 4.1 per 1000 live births and 
in 2006 with 3.9 per 1000 live births, but rates decreased to 
the usual level in the following years. The rates for Taranto 
showed a peak in 2002 and in 2005, respectively 4.7 and 
4.6 per 1000 live births, but they decreased to 2.4 per 1000 
live births in 2007 and then remain lower than 2.0 per 1000 
live births from 2008 until 2013 when the rate was 1.2 per 
1000 live births.

The cities with higher RRs for LBW were on the east 
coast (Fig. 2a) in the vicinity of Brindisi and up to Lecce, 
with rates in the class 1.2–1.4 per 1000 live births, which 
were statistically significant. The highest rate in the region 
was in Taranto where the RR of LBW was 1.47 (95% UI 
1.38–1.56).

In the northern and southeast regions between the cities 
of Brindisi and Lecce, some municipalities had high and 

statistically significant RRs for LBW, but there were no sig-
nificant clusters. There were no other areas with RR > 1.

The risk of hospitalization for ELBW infants appeared 
equally distributed across the whole regional territory, and 
there were no clusters of municipalities with particularly 
high RRs (Fig. 2b). The only municipalities with a signifi-
cant RR for ELBW were Bari (1.89, UI 1.64–2.17) and some 
neighboring municipalities. In the very southern limit of 
the region, a group of city areas with RR > 1 for ELBW was 
observed, but these were all non-significant.

Figure 3a shows that all districts had a very high and 
statistically significant RR of LBW events, with RRs rang-
ing from 1.24 (95% UI 1.1–1.4) for Tamburi district to 1.47 
(95% CI 1.2–1.8) for San Vito District. Analysis of the geo-
graphical distribution of RRs for ELBW in Taranto did not 
show patterns of significantly high RRs (Fig. 3b).

Discussion

The results of the present survey showed a clear geographi-
cal pattern of RRs for LBW and ELBW. Higher RRs were 
observed near cities with high environmental risk owing 
to the presence of a carbon power plant (Brindisi), and a 
petroleum refinery and one the largest steel manufacturing 
facilities in Europe (Taranto). The environmental pollution 
in these areas requires greater attention, with respect to 
evaluation of the health of the resident population. In par-
ticular, newborn and pregnant women are more sensitive to 
the negative health effects of environmental pollution.

This survey was conducted using current information 
sources like the HDFDB, one of the most reliable and com-
plete resources of health-related information after registries 
such as the Cancer Registry and Death Cause Registry. As 
a data source for pregnancy and births, the Delivery Cer-
tificate can provide detailed information about mothers and 
newborns. However, these records are incomplete as only 
events occurring in a particular health district are recorded; 
information about residents hospitalized outside the district 
is not included on the certificate.

Electronic health databases, rather than ad hoc studies, 
are often used to determine risk; these include electronic 
clinical records (Nobles et al. 2019; Seabrook et al. 2019), 
birth certificates (Xuea et al. 2018) or data from national 
statistical institutes. Many studies select events according 
to ICD-9 or ICD-10 codes. However, prospective or cohort 
studies are more appropriate for evaluating RRs of environ-
mental exposure; otherwise, it is difficult to properly deter-
mine the duration and degree of exposure and the possible 
relationship with birth and pregnancy outcomes (Nie et al. 
2018).

In evaluating the association between location of resi-
dence and pollution source, it is necessary to evaluate the 
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Fig. 1  Time series of raw rate of preterm immature birth per 1000 live births. a Time series of low birthweight (LBW); b time series of 
extremely low birthweight (ELBW)
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possible causative role of environmental pollution in health 
outcomes. Prospective studies are most appropriate for this 
purpose. An example of such studies is Project Viva, in 
which the authors have conducted accurate evaluation of 
traffic pollution exposure and residence; however, their study 
findings were inconclusive (Fleisch et al. 2019).

In this study, we used the Municipal Office Registry to 
assess residence location and we accounted for changes in 
residence, although we did not include information regarding 
distance of residence from pollution sources. We observed 
however higher RRs of ELBW and LBW in areas near indus-
trial facilities in the city of Taranto. When distance from 
the source of pollution is entered into the model and indi-
vidual data are georeferenced, regression analysis can be 
used to estimate the effect of the pollution source versus the 

outcome of interest. Published findings have confirmed an 
association between LBW and air pollution (Arroyoa et al. 
2019; Gong et al. 2018), even using different methods of 
statistical analysis (Arroyoa et al. 2019).

The duration of exposure was not included in our model. 
However, many people were exposed for the entire period 
of observation as they have lived in Apulia or Taranto since 
childhood. Many studies have evaluated the length of expo-
sure using the duration of pregnancy or by trimester of preg-
nancy. A population-based study conducted in Scotland used 
accurate anthropometric measurements and growth indices 
of the fetus as well as repeated ultrasound scans and found a 
possible association with environmental pollution, although 
mother’s smoking was a confounding factor in that study 
(Clemens et al. 2017).

Fig. 2  Geographical distribution of relative risk for a low birthweight (LBW); and b extremely low birthweight (ELBW) newborns in Apulia

Fig. 3  Geographical distribution of relative risk for a low birthweight (LBW); and b extremely low birthweight (ELBW) in Taranto, by munici-
pal district
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In our study, the rates of ELBW and LBW for the whole 
region of Apulia were similar to reports from developed 
countries with high-quality health services. The area of 
Taranto is a unique situation, given the high concentration 
of industrial plants close to urban areas, and it is conceiv-
able that environmental pollution is a significant risk factor 
for the health of people living in that area. In our study, we 
could not determine the RR for specific environmental expo-
sures adjusted for other risk factors or confounding factors. 
Other authors have accounted for the mother’s health-related 
habits in considering the role of environmental pollution 
(Kihal-Talantikite et al. 2017; Shah et al. 2011; Stieb et al. 
2012). The authors of such studies concur that further inves-
tigation is warranted as much remains unknown regarding 
the true risk for LBW and ELBW outcomes in environmen-
tally high-risk areas.

In our survey, we did not observe a particular geographic 
distribution of ELBW, so it was not possible to identify an 
association of environmental pollution effects on this out-
come. A previous study in Taranto evaluated aerial maps of 
the distribution of pollutants above the city, discriminating 
between industrial emissions and other sources; the authors 
compared the maps with the distribution of diseases (Min-
cuzzi et al. (2013)). The authors thus provided evidence 
supporting an association between environmental pollution 
and residence location of people with various diseases, espe-
cially lung cancer and childhood cancers (Mincuzzi et al. 
2013). The maps in that study suggested an association of 
PM with diameter < 2.5 μm (PM2.5) and  NO2 with these 
diseases. Published studies have reported various outcomes 
related to these pollutants;  O3 and PM 2.5 have been found 
to be related to IUGR (Clemens et al. 2017; Nobles et al. 
2019) and PM2.5 and sulfur oxides have been shown to be 
associated with LBW (Xuea et al. 2018). These results sug-
gest an association, but strong evidence of an association is 
lacking; one meta-analysis had high levels of heterogeneity, 
indicating that robust multicenter prospective studies are 
needed to resolve this question (Stieb et al. 2012).

Conclusions

The findings of this survey highlight a significant risk of 
preterm LBW newborns in environmentally compromised 
areas of southern Italy. In cities with the greatest presence of 
industry, we found an increased risk of LBW. These results 
confirm the possible harm to newborns and adverse preg-
nancy outcomes related to environmental pollution, although 
we were unable to determine causation.
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