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Abstract

Background

Recent reports have shown that air pollution may increase the risk of adverse birth
outcomes. We have evaluated the relationship between ambient air pollution and the
occurrence of low birth weight and preterm delivery using routinely collected datain

Lithuania.

Methods

This epidemiologica study comprised all singleton newborns (N=3,988), born to
women in 1998, who resided in the City of Kaunas.

Birth data and information on maternal characteristics were obtained from the
Lithuanian National Birth Register. To estimate residential exposure levels, we used
measurements of ambient nitrogen dioxide (NO,) and formal dehyde, which were
collected at 12 monitoring posts. Multivariate logistic regression was used to estimate
the effect that each pollutant would have on low birth weight (LBW) and premature

birth while controlling for potential confounders.

Results

Adjusted odds ratios (OR) for LBW increased with increasing formaldehyde exposure
(ORond tertile=1.86, 95% CI 1.10-3.16; ORg3q tertile=1.84, 95% CI 1.12-3.03). Adjusted
ORsfor preterm birth for the medium and high NO, exposures were OR=1.14 (95%
Cl 0.77-1.68) and OR=1.68 (95% CI 1.15-2.46), respectively. Therisk of preterm



birth increased by 25% (adjusted OR=1.25, 95% C| 1.07-1.46) per 10pg/m® increase
in NO, concentrations. An analysis by trimester showed that pregnancy outcomes
were associated with first-trimester exposure to air pollutants. However, there were no
significant relationships in either pregnancy periods between preterm birth and
exposure to formaldehyde or between LBW and NO, exposure.

Conclusion

Our findings suggest that in the City of Kaunas there might be a relationship between
maternal exposure to ambient formaldehyde and the risk of LBW, aswell asarisk of

preterm delivery by NO, exposure.

Background
Growing evidence of the adverse effect of air pollution on human health raises the

guestion as to what extent this affects the fetus and the newborn, which are likely to
be more vulnerable than adults to environmental toxicants [1]. Recent
epidemiological studies, conducted in various countries, have reported relationships
between elevated levels of air pollutants (total suspended particles (TSP), sulfur
dioxide (SO,), carbon monoxide (CO), nitrogen dioxide (NO,), polycyclic aromatic
hydrocarbons (PAH)) and birth outcomes, such as low birth weight (LBW), pre-
maturity, intrauterine retardation (IUGR) [2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16]. However, some studies produced non-positive findings [17, 18, 19]. Results
differed between these studies in terms of number of pollutants examined, levels and
time of exposure, confounding factors that were present, as well as types of pregnancy
outcomes, and magnitude of observed effects. Replication of findings in different
populationsis a part of establishing a convincing relationship between air pollution
and pregnancy outcomes [8].

The biological mechanisms by which air pollutants may interfere with the processes
of prenatal development are still not clear. Several potential mechanisms have been
hypothesized, including maternal susceptibility to infection, oxidative stress[20],
hematological factors (e.g., blood viscosity) [21, 22] and the direct effect of specific
pollutants on fetal development or on DNA and its transcription [23, 24].

NO. is capable of oxidizing tissue components (e.g., proteins, lipids) and of

suppressing the antioxidant protective systems of organism [25]. Increased lipid



peroxidation in the maternal and/or fetal compartment has been found in preterm birth
[26]. In experimental studies it was found that exposure to NO, during gestation
induced increased lipid peroxidation in the placenta, elevated postimplantation
embryonic lethality, and disturbances of postnatal development [27]. It was suggested
that maternal exposure to NO, can increase the risk of pregnancy complications
through stimulation of the formation of cell-damaging lipid peroxides and from
decrease in maternal antioxidant reserves [20].

Although there is an opinion that adverse reproductive and developmental effects
related to formaldehyde are minimal [28], recent occupational studies have shown
some evidence of increased risk of spontaneous abortions [29] and reduced fertility
[30] among workers exposed to formaldehyde. Experimental studies demonstrated
that formal dehyde crosses the placenta and enters fetal tissues. The hypothesis was
suggested that formaldehyde might cause birth defects through oxidative stress and
mitochondrial damage [31].

Formaldehyde, as well as NO,, may have direct toxic effect on the fetus, or serveasa
proxy of other toxic chemicals from vehicle emission that could be related to the
impaired fetal development.

Limited monitoring data and emission information is the main barrier to conducting
popul ation-based epidemiological studies on formaldehyde. The Kaunas municipa
ecological monitoring system that measures mgjor air pollutants (SO,, NO,, TSP) and
formaldehyde, provided us with the opportunity to investigate the relationship
between maternal exposure to outdoor formaldehyde and NO,, and risk of having

LBW or preterm newborns.

Methods

The study was conducted in Kaunas, the second largest city in Lithuania, which
covers approximately 157.2 km?. The city, with about 400,000 inhabitants and 4,000
births per year, is situated in avalley and a neighbouring plain. Air pollutionin
Kaunas, aswell asin the whole of Lithuania, has actually decreased during its
transformational period of economic decline. During the last decade, the
concentration of SO, decreased to almost one-tenth, NO, and TSP decreased to one-
half, while no essential change was noted for formaldehyde levels[32]. The mgjor air



pollution source in the city is exhaust emissions from vehicles, which account for over
70% of the total emissions.

We conducted a population-based study within the municipality of Kaunas. Dataon
pregnancy outcomes were obtained from the Lithuanian National Birth Register.
These registration records include information obtained through maternal interviews
during the first prenatal visit and at delivery. The following information was
available: home address at delivery, date of birth, gender, birth weight, gestational age
estimated by the last menstrual period, parity, maternal age, education, marital status,
employment status, past medical history including previous pregnancies, and materna
and paternal smoking status.

The study included all singleton births in the City of Kaunas from January 1%, 1998
through December 31%, 1998. The outcomes of interest were low birth weight (LBW,
defined as birth weight of <2500 g), and premature birth (defined as birth at <37
weeks of gestation), according to Codes P07.0-3, International Classification of
Diseases, 10" revision.

To assess exposure to ambient air pollution, we used Kaunas’ municipal ecological
monitoring data. The measurements were taken from 12 municipal monitoring sites,
onein each residential district. Monitors were located outside residential quarters,
mostly near schools and kindergartens. Out of four routinely monitored air pollutants
(SO, NO,, TSP and formaldehyde), we selected for analysis the two pollutants,
which have essentially not decreased during the most recent decade. We used all
available daily measurements of NO, (colorimetric method) and formaldehyde
(colorimetric method) to assess the mean residential exposure. By using recorded
birth date as well as the gestational age at birth, we calculated the average air
pollution level at the residence over the entire pregnancy period for each mother. In
addition, we assessed the effects of average air pollution levels during the first,
second and third trimester of gestation. We then examined the distribution of several
known risk factors for LBW and preterm birth [33] across different exposure
categories in order to identify potential confounders. Maternal age was divided into
four age groups, i.e., <19, 20-29, 30-34, >35 years, with those aged 20-29 years being
considered the reference group. We classified marital status as married (reference),
single, and divorced. We dichotomized education as lower than secondary (<12 years

of education) and secondary or higher (>12 years of education), with the latter being



the reference group. Maternal and paternal smoking were categorized as‘yes or 'no’.
The other variables considered were gender of the child, parity, season of birth.

The effect of ambient air pollution on pregnancy outcomes was estimated by logistic
regression. We calculated crude odds ratios (OR) and their 95% confidence intervals
(Cls) of LBW and pre-maturity across exposure categories for each pollutant. We
adjusted crude effects of air pollution for potential confounding factors (in categories
described above): gestational age (LBW model only), parity, maternal age, marital
status, education, maternal and paternal smoking, season of birth.

We grouped the pollutant concentrations into three categories (tertiles) and applied
the exposure variable as both categorical and continuous parameters. We used
exposure levelsin the 1% tertile as the reference category (low exposure) for each
pollutant and then also conducted an analysis of continuous exposure parameters on
the basis of an increase of 5 pug/m?® in formaldehyde concentrations and an increase of
10 pg/m® in NO, concentrations.

We used SPSS version 10.0 for the statistical analyses.

Results

Out of 4,067 births registered in Kaunas in 1998, we excluded 70 (1.7%) twins.
Additionally, we excluded those whose birth registration records contained no valid
information on gestational age (N=1), birth weight (N=2), maternal education (N=2)
and marital status (N=6). These exclusions left 3,988 dligible subjects for study, and
among them were 140 (3.5%) LBW and 203 (5.1%) premature births,

The mean formal dehyde concentration during the study period was 3.14 pg/m®
[standard deviation (SD) = 2.36 pg/m?]. The mean NO, concentration was 11.69
ng/m? (SD = 10.8ug/m°). Pearson’ s correlation coefficient (r) for the averages of air
pollutants during the whole pregnancy period showed that formaldehyde and NO,
were significantly associated (r=0.53, p<0.01). This correlation may reflect the fact
that both pollutants are produced by the same vehicular sources.

The distribution of births and potential risk factors for LBW and premature birth by
different exposure categories is presented in Table 1 (see Additional file 1). There
were distinct differences with respect to maternal age, marital status, parity, paternd

smoking and season of birth. LBW prevalence increased with increasing pollutant



level from 2.9% in the low tertile formal dehyde exposure category to 4.0% in the high
exposure category, and from 3.2% to 4.3% for the NO, exposure categories. Similar
patterns were also observed for premature births; the prevalence of pre-maturity
increased from 4.9% to 5.6% for the formal dehyde exposure categories and from
4.5% t0 6.2% for NO, exposure categories.

The crude odds ratios for LBW aso increased with each tertile of formaldehyde
exposure (Table 2). After adjustments for known LBW risk factors (maternal age,
marital status, education, season of birth, and parental smoking), the risk of LBW
remained significantly increased for those newborns whose mothers were exposed
during pregnancy to medium and high levels of formaldehyde, OR=1.86 (95% ClI
1.10-3.16) and OR=1.84 (95% CI 1.12-3.03), respectively. Further adjustment for
gestational age dlightly increased the ORs; however, this estimate remained
statistically significant only in the high exposure category. For NO, we observed an
increased LBW risk in the high exposure category, athough the estimate lacked
statistical significance when fully adjusted, OR = 1.54 (95% CI 0.80-2.96).

While analysing the effects of exposure to pollutants on pre-maturity, we observed a
dose-response pattern for NO,; adjusted ORs for medium and high exposures were
OR=1.14 (95% CI 0.77-1.68) and OR=1.68 (95% CI 1.15-2.46), respectively (Table
3). Using a continuous measure, we estimated that the risk of preterm birth increased
by 25% (adjusted OR=1.25; 95% Cl 1.07-1.46) per 10pg/m° increasein NO,
concentrations. There was no significant association between preterm birth and
exposure to formaldehyde.

An analysis of specific exposures by trimester revealed an increased risk of LBW
associated with formaldehyde exposure in the first trimester (adjusted OR = 2.20;
95% CI 1.00-4.85), while pre-maturity was related to first-trimester exposure to NO,
(adjusted OR = 1.67; 95% CI 1.28-2.18) (Table 4). We found no such effect for any
other trimester of gestation. When we entered both pollutants together to the model,
the estimated effects did not change considerably, except that the effect of exposure to
NO?2 in the second trimester presented arisk of pre-maturity.



Discussion

Our findings suggest a relationship between ambient air concentrations of
formaldehyde during pregnancy, and the likelihood of having LBW newborns, taking
into account confounder adjustment for maternal age, marital status, education, season
of birth and parental smoking. Further adjustment for gestational age attenuated the
effect of NO, but not for formaldehyde. A relationship was noted between the highest
level of NO, exposure and premature birth; whereas for formal dehyde we observed no
such relationship. Trimester-specific analyses revealed elevated adjusted ORs for
LBW in relation to formaldehyde exposure during the first trimester and likewise for
pre-maturity in relation to NO, exposure.

In our previous study we found a moderately increased LBW risk for formaldehyde
exposures exceeding 3.50 pg/m?® (adjusted OR = 1.37; 95% CI = 0.90-2.09) [16]. The
exposure levelsin the earlier study were similar to the ones included in the present
study (annual mean for formaldehyde was 3.14 pg/m®, range 1.36-5.28). To our
knowledge, no other epidemiological study has examined exposure to outdoor
formaldehyde as arisk factor for adverse pregnancy outcomes.

Our results on increased risk for preterm delivery in relation to increasing levels of
NO, during pregnancy are consistent with the findings of a Czech study [9]. These
authors reported arelation between maternal exposure to NOy in the first trimester
and a dlightly increased risk of premature birth (adjusted OR 1.10; 95% CI = 1.00-
1.21 per 50 pg/m® increase in NOy), but no association with LBW risk. However, a
study on birthsin Southern California found no consistent effect of NO, on preterm
birth in regard to exposures during any of pregnancy trimesters [5]. A Seoul study
found an association between first-trimester NO, exposure and LBW for term births
[14].

Our study has severa strengths. The study population was homogeneous with respect
to ethnic culture, unified prenatal care, and health care system. Another strength of
this study was the ability to adjust a number of potential confounding factors for LBW
and premature birth, including gestational age, maternal age, marital status, education,
season of birth, maternal and paternal smoking.

We did not have any information on some known LBW risk factors, such as maternal
nutrition, pre-pregnancy weight, and occupational exposures. However, the risk

factors for which we had no information were likely to vary independently of the



average ambient pollutant levels and so should not confound the rel ationships we
observed.

Misclassification of LBW cases as non-cases and vice versawas not likely, as birth
weight data, recorded in the birth register, are generally considered reliable. The
estimation of gestational age, based on the date of the mother’s last menstrual period,
was of course less reliable; therefore, some misclassification of preterm birth cases
may have occurred. However, the assignment of cases was independent of exposure
assessment. Therefore, such classification errors were probably non-differential and
might therefore have tended to underestimate the air pollution effects.

The most important source of error and possible bias in our study - as was the case in
most studies in which exposure was based on place of residence - was the possible
misclassification of exposure. We estimated maternal exposure to pollutants based on
average measures for the entire residentia district. True personal exposure depends
upon a number of exposure pathways, for example, time spent indoors versus time
spent outdoors, time spent at specific locations such as at work or home, and
migration into or out of a study area. Nevertheless, factors expected to contribute to
differences between area-wide and individual exposures were most likely independent
of exposure assessment, with a resulting underestimation of the effects of air
pollution. Evidence has been provided that when area-wide measures of exposure to
air pollution were used as proxies for personal exposures, then estimates of effects of
pollutant effects were generally smaller than those based on exposure levels
determined by persona sampling [34].

A wide range of agents, including passive smoking [35] and occupational exposures
[36] have been found to increase the risk of adverse pregnancy outcomes, and
insufficient control of other environmental risk factors could have influenced the
observed associations. Because air pollution constitutes a complex exposure, the
possibility exists that especially the formal dehyde measure may not only represent the
toxic formal dehyde entity as such, but also several pollutants produced by the same

sources.



Conclusions

Although the effects of unmeasured risk factors could not be excluded with certainty,
our findings suggest that in the City of Kaunas there may be a relationship between
maternal exposure to ambient formaldehyde and the risk of LBW, and also the risk of

preterm delivery as an effect of NO, exposure.
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Tables

Table 2. Crude and adjusted oddsratios (OR) for low birth weight by pollution

exposure
Exposure Crude odds ratio Adjusted* oddsratio | Adjustedt oddsratio
OR (95%Cl) OR (95%ClI) OR (95%Cl)
Formaldehyde
Categorical variable (tertiles)
1 (reference)
2 1.27 (0.82-1.95) 1.86 (1.10-3.16) 2.15 (0.96-4.81)
3 1.39 (0.91-2.12) 1.84 (1.12-3.03) 2.09 (1.03-4.26)

Continuous variable

(per 5 pg/m® increase in

concentration)

1.07 (0.74-1.53)

1.10 (0.75-1.64)

1.36 (0.75-2.47)

Nitrogen dioxide

Categorical variable (tertiles)

1 (reference)

2 0.95 (0.61-1.47) 1.11 (0.70-1.77) 0.96 (0.47-1.96)
3 1.37 (0.91-2.07) 1.64 (1.04-2.58) 1.54 (0.80-2.96)

Continuous variable

(per 10 pg/m® increase i

n concentration)

1.15 (0.97-1.36)

1.23 (1.02-1.48)

1.28 (0.97-1.68)

* Adjusted for parity, maternal age (<19, 20-29, 30-34, >35), marital status,

education, season of birth, maternal and paternal smoking

T As above plus gestational age

Table 3. Crude and adjusted oddsratios (OR) and for prematurebirth by

pollution exposure
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Exposure Crude oddsratio Adjusted* odds ratio
OR (95%Cl) OR (95%Cl)
Formaldehyde
Categorical variable (tertiles)
1 (reference)
2 0.98 (0.68-1.40) 1.11 (0.72-1.72)
3 1.16 (0.82-1.63) 1.37 (0.91-2.05)

Continuous variable (per 5 pg/m® increase in concentratio

n)

1.03 (0.76-1.40)

1.07 (0.77-1.49)

Nitrogen dioxide
Categorical variable (tertiles)

1 (reference)
2 1.01 (0.70-1.46) 1.14 (0.77-1.68)
3 1.40 (0.99-1.98) 1.68 (1.15-2.46)

Continuous variable (per 10 pg/m® increase in concentrati

on)

1.16 (1.01-1.34)

1.25 (1.07-1.46)

* Adjusted for parity, maternal age (<19, 20-29, 30-34, >35), marital status,

education, season of birth, maternal and paternal smoking
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Table 4. Trimester-specific oddsratios (OR)* of low birth weight and premature

birth for pollution exposure

Pollutant

Low birth weight Preterm birth
Single pollutant Multiple Single pollutant Multiple
model pollutant model pol lutant
model t model t
OR (95% ClI) OR (95% ClI) OR 95% ClI OR 95% ClI

Formal dehyde(per 5 pg/m® increase in concentration)

1% trimester

2.20 (1.00-4.85)

2.39 (1.07-5.32)

1.13 (0.64-1.97)

0.91 (0.49-1.68)

2" trimester

1.48 (0.65-3.40)

1.57 (0.68-3.64)

0.46 (0.27-0.78)

0.38 (0.21-0.67)

39 trimester

1.29 (0.62-2.73)

1.17 (0.52-2.65)

1.01 (0.64-1.59)

0.94 (0.57-1.53)

NO, (per 10 ug/m?® increase in concentration)

1% trimester

0.91 (0.53-1.56)

0.79 (0.45-1.39)

1.67 (1.28-2.18)

1.69 (1.28-2.23)

2" trimester

0.93 (0.61-1.41)

0.88 (0.57-1.36)

1.13 (0.90-1.40)

1.30 (1.03-1.64)

3 trimester

1.34 (0.94-1.92)

1.32 (0.92-1.91)

1.19 (0.96-1.47)

1.19 (0.96-1.49)

* odds ratio adjusted for gestational age (low birth weight model only), parity,
maternal age (<19, 20-29, 30-34, >35), marital status, education, season of birth,

maternal and paternal smoking
T also adjusted for the other air pollutant assessed
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