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Abstract

To evaluate whether adverse pregnancy outcomes were caused by adverse effects of
occupational or environmental exposure to lead. The authors used the Medline data retrieval system
for 1966-2003 to identify and synthesize the epidemiological evidence for adverse effects of prenatal
exposure to lead on birth defects. Exposure assessment constituted the principal difference among the
studies. We classified the levels of exposure using a dichotomy among the studies according to cord
blood lead levels, place of residence (exposed vs. unexposed community) and maternal occupation
(lead exposure vs. no lead exposure. The authors cal culated summary odds ratios and 95% confidence
intervals using both fixed-effects and random-effects models. The results indicated that maternal
occupational lead exposure would result in an increase risk in preterm deliveries and low birth
weights. This study also found that using the cord blood lead level to investigate into the birth
outcomes, low birth weight and preterm delivery, its results were inconsistent. Moreover, results
indicated mother’s occupational lead exposure and environmental lead exposure did not cause
influence on spontaneous abortion and stillbirth. Differences in the susceptibility of populations, and
different approaches in exposure assessment, may explain the heterogeneity of the results.

Key words: pregnancy outcomes, adverse effects, meta-analysis, lead exposure
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I ntroduction

Lead is ubiquitous in the environment, and it is among the most studied
elements. Lead has an extensive history as a reproductive toxin, which exerts
its effect either directly on the developing fetus, after pregnancy begins, or
indirectly on paternal or maternal physiology before and during the
reproduction process (Silbergeld, 1983). Baltrop (1968) presented already in
1968 that lead can readily cross the placenta at about the twelfth to fourteenth
week of gestation. Lead crosses the placenta throughout gestation. The
correlation between maternal and umbilical cord blood lead levels has been
shown to be strong in several studies, ranging from 0.55 to 0.92 (Wong et al.,
1992; Klein et a., 1994; Odland et al., 1999; Ernhart, 1992). These findings
suggest that lead freely crosses the placenta; therefore, it is plausible that
maternal exposure to lead has adverse effects on fetal development and
maternal health in pregnancy. Potential outcomes of lead exposure include
low birth weight, preterm delivery, premature rupture of fetal membranes
(PROM), small-for gestational age, spontaneous abortion, behaviors change,
and congenital anomalies (Odland et al., 1999; Ernhart, 1992; Lockitch, 1993;
Bellinger and Needleman, 1985; Angell and Lavery, 1982). A retrospective

cohort study showed that less than adequate use of prenatal care might reflect
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an increase in risk factors contributing to lead exposure in infancy. Low birth
weight also was related to high blood lead levels (Recknor et al., 1997).

Most of the recent studies emphasized that adverse birth outcomes were
caused by occupational or environmental lead exposure. Several studies (Irgens
et a., 1998; Lindbohm et al., 1991; Andrews et al., 1994; Needleman et a.,
1984; Min et al., 1996; Fahim et al., 1976; Savitz et a., 1989; Murphy et al.,
1990; McMichael et al., 1986; Alexander et al., 1996; Factor-Litvak et al., 1991,
Clark, 1977; Lin et a., 1998) have investigated the relation between parental
occupational or environmental lead exposure and adverse birth outcomes.
Although most of these studies found positive associations between lead
exposure and pregnant outcomes, some results have failed to find evidence
supporting these associations (Savitz et al., 1989; Murphy et a., 1990;
McMichael et al., 1986; Alexander et a., 1996; Factor-Litvak et al., 1991,
Clark, 1977; Lin et al., 1998).

We carried out a systematic quantitative review to identify and synthesize
the evidence for adverse effects of occupational or environmental exposure to
lead on adverse pregnancy outcomes including low birth weight, preterm

delivery, small for gestational age, stillbirth, and spontaneous abortion.
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M ethods

Search strategy. We searched the Medline data retrieval system for the
years 1966 to April 2003, using the following key words:. (low birth weight or
preterm delivery or gestational age or small for gestational age or spontaneous
abortion or stillbirth) AND (lead exposure). In addition, we searched primary
references from the identified publications. We considered all epidemiological
studies that assessed the relation between exposure to lead, either directly or
indirectly, and birth outcomes.

Inclusion criteria and study evaluation. Both authors reviewed the
selected articles independently, extracted data, and assessed the validity of the
studies. We applied inclusion criteria on the basis of the type of study, study
population, exposure definition, and outcome definition. We accepted a priori
all studies with the individua as the unit of observation including cross-
sectional, cohort, and case-control studies. We focused on parental occupational
or non-occupational lead exposure, and evaluated the articles on the basis of the
aforementioned criteria, as well as according to adjustment for confounding,
and type of statistical analysis.

Definitions of outcomes. An infant was categorized as low birth weight

(LBW) if birth weight was less than 2500g. Preterm delivery was defined as
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delivery prior to the 37" weeks pregnancy. Small for gestational age (SGA) if
birth weight was below the 10" percentile for infants of the same gestational
age. Spontaneous abortion was a fetal loss prior to the 7" month of gestation,
and stillbirth afetal loss occurring in months seven through nine of gestation or
when gestational age was missing, aweight of 1000g or more.

Satistical methods. For each study, odds ratios (OR) or relative risks (RR)
and 95% confidence intervals (95% CI) by exposure category were extracted.
We calculated summary odds ratios using both fixed-effects and random-effects
models. The fixed-effects models were calculated using the Mantel-Haenszel
method (OR,,,), with inverse variances of individual effect estimates as
weights (Petitti, 1994). The random-effects models were calculated using the
DerSimonian-Laird method (ORp ) (DerSimonian and Laird, 1986). We
attempted to explain the resulting heterogeneity according to differences
between the studies, rather than considering the random-effects model as a
conservative solution for heterogeneity. We calculated the summary odds ratios
in 3 stages. First, we carried out a meta-analysis for each outcome by
summarizing al the included studies that focused on the outcome of interest.
Potential sources of heterogeneity were examined through the independent

studies by plotting the measures of effect. A heterogeneity test based on the Q-
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statistic, where p<0.05 indicates statistically significant heterogeneity. Second,
In cases of heterogeneity between study-specific effect estimates, we used
stratified analysis to determine the source of the heterogeneity. Third, we
performed sensitivity analyses with, and without, the study that had the largest
sample size, to identify the impact of this study on the results. We used the

Stata 8.0 statistical package to perform the analyses.
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Results

After searching the Medline system and searching references from the
identified publications, the Medline search produced 28 articles. We finaly
included in the meta-analysis five cross-sectional studies (Satin et al., 1991,
Bellinger and Needleman, 1985; Fahim et al., 1976; Irgens et a., 1998; Clark,
1977), three case control studies (Savitz et a., 1989; Min et a., 1996;
Lindbohm et al., 1991), and four cohort studies (McMichael et al., 1986;
Factor-Litvak et al., 1991; Recknor et al., 1997; Murphy et al., 1990). Six of the
studies were carried out in different regions of the United States (Satin et al.,
1991; Bellinger and Needleman, 1985; Fahim et a., 1976; Savitz et a., 1989;
Min et a., 1996; Recknor et a., 1997), two studies presented results from
Yugoslavia (Factor-Litvak et a., 1991; Murphy et al., 1990), other results from
Norway, Finland, Zambia, South Australia, respectively (Irgens et al., 1998;
Lindbohm et al., 1991; Clark, 1977; McMichael et a., 1986). The selected
studies are summarized in Tablel.

Preterm deliveries were evaluated in 7 studies (Satin et al., 1991; Bellinger
and Needleman, 1985; Fahim et al., 1976; Savitz et a., 1989; Irgens et al., 1998;
Factor-Litvak et a., 1991; McMichael et a., 1986), low birth weights in six of

the studies (Bellinger and Needleman, 1985; Min et a., 1996; Recknor et al.,
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1997; Irgens et a., 1998; Clark, 1977; McMichael et al., 1986), spontaneous
abortions in 2 of the studies (Lindbohm et a., 1991; Murphy et a., 1990) and
stillbirths in 2 of the studies (Savitz et al., 1989; Murphy et al., 1990). The
outcome definitions were similar among the studies, and measurement was
expected to be relatively accurate and valid.

Exposure assessment constituted the principal difference among the
studies. We classified the levels of exposure using a dichotomy among the
studies according to cord blood lead levels (Satin et al., 1991; Bellinger and
Needleman, 1985; Recknor et a., 1997), community exposure (Fahim et al.,
1976; McMichael et a., 1986; Factor-Litvak et a., 1991; Clark, 1977; Murphy
et a., 1990) and maternal occupational lead exposure (Savitz et al., 1989;
Irgens et al., 1998; Min et a., 1996; Lindbohm et al., 1991). When the
individual studies were heterogeneous these categories were applied in the
stratified analyses.

Seven studies used odds ratios as the measure of effect, and logistic
regression analysis to calculate adjusted odds ratios (aORs) (Savitz et al., 1989;
Irgens et al., 1998; Satin, Recknor et al., 1997; Min et al., 1996; Murphy et al.,
1990; Lindbohm et al., 1991; Bellinger and Needleman, 1985). Four studies

used prevalence ratio as the measure of effect and calculated unadjusted odds
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ratios (Fahim et al., 1976; McMichael et al., 1986; Factor-Litvak et al., 1991;
Clark, 1977). In dl, the adjustment for confounding was relatively similar
across all studies (seetable 1).

The results of the meta-analysis are summarized in Table 2. Both the
fixed-effects and random-effects summary odds ratios are given, as well as the
magnitude of heterogeneity (Q-statistic). Figures 1-10 show tree plots of the
study-specific and summary effect estimates for outcomes with severa studies.
The area of the plot indicates the relative amount of information and a
horizontal line through the plot signifies the 95% confidence interval (95% Cl).

Studies from Massachusetts (Bellinger and Needleman, 1985), California
(Satin et al., 1991), Missouri (Fahim et al., 1976), South Australia (McMichael
et a., 1986), Yugoslavia (Factor-Litvak et a., 1991), Unites States (Savitz et a.,
1989), and Norway (Irgens et al., 1998) assessed preterm delivery as potential
outcomes (Figure 1). All 7 studies applied different approaches to exposure
assessment. (1) dichotomized cord blood lead level (Satin et al., 1991;
Bellinger and Needleman, 1985), (2) exposed community vs. unexposed
community (Fahim et al., 1976; McMichael et al., 1986; Factor-Litvak et a.,
1991), and (3) maternal occupational lead exposure vs. non-lead exposure

(Savitz et al., 1989; Irgens et al., 1998). Despite these differences, most of them
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indicated a consistent effect (relative risks= 1.13 to 4.50). Our fixed-effects
model was dtatistically significant (ORM"=1.30, 95% CI=1.18, 1.43), with
significant heterogeneity (Q-statistic=26.32, p  0.01).

The study specific OR for preterm delivery and the cord blood lead levels
exposure categories were shown in Figure 2 (OR""=0.94, 95% CI=0.67, 1.32),
with some heterogeneity (Q-statistic=3.97, p=0.05). Figure 3 reveded the
results of the 3 studies of preterm deliveries according to community exposure,
which consistently pointed toward an increased risk (ORM"=1.65, 95% Cl=1.41,
1.92) (Q-statistic=4.54, p=0.10). Figure 4 displayed the results of 2 studies in
the relationship between maternal occupational lead exposure and preterm
deliveries were (ORYH=1.14, 95% CI=1.00, 1.30) (Q-statistic=1.54, p=0.21).
The studies on low birth weight (Fig 5) provide a summary odds ratio
suggestive of increased risk (ORVH=1.24, 95% CI=1.07, 1.43) (Q-statistic=8.49,
p=0.13). The study specific OR for low birth weight and the different exposure
categories, cord blood lead level, community exposure and maternal
occupational lead exposure were shown in figure6, 7 and 8, respectively. Figure
8 displayed the results of 2 studies of low birth weights that pointed toward an
increase risk (ORM"=1.33, 95% Cl=1.12, 1.59) (Q-statistic=0.36, p=0.55). The

results for spontaneous abortions (Fig 9) (OR""=1.09, 95% CI=0.87, 1.37) (Q-
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statistic=0.35, p=0.55), and stillbirths (Fig 10) (ORM"=1.14, 95% CI=0.81, 1.61)
(Q-statistic=1.41, p=0.24) were calculated combined for both maternal
occupational lead exposure and exposed community exposure categories.
Finally, the results of risk estimate for both preterm delivery and low birth
weight according to maternal occupational lead exposure categories provided
evidence of increase risk (ORM"=1.14, 95% CI=1.00, 1.30, ORM"=1.33, 95%
Cl=1.12, 1.59, respectively) (Fig 4 and 8). The results of risk estimate for both
preterm delivery and low birth weight according to cord blood lead level
categories provided no evidence of increase risk (ORM"=0.94, 95% CI=0.67,
1.32, ORMH=1.04, 95% CI=0.79, 1.37, respectively) (Fig 2 and 6), but with

significant heterogeneity (Q-statistic=3.97, p=0.05, Q-statistic=4.19, p=0.04).
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Discussion

Reports of reproductive problems attributed to high-dose occupational exposure to
lead date back more than a century, with increased exposure associated with elevated
rates of infertility, low birth weight, preterm birth, stillbirth and spontaneous abortion
(Bellinger et al., 1991).

Lead transfer continues thereafter throughout fetal life and at the time of delivery
a significant correlation between the lead concentration in the mother’s blood and
infant’s cord blood is obtained (Barltrop, 1969; Harris and Holley, 1972).

Since lead passes through the placenta, offspring can be exposed in fetal life.
Associations between high maternal blood level or environment with high lead level
and low birth weight as well as preterm birth have been observed (Factor-Litvak et a.,
1991). This investigation confirms that, even at raised levels, the infant’s blood |ead
concentration at birth closely matches that of its mother. Therefore, we focused on
maternal occupational or non-occupational lead exposure, exposed community or
unexposed community, dichotomized umbilical cord blood lead levels to evaluate the
association between lead exposure and birth outcomes (Irgens et al., 1998).

Although previously studies shown that most of these studies found positive
associations between lead exposure and pregnant outcomes, some results have failed to

find evidence supporting these associations (Clark, 1977; McMichael et al., 1986;
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Savitz et al., 1989; Murphy et al., 1990; Factor-Litvak et al., 1991; Alexander et a.,
1996; Lin et a., 1998).

In our study, two researches that used the cord blood lead level to discuss on the
low birth weight (Bellinger et al., 1991; Recknor et a., 1997). Among them, the cord
blood level category was dichotomized and divided into  100ug/L vs. <100ug/L and

50ug/L vs. <50upg/L. The research results of Recknor, 1997, indicated that those
whose cord blood lead level  100ug/L, if the ratio is <100ug/L that will has a
significant increase in the danger of low birth weight (RR=2.6 CI=1.04-6.52).
Moreover, Bellinger, 1991, researched the  50ug/L vs. <50ug/L cord blood lead level
category, yet, did not have significant statistical variation.

Furthermore, in another two researches that focused at the preterm delivery
(Bellinger et al., 1991; Satin et al., 1991), the category standard is the  50ug/L vs.
<50ug/L for cord blood lead level, and the result didn’t have significant difference.
Because this study found that using the cord blood lead level to investigate into the
birth outcomes, low birth weight and preterm delivery, its results were inconsistent.
The reason for this could be that the cord blood lead level in the research subjects was
lower, the majority was lower than 100ug/L, and the influence on these two types of
birth outcomes was, therefore, lower. In summary, our findings are generally consistent

with the hypothesis that cord blood lead levels greater than 150u g/L are associated
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with a modest increase in risk of in utero growth impairment. Levels below 150u g/L
do not appear to increase an infant’srisk. (Bellinger et a., 1991)

Moreover, focused on using community exposure for exposure assessment to
observe the influence on the two birth outcomes, preterm delivery and low birth weight,
of them, community exposure caused significant influence on preterm delivery.
However, it did not cause significant influence on low birth weight. When focused on
Investigating the two birth outcomes, spontaneous abortion and stillbirth, it was also
found that community exposure had a relatively small influence on birth outcomes.
This is a common problem for most researches when assessing the danger near lead
contaminated areas. Exposure is not always directly proportional to residential distance
and residential location may be a poor exposure proxy since exposure within
communities is not homogeneous and substantial overlap of exposure distributions
may occur. Sometimes the contamination to the air is often not caused by a single
exposure, the exposure is also possibly caused by a contaminated water source, and the
soil causes food to enter into contaminated material, these phenomena are more
difficult to control in research studies. We conclude that at low current ambient levels,
air-borne lead levels near the family residence are probably not the predominant source
of fetal exposure. Air-borne and other routes of exposure that influence water and food

supplies as well as maternal release of stored lead are probably more important for
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adult women and their fetuses (Satin et al., 1991).

When focused on using maternal occupational lead exposure as an exposure
assessment for the birth outcomes, preterm delivery and low birth weight, the results
indicated that maternal occupational lead exposure would result in an increase risk in
preterm deliveries and low birth weights. This may be related to maternal direct
exposure to lead environments. Although in some studies (Savitz et al., 1989; Lin S et
al, 1996), the majority was investigating on the paternal lead exposure and assumed
that had larger influence on birth outcomes. Paternal exposure may be more accurately
identified by industry than would maternal exposure because of men more likely to be
operatives, however, in this study; it was evidently that maternal lead exposure also
caused influence on fetuses.

Nevertheless, focused on the two birth outcomes, spontaneous abortion and
stillbirth, maternal lead exposure did not cause influence on them. To synthesize the
aforementioned maternal occupational lead exposure, although it would not cause
spontaneous abortions or stillbirths, it still can influence the fetus and bring about
preterm deliveries or low birth weights. In accordance with our study inclusion criteria,
there were only two suitable researches, which were about the spontaneous abortion
and tillbirth of birth outcomes, to be included into this analysis to investigate.

Nevertheless, with considering the meta-analysis method of analysis, we integrated the
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two categories of birth outcomes, maternal occupational lead exposure and community
exposure, and reviewed these two types of exposure assessments, and we found that
didn’'t reach any statistical significant difference from the meta-anaysis results
(spontaneous abortion: OR=1.09 CI=0.87-1.37 tillbirth: OR=1.14 CI=0.81-1.61, see
table?). It seemed that the results of these four papers that indicated mother’s
occupational lead exposure and environmental lead exposure did not cause influence
on spontaneous abortion and stillbirth. Recent prospective studies have demonstrated
how environmental chemicals, maternal smoking and drinking, and maternal
nutritional status influence the risk of various adverse outcomes of pregnancy. Thereis
also substantial evidence of deleterious effects of lead, and other heavy metals, upon
pregnancy outcome. In epidemiological studies, therefore, there are methodological
difficulties in apportioning the effects on pregnancy outcome between environmental
lead exposure and the many other coexistent risk factors (McMichael et al., 1986).

Our meta-analysis provided consistent evidence of the effect of exposure to lead
exposure on birth outcomes in particular maternal occupational lead exposure for
preterm delivery and low birth weight. Interpretation of the results of a meta-analysisis
easiest when the specific effect estimates are homogeneous and have narrow
confidence limits as an indication of good precision, as was the case for preterm

delivery and low birth weight according to maternal occupational lead exposure. In this
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situation, the contribution of meta-analysis is a more precise summary measure of
effect, compared with estimates from the individual studies. However, homogeneous
effect estimates do not eliminate the possibility that similar systematic errors and
confounding appear in al of theindividual studies.

The population-based studies reduced the possibility of selection bias in the
individual studies, and consequently in the summary effect estimates. Systematic error
In the outcome information is a possible source of bias for birth defects. Measures of
most prominent birth defects, such as preterm deliveries and low birth weights, are less
sensitive to information bias. In general, birth registration and in some studies
linkage to other sources provided information on a number of maternal determinants
of pregnancy outcomes, which were used to control for potential confounding.

A meta-analysis is difficult to interpret when the specific effect estimates differ
substantially from one another, especialy if estimates fall both below and above unity.
The random-effects model has become a standard approach for incorporating
heterogeneity. We elaborated on the heterogeneity between the specific effect estimates,
but presented summary estimates from both the fixed- and random-effects models, to
offer readers the opportunity to apply their own informed judgment. We also attempted
to explain the observed heterogeneity, although the small number of studies in this

meta-analysis limited the applicability of this approach.
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The types of studies, study populations, and outcome assessments were relatively
similar among the studies we examined, but the approaches to exposure assessment
differed. We classified the preterm delivery and low birth weight studies into 3
categories on the basis of exposure assessment (table 2), and then conducted a
stratified analysis. According to inclusion criteria and study evaluation, spontaneous
abortion and stillbirth studies were combined together on the basis of exposure
assessment in both community and occupational |ead exposure.

This meta-analysis had several limitations because of the relatively small number
of studies examined and the variability of exposure assessments during pregnancy. To
date, exposure assessment in all published epidemiological studies has been based on
routine monitoring of blood lead levels, and on information regarding the mother’s
place of residence, rather than information on the complex mixture of lead actually
consumed during pregnancy. Random or systematic error in exposure assessment
might have influenced the studied relationships. The summary odds ratio in a meta-
analysis may be inaccurate when bias cannot be eliminated, or when there is
insufficient adjustment for confounding factors. Also, publication bias is a concern for
all meta-analyses. Our bibliographic search was limited to databases including
published studies. There may exist other not published studies, for example, doctoral

theses and congress communications. It is extremely difficult to identify such studies
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(Villanueva CM et a., 2003). Furthermore, their inclusion could be questioned as
quality criteria are difficult to apply. In addition, studies may assess effects on several

birth outcomes, but only report the statistically significant results.
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Tablel. Summary of Studies Included in the Meta-analysis

ég;por/ Type of study Study population Outcomes ir) the |Exposure Ad ustment for
L ocation meta-analysis  |assessment  |confounding
Irgens et Cross-sectional; |Total 37636 infants |Low birth Maternal Maternal age and
al.1998 population-based |including: 1886 weight, preterm |occupationa |education, fathers
Norway infantswere bornto |delivery lead exposure|education, gestational
mothers classified as vs. without |age
lead-exposed, 35930 occupational
infants were lead exposure
classified as fathers
lead-exposed, 180
infants had both
parents exposed
Bellinger et a. |Cross-sectional; |Interviewing 4354  |Low birth Umbilical Maternal age, marital
1991 population-based |women within 2 days|weight, preterm |cord lead (  |status, working
Massachusetts of delivery, complete |delivery 50u glL, status, education,
data on all outcomes 50u g/L)  |race ponderal index,
and covariates were parity, smoking
available for 3503 status, beer wine
infantsincluding: spirit and coffee
260 low birth weight, consumption during
243 preterm delivery pregnancy,
hematocrit at
delivery, diabetes,
mode of delivery
Clark AR. 1977|Cross-sectional  |5/122 exposed Low birth Exposed Unadjusted
Kasanda, study community (low weight community
Zambia population-based |birth weight VS.
prevalence), 3/31 unexposed
unexposed community
community (low
birth weight
prevalence)
Fahimet al. Cross-sectional {249 women Preterm delivery |Exposed Unadjusted
1976 study unexposed community
Missouri hospital-based community, 253 VS.
women exposed unexposed
community community
(Including: 8 preterm
deliveriesin
unexposed
community, 33
preterm deliveriesin
exposed community)
Satinet al. Cross-sectional; |723 live births Preterm Umbilical Unadjusted
1991 Californialhospital-based (Including: 14 delivery, low cord lead (
preterm deliveries, |birth weight 50u glL,
71 low birth weights) 504 g/L )
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Min et al. 1996 |Case control 220 cases (low birth |Low birth Maternal Infant race, marital
Baltimore USA |study, population- |weight<2500q) weight occupational |status, maternal
based 522 controls( lead exposure|education, paternal
25000) vs. without  |education, maternal
occupational (employment, paternal
lead exposurelemployment,
household income,
maternal height,
pregnancy weight
gain, maternal
cigarette smoking
during pregnancy,
maternal health
status, trying to
become pregnant,
previous pregnancy
outcomes
Savitz et a. Case control Case groups: Preterm Maternal Child’ s race,
1989 study Stillbirths (2096 delivery, occupational |previous miscarriage,
uUsS population-based |mothers, 3170 tillbirth lead exposure|restricted to women
fathers), preterm vs. without |who received
deliveries occupational |prenatal care,
(363mothers, 552 lead exposure/mother’ s age<40yrs,
fathers), vs. control alcohol consumption,
groups: Live births No previous
(3668 mothers, 5669 stillbirths, maternal
fathers), Term (2624 smoking, mother’s
mothers, 4038 age 20yrs, lessthan
fathers) 2 previous
miscarriages, no
previous induced
abortions
Lindbohm et al.|Case-control 213 spontaneous Spontaneous Maternal Wife age, paternd
1991 study abortions (cases), abortion occupational |alcohol use, paternal
Finland hospital-based 300 births (controls) lead exposure|exposure to cadmium
vs. without |and mercury,
occupational |maternal exposure to
lead exposure|organic solvents,
mercury and alcohal,
parity, contraception,
previous spontaneous
abortion and the
index of missing
information
Murphy et al. |Cohort study A total of 639 women|Spontaneous Exposed Maternal age, current
1990 Kosovo, |population-based |(304 exposed abortion, community  (smoking, ethnic
Yugoslavia community, 335 stillbirth VS. group, maternal
unexposed unexposed |education
community) had at community

least one previous
pregnancy and lived
at the same address
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sincetheir first
pregnancy.
(Including:
spontaneous
abortion: 50in
exposed community,
47 in unexposed
community.
Stillbirths: 10 in
exposed community,
13 in unexposed
community)

Factor-Litvak |Cohort study 401 womeninthe  |Preterm delivery |Exposed Unadjusted
etal. 1991 population-based |exposed town and community
Kosovo, 506 in the VS.
Yugoslavia comparison town unexposed
were compl eted community,
follow up (the
analysis excludes
cases with lengths of
gestation less than 28
weeks or greater than
44 weeks)
McMichael et |Cohort study A total of 831 Preterm Exposed Late fetal death
al. 1986 population-based |pregnant women delivery, low community
South Australia (646 exposed birth weight VS.
community, 185 unexposed
unexposed community
community)
Recknor et al. |Retrospective 200 predominantly  |Low birth Infants blood |Age at screen, race
1997 cohort black infants between|weight lead level
Charleston, population-bases |the ages of 6 and 22 100p g/L
USA months (Including: vs. <100
22 low birth weight) gL

Notes: Definitions of birth outcomes
Low birth weight (LBW): birth weight was less than 25009

Preterm delivery: delivery prior to the 37 weeks pregnancy (Irgen, 1998; Bellinger, 1991; Savitz, 1989; Satin,

1991)

delivery prior to the 37 weeks pregnancy (stillbirths included) (McMichael, 1986)
delivery prior to the 37 weeks pregnancy and weighing less than 25009 (Fahim, 1976)

delivery

260 days gestation period (Satin, 1991)

preterm delivery excluded deliveries 28 weeks and deliveries 44 weeks (Factor-Litvak, 1991)

Spontaneous abortion: afetal loss prior to the 7" month of gestation (Murphy, 1990)
no definition of spontaneous abortion (Lindbohm 1991)

Sillbirth: afetal loss occurring in months seven through nine of gestation (Murphy, 1990)
agestational age of 28 or more weeks or, when gestational age was missing, aweight of 10009 or more (Savitz)
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Table2. Summary Odds Radios (ORs) for the Relationship between Exposureto Lead and the Risk of Birth Outcomes

Birth outcomes  No. studies ORM" 95% CI OR™* 95% ClI Q-statistic p
(Exposure category)

Preterm delivery 7 1.30 1.18,1.43 1.47 1.11,1.94 26.32 0.01
(Cord blood lead level) 2 0.94 0.67,1.32 1.38 0.43, 4.48 3.97 0.05
(Community exposure) 3 1.65 141,1.92 1.78 1.28, 2.49 4.54 0.10
(Occupational exposure) 2 1.14 1.00, 1.30 1.29 0.75, 2.22 154 0.21
Low birth weight 6 1.24 1.07,1.43 1.21 0.90, 1.64 8.49 0.13
(Cord blood lead level) 2 1.04 0.79, 1.37 1.42 0.54, 3.75 4.19 0.04
(Community exposure) 2 0.89 0.21, 3.78 0.94 0.15, 5.83 1.59 0.21
(Occupational exposure) 2 1.33 1.12,1.59 1.33 1.121.59 0.36 0.55
Spontaneous abortion 2 1.09 0.87, 1.37 1.09 0.87, 1.37 0.35 0.55
Stillbirth 2 1.14 0.81, 1.61 1.17 0.76, 1.81 1.41 0.24

Notes: OR""=Summary OR using the Matel-Haenszel method for the fixed-effects model, OR®-=Summary OR using the DerSimonian-Laird
method for the random-effects model. p 0.05 indicated that a random effects model is more approprite.
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Figurel-1. Tree Plots of Sudy-specific and Summary Cord Blood Lead Level for preterm
delivery.
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