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Comparing exposure metrics in the relationship between PM2.5 and birth weight in 
California 

Rupa Basu1, Tracey J. Woodruff1, Jennifer D. Parker2, Louise Saulnier2, Katherine Heck2,
 
Kenneth C. Schoendorf2
 

ABSTRACT 

Although studies suggest that air pollution is linked to perinatal outcomes, the geographic 
characterization of exposure to pollution differs between the studies.  Thus, we compared 
neighborhood and county-level measures of air pollution exposure, while examining the 
association between particulate matter less than 2.5 micrometers in aerodynamic diameter 
(PM2.5) and birth weight among full-term births in California in 2000.  Our analysis was limited 
to two populations of 8,579 non-Hispanic white and 8,114 Hispanic mothers who were married, 
between 20 and 30 years of age, completed at least a high school education, and gave birth for 
the first time to reduce the effects of demographic variability.  Measurements from the nearest 
monitor, average and distance-weighted average of monitors within a five-mile radius from each 
mother’s residence (defined as neighborhood metrics) and the mean of monitors within each 
mother’s county of residence were considered. PM2.5 measurements, provided by the California 
Air Resources Board, were calculated to correspond to each mother’s nine-month gestation 
period. Although metrics within the five-mile radii and the county were highly correlated (r2 = 
0.78), the county-level metric provided a stronger association between PM2.5 and birth weight 
(beta = -4.04, 95% confidence interval = -6.71, -1.37) than the metric for the average of all 
monitors within five-miles (beta = -1.38, 95% confidence interval = -3.36, 0.60) among non-
Hispanic white mothers; similar results were observed among the Hispanic sample of mothers. 
Consequently, inferences from studies using different definitions of air pollution exposure may 
not be comparable. 

Keywords: air pollution, birth outcomes, birth weight, fine particulate matter, metrics, PM2.5. 

Subject area classifications: air pollution (4), exposure assessment (68) 
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INTRODUCTION 

Previous studies have suggested an association between air pollutants and adverse birth 

outcomes, including low birth weight, pre-term delivery, and infant mortality 1-12 . Although the 

biological mechanism remains unknown, particulate matter may have systemic influences among 

pregnant women, including effects on placental development or trans-placental effects, that may 

result in adverse birth outcomes13. Prior analyses indicate that particulate matter with less than 

ten micrometers in aerodynamic diameter (PM10) may be associated with pre-term birth in 

southern California4; in the Czech Republic, exposure to high levels of PM10 and particulate 

matter with less than 2.5 micrometers in aerodynamic diameter (PM2.5) were found to reduce 

intrauterine growth9. PM2.5 appears to be the more potent portion of the particulate matter 

mixture, resulting in different adverse health risks than those from exposure to PM10 or coarse 

particles (PM10-PM2.5)14,15. Furthermore, PM2.5 offers a measure for pollutant exposure with 

relatively high correlations between ambient and indoor concentrations16. 

The air pollution exposure measures in previous research of perinatal outcomes vary by 

study, and may affect the resulting inferences.  The majority of studies used ecologic averages as 

measured in a city, county, or other large geographic area, as a proxy for personal exposures 1-8 . 

The ecologic air pollution measure assumes that all individuals who are in a specified geographic 

area experience the same levels of exposures. While ecologic exposures are more easily obtained 

with low costs to investigators, some degree of misclassification of individual exposure is 

expected, as personal exposures vary within a city or a county.  The degree of misclassification 

of ecologic exposures and comparability of various metrics is unknown, and depends on the 

correlation between the ecologic measures and microenvironmental models, which defines 

personal exposure as the time-weighted sum of the pollutant concentrations in places where each 
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individual spends his/her time 17. The difficulty, expense, and confidentiality concerns 

associated with linking local air quality data to individual addresses limit the utility of pollution 

data from smaller geographic areas.  Few studies have relied on air pollution exposures based on 

zip codes or neighborhood monitors2,4,10,11. Prior investigators have not analyzed various air 

pollution exposure metrics in relation to perinatal outcomes to assess whether the resulting 

inferences are comparable. 

Thus, the primary objective of our study was to compare neighborhood-level (e.g., within 

a five mile radius from each mother’s residence) and county-level metrics in the association 

between PM2.5 and birth weight. Small differences between the results from the neighborhood 

and county-level metrics would suggest consistency in the conclusions from studies using 

different exposure measures, while larger differences would suggest that the geographic 

specificity of exposures need to be considered in evaluating the studies. 

METHODS 

Study Population 

Singleton births with gestation periods between 37 and 44 weeks born from 1 January 

2000 to 31 December 2000 in the state of California were eligible for inclusion in this study (n = 

423,238 births). Our study was limited to mothers living in 40 counties in California that 

recorded PM2.5 measurements.  Of these, only mothers who had monitors within five miles of 

their residences and at least one monitor in the county of their residences were included (n = 

197,100 births). Because we limited the study to births within five miles of a monitor, births in 

urban areas comprise 99.4% of our eligible study population. 
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To account for demographic variability and minimize potential confounding by 

socioeconomic status on the association between PM2.5 and birth weight, we limited our analysis 

to two sample sub-populations: non-Hispanic white (n = 8,579) and Hispanic (n = 8,114) women 

who were married, between 20 and 30 years of age, completed at least a high school education, 

and gave birth for the first time.  This selection allowed for a more accurate comparison of 

exposure metrics by using relatively homogeneous study populations, while representing the two 

largest racial/ethnic groups of births in California. 

Data Sources 

Birth weight and several maternal characteristics, including marital status, maternal age, 

racial/ethnic group, educational attainment, and parity, were obtained from birth certificates 

registered in California in 2000. The California Air Resources Board provided 24-hour average 

PM2.5 data every sixth day from monitors in California in 1999 and 2000. 

Statistical Methods 

Using specific latitude and longitude locations for both mothers’ residences and air 

pollution monitors in 1999 and 2000, we identified PM2.5 monitors within a five-mile radius of 

each mother’s residence as neighborhood monitors, and compared them to monitors 

corresponding to each mother’s county of residence.  The mothers’ residences were defined as 

their residences at the time of giving birth.  We used the same births for analysis in our 

comparison of estimates of PM2.5 exposure from metrics within five miles of each mother’s 

residence to estimates from county-level data.  PM2.5 exposure measures were estimated for the 

entire gestation period of each birth, consisting of a mean of all available measurements taken 
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from the date of birth to exactly nine months previous to the birth.  Monitors that recorded 

representative concentrations of PM2.5 exposure with values for at least 75% of the days that the 

monitor was scheduled to take measurements during the nine-month averages were included in 

our study (n = 84 monitors with at least 34 measurements per monitor).  Measurements within 

the top and bottom fifth percent of the residuals of the means for each monitor were excluded to 

eliminate outliers that may have been caused by error or were not representative of the overall 

measurements. 

Four PM2.5 metrics corresponding to the nine-month average of exposure for each mother 

in the analysis were defined as follows: 1) mean of the measurements collected from the nearest 

monitor within a five-mile radius of the mother’s residence; 2) mean of the measurements 

collected from each monitor within a five-mile radius of the mother’s residence; 3) distance-

weighted mean of the measurements collected from each monitor within a five-mile radius of the 

mother’s residence; and 4) mean of the measurements from all monitors in each mother’s county 

of residence. The distance-weighted mean was based on weights inversely proportional to the 

square of the distance from the mother’s residence to the monitor.  Since eighty-nine percent of 

non-Hispanic white and Hispanic mothers considered in this study had a single monitor within 

five miles of her residence, the five-mile exposure measurements for these mothers were 

essentially identical, regardless of weighting criteria used. 

Data Analysis 

First, we calculated the correlation coefficients between the five-mile and county-level 

metrics of exposure to PM2.5 separately in the non-Hispanic white and Hispanic sample 

populations. Next, we compared the relationships between each exposure metric and birth 
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weight using univariate linear regression models (proc reg in SAS Software)18, keeping both 

PM2.5 and birth weight continuous. Linear regression was justified since we evaluated two 

subset populations, with similar demographic characteristics.  Each beta coefficient corresponds 

to the average change in birth weight in grams associated with each µg/m3 increase in PM2.5 for 

the specified sample population. 

To evaluate exposure metrics using monitors closer to the maternal residences in an effort 

to better characterize neighborhood monitors, we repeated the analyses in both subset 

populations with mothers who had monitors within a one-mile radius of their residences as a 

sensitivity analysis of the neighborhood metrics (n = 796 non-Hispanic white births; n = 787 

Hispanic births). 

RESULTS 

Our analysis included two sample populations of 8,579 non-Hispanic white births and 

8,114 Hispanic births who had both PM2.5 monitors within five miles of their residences and 

county-monitored data at the time of giving birth.  As shown in Table 1, the means for 

measurements calculated for monitors within five miles and by county were similar, with an 

overall range of PM2.5 exposure nearly the identical for the sample of non-Hispanic white and 

Hispanic populations (approximately 4 µg/m3 to 34 µg/m3). The PM2.5 metrics calculated using 

monitors within a five-mile radius were highly correlated among the non-Hispanic white births 

(r2 = 0.98-99), with very similar correlations found for the sample of Hispanic births (r2 = 0.97-

0.99). The high correlation between the five-mile metrics can be attributed to the substantial 

overlap between the data used to calculate each measure; among the non-Hispanic white births, 
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7,661 births had only one monitor within five miles, 915 births had two monitors, and only three 

births had three monitors within five miles.  Similarly, only 921 (11%) of the Hispanic births had 

more than one monitor within five miles.  Compared to the correlation between the metrics 

within five miles, a relatively lower correlation was found between the five-mile metrics and the 

county-level metric (r2 = 0.77-0.78), and the correlation was still very high in non-urban areas (r2 

= 0.93). Among births with two or more monitors available within five miles (Table 2), the five-

mile metrics were still highly correlated with each other as well as with the county metric. 

Because the three metrics of PM2.5 exposure derived from monitors within a five-mile 

radius were identical in most locations, the betas and corresponding 95% confidence intervals are 

depicted for the average of measurements from all monitors within five miles to represent the 

neighborhood exposure metric in the following tables and figures.  As shown in Figure 119, the 

county-level data produced a stronger negative association than the neighborhood-monitored 

data for both the non-Hispanic white [five miles: beta=-1.52 (95% confidence interval: -3.52, 

0.48), county: beta=-4.04 (-6.71, -1.37)] and Hispanic sample populations [five miles: beta = -

2.49 (-4.53, -0.45), county: –4.35 (-7.47, -1.23)]. The estimates found for the Hispanic 

population suggest a slightly stronger association between PM2.5 and birth weight compared to 

those found for the non-Hispanic white population. 

Monitors within a one-mile radius from the mother’s residence had similar ranges and 

correlations to monitors within a five-mile radius (Table 1).  As depicted in Figure 2, the county-

level metric resulted in stronger associations between PM2.5 and birth weight than the metric 

corresponding to monitors within one-mile of the mother’s residence in both sample populations 

[non-Hispanic white one mile: -6.37 (-13.05, 0.31), county: -9.44 (-17.97, -0.91); Hispanic one 

mile: -1.37 (-7.31, 4.57), county: -4.06 (-12.29, 4.17)].  Although stronger associations were 
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found for the non-Hispanic white population compared to the Hispanic population, the 

neighborhood metrics within a one-mile radius and the average within a five-mile radius had 

more similar associations with each other compared to those found for the county-level metrics. 

Because of the relatively small number of births with a monitor available within a one-mile 

radius (less than 800 births for each subset population), large confidence intervals surround the 

beta estimates. 

We further investigated the difference in the beta estimates found for the PM2.5-birth 

weight association between the neighborhood and county-monitored data.  For the county-level 

analysis, we conducted separate regression models deleting the data for one county each time, to 

assess whether an individual county overwhelmingly influenced the overall beta coefficient for 

the county metric.  We also evaluated the regression coefficients by fitting another model after 

eliminating the three counties with the largest variances in monitor measurements to observe 

whether these counties may have biased the PM2.5-birth weight relationship.  These analyses 

produced beta coefficients near the original beta coefficient for both the neighborhood and 

county level metrics (not shown). 

DISCUSSION 

The primary purpose of our study was to compare neighborhood and county-level PM2.5 

exposure metrics to distinguish whether the results of studies using different air pollution metrics 

are comparable.  We first evaluated several approaches for estimating PM2.5 exposures using 

measurements from monitors within five miles of each residence.  Next, we examined 

associations using the exposure variables based on measurements within five-miles of each 
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mother’s residence to those recorded for the entire county.  Similar correlations and beta 

coefficients were produced for monitored data within five miles of the mothers’ residences, 

including the nearest monitor, average of monitors, and distance-weighted average of monitors 

and the county monitors.  Since 89% of the neighborhood metrics were based on only one 

monitor, it is not necessary to take averages of air pollutants within short distances (e.g., five-

mile radius).  As we did not address this question for larger geographic areas, it is unclear 

whether distance-weighting or averaging would change the results. 

We did not have enough births within one mile in our sample populations to conduct a 

thorough examination of a narrower definition of neighborhood monitors, evident from the large 

uncertainty surrounding the beta estimates for the analysis within one-mile (Figure 2).  After 

examining associations between PM2.5 exposure and birth weight among births linked to a 

monitor within one mile, and comparing those associations to the corresponding associations 

based on the five-mile and county-level metrics, we found consistent evidence that exposure 

based on county-level monitors produced stronger associations than the metrics defined by 

neighborhood monitors.  Furthermore, the similarity of the differences between the 

neighborhood metric, regardless of whether the one-mile and five-mile metrics were used, and 

the county-level metric indicated that the five-mile exposure measure was adequate to capture 

the effect of neighborhood data. The actual beta estimates from the populations within one mile, 

however, were different than those produced within five miles.  Furthermore, the associations 

within one mile were stronger for the non-Hispanic white population than the Hispanic 

population, contradicting what we observed for the comparison with more births and a broader 

definition of neighborhood monitors in the five-mile metrics.  Inferences from the estimates 

within a one-mile radius may, therefore, be less generalizable to other study areas. 
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Previous investigators have not focused on the variations by geographic specificity in the 

assessment of air pollution exposure and adverse birth outcomes, although they have compared 

correlations between multiple monitors using other health outcomes.  In New York City, for 

example, measurements of sulfur dioxide at one aerometric monitoring station was not found to 

be representative of overall exposure in the city in studies of acute effects20,21. Another study 

examining monitor-to-monitor correlations in the North-Central U.S. reported that correlations 

varied by location for PM10, gaseous criteria pollutants, and several weather variables22. 

This study had several limitations that should be considered in interpreting the results. 

We could not distinguish between the five-mile metrics to enable a full assessment of the 

proposed neighborhood metrics because of the large overlap of values of monitors within five 

miles.  Since a relationship between PM2.5 and birth weight has not been established from 

previous studies, it is unclear whether neighborhood or county-level data better predict personal 

exposures for the PM2.5-birth weight association. The exposures based on the county monitors 

may be more representative of actual maternal exposure, since using monitored data closer to a 

mother’s residence assumes that she generally spends most of her time at or near her home, 

which is unlikely. Nearest-monitored data relevant to each mother’s workplace or elsewhere 

were not available.  In addition, exposure was characterized according to the residence of each 

mother at the time of giving birth, and we could not consider exposures based on the possibility 

of changing residences during the pregnancy. After defining our relatively homogeneous sample 

populations, we could not further control for additional potential confounders of the PM2.5-birth 

weight relationship not provided in the California birth certificate data; however, since we do not 

expect the effect of potential confounders, such as maternal smoking, to be different between the 

neighborhood and county PM2.5 exposure measures, our conclusions should remain unchanged. 
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Although the main objective of our study was not to quantify the association between 

PM2.5 and birth weight, the methods and results can be used to refine our understanding of the 

relationship in future studies.  We will use the average metric within five miles to expand our 

analyses of PM2.5 and birth weight and other perinatal outcomes, in addition to examining 

metrics for other air pollutants, such as carbon monoxide.  Furthermore, we will examine 

exposures by trimesters and other relevant exposure windows to more closely evaluate the 

associations between air pollutants and adverse birth outcomes.  Other states that can provide 

neighborhood and county-level air pollution data will also be considered in future analyses, 

although California has a greater density of neighborhood monitors to capture residential air 

pollutant levels. 

In summary, we were able to compare several exposure metrics for PM2.5, since 

neighborhood and county-level data for mothers who gave birth in California in 2000 were 

available. We were able to examine two subsets of births in California that were relatively 

homogeneous, therefore reducing the effect of confounding from demographic variability and 

socioeconomic status.  We found a difference between the estimates produced by the 

neighborhood and county-level metrics; the county monitors produced consistently stronger 

negative associations than the neighborhood monitors in the relationship between PM2.5 and birth 

weight. This result was replicated in both the sample non-Hispanic white and Hispanic 

populations in the original analysis comparing metrics within a five-mile radius and county-level 

data (Figure 1) as well as in the analysis for data within a one-mile radius (Figure 2).  Therefore, 

associations between PM2.5 and birth weight may depend on the geographic area used to define 

PM2.5 exposure. Alternatively, there may be another explanation for the observed differences 

between the exposure measures that we have not considered.  We do not know whether 
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neighborhood or county-level data better depict personal exposures.  However, inferences from 

studies using various approaches for estimating pollutant exposure may not be comparable. 
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TABLE 1: Distribution of PM2.5 (µg/m3) exposure metrics in California, 2000 

Exposure Metric NON-HISPANIC WHITE 
n = 8,579 
Mean (SD) Range 

HISPANIC 
n = 8,114 
Mean (SD) Range 

Average monitors 0-5 miles 15.8 (4.9) 4.4, 34.1 18.2 (5.0) 4.6, 33.9 
County monitors 15.6 (3.7) 4.6, 26.3 16.9 (3.3) 4.6, 26.3 
Monitor 0-1 mile 14.5 (5.3) 4.4, 32.4 

n = 796 
16.4 (5.4) 
n = 787 

5.9, 33.7 

TABLE 2: Correlation coefficients (r2) between PM2.5 (µg/m3) metrics within five miles and 
county averages for births with more than one monitor within five miles 

NON-HISPANIC WHITE (n = 918) HISPANIC (n =921) 
Nearest Average Wt Avg County Nearest Average Wt Avg County 

Nearest 1.0 - - - 1.0 - - -
Average 0.90 1.0 - - 0.92 1.0 - -
Wt Avg 0.97 0.96 1.0 - 0.98 0.96 1.0 -
County 0.81 0.91 0.86 1.0 0.85 0.92 0.88 1.0 

P. 13
 



 

 

-4.06 
-5 -5.36 

-6.37 

-9.44 -10 

-15 

5 

0 
-0.77 -1.37 

Be
ta

 (9
5%

 C
I) 

NON-HISPANIC WHITE n=796 HISPANIC n=787 

0-1 mi 0-5 mi County 0-1 mi 0-5 mi County 

-20 

 

 

-8 

FIGURE 1: Beta coefficients* and 95% confidence intervals 
between PM2.5 (µg/m3) metrics and birth weight (grams) in 
California, 2000 
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associated with one µg/m3 increase in PM2.5 in the specified population. 
0-5 mi: average of measurements from monitors within a five-mile radius 
County: average of monitor-specific measurements within each county 

FIGURE 2: Beta coefficients* and 95% confidence intervals 
between PM2.5 (µg/m3) metrics and birth weight (grams) for 
births with mothers’ residences within one mile of a monitor in 
California, 2000 

* Each beta coefficient represents the average change in birth weight in grams 
associated with one µg/m3 increase in PM2.5 in the specified population. 
0-1 mi: measurement from nearest monitor within a one-mile radius 
0-5mi: average of measurements from monitors within a five-mile radius 
County: average of monitor-specific measurements within each county 
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