








Figure 4. Low birth weight by county for Birth Group 1 and Birth Group 2
a. Birth Group 1

b. Birth Group 2

Figure 4a and Figure 4b display the distribution of low birth weight aggregated by county in
Appalachia for Birth Group 1 and Birth Group 2, respectively. In Birth Group 1 (Figure 4a), the highest

incidence of low birth weight was 13.1% and the highest in Birth Group 2 (Figure 4b) was 11.3%. There



is a cluster in Figure 4a in a similar location to the cluster seen in Figure 3a (preterm birth). This cluster
disperses slightly in Birth Group 2 (Figure 4b).

Table 4a and Table 4b show the odds ratios and 95% confidence intervals for the unadjusted and
adjusted models. The independent variable is the surface mine production category, and the dependent
variables are preterm birth and low birth weight for Birth Group 1 and Birth Group 2. The “no coal
production” category is used as the referent group. The adjusted model uses maternal age, race, smoking
status, BMI, and education as the covariates in the model.

3e. Birth Group 1 significance

Table 4a summarizes the odds ratios for preterm birth and low birth weight for the corresponding
coal production categories. Both the unadjusted and adjusted odds ratios for low birth weight and preterm
birth are significant for all exposure categories. The adjusted odds ratio for preterm birth was 1.19 (1.07-
1.33) for the “medium-high coal production” category and 1.24 (1.13-1.37) for the “high coal production”
category. The adjusted odds ratio for low birth weight was 1.26 (1.11- 1.43) for the “medium-high coal

production” category and the odds ratio for the “high coal production” category is 1.21 (1.08-1.35).

Table 4a. Odds ratios based on coal production for Birth Group 1 (2013-2014)
Unadjusted OR (95% CI) Adjusted OR (95% CI)*

Preterm birth

Medium-high 1.19 (1.07-1.33) 1.19 (1.07-1.33)
High 1.25 (1.14- 1.38) 1.24 (1.13-1.37)
Low birth weight
Medium-high 1.26 (1.11-1.42) 1.26 (1.11-1.43)
High 1.17 (1.05-1.31) 1.21 (1.08-1.35)

*Adjusted for mother’s age, race, education, BMI, and smoking

3f. Birth Group 2 significance
Table 4b summarizes the odds ratios for preterm birth and low birth weight for the corresponding

coal exposure categories for birth years 2016 to 2017. The statistically significant adjusted odds ratio for



preterm birth was the “medium-high coal production” category being 1.41 (1.14-1.74). The statistically
significant adjusted odds ratio for low birth weight in the “medium-low coal production” was 1.19 (1.05-

1.35) and the “medium-high coal production” category was 1.31(1.03-1.68).

Table 4b. Odds ratios based on coal production for Birth Group 2 (2016-2017)
Unadjusted OR (95% Adjusted OR (95% CI)*

CI)

Preterm birth

Low
Medium-low

Medium-high

Low birth weight

Low
Medium-low

Medium-high

1.03 (0.92-1.14)
1.06 (0.95-1.19)
1.42 (1.15-1.74)

1.05 (0.93-1.19)
1.19 (1.05-1.34)
1.34 (1.06-1.69)

1.03 (0.92-1.15)
1.06 (0.94-1.19)
1.41 (1.14-1.74)

1.07 (0.94-1.21)
1.19 (1.05-1.35)
1.31 (1.03-1.68)

*Adjusted for mother’s age, race, education, BMI and smoking

4. Discussion

The findings from the analysis demonstrate a statistically significant relationship between
maternal residence in a county with surface coal mining and incidence of both preterm birth and low
birth weight. In Birth Group 1, there were statistically significant 19% and 24% increases for preterm
birth in the “medium-high coal production” and “high coal production” groups, respectively (Table
4a). There were statistically significant 26% and 17% increases for low birth weight in the “medium-
high coal production” category and the “high coal production” groups, respectively. In Birth Group 2,
there was a 41% statistically significant increase in preterm birth in the “medium-high coal
production” group and there were statistically significant 19% and 31% increases in low birth weight
in the “medium-low coal production” group and “medium-high coal production” group, respectively

(Table 4b).



A study recently published, “Maternal Proximity to Central Appalachia surface mining and Birth
outcomes” by Buttling et. al examined a similar relationship as this current study. Buttling et. al used
birth records from Tennessee, Virginia, West Virginia, and Kentucky to determine if there was a
relationship between maternal proximity to surface mines and preterm birth or low birth weight. This
study used maternal zip code to assign surface mine exposure within a 5 km radius and used land area
disturbed to determine the exposure categories. This study concluded that there was a relationship
between surface mine exposure and preterm birth (1.04 (1.03-1.05)) and low birth weight (1.03(1.02-
1.05)). The Buttling et. al study differs from this current one in the following areas: exposure
categorization, the mode of determining maternal location, and the states included in the study.

One advantage of this current study is county of residence is used as a proxy for location instead
of zip code. Using the zip code makes an assumption that the majority of time is spent at home. Using
county location gives a better overall perspective of exposures seen not only at home, but also in the
workplace. Another advantage of this study is two birth groups were created to examine the change
over time for preterm birth and low birth weight rates. The median production of coal by surface
mines in Birth Group 1 was 591,384 tons and 286 tons in Birth Year 2.

One limitation of this study is the birth data is self-reported. This could lead to underreporting
social or behavioral factors like smoking and alcohol. Secondly, this data is manually transcribed to
the birth certificate, so error is possible, especially for the continuous variables like mother’s age.
Another limitation is that for many Appalachian rural counties, it can be quicker to travel to West
Virginia or Tennessee to receive treatment for a high-risk pregnancy instead of driving into central
Kentucky. This could deflate the rates of preterm births and low birth weight in this study because
this study only includes Kentucky births. Lastly, biological samples were not obtained from the
counties of interest, so assumptions were made that the coal production data retrieved from the
Kentucky Geological Survey (KGS) is an accurate representation of exposure.

In Appalachian Kentucky, access to general and specialty practitioners is extremely lacking.

Compared to the United States, Appalachia has 12% fewer primary care providers (PCP), 35% fewer



mental health providers, and 28% fewer specialty providers (including reproductive health) each per
100,000 persons (Appalachian Regional Commission, 2019). Not only are there fewer practitioners
per 100,000 people, but there is a higher percent of people who do not have access to reliable
transportation (7.3%). (Appalachian Regional Commission, 2019). This can cause issues if one needs
to drive to reach the nearest provider.

Using three-year averages of per capita market income, unemployment rates, and poverty rates,
ARC creates an index classification for each county to determine the overall socioeconomic status
(SES) for each central Appalachian county covered by ARC (ARC, 2020). Each county is classified
into one of the following five categories: “distressed, at-risk, transitional, competitive, or attainment”
(ARC, 2020). A distressed county refers to a county that is economically depressed and in the bottom
10% in the nation (ARC, 2020) In 2021, of the 78 counties deemed as distressed, 42 of those counties
are in Kentucky (ARC, 2020). This indicates that surface mine proximity is not the only factor
affecting birth outcomes in this area. A multi-sectoral approach is needed to have a lasting impact on
preterm birth and low birth weight in Appalachia.

This study attempts to generate additional knowledge of the relationship between active surface
mining exposure during pregnancy and the measurable effects on the baby. A definitive causal
relationship cannot be made based on a handful of studies, but this creates a basis for areas that could
use more funding and research. More research is needed to determine the duration of exposure needed
to influence fetus development as this study did not look at long term coal exposure. This study and
other similar ones can be used as reference when officials are trying to develop policies surrounding

surface mining adverse health outcomes of the mother and baby.
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