
The Use of Risk-
Screening 
Environmental 
Indicators (RSEI) in 
Health Research

C o urt ne y  J .  Walke r,  P hD
A R I S E  Po st do c t ora l  F e l lo w
Univ e rs i t y  o f  K e nt uc k y  
L e x ingt o n, K Y  

O c t o be r  2 5 ,  2 0 2 3



Outline

Background
Terminology

HDP Overview 

Geospatial trends of HDP

Methods 

Findings 

Conclusions 

Future directions  



HDP Overview

• Hypertension during pregnancy is one of the most 
common causes of both maternal and perinatal 
morbidity and mortality

• Impacts 8-10% of pregnancies in the US each 
year

• Associated with 6.6% of maternal deaths in the 
US, 2014-2017

• Preliminary evidence suggests that gestational age of 
onset may indicate distinctive diseases. 

• Treatment options are limited

• Untreated can lead to maternal organ failure, 
seizure, stroke, or death

• Drug regimens are limited and often ineffective

• Current treatment can lead to the birth of a 
premature infant 

Established maternal risk factor for HDP

Demographic Characteristics - Obesity

- Maternal Age 

Pre-existing health 

conditions 

- Chronic hypertension 

- Renal Disease 

- Family history of PE 
- Type I and Type II diabetes

- Lupus 

Pregnancy factors - Primiparity

- Previous HDP pregnancy 

- Multifetal pregnancy 
- Infertility treatment

Partner characteristics - Fathered a previous preeclamptic 

pregnancy 

- Length of sexual relationship 



Terminology

HDP: Hypertensive Disorders of Pregnancy 

PIH: Pregnancy Induced Hypertension 

GH: Gestational 
Hypertension

lHDP: Late-onset 
hypertensive 

disorder of 
pregnancy  

PE: Pre-
eclampsia

eHDP: Early-onset 
hypertensive 

disorder of 
pregnancy 

HELLP: Hemolysis, 
Elevated Liver 
enzymes, Low 
Platelet count 

Eclampsia 



Geospatial Trends of 
HDP

1996–2004

Wallis et al (1996-2004)

• PE:  South: 34.1 per 1000 live births | US: 29.4 per 1000 live births 
• GH: South: 29.8 per 1000 live births | US: 30.6 per 1000 live births  

2003–2004

Ananth and Basso

• PE: South: 41.1 per 1000 live births  | US: 57.3 per 1000 live births 

2017

Butwick et al

• HDP: KY 70 per 1000 live births



eHDPArsenic 
(As)

Cadmium 
(Cd)

Chromium 
(Cr)

Lead (Pb)

Mercury 
(Hg)
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Specific Aims
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Examine the 
distribution of 
emissions of COCs and 
potential overlaps 
with eHDP clusters 
using an LCA.

01
Describe demographic 
characteristics of the 
exposed & eHDP cases 

02
aphic 

/ environmental 
covariates associated 
with eHDP

03
Identify demogr ividual level 

geospatial trends of 
disease 

04
Assess ind



Methods: 
Data Sources

UK Medical IRB and Ky CHFS IRB 
approved research 

RUCC:  US DEPT OF 
AGRICULTURE  

CARTOGRAPHIC BOUNDARY 
FILES: UNITED STATES CENSUS 

BUREAU  

2003 US STANDARD 
CERTIFICATE OF LIVE & 
STILLBIRTH, 2008-2017 

RISK SCREENING 
ENVIRONMENTAL INDICATOR 

(RSEI MODEL) 2007-2017



Methods: 
Data

Birth records to Kentucky residents were 
obtained from Kentucky Vital Statistics  
(2003 US Standard Certificate of Live & 

Stillbirth, 2008-2017)
(N=556,744) 

Excluded (n=342,754)

• Chronic Hypertension (n=10,752)
• Non-primaparious records (n=327,759)
• Multifetal pregnancy (n=5,206)
• Extreme maternal ages (<11 and>50) (n=215)
• Extreme gestational ages at birth (<20 or >45)
(n=565)

• Unknown child sex (n=20)
• Unknown geocode (n=3)
 Geocoded outside of the state (n=473)•

Primiparous singleton live births that 
occurred between 20-42 weeks that 

occurred to women aged 11-50 
(N=212,527)



Methods: Overview 
Cross sectional study 

Mapping 

• Median toxicity concentrations of metals for each
census micro-block group, Kentucky 2007-2017

• Spatial Analysis of eHDP (Bernoulli Model |
Individual level Spatial Scan)

Statistical 
analysis 

• Summarized demographic characteristics for the
total population and by latent exposure class

• Logistic regression for both bivariable and
multivariable relationships

Variable
Age, years

Categories Data source
<20
21-24
25-28
>35

Birth certificate

Maternal Body Mass Index, 
kg/m

2
Underweight/Normal 
(<25.0)
Overweight (25-29.9)
Obese (>30)

Calculated from 
Birth certificate

Geocoding Precision Address point/Street 
segment
Midpoint of 
street/City/Zip/No 
Geocode

Generated from 
ESRI address 
coder 

Area Deprivation Index 
ADI

Highest (8-10)
No/Lower deprivation (1-
7)

Neighborhood 
Atlas 
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•

•

Median toxicity concentrations of metals for each
census micro-block group, Kentucky 2007-2017
Spatial Analysis of eHDP (Bernoulli Model |
Individual level Spatial Scan)

• Summarized demographic characteristics for the
total population and by latent exposure class

• Logistic regression for both bivariable and
multivariable relationships



Toxic Release Inventory(TRI) Program 
N

o 
ne
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d 

to
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ep
or

t

10 + FT or Equivalent 
employees

Mandated reporter 
due to agency or 

federal facility

Manufacture process, 
transfer, consume a 

tracked EPA COC

Does the use exceed 
the EPA set 
threshold? 

N
o

Yes

Yes

Yes

Report to volume of 
emissions to TRI

N
o

N
o

N
o

Risk Screening Environmental 
Indicators (RSEI) 

Adjusts volume for:
     - Environment
     - Meteorology (AEROMOD)
     - Facility characteristics 
     - Distance from facility 
     - Fate/transport of chemicals 
        through the environment
     - Assigned weight, based on   
       toxicity  

Estimates weighted toxicity 
concentration estimates for 810 m x 

810 m grids for the entire US 

Overlays boundary information to 
create estimate for other spatial 

resolutions

RSEI Dataset Preparation  

Subset RSEI dataset to KY and COCs 

Using PROC RANK, assigned each emission to a 
quintile for each CMBG and year 

Dichotomized each COC (except Cd) to highest 
quintiles of exposure and all other exposure 

categories 

Linked RSEI to birth records by exposure year (the 
majority the year the pregnancy took place + 12 

weeks preconception) and CMBG



Class 
membership 

probabilities as 
a function of 

environmental 
metal exposure



Results

• Geocoding precision of 
reduced dataset 



Demographic 
characteristics 
summary by latent 
metal class and the 
total population of 
primiparious mothers 
2008-2017 

Total Elevated As, Cd & Pb Elevated Se & Zn Elevated Pb & Cr Low Exposure
205836 (100%) 25596 (12.4%) 43978 (21.4%) 16575 (8.1%) 119687 (58.2%))

N (%) % % % %

Mother’s age (years) †
>35 10054 (4.7) 13.9 22.1 7.4 56.7
29-34 27686 (13.1) 13.8 22.6 7.5 56.2
25-28 55338 (26.1) 12.5 23.1 8.2 56.3
21-24 73473 (34.7) 11.9 20.6 8.4 59.0
<20 45500 (21.5) 13.0 19.8 7.7 59.5

Mothers race†
Black 17512 (8.3) 31.4 14.8 10.1 43.7
White 180317 (85.0) 10.3 22.1 7.8 59.8

Mother’s BMI (kg/m2) †
Obese 49608 (24.1) 11.6 20.9 7.4 60.1

Pre-existing diabetes †
Yes 1608 (0.8) 10.8 21.3 7.2 60.8

Smoking throughout pregnancy†
Yes 30030 (14.2) 10.5 19.6 7.8 62.2

Appalachian†
Appalachian 53904 (25.4) 0.3 8.1 10.1 81.4
Not Appalachian 158147 (74.6) 16.8 25.9 7.3 49.9

RUCC Status†
Rural 17261 (8.1) 0 5.9 2.9 91.2
Non-urban 66531 (31.4) 0.5 15.8 4.4 79.3
Urban 128259 (60.5) 20.6 26.4 10.6 42.4

eHDP: early-onset hypertensive disorder of pregnancy, where hypertensive symptoms present before 35 weeks; 
BMI: Body Mass Index; RUCC rural-urban continuum codes, 
† Chi-square test statistics <0.05, 
Metal Abbreviations: As: Arsenic, Cd: Cadmium, Cr: Chromium, Hg: Mercury, Pb: Lead, Se: Selenium, Zn: Zinc



Median concentrations of Chromium (Mg/m3) Median concentrations of Arsenic (Mg/m3)

Median concentrations of Lead (Mg/m3) Median concentrations of Cadmium (Mg/m3)



Median concentrations of Mercury (Mg/m3) Median concentrations of Zinc (Mg/m3)

Median concentrations of Selenium (Mg/m3)



Choropleth maps of county-
level prevalences of 
marriage, maternal obesity, 
and maternal smoking per 
1000 births in Kentucky, 
2008-2017 

 

A. Maternal age >34 B. Married Mothers 

  c. Maternal Obesity  d. Maternal smoking throughout pregnancy  

   



Bivariate and 
multivariable 
associations between 
demographic 
characteristics, 
environmental 
exposures, and class 
membership 

eHDP N (%) PR (95% CI) aPR (95% CI) Sensitivity aPR (95% CI)
Latent class metal exposure

Elevated As, Cd & Pb 166 (8.6) 0.64 (0.56, 0.76) 0.72 (0.60, 0.86) 0.82 (0.20, 3.46)
Elevated Se & Zn 418 (21.6) 0.96 (0.86, 1.08) 1.08 (0.96, 1.22) 0.82 (0.50, 1.32)
Elevated Pb & Cr 180 (9.3) 1.12 (0.94, 1.30) 1.22 (1.04, 1.44) 1.58 (1.02, 2.46)
Low Exposure 1168 (60.5) Reference Reference Reference

Mother’s age
>35 142 (7.3) 2.06 (1.70, 2.52) 1.96 (1.54, 2.50) 2.68 (1.20, 5.98)
29-34 289 (15.0) 1.52 (1.30, 1.78) 1.54 (1.26, 1.88) 1.68 (0.82, 3.46)
25-28 541 (28.0) 1.42 (1.24, 1.64) 1.38 (1.16, 1.66) 1.26 (0.68, 2.36)
21-24 647 (33.5) 1.28 (1.12, 1.46) 1.12 (0.96, 1.30) 1.38 (0.82, 2.30)
<20 313 (16.2) Reference Reference Reference

Mother’s race
Black 237 (12.3) 1.52 (1.32, 1.74) 1.60 (1.36, 1.88) 2.08 (1.28, 3.34)
White 1619 (83.8) Reference Reference Reference

Mother's BMI (kg/m2)
Obese 766 (42.4) 2.80 (2.50, 3.12) 2.44 (2.18, 2.72) 3.06 (2.06, 4.54)

Pre-existing diabetes
Yes 87 (4.5) 6.46 (5.18, 8.06) 4.62 (3.64, 5.84) 3.64 (1.40, 9.50)

Smoking throughout pregnancy
Yes 232 (12.0) Reference Reference Reference

Appalachian
Appalachian 599 (31.0) 1.32 (1.20, 1.46) 1.20 (1.04, 1.36) 0.66 (0.38, 1.16)
Not Appalachian 1333 (69.0) Reference Reference Reference

RUCC Status
Rural 169 (8.7) 1.20 (1.02, 1.42) 1.06 (0.86, 1.28) 2.60 (0.78, 8.70)
Non-Metro 720 (37.3) 1.34 (1.22, 1.46) 1.20 (1.04, 1.36) 1.60 (1.06, 2.44)
Urban 1043 (54.0) Reference Reference Reference

BMI: Body Mass Index, RUCC: Rural-Urban Continuum Codes,
PR: Prevalence Ratio 
aPR: adjusted Prevalence Ratio



Conclusions

Supports existing literature 
1. Extreme maternal ages associated with 

increased prevalence eHDP

2. 60% increase in eHDP for Black women 

3. eHDP 2.5 higher for women who are 
obese 

4. eHDP 4.5 higher for women with pre-
existing diabetes 

5. Non-smoking showed a 30% increased 
prevalence of eHDP 

6. Probable exposure to both Pb & Cr 
associated with a 22% increase in eHDP 
prevalence

Findings (further exploration needed)
1. As, Cd & Pb – no increased risk?

2. Concordance between RSEI scores and 
biological markers 

3. Explore other health outcomes in 
association with industrial activity 

4. Build a composite index to capture 
environmental exposure (Census of Ag, 
RSEI, USGS) 
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Strengths and limitations

Limitations
• Geocoding Precision

• Rurality 

• Birth certificates 
• eHDP definition 

• Self report bias 

• Hospital data collection variation

• Environmental exposure (RSEI)
• Limited sources of exposure
• Lots of estimations  

• Exposure assignment

• Duration of residence 

• Overall 
• Uncontrolled confounding of income

Strengths
• Birth records 

• Able to detect rare effects

• Demographic information (including maternal address)   

• RSEI
• Ability to assess multiple exposures estimated with 

similar methodologies

• Precise spatial resolution of toxicity concentrations 

• Methodologies  
• Ability to assess overlapping exposures (LCA)

• Able to detect spatial clusters of disease

• Overall 
• Addresses gap in literature for eHDP 



Future 
directions 
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Improve geocoding imprecision

Individual risk assessment 

Case ascertainment 
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