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Project Title: The impact of factors that may affect the gut microbiome on childhood obesity in 
a rural community. 

Authors: Brian Barnacle, M3; Huaping Wang, PhD; Craig Griebel, MD 

Abstract: There is a growing body of evidence that alterations in the gut microbiome may 
contribute to obesity. Several studies have found correlations between factors that could 
potentially disrupt the gut microbiome and childhood obesity. Our study examined whether 
these correlations could be found in rural populations. We offered an anonymous survey to 
parents and guardians checking their children in for appointments at a rural clinic. Parents and 
guardians were surveyed about their child’s gender, age, height, and weight in order to calculate 
BMI-age-for-percentile. We also surveyed parents and guardians about their child’s risk factors 
relating to possible alterations to the gut microbiome. Fischer’s exact test was used to 
determine if there were statistically significant associations between overweight/obesity and the 
risk factors. 

We found no statistically significant association between early childhood exposure to antibiotics 
and adiposity (P = 0.7089), between prenatal antibiotic use and adiposity (P = 0.4648), between 
method of feeding and adiposity (P = 0.1375), between method of delivery and adiposity (P = 
0.8737), and between probiotic consumption and adiposity (P = 0.9119). Our results could have 
been influenced by the small sample size (N=53), recall bias, and confounding bias. 

Introduction: Childhood obesity is a worsening public health problem that could significantly 
impact the long term health of the U.S. population. According to the CDC, the percentage of 
obese children in the U.S. has tripled since the 1970s.1 Approximately one in five school-aged 
children are now obese.1 These trends are significant because obese children are at greater risk 
of developing type 2 diabetes, heart disease, asthma, and many other health problems.1 The 
worsening obesity epidemic led the Knox County Public Health Department to recently declare 
that obesity is one of the top three priorities to address in Knox County.2  

There is a growing body of evidence that alterations in the gut microbiome may contribute to 
obesity.3 A study using mice found that the gut microbiome of obese mice have a 50% reduction 
in bacteria from the Bacteroidetes phylum and a significant increase in bacteria from the 
Firmicutes and Archaea phyla.3 While some human studies have also found an association 
between obesity and decreased levels of Bacteroidetes, other studies have found conflicting 
results.3 

Disruptions of the gut microbiome early in life may put children at increased risk of becoming 
overweight or obese. For instance, exposure to antibiotics can alter the gut microbiome.4 
Exposure to antibiotics in utero or during early childhood is associated with an increased risk of 
childhood overweight and obesity.4 The mode of delivery could also potentially disrupt the gut 
microbiome. Children born via cesarean section are not exposed to bacteria in the vaginal 
canal.5 This may explain why children born via cesarean section have a moderately increased 
risk of overweight and obesity compared to children born via vaginal delivery.5 Breastfeeding 
may impact the gut microbiome in ways that reduce adiposity. Children who were “ever 
breastfed” (exclusively breastfed, ever breastfed, or fed a mixture of formula and breast milk 
during the first year of life) have decreased odds of overweight or obesity in childhood.6 

Furthermore, probiotic consumption is associated with a larger reduction in weight compared to 
placebo.7 Understanding the correlations between factors that may impact the gut microbiome 
and obesity would help health care professionals to identify patients at risk of obesity and 
develop prevention strategies. 
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Methods: We offered an anonymous survey to parents/guardians checking their children in for 
appointments at the OSF Galesburg Clinic and the OSF Galesburg Medical Group. Data was 
collected between February 23, 2018 and March 23, 2018. Children aged 2-13 were included in 
the study. Parents/guardians were surveyed about their child’s gender, age, height, and weight 
in order to calculate BMI-age-for-percentile. We defined a healthy weight to be between the 5th 
and 85th percentile and an unhealthy weight to be greater than the 85th percentile. Parents / 
guardians were asked to provide their child’s racial/ethnic background and their zip code to 
ensure that the sample was representative and only included subjects living in a rural location. 
We also surveyed parents/guardians about their child’s risk factors relating to possible 
alterations to the gut microbiome. Fischer’s exact test was used to determine if there were 
statistically significant associations between overweight/obesity and the risk factors. 

Results: We collected data from 53 volunteers. Ages of the children ranged from 2 to 13 years, 
with a median age of 6, a mean age of 6.3, and standard deviation of 3.4. 28 (52.8%) of the 
children were female and 25 (47.2%) were male. 1 (1.9%) of the children was Asian, 2 (3.8%) of 
the children were African American, 1 (1.9%) of the children was Hispanic, 37 (70%) children 
were white, and 12 (22.6%) identified with two or more racial/ethnic groups. 32 (60.4%) children 
were determined to have a healthy weight and 21 (39.6%) were determined to have an 
unhealthy weight. All of the participants reported living in zip codes associated with rural towns 
in Illinois.  

40 participants recalled whether or not their child received antibiotics within the first two years 
after birth. Of the 32 children who received antibiotics, 15 were an unhealthy weight and 17 
were a healthy weight. Of the 8 children who did not receive antibiotics, 3 were an unhealthy 
weight and 5 were a healthy weight. We found no statistically significant association between 
early childhood exposure to antibiotics and adiposity (P = 0.7089). 

39 participants recalled whether or not their child was exposed to antibiotics in utero. Of the 17 
children exposed to antibiotics in utero, 7 were an unhealthy weight and 10 were a healthy 
weight. Of the 28 children who were not exposed, 12 were an unhealthy weight and 16 were a 
healthy weight. We found no statistically significant association between prenatal antibiotic use 
and adiposity (P = 0.4648),  

50 participants recalled whether their child was breast fed or formula fed. Of the 16 children 
exclusively formula fed, 4 were an unhealthy weight and 12 were a healthy weight. Of the 34 
children ever breastfed, 16 were an unhealthy weight and 18 were a healthy weight. We found 
no statistically significant association between method of feeding and adiposity (P = 0.1375) 

All 53 subjects recalled their child’s method of delivery. Of the 36 children delivered vaginally, 
14 were an unhealthy weight and 22 were a healthy weight. Of the 17 children delivered by C-
section, 7 were an unhealthy weight and 10 were a healthy weight. We found no statistically 
significant association between method of delivery and adiposity (P = 0.8737) 

45 subjects recalled whether or not their child consumed probiotics. Of the 17 children that 
consumed probiotics, 7 were an unhealthy weight and 10 were a healthy weight. Of the 28 
children who did not consume probiotics, 12 were an unhealthy weight and 16 were a healthy 
weight. We found no statistically significant association between probiotic consumption and 
adiposity (P = 0.9119).  

Our study has several limitations. The sample size was very small (N=53) and may have 
influenced the results. Additionally, because participants were asked to recall events from 
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several years ago, our results may have been influenced by recall bias. Finally, our results may 
have been influenced by confounding variables. 

Conclusions: Our study examined whether correlations between factors that could potentially 
disrupt the gut microbiome and childhood obesity can also be found in rural populations. We 
found no statistically significant associations. Our results may have been influenced by the small 
sample size, recall bias, and confounding variables. Further research is needed to determine if 
these correlations exist in rural populations. Identifying factors that may disrupt the gut 
microbiome and increase the risks of obesity can help primary care providers develop 
prevention strategies to combat obesity. 
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The Impact of Factors That 
May Affect the Gut Microbiome 

on Childhood Obesity in a 
Rural Community

Brian Barnacle, M3; Huaping Wang, PhD; Craig Griebel, MD

Background
• CDC National Data

• More than 1/3 of U.S. adults
are obese

• About 17% of children and
adolescents 2-19 are obese.

• Trending upward

• Knox County
• 24.3% of Knox County

adults are obese
• Obesity is one of the top 3

priority health concerns

https://www.cdc.gov/nchs/data/databriefs/db219_fig5.png



Impact of Childhood Obesity

• Obese children at higher risk of
• Hypertension
• Hyperlipidemia
• Type 2 diabetes
• Sleep apnea
• Fatty liver
• Anxiety and depression

Causes

• Behavior
• High calorie foods and beverages
• Sedentary lifestyle, insufficient physical activity

• Community
• Lack of sidewalks or bike trails
• Affordability of healthy food

• Genetics
• Medications



Link Between Microbiome and Obesity

• Microbe induced obesity?
• Evidence

• Mouse experimental studies
• Fecal transplant and weight gain
• Antibiotic exposure in early life Increases risk of childhood obesity
• Probiotics and reduction in weight
• Method of delivery and weight
• Breastfeeding and weight

Obesity and Microbial Alteration

• 2005 study examining microbiota of obese
and non-obese mice

• Compare mice homozygous for leptin gene
mutation (ob/ob) and their lean siblings
(ob/+ and +/+)

• In humans and mice, most abundant
bacterial divisions are Firmicutes and
Bacteroidetes

• Statistically significant shift
• Obese mice had 50% reduction in Bacteroidetes

relative to lean mice
• Obese mice had significantly greater proportion

of Firmicutes relative to lean mice



Germ Free Mice and High Fat Diet

• 2007 experimental study
compared germ free mice
and conventionally raised
mice.

• Germ Free mice had:
• Elevated levels of

phosphorylated AMPK in
skeletal muscle and liver →
increased fatty acid oxidation.

• Elevated levels of fasting-
induced adipose factor (Fiaf),
a lipoprotein lipase inhibitor Conventionally raised mice had statistically significant 

more weight gain than germ free mice (5.3 +/- 0.8 vs. 2.1 
+/- 0.5 g; n = 5 mice per group, P <0.05)

Weight Gain After Fecal Transplant

• 32yF patient, healthy weight (BMI
26), recurrent C diff infection.

• Received fecal matter transplant
from 16y daughter. At time,
daughter’s weight 140 pounds (BMI
26.4). But later increased to 170
pounds.

• Patient gained 34 pounds (BMI 33)
by 16 months post FMT

• Gained additional 7 pounds (BMI
34.5) by 36 months



Antibiotics

• 2017 meta-analysis: early life
antibiotic exposure increases risk of
childhood obesity

• 15 cohort studies involving 445,880
participants

• Increased risk of childhood overweight
(RR = 1.23, 95% CI 1.13-1.35, P <
0.001)

• Increased risk of childhood obesity (RR
= 1.21, 95% CI 1.13-1.30, P < 0.001)

• 2015 study: children exposed to
antibiotics in 2nd or 3rd trimester had
84% (95% CI 33-154%) higher risk of
obesity

Probiotics

• 2017 meta-analysis: consumption of
probiotics results in larger reduction in

• body weight (-0.60 kg, 95% CI -1.19 to -
0.01 kg, I2 = 49%)

• BMI (-0.27 kg m-2, 95% CI -0.45 to -0.08
kg m-2, I2 = 57%)

than placebo

• Included 15 studies, comprising 957
subjects

• Mechanism by which probiotic
supplementation may influence gut
microbiota largely unknown



Delivery
• 2013 meta analysis: C-section

delivery associated with
childhood obesity

• OR of overweight/obesity for
offspring delivered by C-section
compared to those born vaginally
was 1.33 (95% CI 1.19-1.48, I2 =
63%)

• Possible explanations
• During vaginal delivery newborns

exposed to maternal vaginal and
intestinal microbiota.

• During C-section, newborns
exposed to non-maternally derived
environmental bacteria

Method of Feeding
• 2012 meta-analysis: breastfed

infants had lower risk of
childhood overweight

• Ever breastfed in first year of life
(exclusively breastfed, ever
breastfed, or fed mixture of
formula and breastmilk)
decreased odds of overweight in
childhood by 15% (AOR 0.85,
95% CI 0.74 to 0.99; I2 = 73.3%)

• Included 10 studies

• Bacteria maternal skin
• Speculation that bacteria can

migrate from intestine to
mammary glands



Hypothesis

• Examine whether risk factors could be found in rural
populations

• Prenatal exposure to antibiotics associated with unhealthy weight
• Early exposure to antibiotics associated with unhealthy weight
• Delivery by C-section associated with unhealthy weight
• Ever breastfed associated with reduced risk of unhealthy weight
• Probiotic consumption associated with reduced risk of unhealthy weight

Methods

• Anonymous Survey

• Data collected between
February 23, 2018 and March
23, 2018

IRB-mar 
Approved: 2/19/18 

Instructions 
We are investigating the relationship between factors that may influence the gut microbiome and childhood obesity in rural 
communities. We invite you to participate in this research study so that we may better understand the risk factors of 
obesity. This questionnaire will take approximately 10 minutes to complete. All of your individual responses are 
confidential. Please read each question and answer to the best of your knowledge. If you are unsure of an answer, please 
mark “unsure.” 

1. What is your child’s gender?
Male
 Female 

2. How old is your child? ____________

3. What is your child’s height / length (inches)? ____________

4. What is your child’s weight (pounds)? _____________

5. What is your child’s race or ethnic origin? 
 American Indian or Alaskan Native alone
 Asian alone 
 Black or African American alone 
 Hispanic or Latino alone 
 Native Hawaiian or other Pacific Islander alone 
White or Caucasian alone 
 Two or More Races 

6. What is your zip code? ________________

7. Please indicate how your child was delivered?
 Vaginal (Natural)
 Cesarean Birth (C-section) 
 Unsure 

8. How long did your child breast feed?
 Did not breast feed
 Less than 1 month 
 1-6 months 
 6-12 months 
 Over 1 year 
 Unsure 

9. Was your child exposed to antibiotics during pregnancy?
 Yes
 No 
 Unsure 

10. Was your child exposed to antibiotics during the first two years of life?
 Yes
 No 
 Unsure 

11. Has your child ever received probiotics? 
 Yes
 No 
 Unsure 



Definitions and 
Calculations
• Healthy weight = BMI-for-age

between 5th and 85th

percentile
• Unhealthy weight = BMI-for-

age greater than 85th

percentile
• Used Fischer’s exact test to

determine if there were
statistically significant
associations between
unhealthy weight and risk
factors

Results

• Collected data on 53 volunteers
• Ages 2-13

• Median 6
• mean age 6.3
• standard deviation 3.4

• Racial/Ethnic Background
• 70% white
• 22.6% 2 or more racial/ethnic groups
• 3.8% African American
• 1.9% Hispanic
• 1.9% Asian



Results

• Weight
• 60.4% healthy weight
• 39.6% unhealthy weight

• All participants reported zip codes associated with rural towns in
Illinois

Antibiotic Exposure First 2 Years of Life

• 40 recalled
whether or not
child exposed to
antibiotics

• 13 unsure
• No statistically

significant
association
between antibiotic
exposure and
unhealthy weight
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Prenatal Exposure to Antibiotics

• 39 recalled whether
or not child exposed
to antibiotics during
pregnancy

• 14 unsure
• No statistically

significant
association between
prenatal exposure
and unhealthy
weight
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P = 0.4648

Probiotic Consumption

• 45 recalled whether
or not child
consumed
probiotics

• 8 unsure
• No statistically

significant
association
between probiotic
consumption and
weight
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P = 0.9119



Method of Delivery

• No statistically
significant
association
between method
of delivery and
weight
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Breastfeeding

• No statistically
significant
association
between
breastfeeding and
weight
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Limitations

• Very small sample size – 53 subjects

• Recall bias

• Confounding bias
• Diet
• Exercise
• Birth weight
• Smoking

Conclusions

• Further research necessary
• Larger sample size
• Retrospective chart review or prospective study to eliminate recall bias

• Associations can help PCPs to identify children at risk of obesity

• Move beyond associations to pathophysiology

• Develop strategies to counteract risk factors
• Prudent use of antibiotics in children
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RSPP Community Focused Health Project: 
A Comparison of Chronic Pain In The Elderly of Henry and Stark Counties, IL: 

Joel Dennison, M3 
Preceptor: Dr. Remigijus Satkauskas Sites: Kewanee and Wyoming, IL 

Abstract: 
Purpose: This study aimed to assess the prevalence, nature and management methods of chronic pain in the 
elderly population of Henry and Stark Counties. This study also sought to compare the results of the study 
with data from other studies regarding chronic pain in the elderly on a national level. 

Methods: In this cross---sectional study, 60 participants were recruited using a quota sampling method. The 
inclusion criteria included independently---living outpatients, aged 80 and above, who visited the Kewanee or 
Wyoming, IL clinics of Hammond---Henry Hospital Regional Health Partners. Data was collected through an 8--- 
item questionnaire regarding pain over the previous three months. Descriptive and inferential analyses were 
conducted using IBM SPSS Statistics --- version 24. 

Results: Participant age ranged from 80 to 95. About 23.3% of participants experienced pain every day. About 
46.7% of participants had pain at more than one site, while 43% had pain at one site only. The number of sites 
ranged from 1 to 6. The most common sites of pain were the back (50%) and joints (43.3%). About 70% of 
respondents rated their average pain between 0/10 and 5/10. About 11.6% of participants rated their worst pain 
at 10/10 or >10/10. About 26.7% of participants managed their pain with over---the---counter (OTC) medications, 
followed by about 16.7% of patients who used both OTC and prescription medications. About 11.7% of participants 
used prescription medications only. Significant associations were observed between the frequency, number of 
pain sites, and the worst pain level experienced. 

Conclusion: The results demonstrate that 80 to 87 year olds experience more pain (frequency, number of sites) as 
compared to 87---95 year olds. When compared to nationally representative data for participants aged 80 and 
above, our study participants show significantly higher rates of “persistent pain” (40.0% vs 28.5%) (Kennedy, 
2014). Limited by sample size and study design, the results of this study can’t be generalized to all age groups or to 
older populations residing in other areas. The results of this study gave further insights into the quality of life and 
the nature of chronic pain in the elderly population of Henry and Stark Counties in Illinois. 

Introduction: 
Given the trend of a national rising life expectancy, quality of life in the elderly is becoming an ever 
increasingly important consideration in patient care. Chronic pain is one of the known significant factors that 
contribute to quality of life in the elderly. Persistent or chronic pain is defined as: “Pain on most days or every 
day for the past three months” (Kennedy, 2014). It is a significant national health issue that affects 28.5% or 
9.1 million Americans age 80 years of age or older (Kennedy, 2014). It is also a significant healthcare financial 
burden with a national healthcare cost of almost $100 billion annually (for all US adults with chronic pain) 
(Hudson, 2014). 

Given that Stark and Henry Counties in Illinois contain a higher percentage (5.9% vs 3.7%) of elderly 
residents, 80 years of age or older, than the national average, chronic pain management is especially pertinent 
to this community (US Census Bureau, 2017). Though data demonstrated that residents of Henry and Stark 
Counties surpass the life expectancy of their cohorts, very little was known regarding the prevalence of 
chronic pain in this population. Similarly, little was known regarding how the elderly residents of Henry and 
Stark Counties managed their chronic pain. It was hypothesized that Henry and Stark counties would have 
higher rates of chronic pain than the national average given their older population. 



Methods: 
This study was conducted from September 2017 through November 2017. During this time period, the 
principal investigator, Joel Dennison M3, was immersed in the communities of Geneseo, Kewanee and 
Wyoming, Illinois. During this period of time, the principal investigator completed a longitudinal, integrated 
rotation through the Rural Student Physician Program (RSPP) at the University of Illinois College of Medicine 
Peoria. This analysis was a prospective voluntary questionnaire given to patients who qualified for inclusion 
into the study. 
This research project met the criteria required for Waiver of Authorization for use of protected health 
information (PHI). Prior to initiating the study, the Peoria Institutional Review Board granted exemption 
status. All patients were informed regarding the nature of the study and informed consent was obtained prior 
to completion of the questionnaire. The eligible patient population was defined per the inclusion criteria 
outlined under the “Population and Sample” portion of this article. No personal information was collected, by 
PHI definition, listing any of the 18 identifiers. Additionally, no incentive, monetary or otherwise, was offered 
to patients completing the survey. 

Recruitment of Volunteers: 
A quota sampling method was employed with the goal of obtaining at least 50 eligible patients who completed 
the questionnaire. Data was collected through a paper copy of a pain questionnaire, which was given to 
eligible patients for voluntary completion. Survey participants were also given the option of having the survey 
read aloud to them. Their verbal responses were then recorded on a paper copy of the survey by the principal 
investigator. 

Data was then transferred to Microsoft Excel spreadsheets for further analysis. Data was collected beginning 
in September 2017 until a total of 60 questionnaires were obtained in November 2017. Personal Health 
Information was not necessary for data collection. Recorded data included the age of the patient – in years 
only, prevalence, location, least severity, average severity, worst severity and management strategies of 
chronic pain in the past three months. Only the principal investigators, faculty research advisor, and 
colleagues including data collection personnel and statisticians were allowed access to our data, once 
collected. 

Population and Sample: 
The sample population size was 60 patients eighty years of age and older. The eligible patient population was 
defined per the inclusion criteria as follows: 

• Males or females eighty years of age and older.
• Outpatients who presented to Hammond---Henry Hospital Regional Health Partners – Kewanee or

Wyoming Clinics.
• Patients who were living independently in the community.

Subjects were excluded if they met any of the following criteria: 
• Subjects with known dementia.
• Subjects who were living in assisted living facilities or nursing homes.
• Subjects who had previously completed the survey.

Statistical Analysis: 
De---identified data then underwent descriptive and inferential analyses using IBM SPSS Statistics --- version 24. 
The results of this study were also compared with national data regarding chronic pain in the elderly. 



Results: 
Age: There were 59 participants who answered, 1 participant did not respond. Participant age ranged from 80 
to 95 years with a mean age of 86.05 years. Participants aged 83 and 84 years old each comprised 13.3% of 
the total participants, while participants aged 89 years old and 93 years old comprised only 1.7 % each of the 
total participants. 

[CHART 1: Age distribution of participants, mean age 86.05 years] 

Pain Frequency: About 23.3% of participants experienced pain “every day” while only 5% “never” experienced 
pain. Most participants (33.3%) stated that they “hardly ever” experienced pain in the past 3 months. 

[CHART 2: Frequency of pain in the past three months experienced by participants] 



Pain Location: Of the 54 participants who answered, 46.7% had pain at more than one site while 43.3% of 
patients had pain at one site only. The number of sites where pain was experienced ranged from 1 to 6. Most 
patients (43.3%) had pain at one site only, and about 23.3% of participants had pain located at 2 sites. 

[CHART 3: Distribution of the number of sites at which pain was experienced during the past three months] 

About 10% of participants had pain at 4 sites and about 3.3% of participants had pain at 6 sites. The most common 
sites of pain were the back (50%) and joints (43.3%). The results for the other pain sites are as follows: head --- 
6.7%, neck --- 21.7%, arms --- 11.7%, legs – 25%, chest – 5%, abdomen – 6.7%, other – 13.3%. 

[CHART 4: Distribution of the prevalence of pain experienced at each unique pain site] 

Average Degree of Pain: When asked to rate the average degree of pain experienced over the past 3 months on 
a scale of 0 to >10, about 23.3% of participants rated their average degree of pain as 5/10. There were 4 
participants (6.7%) who rated their pain at 10/10, while 8 respondents (13.3%) said that on average, they 
didn’t experience any pain in the past 3 months. The mean of the responses for average pain was 4.23/10. 
There were 42 participants who rated their average pain between 0---5/10 (70%) and 16 participants who rated 
their average pain between 6/10 and 11/10 (26.7%). 



[CHART 5: Distribution of the average pain experienced by participants in the past three months] 

Least Degree of Pain: About 40% of respondents said they had experienced no pain in the past three months, 
while about 5% of respondents rated their least degree of pain at 7/10. The average degree of the least 
amount of pain in the past three months was 1.98/10. 

[CHART 6: Distribution of the least degree of pain experienced by participants in the past three months] 

Worst Degree of Pain: About 3.3% of respondents rated their worst pain during the past three months as 
>10/10. This was followed by about 8.3% of participants who rated their worst pain as 10/10. When these
responses were added, a total of 11.6% of participants rated their worst pain at 10/10 or >10/10. The average
rating of worst pain in the past three months was 5.44/10. About 43.3 % of patients rated their worst pain in the
past three months between 0---5/10 while about 55% rated their worst pain experienced between 6 and 11/10.



[CHART 7: Distribution of the worst degree of pain experienced by participants in the past three months] 

Pain Management: About 26.7% of participants managed their pain with over---the---counter (OTC) medications 
only, followed by about 16.7% of patients who managed their pain with both OTC and prescription medications. 
About 11.7% of participants managed their pain with prescription medications only, and about 21.7% of 
participants did not use any medications to manage their pain. 

Descriptive Statistics: More people with pain at one site (7) had used over the counter medications than those 
who had pain at more than one site (9). Similarly, prescription medications were used more by participants 
who had pain at one site than those who had pain at more than one site. More people (6) who had pain at 
more than one site used both OTC and prescription medications compared to those who had pain at one site 
only. 

Participants who rated their average pain between 0 and 5/10, used OTC (13 participants), and prescription 
medications (4 participants) more than those who rated their average pain between 6 and 11/10. More 
participants (5) who rated average pain between 6 and 11 used OTC and prescription medications than those 
who rated their average pain between 0 and 5/10. More people who rated their average pain between 0 and 
5/10 used exercise as management than those who rated their average pain between 6 and 11/10. 

More people (9 participants) who rated their worst pain between 6 and 11/10 used OTC medications than 
those who rated their worst pain between 0 and 5/10 (7 participants). More participants (5 participants) who 
rated their pain between 6 and 11/10 used prescription medications than those who rated their worst pain 
between 0 and 5/10 (2 participants). More people who rated their worst pain between 6 and 11/10 (9 
participants) used both OTC medicines and prescription medicines. The participants who rated their worst 
pain between 6 and 11/10 were also more likely to use exercise as management (4 participants). 

Inferential Statistics: There is no statistically significant relationship (p = 0.628) between participant age and 
the experience of pain (everyday, most, some, hardly ever, never). Those who are aged between 80---87 years 
old are (1.309 times) more likely to state that they experience pain (every day or on most days) than those aged 
between 88 to 95 years of age. 

There is no significant association (p = 0.914) between age and the number of pain sites experienced (only 
one or more than one site). In this study, the patients aged 80 to 87 years old are (1.066 times) more likely to 
experience pain at more than one site than that of patients aged 88 to 95 years of age. 

There is no significant relationship (p = 0.749) between age and average pain experienced. In this study, 
patients aged 80 to 87 old are (0.818 times) more likely to report a greater degree of average pain 
experienced than patients aged 88 to 95 years of age. 



There is no significant relationship (p = 0.749) between age and worst pain experienced. In this study, the 
patients aged 80 to 87 old are more likely (0.944) to report a higher degree of pain experienced in the past 
three months than patients aged 88 to 95 years of age. 

There is significant association (p = 0.051) between how often pain is experienced (everyday/most 
days or some days, hardly ever, or never) and the number of pain sites (one or more than one). The 
likelihood of experiencing pain some days, hardly ever or never is three times more than experiencing pain 
on most days or every day. 

There is no significant association between the number of pain sites and the average degree of pain 
experienced (p = 0.963). 

There is significant association (p = 0.003) between the number of pain sites (one or more than one) and 
the worst pain experienced. There is five times more likelihood of worst pain experienced at one site than for 
that of more than one site. 

Logistic regression: 
The logistic regression conducted suggests that the odds of experiencing pain on some, most or every day 
increase with every unit increase in the degree of average pain and the worst pain experienced. 

Limitations: 
Due to the nature of the data collection, certain limitations were unavoidable. A limited number of patients 
misunderstood the questions. For instance, a few patients answered “other” when asked about the locations of 
their pain. They then specified that the pain was located in their “knees”. Corrections were made during the 
analysis of the data. In this instance, the correct answer “joints” was selected based off of their written pain 
location. 

Two patients circled more than one answer when asked about the level of their pain. For instance, they circled 
5 and 6 when asked about their average pain level. Their answers were not corrected for, and were recorded as 
they had originally been answered. Several patients failed to answer one or more of the questions given in the 
questionnaire. Their survey responses were recorded as they had originally been answered. One patient 
declined to complete the questionnaire altogether. Their survey was still recorded, but was corrected for 
during the statistical analysis of the data. 

Patients living in nursing homes, assisted living facilities and homebound patients were excluded from this 
study. Patients who were living independently and visited the RHP outpatient clinics may be more functional 
and have lower pain levels than their excluded cohorts. 

While this study is relevant for the specific population studied, it is limited by sample size and study design. 
Therefore, the results of this study cannot be generalized to all age groups or to populations of a similar age 
range residing in other areas of the United States. 

Conclusions: 
This study gave us further insight into the nature, prevalence and management of chronic pain in the elderly 
population of Henry and Stark counties in Illinois. Our hypothesis that chronic pain levels would be greater 
than the national average due to the increased percentage of patients 80 years of age or greater compared to 
the national average was demonstrated to be correct. 

Of particular interest, when compared to nationally representative data for participants aged 80 and above, our 
study participants show significantly higher rates of “persistent pain” (40.0% vs 28.5%) (Kennedy, 2014). The 
results of our study indicate that chronic pain management in the elderly population is a significant issue for 
providers in Henry and Stark counties, IL. If chronic pain can be effectively managed in this population, 
patients’ overall quality of life will be improved. 

Further research is needed to determine how a higher level of chronic pain is affecting quality of life in the 
patient population studied. Another question that needs further investigation is how the quality of life in this 



population compares with the national average for a population of a similar age range. While it would be 
expected that lowering the levels of chronic pain would increase a patient’s quality of life, further research is 
needed to determine what additional steps are necessary to improve the quality of life in this population. 

While this study is of particular importance to the residents and providers in Henry and Stark counties in 
Illinois, the principles that it demonstrates are applicable to other communities as well. This knowledge will 
become even more important as the national life expectancy continues to increase. It will also be of importance 
as the American population continues to age. The National Institute of Aging, a division of the National Institute 
of Health, predicts that the global populations of persons in the age categories of 65+, 85+ and 100+ may 
increase by 104%, 151%, and 400% respectively between 2005 and 2030 (Hudson, 2014). 
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Appendix 

Questionnaire: The questionnaire given is contained on the following two pages. 
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Dear Survey Participant, 

You are being asked to complete a short survey about pain. The survey is being used as part of a research 
project. Your completion of the survey is voluntary which means you can choose whether or not you want to 
participate. If you refuse to complete the survey it will not influence your present or future care. 

“Protected Health Information” which includes you name, date of birth, and medical history will not be 
recorded or used during this research project. You are being asked to state your age and there is a small risk 
that you could be identified as a survey participant based only by your age. The data collected from this 
survey will be reported as a group, however, and will not contain any information from which you could be 
identified. 

The researchers conducting this study are Joel Dennison, a third---year medical student at the University of 
Illinois College of Medicine Peoria (UICOMP), and his medical preceptor Dr. Remigijus Satkauskas. We are 
gathering data regarding the prevalence and nature of chronic pain in those born before 1937. We will 
compare this information with national data gathered by other researchers. 

The results of this research will be presented by Joel Dennison during UICOMP’s Research Day in April 2018. 

**If you are unsure of an answer or cannot remember the answer, please write “I don’t know” next to the 
question** 

1) Have you taken this survey before?
a) Yes
b) No

2) What is your current age?  years old 

3) In the past three (3) months, how often have you experienced pain?
a) Every day
b) Most days
c) Some days
d) Hardly ever
e) Never

4) If you have experienced pain, where was it located? (Please select all that apply)
a) Head
b) Neck
c) Back
d) Arms
e) Legs
f) Joints
g) Chest
h) Abdomen
i) Other (please list)

5) With (0) being no pain and (10) being severe pain, what is the average degree of pain you have
experienced in the past three (3) months?
1  2  3  4  5  6  7  8  9  10 >10



6) With (0) being no pain and (10) being severe pain, what is the least degree of pain you have experienced
in the past three (3) months?
1  2  3  4  5  6  7  8  9  10 >10

7) With (0) being no pain and (10) being severe pain, what is the worst degree of pain you have experienced
in the past three (3) months?
1  2  3  4  5  6  7  8  9  10 >10

8) If you have experienced pain in the past three (3) months, how have you managed it?
a) Over the counter (OTC) medications
b) Prescription medications
c) Both over the counter and prescription medications
d) No medications
e) Physical exercises
f) Other

Thank you very much for your time! 

Please return the survey to the receptionist or to the nurse when you are done. 



By Joel Dennison, M3

Sites:

 Geneseo, Kewanee and Wyoming, IL

 Henry and Stark Counties

 Hammond‐Henry Hospital Regional Health Partners
outpatient clinics

Mentor:

 Dr. Remigijus Satkauskas, MD



Sites: 

 Henry and Stark Counties
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 Given the trend of a national rising life expectancy,
quality of life in the elderly is becoming an ever
increasingly important consideration in patient care.

 Chronic pain is a significant determining factor of
patients’ quality of life.

 Henry and Stark Counties in Illinois contain a higher
percentage of elderly residents (5.9% vs 3.7%) than the
national average for residents 80 years of age and older
(U.S. Census Bureau, 2017)



 Chronic, or persistent, pain is a significant national
health issue

 Persistent pain is defined as: “Pain on most days or
every day for the past three months” (Kennedy, 2014)

 Persistent pain affects 28.5% or 9.1 million Americans
age 80 and older (Kennedy, 2014)

 The national healthcare cost is almost $100 billion
annually (for all US adults with chronic pain) (Hudson, 2014)

 Although data demonstrated that residents of Henry
and Stark Counties surpass the life expectancy of their
cohorts, very little was known regarding the
prevalence of chronic pain

 Similarly, little was known about chronic pain
management in this population

 It was hypothesized that Henry and Stark counties
would have higher rates of chronic pain than the
national average given their older population



 This study aimed to better understand the prevalence,
location, severity and management of chronic pain.

 This study also sought to compare the results of the
study with data from other studies regarding chronic
pain in the elderly on a national level.

Population:

• Cross‐sectional study of 60 participants

Inclusion Criteria:

• Independently‐living outpatients, aged 80 and above,
who visited the Kewanee or Wyoming, IL clinics of
Hammond‐Henry Hospital Regional Health Partners.



Data Collection:

• 8‐item questionnaire regarding pain over the previous
three months.

• Collected from 9/2017‐11/2017.

• One participant declined to complete the survey altogether.

• Several participants declined to answer one or more questions.

Analysis:

• Statistical and inferential analysis using IBM SPSS
Statistics ‐ version 24.

Survey Questions:
1) Have you taken this survey before?

 Yes

 No

2) What is your current age? ______ years old

3) In the past three (3) months, how often have you experienced pain?

 Every day

 Most days

 Some days

 Hardly ever

 Never



Survey Questions:
4) If you have experienced pain, where was it located? (Please select all that apply)

 Head

 Neck

 Back

 Arms

 Legs

 Joints

 Chest

 Abdomen

 Other (please list) _________________________________________________________

5) With (0) being no pain and (10) being severe pain, what is the average degree of pain you 
have experienced in the past three (3) months?

0  1  2  3  4  5  6  7  8  9  10  >10

Survey Questions:
6) With (0) being no pain and (10) being severe pain, what is the least degree of pain you 
have experienced in the past three (3) months?

0  1  2  3  4  5  6  7  8  9  10  >10

7) With (0) being no pain and (10) being severe pain, what is the worst degree of pain you 
have experienced in the past three (3) months?

0  1  2  3  4  5  6  7  8  9  10  >10

8) If you have experienced pain in the past three (3) months, how have you managed it?

 Over the counter (OTC) medications

 Prescription medications

 Both over the counter and prescription medications

 No medications

 Physical exercises

 Other



Age:

• Age Range: 80–95 years old

• Mean Age 86.05 years old

Pain Frequency:

• Every day: 23.3%

• Most days: 16.7%

• Hardly ever: 33.3%

• Never: 5%



Pain Location:

• 46.7% had pain at more than one site

• 43.3% had pain at one site only

• The most common sites were the “back” (50.0%) and
“joints” (43.4%)

• Number of pain sites

ranged from 1‐6

Average Degree of Pain Over Previous 3 Months 
(scale 0‐10):

• Mean: 4.23

• 6.7% responded 10/10

• 23.3% responded 5/10

• 13.3% responded 0/10

• 70% responded

between 0‐5/10

• 26.7% responded

between 6‐11/10



Least Degree of Pain Over Previous 3 Months  (scale 
0‐10):

• Mean 1.98

• 40% responded 0/10

• 5% responded 5/10

Worst Degree of Pain Over Previous 3 Months 
(scale 0‐10):

• Mean 5.44

• 3.3% responded >10

• 8.3% responded 10/10

• 43.3% responded

between 0‐5/10

• 55% responded

between 6‐11/10



Pain Management:

• 26.7% used OTC medications only

• 16.7% used both OTC and prescription medications

• 11.7% used prescription medications only

• 21.7% used no medications

Inferential Statistics:

 There is significant association (p=0.051) between how
often pain is experienced (every day/most days or
some days, hardly ever, or never) and the number of
pain sites (one or more than one).

 There is significant association (p=0.003) between
number of pain sites (one or more than one) and the
worst pain experienced.

 The odds of experiencing pain on some, most or every
day increase with every unit increase in average pain
and worst pain experienced.



• The results demonstrate that 80 to 87 year olds
experience more pain (frequency, number of sites) as
compared to 87‐95 year olds.

• When compared to nationally representative data for
participants aged 80 and above, our study participants
show significantly higher rates of “persistent pain”
(40.0% vs 28.5%) (Kennedy, 2014)

• The results of our study indicate that chronic pain
management in the elderly population is a significant
issue for providers in Henry and Stark counties, IL.

• If chronic pain can be effectively managed in this
population, patients’ overall quality of life will be
improved.



Limitations:

• Patients living in assisted living facilities or nursing homes
were excluded from the study.

• Patients who were able to travel to the outpatient clinics
may be more functional and have lower levels of pain than
their homebound cohorts.

• Limited by sample size and study design, the results of this
study can’t be generalized to all age groups or to older
populations residing in other areas of the country.

 How is a higher level of chronic pain affecting quality
of life in these patients?

 How does quality of life in this population compare
with the national average?

 What steps can we take to improve quality of life in
this population?
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ABSTRACT: 
Purpose: To identify barriers to achieving optimal Hemoglobin A1c control for Type 2 Diabetic adults in 
Jefferson County, IL. To gauge these patients’ perceptions of their disease. To identify if these patients 
are aware of or utilizing services SSM Health implemented to address their population’s issues with 
diabetes and obesity. 
Hypotheses: Non-physiologic factors like frequency of PCP visits, level of education, feelings of being 
overwhelmed or embarrassed about their disease will be associated with poorer glycemic control. 
Increased complexity of treatment plans will be associated with poorer glycemic control. Surrogates for 
general self-management of a patient’s DM2, such as ED visits, foot checks, and forgetting to take 
medications, will be associated with glycemic control. 
Methods: A 32 question survey was filled out by patients. One page of information will be filled out by 
the Principal Investigator which includes: age, sex, BMI, insurance status, previous A1c values and dates, 
frequency of PCP appointments, other chronic illnesses, and diabetic medication regimen. Subjects < 45 
years old with A1c less than 7.0, and subjects 45 years and older with A1c values less than 8.0, will be 
considered to have “controlled” blood glucose. 
Results: The only statistically significant finding was poorer glucose control with increased number of 
diabetic medications. A non-statistically significant association of increased number of medications and 
forgetting to take medications. A non-statistically significant association of poorer glucose control with 
increased number of ED visits, as well as with fewer foot self-examinations. 
Conclusions: Increased number of medications may not necessarily be the cause of the uncontrolled 
glucose, rather, it may represent a patient with more severe diabetes, which requires more aggressive 
management. Conflicting findings regarding confidence and feeling overwhelmed may show issues of 
semantics and question-formatting, as well as health literacy. Factors that act as surrogates of long term 
glycemic control, such as acute ED presentations and foot checks may indicate the general level of 
glucose control for a given patient. 

INTRODUCTION: Type 2 Diabetes Mellitus (DM2) is a disease that affects 30.3 million Americans (9.4 of
population), and another 84.1 million are pre-diabetic (33.9 of population), per the CDC2. There is no 
doubt that the issue of diabetes and obesity in the United States is expanding, and increasingly 
financially challenging. As a result, our health care systems have been working to identify ways to best 
and most cost-effectively control this condition.  
Meanwhile, in Jefferson County, Illinois: 64.9% of adults are overweight or obese (nationally: 63.1%), 
11.5% of adults have type 2 Diabetes (state: 9.2%) and age-adjusted death rates due to diabetes is 
greater than national and state averages, according to SSM Health’s Community Health Needs 
Assessment. This has led to community health goals of decreasing the number of overweight/obese 
patients and increasing the number of diabetic patients with controlled Hemoglobin A1c in this 
population, among many others. The SSM Health action plan includes increasing access to 
free/discounted A1c screening, nutritional consults, access to healthy foods by partnering with local 
markets, and access to local fitness center memberships. 
It is known that improved glycemic control decreases the risk of micro and macrovascular complications 
of diabetes, thus considerable research has been done in recent years to identify more and unique 
factors contributing to glycemic control in type 2 diabetic patients, and many have identified 
social/socioeconomic and personal factors to be associated. For example, decreased health literacy has 
been identified as an independent association with poor A1c control, as well as associated with worse 
outcomes like diabetic retinopathy; nearly 80% of type 2 diabetics in the United States have a high 



school education or less, and 66% of those diabetic patients have decreased health literacy6. Findings 
like this do not imply that nothing can be done by medical professionals. They do imply that non-
biological factors can, and should, be addressed to increase the wellbeing of this demographic. 
Frequency of appointments with the Primary Care Provider (PCP) for type 2 diabetics has also been 
associated with glycemic control. One study suggests that increased duration between PCP 
appointments is associated with increased duration to achieve a goal A1c of 7%, and that the optimal 
frequency of PCP appointments for these patients is every 2 weeks4. Barriers to changes like this are 
complex, and costs must be considered.  
Part of this complexity is that despite diabetics’ need for more frequent PCP follow up appointments, 
many patients still have difficulty with self-managing portions of their treatment, such understanding 
the details of their prescription regimens, diet, and long-term sequelae of the disease. One study has 
explored the concept of weekly pharmacist-led prescription care in the outpatient setting, separate 
from the interaction with the PCP, by means of a telephone call; this study found better glycemic control 
in the patients in the group that received these weekly calls vs the control group only receiving 
traditional PCP visits3. The financial feasibility and temporal efficiency of telephonic interventions from 
medical professionals remains a question, however.  
Another study examined the cost of phone interventions by certified health educators, rather than 
pharmacists, in the context of 8 calls per patient per year for about 15 minutes per call; the cost analysis 
describes costs of $175.82 per capita, $487.75 per 1.0% decrease in A1c per patient, and $2312.88 per 
patient achieving a goal A1c of less than 7.0%5. The feasibility of this kind of intervention likely differs 
between health care providers and communities, and the ideal frequency and format of these calls has 
yet to be determined.  
Besides new telephonic interventions, another is Group Medical Appointments (GMAs). GMAs in one 
study include 8 to 15 type 2 diabetic patients receiving 90 minute interactions with a nurse practitioner, 
certified diabetic educator, pharmacist, health psychologist, and a licensed vocational nurse; this study 
showed that about 50% of the GMA patients reached a goal A1c of less than 8% (vs 19% of controls) and 
on average, had a more significant decrease in A1c decrease per week1. This intervention tries to 
address not only health literacy and understanding self-management of diabetes, but also issues of 
embarrassment and effects of chronic illness on adherence to the treatment plan. Giving diabetic 
patients the opportunity to see other patients dealing with the same issues may have an effect on 
compliance and overall wellbeing. Budding prospects for new interventions are variable and their 
efficacy has not been definitively determined, which is a primary motivator for this study. This 
investigation attempts to utilize persepctives from each of the aforementioned studies to get a sense of 
which factors may be prominent in Jefferson County, IL. 

METHODS: For a subject to be included in this investigation, the patient must have been an adult (>18
years old) with a documented diagnosis of Type 2 Diabetes Mellitus that has at least one documented 
hemoglobin A1c lab value; the patient also must have been a competent medical decision-maker. 
Patients that were excluded from the study were pediatric patients (<18 years old), pregnant patients, 
patients with a GFR < 60 mL/min, patients that received a blood transfusion in the past 3 months, and 
patients that were not alert and oriented to person, place, time, and situation.  
A 32 question survey drafted by the principal investigator was offered and distributed to patients that 
met inclusion criteria in the settings of the Emergency Department, inpatient, and outpatient Family 
Medicine clinic; no patients in the inpatient or emergency department settings were willing to do the 
survey, thus all patients were from the outpatient setting, which included Family Medicine and 
Endocrinology clinics. The patients filled out the survey, and it was collected. The patient’s age, 
insurance status and plan, previous 1-4 Hemoglobin A1c scores and dates, time elapsed between PCP 
appointments, diabetic medication regimen, other diagnosed chronic conditions, and the setting of the 
interaction were also recorded by the principal investigator. Subjects less than 45 years old with average 
Hemoglobin A1c values less than 7.0, and subjects 45 years and older with Hemoglobin A1c values less 



than 8.0, were considered to have “controlled” blood glucose; patients with hemoglobin A1c values 
greater than the aforementioned cutoffs for their respective ages were deemed to have “uncontrolled” 
blood glucose. 
RESULTS: 30 patients were willing to fill out the survey: 18 females and 12 males; 15 with uncontrolled 
glucose (UC) and 15 with controlled glucose (C). Regarding insurance status, 6 patients on Medicaid 
exclusively (3 UC, 3C), 5 patients on medicare exclusively (4 UC, 1C), and 18 patients on private 
insurance or with private insurance supplementing a government insurance (7 UC, 11 C); no statistically 
significant association between insurance status and glucose control was identified. 27/30 patients had 
hypertension and 22/30 patients had hyperlipidemia; all patients had at least two comorbid conditions. 
Conversely, only 18/30 (60%; 7 UC, 11 C) patients reported having any other chronic conditions; no 
association between awareness of comorbid conditions and glucose control was identified. 
The average time between A1c evaluations was 6.77 months for UC patients, and 6 months for C 
patients, thus no association was identified between glucose control and duration between A1c checks. 
The average time between PCP appointments was 3.38 months for UC patients (median = 3 months), 
and 3.97 months for C patients (median = 3 months), thus no association was identified in this regard 
either. 
11 patients were taking 0-1 diabetic medications, with 2 UC patients (19%) and 9 C patients (81%). 9 
patients were taking 2 diabetic medications, with 5 UC patients (55%) and 4 C patients (44%). 10 
patients were taking 3 or more diabetic medications, with 8 UC patients (80%) and 2 C patients (20%). A 
statistically significant inverse association between diabetic medications and glucose control was 
identified (p = 0.0114; Figures 1 and 2). 
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When asked, “Do you ever forget to take your medications?” 14/30 patients said yes (8 UC, 6 C), and 
16/30 said no (7 UC, 9 C). Of the 14 patients that said yes, 7/14 said they do so at least one time per 
week. No statistically significant association between forgetting to take medications and glucose control 
was identified. However, 3/11 (27%) of patients taking 0-1 diabetic medications forget to take them, 5/9 
(56%) of patients taking 2 diabetic medications forget to take them at times, and 6/10 (60%) patients 
taking 3+ medications forget to take them at times (Figures 3 and 4). This association was not evaluated 
with p values for statistical significance. 
 

Figure 3. 
 

 

.  Figure 4 

22/30 patients take their medications at the same time daily, and no association was identified with 
glucose control or number of medications. 27/30 patients do not stop taking their medications when 
they are feeling better, nor when they are feeling worse; no association with glucose control was 
identified. 16/30 patients (9 UC, 6 C) have met with a pharmacist regarding management of their 
medications; no association with glucose control was identified.  
9/29 (3 UC, 6 C) responding patients live alone, and no association with glucose control was identified 
based upon number of people in the home. 14/18 patients (7 UC, 7 C) responding reported living with 
family, and none of them get help with managing medications from their family members; no 
association with glucose control was identified. 



25/30 (83%; 12 UC, 13 C) patients report feeling confident in their ability to self-manage their disease 
and medications; no association between confidence and glucose control was identified. The 5 patients 
that did not feel confident reported issues of too many medications or complicated directions as their 
primary reason. 26/30 (12 UC, 14 C) patients reported feeling confident regarding knowing which foods 
to avoid to hyperglycemia; no association between confidence about one’s diet guidelines and glucose 
control was identified. 
11/30 (37%; 7 UC, 4 C) patients report feeling overwhelmed by managing their diabetes; no association 
with glucose control was identified. Of the overwhelmed patients, 10 responded; 5 reported stress as 
their primary reason for feeling overwhelmed, while 5 reported diet issues as their primary reason. 
6/30 (20%; 4 UC, 2 C) patients report feeling embarrassed about having diabetes; no association with 
glucose control was identified. Of those 6 patients, 2 (both UC) felt it was a barrier to controlling their 
diabetes. Of those 6 patients, 4 were taking 3+ medications, 1 was taking 2 medications, and 1 was 
taking 1 medication for their diabetes management. 
27/30 patients do not smoke; no association with glucose control was identified. 13/30 (43%; 7 UC, 6 C) 
patients have a high school diploma or lower level of education, while 17/30 (57%, 8 UC, 9 C) have some 
college education or more; no association with glucose control was identified with regard to education 
level. 
28/30 patients report that their physician has spoken to them about the long term effects of diabetes, 
and 28/30 patients also report feeling confident that they know the long term effects of diabetes; no 
association with glucose control was identified with either of these. 
22/28 responding patients (9 UC, 13 C) reported a goal hemoglobin A1c value, while the other 6 did not ( 
5 UC, 1 C; despite the gross association between glucose control and presence of a goal A1c, this was 
not statistically significant. Of the 22 patients reporting having a goal A1c, 19 had a specific numeric 
goal; all of these goals were at 8% of lower. 
15/30 patients got a 30+ minute workout 3 times a month or fewer (6 UC, 9 C), while the other 15/30 
patients got a 30+ minute workout at least once per week (9 UC, 6 C). Thought this grossly suggests an 
inverse association between frequency of workouts and glucose control, it was not statistically 
significant. 
Regarding access to healthy foods, 13/29 (45%; 7 UC, 6 C) responding patients reported having “no 
access,” “a little,” or “some” access, whereas 16/29 (55%; 8 UC, 8 C) patients reported having “a lot” of 
or “complete (no barriers)” access to obtaining healthy foods. No statistically significant association 
between reported access to healthy foods and glucose control was identified. 
19/29 (66%; 8 UC, 11C) responding patients report having a nutrition consult through their medical 
provider, while 10/29 (34%; 6 UC, 4 C) did not; no association with glucose control was identified. 
20/ 30 (67%; 11 UC, 9 C) patients had never participated in a Group Medical Appointment, whereas 
10/30 (33%; 4 UC, 6 C) patients had. No association between participation in a GMA and glucose control 
was identified. Of the 9 patients responding, only 1 patient reported being interested in participating in 
a GMA in the future. 
27/30 (90%; 14 UC, 13 C) patients had never been offered free or discounted hemoglobin A1c screening 
or surveillance lab services as outlined in the action plan of the SSM Health Community Health Needs 
Assessment; no association between utilization of this service and glucose control was identified. 
Additionally, 25/25 responding patients reported that they would utilize the free/discounted A1c 
services if they were offered to them. 
27/30 patients (90%; 12 UC, 15 C) had to be seen in the Emergency Department on 0-1 occasion in the 
past year, while 3/30 (10%; 3 UC) patients went to the E.D. 2 or more times (Figure 5). Increased E.D. 
visits was associated with poorer glucose control, however this association was not calculated to be 
statistically significant (p= 0.0966). 



Figure 5. 

20/30 (67%; 12 UC, 8 C) patients report checking their blood glucose at least once daily, whereas 10/30 
(33%; 3 UC, 7 C) patients do not. Frequency of blood sugar self-checks was not associated with glucose 
control. 
25/28 (89%; 10 UC, 15C) responding patients report examining their feet for diabetic changes at least 
once per week, while 3/28 (11%; 3 UC) examine their feet “rarely” or “never” (Figure 4). More frequent 
foot self-exams were associated with better glucose control, however this association was not 
calculated to be statistically significant (p= 0.0873). 

Figure 6. 

 



Conclusions: This study’s findings were predominantly not statistically significant, and some associations 
were limited by the small sample size.  This study found no difference in glucose control for differing 
insurance plans, frequency of PCP appointments, or frequency of A1c checks. 
The lone statistically significant finding was the increased likelihood of uncontrolled glucose with 
increased number of medications in their diabetic regimen. This likely is affected by the fact that 
patients with more significant disease or longstanding uncontrolled glucose require more aggressive 
treatment. 
However, this study did identify that patients taking more medications were more likely to forget to take 
their medications as well, although no statistical significance was found with regard to glucose control. 
Increased sample size would better assess this trend. Nonetheless, this finding may tell of the difficulty 
in self-managing more complicated regimens or regimens requiring 3+ medications. Though no 
significant association was found regarding glucose control and feeling overwhelmed with the regimen, 
5/10 patients taking 3+ medications did feel overwhelmed with their regimen. Further investigation 
regarding medication number and perception of patients’ treatment plans may be more telling. 
Despite the above findings, only 5/30 patients did not feel confident in managing their treatment plans. 
This conflicts with the fact that 11/30 patients felt overwhelmed by their regimens. This discrepancy 
may be due to the nature of the semantics of the question regarding feeling overwhelmed (“Do you ever 
feel overwhelmed..”), as the patients may have confidence in their ability to manage the plans in 
general, but still have occasional periods of feeling overwhelmed. Fine-tuning this question format may 
better assess this issue. 
There was a statistically insignificant association between increased number of ED visits in the past year 
and glucose control. The p value was 0.0996, thus no significant, however, this may be reflective of the 
small sample size. The 3 patients with 2+ ED visits had uncontrolled glucose. This finding could represent 
the effects of acute illness upon glycemic control. This finding also may reflect the severity or duration of 
disease, which would increase the chance of the patient having more significant sequelae of DM2. 
There was also a statistically insignificant association between frequency of a patient checking their feet, 
a common basic method of surveillance of DM2 changes, and glucose control. This p value was 0.0873, 
but may be limited by the small sample size. Nonetheless, this finding may inform the level of 
involvement and consistency of self-assessment of patients regarding their disease. This also may 
suggest that foot checks occurring at least once weekly has a benefit for these patients, possibly by 
increasing a patient’s cognizance of their management needs. 
Patients with uncontrolled glucose were also more likely to deny having other medical problems besides 
DM2, though clinically insignificant. This my speak to lower health literacy, as they may not consider 
issues like hypertension and hyperlipidemia ( the most common comorbidities)  to be abnormal or 
medical “problems.” 
Patients without a goal A1c to achieve in their DM2 treatment plans were more likely to have 
uncontrolled glucose (5/6 patients), though this was also statistically insignificant. This may also function 
similarly to foot checks, as patients without a goal may be less consistent with or cognizant of their self-
management plans. This may also reflect poor health literacy due to lack of understanding of the 
significance or consequences of A1c values. 
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Factors Affecting Glycemic 
Control in Type 2 Diabetic 

Adults in Jefferson County, IL
Nathan DeVenney

Study Format

• Observational, Population-based study via 32 question survey



Hypotheses

• Non‐physiologic factors like frequency of PCP visits, level of education,
feelings of being overwhelmed or embarrassed about their disease will be
associated with poorer glycemic control.

• Increased complexity of treatment plans will be associated with poorer
glycemic control.

• Surrogates for general self‐management of a patient’s DM2, such as ED
visits, foot checks, and forgetting to take medications, will be associated
with glycemic control.

Methods

• 32Q survey given to patients meeting the following criteria:

• 18+ y/o

• Documented Dx of Type 2 DM

• Documented HbA1c

• Competent medical decision‐maker

• GFR > 60

• No blood transfusions in the past 3 months



Methods

• Data gathered by P.I.:

• Age

• Insurance plan

• HbA1c values

• Time between PCP appointments

• Diabetic medication regimen

• Other chronic medical conditions

• Setting of interaction

Methods

• “Controlled:”

• Patients <45 y/o with HbA1c < 7.0

• Patients 45+ y/o with HbA1c < 8.0

• 32 Q survey filled out by the patients

• Data analysis



Results

• Basics: 15 controlled (C), 15 uncontrolled (UC)

• 18 F, 12 M

• 18 private or supplemental insurance, 5 medicare, 6 Medicaid

• No trend or statistical significance between time elapsed between A1c checks or PCP 
appointments and glucose control

Results: Medications

• Statistically significant
(p=0.0114) association between
number of diabetic medications
and glucose control. Controlled
glucose for:

• 9/11 (81%) patients taking 0‐1
medications

• 4/9  (44%) patients taking 2 
medications

• 2/10 (20%) patients taking 3+
medications

Glucose Control Status
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Results: Overwhelmed

• 11/30 patients felt overwhelmed by managing their DM2 (7 UC, 4 C)

• 19/30 did not feel overwhelmed (8 UC, 11 C)

• No association with glucose control

• Of the overwhelmed:

• 5/11 taking 0‐1 medications

• 1/11 taking 2 medications

• 5/11 taking 3+ medications

Results

• No association between glucose control and:

• Confidence in their ability to manage their medications

• 25/30 felt confident (12 UC, 13 C)

• Feeling embarrassed about having DM2

• 6/30 felt embarrassed (4 UC, 2 C)

• The 4 UC all taking 3+ Rxs



Results: Forgetting

• 16/30 patients never forget to take
their medications (7 UC, 9 C)

• 14/30 patients forget at times (8 UC,
6C)

• 7/14 forget 1+ times per week

• No statistical significant association with
glucose control

• However, trend of forgetting and
number of medications

• 3/11 (27%) pts taking 0‐1 Rxs, 5/9 (56%)
pts taking 2 Rxs, and 6/10 (60%)  patients
taking 3+ Rxs forget 

Results: ED visits

• No statistical significance (p =
0.0996) between glucose control
and number of ED visits in the
past year

• 27/30 patients had 0‐1 ED visits (12 
UC, 15 C)

• 3/30 had 2+ visits  all 3 UC



Results: Foot Checks

• No statistical significance (p =
0.0873) between glucose control
and frequency of foot self‐
examinations

• 25/28 responding patients examine 
their feet more than once per week 
(10 UC, 15 C)

• 3/3 patients that “rarely” or “never”
check their feet were uncontrolled

Results: Trends

• Neither with a statistically significant association with glucose control

• 22/28 patients had a goal A1c of 8% or less (9 UC, 13 C)

• 6/28 had no goal  5/6 were uncontrolled

• All 30 patients had multiple other chronic medical conditions requiring
medications

• 12 patients reported having no other medical problems

• 8/12 were uncontrolled



Results: Others

• No statistically significant association between glucose control and:

• Smoking status

• Level of education

• Workout frequency

• Frequency of home capillary blood glucose checks

• Taking medications at the same/different times each day

• Confidence in knowing which foods to avoid

• Receiving nutrition consults

• Speaking to a pharmacist about medication management

• Reported access to healthy foods

Limitations
• Sample size: 30 patients

• This may have resulted in some trends and weak associations to lack statistical significance

• Clinical setting: outpatient Family Medicine and Endocrinology

• Patients seeing an Endocrinologist may be more likely to have more severe disease or more 
Rxs

• Patients in FM setting may be more likely to have less severe disease or fewer Rxs

• Lacking patients in ED/inpatient setting may underrepresent “uncontrolled” demographic

• Survey format: the majority of the survey is subjective, thus answers are
influenced by the patients’ general and health literacy



Discussion

• Return to Hypotheses

• Non‐physiologic factors like PCP visit frequency, level of education, other demographic 
information, overwhelmed/embarrassed feelings had no association with glycemic 
control.

• Increased number of medications, thus treatment complexity was associated with
poorer glycemic control.

• ED visits and foot checks associated with glycemic control, though no statistical
significance.

Jefferson County Applications

• May benefit patients to have frequent, thorough evaluation of medication
compliance and reasons for non‐compliance, with emphasis on simplifiying
regimen.

• Emphasis on taking medications every day at the same time, without missing
doses

• Emphasizing basic self‐checks (ex. Foot exams) to form good habits in monitoring
changes in severity of disease

• PCP follow‐ups after ED visits addressing not only the acute condition, but also
their ability to manage their treatment plans

• Increase visibility of programs intended to help DM2 patients with glucose control

• Ex. Discount HbA1c screenings, discounted healthful foods at local marketplaces



Conclusions

• More research and more subjects will be required to identify reproducibility
of trends and associations found in this study

• Weighing treatment plan complexity may benefit patients’ glycemic control
by influencing better compliance.

• Patients that do more self‐monitoring are more likely to avoid poor
glycemic control.

• Non‐physiologic factors are important in empathizing with patients’
experience of their disease, but may not be useful in reflecting their chance
of poor glycemic control.

Conclusions

• More in depth evaluation of health literacy, as well as understanding of their
disease and management, may be better achieved with clarification of
survey questions.

• No patients reported lack of understanding or asked for help with questions

• Patient’s health literacy level may be screened effectively with asking about
their awareness of their chronic medical conditions.
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Jefferson County Glucose Control Survey 

*This page to be completed by surveyor*

Patient Age, insurance status, etc: 

Patient’s previous A1c values and dates: 

Avg time between A1c checks: 

Time between PCP appts: 

Pt’s diabetic medication regimen: 

Other chronic illnesses: 

Setting of patient interaction: (inpatient, outpatient, other) 

****Rest of survey to be completed by patient*** 



1. How often do you see your Primary Care doctor?
A. Every 2 weeks or less
B. Every month
C. Every 3 months
D. Every 6 months
E. Other (please write in)

2. Do you discuss how to best manage your diabetes at every visit with your
primary care doctor?
A. No B. Yes

3. a) Do you see any specialist doctors? (Ex. Cardiologist/ heart doctor,
Gastroenterologist/ stomach doctor, etc.)
A. No
B. Yes

b) ***If Yes, how often do you see them? (If No, proceed to #4)
A. Every month or less
B. Every 3 months
C. Every 6 months
D. Once a year or more

4. Do you smoke? If yes, please indicate how much.
A. No B. Yes   _____ packs per day

5. Have you ever been offered vouchers for cheaper A1c or blood sugar
testing?
A. No B. Yes



6. Would you utilize these vouchers if they were offered to you?
A. No B. Yes

7. Do you feel confident about your ability to manage your diabetes and
medications as directed by your doctor? (If No, please answer #8. If Yes,
proceed to #9)
A. No B. Yes

8. Which of the following contribute to your lack of confidence in managing
your diabetes and medications? (Can choose multiple answers)
A. Too many medications to keep organized
B. Directions for taking medications are complicated
C. Have not received adequate education from a medical professional

about diabetes management
D. Other (please explain briefly):

9. Do you have any other chronic illnesses besides diabetes?
A. No
B. Yes  Please list them.

10. What is your level of education?
A. Did not complete high school
B. High school diploma
C. Some college or Associate’s degree
D. Bachelor’s degree
E. Beyond Bachelor’s degree



11.  How many times have you been to the Emergency Room in the past year? 
A. 0 
B. 1 
C. 2-5 
D. 6 or more 

 
12.  Has your doctor talked to you about the long-term effects of diabetes?  

A. No    B. Yes 
 

13.  Are you confident that you know the long-term consequences of diabetes?  
A. No    B. Yes 

 

14. What is your goal in managing your diabetes? Please explain briefly. 

 
 
 
 
 
 

15. Do you have a goal A1c you are striving for? 

A. No 
B. Yes  Please indicate goal A1c here: _______ 

 

     16.  Do you ever feel overwhelmed by managing your diabetes?  

A. No 
B. Yes  Please explain briefly. 

 

 

 

 



17. a) Have you ever had a Group Medical Appointment with other diabetic
patients with medical providers to educate you on the disease and/or to 
discuss proper management of diabetes?  

A. No
B. Yes

**b) Would you be interested in participating in one? Why or why not?

18. Do you ever feel embarrassed about having diabetes?

A. No
B. Yes

**If Yes,  do you feel it is a barrier to having better control of your
health and/or A1c levels? (If No, proceed to #19)
A. No
B. Yes

19. a) Have you ever received phone calls from a physician’s office about
how to best manage your medications and/or the current status of your
diabetes?

A. No
B. Yes

**b) Do you think this kind of phone call would help you?
A. No
B. Yes



20. a) Do you feel confident about which foods you should avoid due to
your diabetes?

A. No B. Yes

b) On a scale of 1-5, how well do you follow the diet plans recommended
by your doctor? (1 = never follows plan, 5 = follows plan exactly)

1: Never –2: Occasionally—3: Sometimes—4: Usually—5: Exactly 

21. Do you get your A1c checked regularly?

A. No

B. Yes  How often? _____

22. Have you ever had a consultation with nutrition services?

A. No B. Yes

23. How much access do you have to obtaining healthy foods? On a scale of
1-5 (1 is no access, 5 is the most access).

1: No access—2: A little—3: Some—4: A lot –5: Complete (no barriers)

**Please explain briefly what barriers you may have to obtaining healthy 
foods. 

24. Have you ever talked with a pharmacist about how to properly take
your medications?

A. No B. Yes



 

25. Do you ever forget to take your medications?  

A. No 

B. Yes - About how many times per week? _____ 

 

 

26. Do you take your medications at the same times every day? 

A. No   B. Yes 

 

27. Do you stop taking any of your medications when you feel worse?  

A. No   B. Yes  

 

**Do you stop taking any of your medications when you feel better?   

A. No   B. Yes  

 

28. How often do you get a workout of 30+ minutes? 

A. Never     D. Most Days 

B. 1-3 times per month   E. Almost every day or Every day 

C. 1 time per week 

 

29. How often do you check your blood sugar? 

_____ times per day  OR  ______ times per week 

 

 



30. How often do you check on your feet?

A. Every day

B. Few times per week

C. Once a week

D. Rarely

E. Never

31. How many people live with you?

A. 0

B. 1

C. 2

D. 3 or more

32. **Please disregard this question if you chose “A” on question 31**

Do you get assistance with your medications from someone that lives with 
you? 

A. No B. Yes
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Abstract 
This retrospective cross-sectional study assessed 94 women aged 18-89 in rural healthcare clinics for 
Adverse Childhood Experiences (ACEs). ACEs have been associated in dose-responsive manners to over 
40 detrimental health outcomes, one being increased risk of adolescent pregnancy. ACEs were 
measured through a voluntary survey and scored from 0-10 based on participant experiences of the 
following ten categories: physical, verbal and sexual abuse; physical and emotional neglect; a family 
member who abused alcohol or other drugs, who was depressed or mentally ill, or was in prison; 
witnessing a mother being abused, and loss of a parent through separation or divorce. The ACE score 
was then compared to an individual’s pregnancy history. Adolescent pregnancy occurred in 14%, 22%, 
25%, 33%, 11%, 33%, 33%, 50%, and 100% of those with 0, 1, 2, 3, 4, 5, 6, 7, and 9 ACEs respectively. 
Wilcoxon two-sample test resulted ACE scores of women without adolescent pregnancy at 1.5 (range 0-
7, median 1) compared to women with adolescent pregnancy at 2.5 (range 0-9, median 2) (p=0.101). 
Chi-square test showed 13.5% of women with ACE = 0 experienced adolescent pregnancy, while 26.3% 
of women with ACE ≥ 1 experienced adolescent pregnancy (p=0.138). Of the ten ACEs, sexual abuse was 
significantly correlated to increased risk of having multiple adolescent pregnancies (p=0.028), while 
other ACEs showed no statistical significance. While this study reproduced trends of previous research, 
only sexual abuse resulted statistical significance with regards to adolescent pregnancy, suggesting a 
strong correlation between history of sexual abuse and adolescent pregnancy given this study’s sample 
size. 

Hypothesis 
Increased ACEs score is associated with increased incidence of adolescent pregnancy in a dose-response 
relationship.3 Based on a previous study, I predict that sexual and/or physical abuse will be more 
contributory to incidence of adolescent pregnancy than emotional abuse or neglect.6 

Background 
Adverse childhood experiences (ACEs) describe different forms of childhood abuse and have been 
correlated to major causes of morbidity and mortality in the USA.1,2 Measuring ACEs allows physicians to 
assess the impact of family dynamics, socioeconomic status, and environmental stress on overall health. 
ACEs encompass: verbal, physical, and emotional abuse; physical and emotional neglect; and witness to 
violence, divorce, substance use, mental illness, and crime within the household. Physicians can 
measure a patient’s ACEs through a 10-question survey in healthcare clinics and assign a score based on 
the participant’s responses. Higher ACE-scores reflect a greater tendency of adopting health-risk 
behaviors, namely smoking, physical inactivity, alcoholism, depressed mood, suicide attempts, severe 
obesity (BMI > 35), any drug abuse/IV drug abuse, high lifetime number of sexual partners, and history 
of sexually transmitted infection/disease. As a result of these behaviors, ACE scores have been 
correlated in a dose-response relationship to development of diseases such as ischemic heart disease, 
cancers of any kind, chronic bronchitis/emphysema, history of hepatitis and/or jaundice, and skeletal 
fractures as well as adolescent pregnancy1,2,3 (Fig. 1).  

Knowledge of patient’s ACEs and childhood trauma can help physicians develop comprehensive 
treatment plans involving family dynamics, community support, and preventative strategies.5,7 While 
many ACEs studies have been performed on large state-wide scales, there has been no investigation of 
ACEs and their correlation to health outcomes in rural communities, particularly regarding adolescent 
pregnancy. 



Study Methods 
This was a retrospective study. Subjects were recruited if they met the following criteria: female, older 
than age 18, and spent a majority of their childhood in rural Illinois, or women who currently reside in 
rural Illinois who seek medical services in rural Illinois. Experiencing adolescent pregnancy was not an 
exclusion criterion. Subjects were volunteers and not compensated monetarily for their time. 

We used a survey to determine ACEs scores (Appendix A). The survey was primarily distributed to 
patients at their regularly scheduled office visits at the obstetrical/gynecological clinic. A minority of 
patients were surveyed in a family clinic, and 2 participants completed a survey at an outpatient 
psychiatry clinic. These three clinics were on the same health campus in the same or adjacent buildings. 
Each participant signed informed consent (Appendix B) and completed the survey within their exam 
room. Each participant received a blank, sealable envelope in which to place their completed survey to 
return to the PI or to a clinic staff member. However, most participants simply folded the survey and 
returned it. This process ensured the anonymity of participants. 

Statistical analysis aimed to answer the following questions: (1) Does a rural community follow the trend 
of previous research, correlating increased ACEs score to incidence of adolescent pregnancy—defined as 
pregnancy before age 18—in a dose-response relationship? (2) Sub-analysis: does experience of sexual 
or physical abuse correlate to higher adolescent pregnancy incidence than ACEs of emotional abuse or 
neglect? (3) Sub-analysis: which ACE category correlated most closely to incidence of teenage 
pregnancy?  

The outcome variable was defined adolescent pregnancy, while the independent variable was the ACEs 
score. Analysis used Wilcoxon t-test and chi-square analysis to determine significance of correlations. 
We reported most values as percentages. 

Mitigating Risk and Contingency Plan 
The most serious risks of completing our survey were experiencing emotional distress, PTSD reactions, 
suicidal thoughts, developing a suicidal plan, and/or making suicidal gestures. Participants and clinic 
staff were given a Mental Health Resources sheet before administration of the survey (Appendix C). The 
Mental Health Resources sheet included:  

1. Strong encouragement to the participant to let the provider, clinical staff, and PI know if the
participant experiences emotional distress, PTSD reactions, suicidal thoughts or worsening of
suicidal thoughts, suicidal ideation, and/or making suicidal gestures.

2. Directions to clinical staff to observe participants closely before and after administration of
survey and to keep patients in the clinic if it is suspected to be unsafe for the patient to return
home. This may include inpatient hospitalization in the most severe cases.

3. Contact information of mental health resources in the area.
4. Directions to contact the PI Catherine Jimenez at 719-859-1034 should any participant or clinical

staff member experience any of the above negative emotional reactions.
5. Directions to clinical staff to encourage, to assist and to verify patient has scheduled outpatient

follow-up with a mental health provider if any distress occurs during participation in the study.
6. Directions to clinical staff to contact mental health provider for their own health if they should

sustain emotional distress or suicidal thoughts by witnessing trauma of a participant.
7. Each incident would be reported by the PI to the IRB.

Results 
Population and Demographics 
Total study number was 94. Average age in years was 38.7 ± 17.3 (median 32, range 18-89). Self-
identification of patient race included: white/Caucasian 88.4%, black/African American 9.3%, 



Hispanic/Latino 2.3%. Population marital status at time of survey included: single 30.0%, married 51.0%, 
divorced 12.1%, and widowed 7.7%. Most patients claimed to have spent a majority of their childhood in 
a rural location (78%), while a minority grew up in an urban area (22%). 

Binary ACE Score of Population 
ACE = 0: 39.4% (37/94)   
ACE ≥ 1: 60.6% (57/94)   

Incidence of Individual ACE Category within Population 
Percentage of the population who reported experiencing each individual ACE were as follows: verbal 
abuse 19.2%, physical abuse 13.8%, sexual abuse 16.0%, emotional neglect 18.1%, physical neglect 
5.3%, divorced or separated parents 40.4%, witnessed violence to mother 11.7%, family member who 
used illicit drugs or alcohol 24.5%, family member with mental illness or attempted suicide 19.2%, and 
family member who was in prison 4.3%. (Fig. 2) 

Incidence of Adolescent Pregnancy  
Total number of participants reporting adolescent pregnancies were 20 (21.3%). Five women reported 
having more than one adolescent pregnancy (5.3%). ACE score of women with the experience of 
adolescent pregnancy was 2.5 (median 2, range 0-9). ACE score of women without adolescent pregnancy 
was 1.5 (median 1, range 0-7). The difference in ACE score between women with and without 
adolescent pregnancy was not found to be statistically significant in this study’s population (p = 0.101). 

Incidence of adolescent pregnancy was 13.5% for women with ACE score of 0 and 26.3% for women 
with ACE score ≥ 1. The difference between these two groups was not found to be statistically significant 
(p = 0.1384).  

Childhood location between rural and urban environments was not found to have statistically significant 
difference (p = 0.7599). Women raised in a rural area had 20.6% incidence of adolescent pregnancy, 
while women raised in an urban area had 25.0% incidence of adolescent pregnancy.  

Relationship of Adolescent Pregnancy to ACEs 
Adolescent pregnancy occurred in 14%, 22%, 25%, 33%, 11%, 33%, 33%, 50%, and 100% of those with 0, 
1, 2, 3, 4, 5, 6, 7, and 9 ACEs respectively, although the trend was not statistically significant (p = 0.101) 
(Fig. 3). Of the ten ACEs, sexual abuse was significantly correlated to increased risk of having multiple 
adolescent pregnancies (p = 0.028), while other ACEs showed no statistical significance. Table 1 shows 
correlation of ACEs to incidence of adolescent pregnancy. Table 2 shows correlation of ACEs to having 
multiple adolescent pregnancies. 

Discussion 
The statistically significant correlation (p = 0.028) between childhood sexual abuse and multiple 
adolescent pregnancies suggests sexual abuse is a significant risk factor for experiencing one or more 
adolescent pregnancies. This finding corroborated findings in previous research, although the causal 
effect remains to be investigated.5 For every ACE question answered “yes” excluding mental illness, 
subjects were at an increased percentage risk for having ≥1 adolescent pregnancies, although results did 
not reach statistical significance except for aforementioned sexual abuse (Table 1, Table 2). Mental 
illness trended inversely to adolescent pregnancy. Reasons for this trend may be due to negative 
emotions associated with mental illnesses or depressed family cultures perceived as normal and 
consequently underreporting of mental illness within families. However, this trend could be valid if 
individuals with mental illness are less likely to engage in sexual intercourse or have children for a 



variety of reasons. However, these are speculations; and further investigation is needed since no other 
studies were found supporting these results.  

Total ACE score and incidence of adolescent pregnancy trended in a dose-responsive manner similar to 
that observed in much larger studies, but did not reach statistical significance. Figure 4 represents the 
comparison of the larger studies showing ACE scores correlating to incidence of adolescent pregnancy in 
a dose-responsive manner to this smaller study in a rural community. The two studies are similar in 
patient demographics with regards to race and marital status. The studies were very different regarding 
sample size, time taken to collect data, and length of survey. The previously published research had 
much more extensive surveys, longer time of data collection, and a much larger sample size on the order 
of thousands.  

No difference was observed in rate of adolescent pregnancy reported between women raised in rural 
versus urban environments, suggesting ACEs affect health outcomes similarly in both populations. A 
larger study with greater sample size is recommended in order to investigate if living in a rural or urban 
area affects incidence of adolescent pregnancy. 

Sample Characteristics, Limitations, and Bias 
The sample drawn from the population was limited by the cross-sectional study design since data was 
collected over a relatively short period of time (approximately 3 months). The sample was restricted to 
women seeking health care at following clinics: obstetrics and gynecology (majority of participants), 
family (minority), and psychiatry (2 participants). The sample is biased towards women who may have 
had or currently had pregnancies and women who are informed and have the resources to access 
healthcare. Those unintentionally excluded from the study were women who were acutely ill and not 
feeling well enough to answer survey, women with a history of anxiety/depression or currently 
anxious/depressed and unwilling to answer the survey, and non-native English speakers. Although the 
survey was available in Spanish, Spanish was not a common language of our population; and use of a 
virtual translator was not feasible as time of clinic visits and rooms with which to keep patients were 
limited.   

Conclusions  
Childhood sexual abuse was positively correlated with increased risk of having multiple adolescent 
pregnancies. Total ACE score reflected a dose-dependent trend with regards to adolescent pregnancy 
though not to a level statistically significant. Sample size and bias may have led to discrepancy observed 
with ACE scores 4-6 as compared with previous research. Having even one ACE may increase an 
individual’s risk for experiencing adolescent pregnancy but not to a statistically significant level in this 
study. Further investigation is warranted in order to collect more data of this population over time to 
better characterize rural populations. 
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Figures and Tables 

Fig. 1. Potential influences on overall health. Graph shows relationship between 
adverse childhood experiences (ACEs) and health risk behaviors. Preventing ACEs 
may lead to more favorable health outcomes in future generations. Reprinted 
from CDC.1,3



Fig. 2. Percentage of population who experienced each categorical adverse childhood experience 
(ACE). The most common ACE was experiencing a parental divorce/separation, while having a family 
member go to prison and being physically neglected were among the least common ACEs. 

Fig. 3. Adolescent pregnancy rate increased as ACE score increased.  Trend shows a dose-responsive 
relationship (p = 0.101).  N = 94: total number of participants reporting given ACE score. 





Fig. 4. Comparison of this study in rural populations over a 3-month period versus larger study 
collected over several years. Note the difference in sample size between the two studies. Also notice 
the 8 categories in the larger study versus 10 in this smaller study. Physical and emotional neglect 
were not included as ACEs in the larger study.4
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FIG. 1. 
Potential influences on 
overall health. Graph 
shows relationship 
between adverse childhood 
experiences (ACEs) and 
health risk behaviors. 
Preventing ACEs may lead 
to more favorable health 
outcomes in future 
generations. Reprinted from 
CDC.

DEATH & DISEASE

Dose-response relationship found between no. of childhood exposures and 
following diseases:

 Ischemic heart disease

 Cancer (Any)

 Chronic bronchitis/Emphysema

 History of hepatitis/jaundice

 Skeletal fractures

 Poor self-rated health



HEALTH-RISK BEHAVIORS

 Smoking

 Severe obesity BMI > 35

 Physical inactivity

 Depressed mood

 Suicide attempts

 Alcoholism

 Any drug abuse/IV drug abuse

 High lifetime no. sexual partners

 History of STI/STD

ADVERSE CHILDHOOD EXPERIENCES -
ACES

I. Abuse

 Verbal

 Emotional

 Physical

II. Neglect

 Emotional

 Physical

III. Household Dysfunction

 Parents separated/divorced

 Witnessing violence to mother

 Illicit drug/alcohol use/abuse

 Mental illness

 Prison



ADOLESCENT PREGNANCY ?

16
21

26
29

32

40
43

53

0 1 2 3 4 5 6 7-8

%
 A

d
o

le
sc

en
t 

P
re

gn
an

ci
es

ACEs Score

3101 2227 1410 945 661 400 212 132n = 9088 

Fig. 2.  Adolescent pregnancy rate increased as ACE score increased.  Trend shows a dose-
responsive relationship (p <0.000001).  N = 9088: total number of participants reporting given 
ACE score.  Data graphed from Hillis et al 2004.

Dose-Dependent Response of Adolescent Pregnancies based on ACEs score



H Y P O T H E S I S
Increased aces score is associated with increased 
incidence of adolescent pregnancy in a dose-response 
relationship in a rural community.

Sexual and/or physical abuse will be more contributory 
to incidence of adolescent pregnancy than emotional 
abuse or neglect.

METHODS

 Cross-sectional study

 Short, 12-question paper survey

Women >18-years-old at regularly scheduled clinic visits

 Statistical analysis:

Wilcoxon Two-Sample test

 Chi-square analysis

 Determine whether total ACE score or any ACE category significantly
correlated to adolescent pregnancy



SAMPLE BIAS/LIMITATIONS

 Cross-sectional study

 Restricted to women seeking health care at following clinics:

 Ob/Gyn (majority)

 Family (minority)

 Psychiatry (2)

 Excluded:

 Sick (not well enough to answer survey)

 History of anxiety/depression, or currently anxious/depressed

 Non-native English speakers

 Women without access to healthcare

R E S U LT S



POPULATION DEMOGRAPHICS

N = 94

Age (yrs):  38.7 ± 17.3
(median 32, range 18-89)

 Race % (n):

White 88.4 (76)

Af. Am 9.3 (8)

Hispanic/Latino 2.3 (2)

Marital status (%):

 Single 30.0

Married 51.0

Divorced 12.1

Widowed 7.7

Childhood location (%):

 Rural — 78

Urban — 22

WHO EXPERIENCED ACES?

ACE = 0
39.4% 
(37/94)  

ACE ≥ 1
60.6% 
(57/94)  
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Population % Reporting ACE by Category

WHO 
EXPERIENCED 
ADOLESCENT 
PREGNANCY?

Total w/ adolescent pregnancies: 20 (21.3%)
>1 adolescent pregnancies: 5 (5.3%)

ACEs score of women (p = 0.101): 
 (+) adolescent pregnancy: 2.5, median 2, range 0-9
 (−) adolescent pregnancy: 1.5, median 1, range 0-7

Incidence of adolescent pregnancy (p = 0.1384):
 ACE = 0:  13.5% (5/37)
 ACE ≥ 1:  26.3% (15/47)

Adolescent pregnancy location (p = 0.7599)
 Rural:  20.6 % (15/63)
 Urban:  25.0% (5/20)
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Fig. 3.  Adolescent pregnancy rate increased as ACE score increased.  Trend shows a dose-
responsive relationship (p = 0.101).  N = 94: total number of participants reporting given ACE 
score.

Table 1.  ACEs and Risk of Adolescent Pregnancy

ACE Category
% Adolescent 
Pregnancy (n)

P

Verbal abuse
Yes 38.9 (7/18) 0.056
No 17.1 (13/76)

Physical abuse
Yes 38.5 (5/13) 0.141
No 18.5 (15/81)

Sexual abuse
Yes 33.3 (5/15) 0.299
No 19.0 (15/79)

Emotional neglect
Yes 29.4 (5/17) 0.348
No 19.5 (15/77)

Physical neglect
Yes 40.0 (2/5) 0.287
No 20.2 (18/89)



Table 1.  ACEs and Risk of Adolescent Pregnancy 
(continued…)
Divorced/separated parents

Yes 29.0 (11/38) 0.199
No 16.1 (9/56)

Witnessed violence to mother

Yes 27.3 (3/11) 0.696
No 20.5 (17/83)

Drugs
Yes 30.4 (7/23) 0.247
No 18.3 (13/71)

Mental illness
Yes 16.7 (3/18) 0.755
No 22.4 (17/76)

Prison
Yes 50.0 (2/4) 0.18
No 20.0 (18/90)

* No statistical significance found between individual ACE categories and risk of adolescent pregnancy.

Table 2.  ACEs and Risk of > 1 Adolescent  Pregnancy

ACE Category
% Adolescent Pregnancy >1 

(n)
P

Verbal abuse
Yes 11.1 (2/18) 0.243
No 4.0 (3/76)

Physical abuse
Yes 15.4 (2/13) 0.139
No 3.7 (3/81)

Sexual abuse
Yes 20.0 (3/15) 0.028
No 2.5 (2/79)

Emotional neglect
Yes 5.9 (1/17) 1
No 5.2 (4/77)

Physical neglect
Yes 20.0 (1/5) 0.244
No 4.5 (4/89)



Table 2.  ACEs and Risk of > 1 Adolescent  Pregnancy 
(continued…)

ACE Category
% Adolescent Pregnancy >1 

(n)
P

Divorced/separated parents
Yes 10.5 (4/38) 0.154
No 1.8 (1/56)

Witnessed violence to mother
Yes 9.1 (1/11) 0.471
No 4.8 (4/83)

Drugs
Yes 13.0 (3/23) 0.092
No 2.8 (2/71)

Mental illness
Yes 0.0 (0/18) 0.579
No 6.6 (5/76)

Prison
Yes 0.0 (0/4) 1
No 5.6 (5/89)

* Statistical
significance
found between
sexual abuse
and risk of
multiple
adolescent
pregnancies.

C O N C L U S I O N S
1. Childhood sexual abuse & multiple adolescent pregnancies: p <0.05

Sexual abuse
Yes 20.0 (3/15) 0.028
No 2.5 (2/79)



2. Total ACE score & adolescent

pregnancy: dose-dependent trend,

although p = 0.101.

 Did not fully reproduce previous

research results (p < 0.000001)

 Population comparison

 Differences:

 Sample size

 Categories (neglect)

 Survey length/details

 Time/Resources

3. Having even one ace may increase an individual’s risk for
experiencing adolescent pregnancy but not to statistically
significant levels in this study.

Incidence of adolescent pregnancy (p = 0.1384):
 ACE = 0:  13.5% (5/37)
 ACE ≥ 1:  26.3% (15/47)
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MENTAL HEALTH RESOURCES 
FOR RESEARCH PARTICIPANTS AND CLINIC STAFF AT SURVEY LOCATIONS 

The research team understands volunteering for this research study—Adverse Childhood Events and 
Adolescent Pregnancy in Rural Communities—can cause participants and witnesses such as clinic staff 
to have negative emotional reactions. If this happens to you, we provide information here on what we 
will do to help. 

The most serious risks of completing our survey are experiencing emotional distress, PTSD reactions, 
suicidal thoughts, developing a suicidal plan, and/or making suicidal gestures. Please let your 
provider in the clinic know IMMEDIATELY if you experience any of these, especially suicidal thoughts 
or worsening of suicidal thoughts. Clinical staff may keep you in the clinic until we feel it is safe for you 
to return home or, in the most severe case, keep you until we can place you in a safe environment as a 
hospital inpatient.   

If any emotional distress occurs, our clinic staff will assist you in scheduling an outpatient visit with one 
of the providers listed. If clinical staff members should experience negative emotional reactions and/or 
suicidal thoughts, they should also inform another staff member and the PI immediately. Adversely 
affected clinical staff members will follow the same procedure for monitoring and follow-up as 
adversely affected participants. 

Behavioral Health Psychiatry Clinic 
7:30 AM-5:00 PM 

(309) 836-1582

North Central Behavioral 
8:30 AM-5:00 PM 

(309) 833-2191

Dr. Sarwar—Psychiatrist 
(309) 836-6400

Hope Counseling Services 
(309) 421-0634

Mental Wellness Psychologist 
(309) 928-7023 

Cell: (217) 779-6063 

24-hour Access Line
(309) 833-4101

In Emergent Cases: 
9-1-1

In all cases of emotional distress, regardless of severity, the PI Catherine Jimenez should be contacted 
at (719) 859-1034. 

Thank you for choosing to participate in this research study. We believe this study will provide future 
benefit to your care, and we will take the steps necessary to decrease risks and to prevent further 
emotional distress as best as we can. 



Demographic Information 
*** Please do NOT write your name anywhere on this form! *** 

Age:  
Sex (circle one):  M F Other: __________  
Race (optional) :  
Ethnicity (optional, circle one) :  Hispanic/Latino Not Hispanic/Latino 
Marital Status (optional, circle one):   Single Married Widowed Divorced 

Where did you grow up during the majority of your first 18 years of life?  

___________________________________________________________________ 
City     State   Country 

When did you move to this area of Illinois? _______________ (mm/yyyy) 

Adverse Childhood Experience (ACE) Questionnaire 

While you were growing up, during your first 18 years of life:  

1. Did a parent or other adult in the household often …
Swear at you, insult you, put you down, or humiliate you?    
- OR-
Act in a way that made you afraid that you might be physically hurt?     Yes      No

2. Did a parent or other adult in the household often …
Push, grab, slap, or throw something at you? 
-OR-
Ever hit you so hard that you had marks or were injured?     Yes      No

3. Did an adult or person at least 5 years older than you ever…
Touch or fondle you or have you touch their body in a sexual way?    
-OR-
Try to or actually have oral, anal, or vaginal sex with you?     Yes      No

4. Did you often feel that …
No one in your family loved you or thought you were important or special?   
-OR-
Your family didn’t look out for each other, feel close to each other,
or support each other?     Yes      No



5. Did you often feel that …
You didn’t have enough to eat, had to wear dirty clothes, and had no one to protect 
you?     
-OR-
Your parents were too drunk or high to take care of you or take you to the doctor if you
needed it?     Yes      No

6. Were your parents ever separated or divorced?     Yes      No

7. Was your mother or stepmother:
Often pushed, grabbed, slapped, or had something thrown at her?  
-OR-
Sometimes or often kicked, bitten, hit with a fist, or hit with something hard?
-OR-
Ever repeatedly hit over at least a few minutes or threatened with a
gun or knife?     Yes      No

8. Did you live with anyone who was a problem drinker or alcoholic or who used
street drugs?     Yes      No

9. Was a household member depressed or mentally ill or did a household member attempt
suicide?     Yes      No

10. Did a household member go to prison?     Yes      No

Assessment of Pregnancy History 

11. Did you ever become pregnant during your first 18 years of life?     Yes      No
If yes, how many times were you pregnant during your first 18 years of life? ________ 
If yes, what was the outcome of your first pregnancy?  Child is living 

Stillbirth/Miscarriage 
Tubal/Ectopic Pregnancy 
Elective abortion 
Other: ______________ 

If pregnant more than one time during first 18 years of life, please list age(s) and 
outcome(s) of each pregnancy here. 

______________________________________________________________________ 

______________________________________________________________________ 



12. Have you ever been pregnant when you were older than 18?     Yes      No
If yes, how many times were you pregnant when older than 18? ________ 
If yes, what was the outcome of the first pregnancy after age 18?  

Child is living 
Stillbirth/Miscarriage 
Tubal/Ectopic Pregnancy 
Elective abortion 
Other: ______________ 

If pregnant more than one time after age 18, please list age(s) and outcome(s) of each 
pregnancy here. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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RESEARCH SUBJECT INFORMED CONSENT FORM 

Protocol Title:  Adverse Childhood Experiences (ACEs) and adolescent 
pregnancy in rural communities 

Investigators: Catherine Jimenez BS, Craig Griebel MD 
815 N Main St, Peoria, IL 
(719) 859-1034 (cell) -or- 309-672-5908

Emergency Contacts:  Behavioral Health Psychiatry Clinic 
7:30 AM-5:00 PM: (309) 836-1582 
-or-   24-hour Access line : 309-833-4101
-or-   Call 9-1-1

Dear Survey Participant, 

You are being asked to complete a short survey about Adverse Childhood Experiences 
and pregnancy as part of a research project. The goal of this study is to characterize the 
population in this community to better serve your healthcare needs.  

Your completion of the survey is voluntary, meaning you can choose whether or not to 
participate. If you refuse to participate, it will not influence your present or future care. 
Your signature on this form is voluntary and does not waive any of your legal rights or 
make any institutions or persons involved in this research any less responsible for your 
well-being.  You are free to refuse to participate or to withdraw from the study at any time 
without penalty or loss of benefits to which you would otherwise be entitled.   

This survey has 12 questions and will take about 10 minutes of your time to complete. 
If you decide to participate, after reading and signing this consent form, you will be given 
the survey. After completion, please seal the survey in the provided envelope and return 
to clinic staff. A mental health resources sheet and signed copy of the informed consent 
will be given to you to keep.  

Research Purpose: The purpose of this study is to measure Adverse Childhood 
Experiences (ACEs) of approximately 100 women over age 18 who seek clinical care in 
rural Illinois counties. We are investigating if ACEs during childhood are associated 
with having a teenage pregnancy. ACEs include emotional and physical neglect; 
emotional, verbal, and sexual abuse; and household dysfunction. You are eligible for this 
study regardless if you were ever pregnant as a teenager and regardless of your ACEs 
score.  

Risks: Upon completion of the survey, you may experience some of the risks below: 
• Likely: no or minimal emotional distress.
• Less likely: discomfort, shock, or emotional distress related to the awareness of

ACEs.
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• Rare, but serious: increased symptoms of post-traumatic stress disorder (PTSD),
thoughts of suicide, and/or feelings of sadness and guilt.

Please call the investigators, your regular physician, or the emergency contact numbers 
provided on this form when you think you are having problems, even if they are not 
included on the above list. Medical and counseling services as well as clinic and/or 
hospital observation will be available to you if needed. 

Benefits: There may be no direct benefit to you if you decide to participate in this 
research.  However, the participant’s knowledge of ACEs may allow for an increased 
awareness of social determinants of health in rural Illinois communities. 

Protected Health Information (PHI) collected on this survey will be kept confidential to 
the extent permitted by law. PHI in this study includes: your age, sex, race/ethnicity, 
location (city, state), information pertaining to drug and alcohol abuse, diagnosis or 
treatment of family members, and information pertaining to mental health diagnosis or 
treatment of family members.  

This PHI is needed to conduct meaningful research and data analysis and will not be 
connected to your name or signed consent form in any way. The investigators and data 
analyst will use your PHI to determine your eligibility for the study and to report results as 
a group. No results will contain any information from which you could be identified. No 
names or results of an individual subject will be displayed.   

It is possible the federal government, Peoria Institutional Review Board, and the Office of 
Human Research Oversight may become aware of your participation in the study and 
require copies of research records. However, data saved electronically will be de-
identified and will not contain any information by which you are able to be identified.  All 
surveys and consent forms will be kept in a confidential research repository and disposed 
of in HIPAA compliant manner 6 years after closure of the study. 

You have the right to refuse to sign this HIPAA Authorization. You have the right to revoke 
the authorization but you must do so in writing to the address of the investigator on 
page 1 of this form. The clinic cannot require you to sign the authorization in order to 
receive treatment or payment or to enroll or be eligible for benefits. Information you 
disclose pursuant to the authorization may be redisclosed by the recipient and no longer 
protected by the federal privacy regulations. This authorization will expire when the study 
expires on 11/8/2018. 

You may contact the investigators at the phone numbers listed above with any questions 
about this research. Concerning your rights as a research subject, you may also contact 
the Peoria Institutional Review Board by calling (309) 680-8630. 

The results of this research will be presented by Catherine Jimenez during UICOMP’s 
Research Day in April 2018. 



3 
Version 12/29/2017 

When you sign this form, you are agreeing to take part in this research study. This means that you 
have read the consent form, your questions have been answered, and you have decided to 
volunteer.  Your signature also means that you are permitting this institution to use your personal 
health information collected about you for research purposes. You are also allowing this institution 
to disclose that personal health information to outside organizations or people involved with the 
operations of this study. 

Signature Block for Capable Adult:  I have read this document or it was read to me. I have been 
encouraged to ask questions and all my questions were answered.  I agree to take part in this 
research study. 

_______________________________       
Printed Name of Research Participant    

________________________________ 
Signature of Research Participant       

______________________ 
Date 
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Project Title: Prevalence and Correlates of Hypertension: A Cross-Sectional Study Among Rural 

Populations in Central Illinois 

Abstract: This study aims to create a comparative analysis of hypertension among similar per capita 

populations of differing geographic distributions in rural central Illinois compared to a similar study of Sub-

Saharan African populations published in 2010. The hypothesis is that the prevalence of hypertension will be 

more significantly affected by dietary habits, smoking status, and work-related physical activity than 

geographic location. Subjects were asked to fill out standardized questionnaires pertaining work-related 

physical activity, socio-demographic characteristics, and food frequency. Anthropometric and blood pressure 

measurements were conducted by health-care professionals on site at St. Margaret’s Hospital affiliated 

clinics and accessed from the medical record. Smoking status, alcohol intake, and caffeine use were also 

assessed from the medical record. Physical activity was assessed with the Global Physical Activity 

Questionnaire (GPAQ) developed by the World Health Organization (WHO) and food frequency was assessed 

by the National Cancer Institute (NCI) Food Frequency Questionnaire (FFQ). 

Introduction: Heart disease, particularly hypertension, remains the number one cause of morbidity and 

mortality in the United States. Coupled with their comorbidities, patients may rapidly deteriorate in quality of 

life and become unable to address their underlying disease with lifestyle changes along. Disproportionate 

numbers of the disease burden falls on rural or impoverished areas as demonstrated by other studies 

assessing the prevalence of hypertension.1,2 This study is designed on parameters of the Framingham Heart 

Study3 and a similar study published in 2010 addressing rural populations in Sub-Saharan Africa.4 We focus 

on correlations between hypertension and lifestyle factors of food intake, physical activity, and 

socioeconomic status.5,6 

Methods: An 8-page survey was assembled combining the WHO GPAQ, NCI FFQ, and a standardized 

questionnaire for assessing socioeconomic status. Questionnaires were provided to patients at the office and 

filled out progressively through the visit to ensure ample time for completion. Anthropomorphic 
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measurements, blood pressure, and smoking status, and caffeine consumption were assessed from the 

medical records. Patients with previous chief concerns for hypertension being treated with anti-hypertensive 

medications were excluded from the data set. The three main populations being studied are Spring Valley, 

LaSalle, and Peru. 

Results: While data collection is expected to continue to the end of the Community Last experience in 

Spring Valley (June 11th, 2018), the results are slated to be compared with the 2010 Sub-Saharan Africa 

paper. In summary, for a comparable cohort, a total of 200-250 patients should be recruited within the 

region. If populations were comparable, we should expect to see between 22%-34% normal blood pressure, 

with the rest of the population ranging from pre-hypertension comprising about a third of the cohort and a 

spectrum of various stages of hypertension. Risk factors that will be compared most significantly will be age, 

BMI, physical activity, and consumption of fruits and vegetables. TV ownership was discounted between this 

study and the 2010 study because of the near perfect presence of television sets in the country, thus 

assumed to be statistically insignificant. 

Conclusions: Questionnaires have been distributed to clinics covering Family Medicine and Ob/Gyn offices 

covering patients from areas served by the St. Margaret’s Hospital system. Data collection is expected to 

continue until the end of the RSPP program for preliminary analysis by nutritional epidemiology statistical 

software provided by the NCI. Data may continue to be collected until early 2019 for sample significance. 
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Introduction
• Heart disease remains the #1 cause of morbidity and

mortality in the United States

• Coupled with comorbidities, patients are unable to cope with
underlying disease with lifestyle changes alone

• Disease burden falls heavily on rural and impoverished
areas

• Our study is based off of the Framingham Heart Study design
and a similar study published in 2010 examining populations in
rural Sub-Saharan Africa

Introduction

• We focus on correlations between hypertension and:

• Food intake

• Physical activity

• Socioeconomic status

• Body habitus

• Social habits



Hypothesis

Prevalence of hypertension 
will be more significantly 
affected by dietary habits, 
smoking status, and work-
related physical activity
than geographic location

Methods
• 8 page survey combining:

• World Health Organization
(WHO) Global Physical Activity
Questionnaire (GPAQ)

• National Cancer Institute (NCI)
Food Frequency Questionnaire
(FFQ)

• Standardized socioeconomic
status questionnaire

• Anthropomorphic measurements
and social habits accessed
through medical records



Study Setting

Spring Valley, Illinois:

• Population: 5,558

• Median income: $48,775;      ♂
$56,775, ♀ $12,303

• 6% poverty; 9% children and
12% elderly below poverty line

Study Setting

LaSalle and Peru, Illinois:

• Population: 9,328 and 9,893

• Median income: $47,870;      ♂
$39,722, ♀ $21,961

• 11% poverty; 13% children
and 5% elderly below line



Data Collection Update
• Average Yield: 10 patients per week (~12.5%)

• Exclusively Family Medicine Office

• Completion Rate: 98%

• Respondents mostly 40-59 years old

• Respondents mostly male

• Remediation: Introduction to Ob/Gyn Office

Results Comparison



Results Comparison

Results Comparison



Results Comparison

Results Comparison



Results Comparison

Limitations

• Data may not be generalizable to all rural populations

• Sample size has not been established to be
representative of average rural American cohort

• Confounding factors may still exist

• Pharmacotherapy and compliance

• Self-selecting population of respondents



Current Progress

• Questionnaires distributed
to Family Medicine and
Obstetrics/Gynecology
offices

• Covering patients from
Spring Valley, LaSalle,
and Peru served by the
St. Margaret’s Hospital
system

Current Progress

• Preliminary data collection
scheduled to continue
until until the conclusion of
RSPP on June 11th,
2018

• Data collection to continue
until early 2019 to
establish significant
sample size



Current Progress

• Results analyzed with
nutrition epidemiology
statistical software
provided by the NCI

• Final results will be
presented to the St.
Margaret’s Executive
Committee and released
to the general public

Applicability and Future
• A closer look at a specific

determinant of health that
affects care across
spectrum

• Personally relevant data to
support and drive behavior
changes for those within
the community

• Module toolkit for studying
hypertension epidemiology
in future sites
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Hello, 

Thank you for participating in this Community Centered Research Project, part of the Rural Student 
Physicians Program (RSPP) at the University of Illinois College of Medicine, Peoria. 

My name is Jonathan Jou, a third-year medical student at the University of Illinois College of 
Medicine (UICOM) and the President of the University Medical Student Council representing our 
1,400 member student body. I am currently completing my rotations here in Spring Valley 
and LaSalle/Peru, working alongside Drs. Zidow, Sweetland, and Wojcik. I will be here for 
seven months, with my final date here in the June 2018. 

The RSPP program has been an integral part of exposing medical students to medicine in rural 
settings, and this experience has been rewarding not only because of the doctors I get a chance to 
work with, but because of the community that surrounds the hospitals and clinics as well. 

For my Community Centered Research Project, I want to establish formal connections 
between high blood pressure, also known as hypertension in medical jargon, and a 
variety of factors such as food intake, socioeconomic status, and physical activity. This 
research is not new; the most well-known project, which is still ongoing, is the Framingham Heart 
Study, which has been instrumental in establishing a diverse set of guidelines from heart attack 
risks to ideal ranges in blood pressure for our patients. 

This current project is adapted from that study. The data we collect will be completely confidential, 
abiding by HIPAA regulations to ensure that the information you provide cannot be traced back to 
you. At the end of each day, I collect the questionnaires, log the data, and shred the documents. 
The results of this study will be shared with my mentors here in the community and 
presented to the hospitals to better serve you, as our patients, in the future. 

The information you provide to us will be added to a larger collection of data that has expanded 
from Framingham, Massachusetts to communities like this one all around the world. With this in 
mind, finishing the survey completely is critical, and so we would like to introduce the questionnaire 
early in your visit here today so as to provide ample time without inconvenience. 

Thank you once again for taking the time to participate in this project. 

My Best Regards, 

Jonathan Jou 
University Medical Student Council, President 
University of Illinois College of Medicine, Class of 2019
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DIETARY  SCREENER QUESTIONNAIRE 

These questions  are  about  foods you ate or drank  during the  past month, that is, the past 3  0 days.  When  answering,  please 
include  meals  and snacks  at  home,  at  work  or  school,  in  restaurants,  and anyplace  else. 

Mark  an       to  indicate  your  answer.  To  change  your  answer,  completely  fill  the  box  for  the  incorrectly marked  answer  (        ). 
Then mark  an  X  in the  correct one. Your answers  are important. 

1  How old  are  you  (in  years)? 

years 

2  Are  you  male  or  female? 

Male 
Female 

3  During the past month, how  often did  you eat 
hot or  cold  cereals? Mark  one      . 

Never JGo  to  question  4. 
1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

4  During the past month, what  kind of 
cereal  did  you  usually  eat?     Print  cereal. 

5  If there  was  another  kind of cereal that you 
usually  ate during the  past  month,  what  kind 
was  it?     Print  cereal,  if  none  leave  blank. 

6  During the  past month, how often did you have 
any  milk  (either  to  drink  or  on  cereal)?  Include 
regular milks,  chocolate  or other flavored  milks, 
lactosefree  milk,  buttermilk.  Please  do  not 
include  soy  milk  or  small  amounts  of  milk  in 
coffee  or  tea.  Mark  one      . 

     Never JGo to question �. 
1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
23 times  per  day 
45 times  per  day 
6 or  more  times  per  day 

7  During the  past month, what kind of milk did you
usually  drink?   Mark  one      . 

Whole or  regular milk 
2% fat  or  reducedfat milk 
1%,  ½%, or  lowfat milk 
Fatfree,  skim  or  nonfat milk 
Soy  milk 
Other  kind  of  milk  Print  milk. 

8  During the  past month, how often did you drink 
regular soda  or pop that contains sugar?  Do 
not include  diet  soda.  Mark  one      . 

Never 

1 time last  month 
23 times  last  month 

1 time per  week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
23 times  per  day 
45 times  per  day 
6 or  more  times  per  day 

1
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9  During the past month, how  often did  you drink 
100%  pure  fruit  juices such as  orange, mango, 
apple,  grape  and pineapple juices? Do  not 
include  fruitflavored  drinks  with  added  sugar  or 
fruit  juice  you  made  at  home  and  added  sugar 
to.  Mark  one      . 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
23 times  per  day 
45 times  per  day 
6 or  more  times  per  day 

10  During the past month, how  often did  you  drink 
coffee  or  tea  that  had  sugar or honey added to 
it?   Include  coffee  and  tea  you  sweetened 
yourself  and  presweetened  tea  and  coffee  drinks 
such  as Arizona  Iced  Tea  and  Frappuccino. 
Do  not include artificially sweetened coffee or 
diet  tea. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
23 times  per  day 
45 times  per  day 
6 or  more  times  per  day 

11  During the  past month, how often did you  drink 
sweetened fruit drinks, sports  or energy drinks, 
such  as KoolAid,  lemonade,  HiC,  cranberry 
drink,  Gatorade,  Red Bull  or  Vitamin Water? 
Include fruit juices you made at home and added 
sugar  to.   Do  not include  diet drinks or artificially 
sweetened  drinks. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
23 times  per  day 
45 times  per  day 
6 or  more  times  per  day 

12  During the  past month, how often did you  eat 
fruit?  Include  fresh,  frozen or  canned fruit. 
Do  not include juices. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

13  During the  past month, how often did you  eat  a 
green leafy  or  lettuce salad, with or without 
other  vegetables? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 
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14  During the past month, how  often did  you  eat 
any  kind of  fried  potatoes, including french 
fries,  home  fries,  or  hash  brown  potatoes? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

15  During the past month, how  often  did  you  eat 
any  other  kind  of  potatoes, such as baked, 
boiled,  mashed  potatoes,  sweet  potatoes,  or 
potato  salad? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

16  During the past month, how  often did  you  eat 
refried  beans,  baked  beans,  beans  in  soup, 
pork  and beans  or  any  other  type of  cooked 
dried  beans?   Do not include green beans. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

17  During the  past month, how often did you  eat 
brown  rice or other  cooked whole grains, such 
as  bulgur,  cracked wheat,  or  millet?   Do not 
include  white  rice. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

18  During the  past month, not  including  what  you 
just  told  me  about  (green  salads,  potatoes, 
cooked  dried  beans),  how  often  did  you  eat 
other  vegetables? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

19  During the  past month, how often did you 
have Mexicantype salsa made with  tomato? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 
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20  During the past month, how  often did  you  eat 
pizza?  Include  frozen pizza,  fast  food  pizza, 
and homemade pizza. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

21  During the past month, how  often  did  you  have 
tomato sauces such as with spagetti or  noodles 
or  mixed into foods  such  as  lasagna?   Do not 
include  tomato  sauce  on  pizza. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

22  During the past month, how  often did  you  eat 
any  kind of  cheese?  Include  cheese  as  a snack, 
cheese  on  burgers,  sandwiches,  and  cheese  in 
foods  such  as  lasagna,  quesadillas,  or 
casseroles.   Do  not include  cheese  on  pizza. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

23  During the  past month, how often did you  eat  red 
meat, such as beef, pork, ham, or sausage?  Do 
not include chicken, tu  rkey or  seafood.  Include 
red  meat  you  had  in  sandwiches,  lasagna,  stew, 
and other  mixtures.   Red meats  may  also  include 
veal,  lamb,  and  any  lunch  meats  made  with 
these meats. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

24  During the  past month, how  often  did  you  eat  any 
processed  meat, such as bacon, lunch meats, or 
hot  dogs?  Include processed meats  you had  in 
sandwiches,  soups,  pizza,  casseroles,  and  other 
mixtures. 
Processed  meats  are  those  preserved  by 
smoking,  curing,  or  salting,  or  by  the  addition  of 
preservatives.   Examples  are:  ham,  bacon, 
pastrami,  salami,  sausages,  bratwursts, 
frankfurters,  hot  dogs,  and  spam. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 
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25  During the past month, how  often did  you  eat 
whole  grain  bread including toast, rolls and in 
sandwiches?   Whole  grain  breads include 
whole  wheat,  rye,  oatmeal  and  pumpernickel. 
Do  not include white bread. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

26  During the past month, how  often did  you  eat 
chocolate or any other types of candy?  Do 
not include sugarfree  candy. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

27  During the past month, how  often  did  you  eat 
doughnuts, sweet r  olls, Danish, muffins, pan 
dulce,  or  poptarts?  Do not include  sugarfree 
items. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

28  During the  past month, how often did you  eat 
cookies,  cake,  pie or b  rownies?  Do not 
include  sugarfree  kinds. 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

29  During the  past month, how often did you  eat 
ice cream or other frozen desserts?  Do not 
include  sugarfree  kinds. 

Never 

1 time last  month 
23 times  last  month 

1 time per  week 
2 times per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 

30  During the  past month, how  often  did  you  eat 
popcorn? 

Never 

1 time last  month 
23 times  last  month 

1 time per week 
2 times  per  week 
34 times  per  week 
56 times  per  week 

1 time  per  day 
2 or  more  times  per  day 
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1. What	is	the	highest	grade	(or	year)	of	regular	school	you	have	completed?	(check	one.)

Elementary/Middle	School:	__01	__02	__03	__04	__05	__06	__07__08	

High	School:	__09	__10	__11	__12	

College/Junior	College:	__13	__14	__15	__16	

Graduate	School:	__17	__18	__19	__20+	

2. What	is	the	highest	degree	you	earned?

__	High	school	diploma	or	equivalency	(GED)	

__Associate	degree	(junior	college)	or	vocational	degree/license	

__Bachelor’s	degree	

__	Master’s	degree	

__	Doctorate,	Professional	(MD,	JD,	DDS)	

__	None	of	the	above,	please	specify	other:	_________	

3. How	many	people	are	currently	living	in	your	household,	including	yourself?	___

a. Of	these	people,	how	many	are	children	≤18	years	old?	___

4. Which	of	these	categories	best	describes	your	total	combined		family	income	for	your

household	for	the	past	12	months?	This	should	include	income	(before	taxes)	from	all	sources,

wages,	rent	from	properties,	social	security,	disability	and/or	veteran’s	benefits,

unemployment	benefits,	workman’s	compensation,	help	from	relatives	(including	child

payments	and	alimony),	and	so	on.

__	<$25,000	

__$25,000-<$50,000	

__$50,000-<$75,000	

__$75,000-<$100,000	

__$100,000-<$150,000	

__≥$150,000	

__Don’t	Know/Not	sure	

__	Decline	to	respond	
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GPAQ 

Physical Activity 
Next I am going to ask you about the time you spend doing different types of physical activity in a typical week. Please answer these questions 
even if you do not consider yourself to be a physically active person.  

Think first about the time you spend doing work.  Think of work as the things that you have to do such as paid or unpaid work, study/training, 
household chores, harvesting food/crops, fishing or hunting for food, seeking employment. [Insert other examples if needed].  In answering the 
following questions 'vigorous-intensity activities' are activities that require hard physical effort and cause large increases in breathing or heart 
rate, 'moderate-intensity activities' are activities that require moderate physical effort and cause small increases in breathing or heart rate. 
Questions Response Code 
Activity at work 

1 Does your work involve vigorous-intensity activity that causes 
large increases in breathing or heart rate like [carrying or lifting 
heavy loads, digging or construction work] for at least 10 
minutes continuously?  
[INSERT EXAMPLES]  (USE SHOWCARD) 

Yes 1 

P1 
No 2     If No, go to P 4 

2 In a typical week, on how many days do you do vigorous-
intensity activities as part of your work? Number of days └─┘ 

P2 

3 How much time do you spend doing vigorous-intensity 
activities at work on a typical day? Hours : minutes └─┴─┘: └─┴─┘ 

    hrs                mins 

P3 
(a-b) 

4 Does your work involve moderate-intensity activity that causes 
small increases in breathing or heart rate such as brisk walking 
[or carrying light loads] for at least 10 minutes continuously?  
[INSERT EXAMPLES]   (USE SHOWCARD) 

Yes 1 

P4 
No 2      If No, go to P 7 

5 In a typical week, on how many days do you do moderate-
intensity activities as part of your work? Number of days └─┘ 

P5 

6 How much time do you spend doing moderate-intensity 
activities at work on a typical day? Hours : minutes └─┴─┘: └─┴─┘ 

    hrs                mins 

P6 
(a-b) 

Travel to and from places 
The next questions exclude the physical activities at work that you have already mentioned. 
Now I would like to ask you about the usual way you travel to and from places.  For example to work, for shopping, to market, to place of 
worship. [insert other examples if needed] 

7 Do you walk or use a bicycle (pedal cycle) for at least 10 
minutes continuously to get to and from places? 

Yes 1 P7 
No 2      If No, go to P 10 

8 In a typical week, on how many days do you walk or bicycle for 
at least 10 minutes continuously to get to and from places? Number of days └─┘ 

P8

9 How much time do you spend walking or bicycling for travel on 
a typical day? Hours : minutes └─┴─┘: └─┴─┘ 

     hrs               mins 

P9 
(a-b)

Recreational activities 
The next questions exclude the work and transport activities that you have already mentioned. 
Now I would like to ask you about sports, fitness and recreational activities (leisure), [insert relevant terms]. 
10 Do you do any vigorous-intensity sports, fitness or recreational 

(leisure) activities that cause large increases in breathing or 
heart rate like [running or football,] for at least 10 minutes 
continuously?  
[INSERT EXAMPLES]   (USE SHOWCARD) 

Yes  1 

P10 
No 2      If No, go  to P 13 

11 In a typical week, on how many days do you do vigorous-
intensity sports, fitness or recreational (leisure) activities? Number of days └─┘ 

P11 

12 How much time do you spend doing vigorous-intensity sports, 
fitness or recreational activities on a typical day? Hours : minutes └─┴─┘: └─┴─┘ 

    hrs                mins 

P12 
(a-b) 

Continued on next page 
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GPAQ, Continued

Physical Activity (recreational activities) contd. 
Questions Response Code 
13 Do you do any moderate-intensity sports, fitness or 

recreational (leisure) activities that causes a small 
increase in breathing or heart rate such as brisk 
walking,(cycling, swimming, volleyball)for at least 10 
minutes continuously? 
[INSERT EXAMPLES]   (USE SHOWCARD) 

Yes   1 

P13 
No 2      If No, go to P16 

14 In a typical week, on how many days do you do 
moderate-intensity sports, fitness or recreational (leisure) 
activities? 

Number of days 
└─┘ 

P14 

15 How much time do you spend doing moderate-intensity 
sports, fitness or recreational (leisure) activities on a 
typical day? 

Hours : minutes └─┴─┘: └─┴─┘
    hrs                mins 

P15 
(a-b) 

Sedentary behaviour 
The following question is about sitting or reclining at work, at home, getting to and from places, or with friends including time spent [sitting at a 
desk, sitting with friends, travelling in car, bus, train, reading, playing cards or watching television], but do not include time spent sleeping. 
[INSERT EXAMPLES]   (USE SHOWCARD)

16 How much time do you usually spend sitting or reclining 
on a typical day? Hours : minutes └─┴─┘: └─┴─┘

    hrs                min s 

P16 
(a-b) 
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Abstract:  In 1991, the World Health Organization (WHO) and the United Nations Children’s 
Fund (UNICEF) launched the Baby-Friendly Hospital Initiative (BFHI), an international 
program that promotes the Ten Steps to Successful Breastfeeding (referred to as “the Ten Steps”) 
and the International Code of Marketing of Breast-milk Substitutes. The overall goal of the BFHI 
is to promote breastfeeding as the optimal source of nutrition for infants, except in cases where 
specialized formula is medically indicated. The Baby-Friendly Hospital designation provides 
special recognition to hospitals around the world that meet the rigorous criteria of the BFHI. The 
objectives of this quality improvement project are to examine the statistical outcomes of 
implementing the Ten Steps at a rural hospital (referred to as “SJB”) in Southern Illinois and to 
achieve the official Baby-Friendly designation at SJB by March 2018. The Baby-Friendly 
journey at SJB began in 2014, with implementation of the Ten Steps beginning in 2015. This 
project examines the improvements in breastfeeding statistics at SJB from 2015 through 2018, as 
the hospital has grown closer to reaching its designation as a Baby-Friendly Hospital. Specific 
statistics include percentage of, 1) births which successfully initiated skin-to-skin contact 
between mother and infant immediately after birth for at least 1 hour, 2) infants who successfully 
initiated breastfeeding within 1 hour of birth, 3) infants who successfully practiced “rooming-in” 
with mothers, and 4) mothers who received documented breastfeeding education before 
discharge from the hospital. The results of this project show that there has been significant 
improvement in the above statistics since implementation of the Ten Steps at SJB.  In 
conclusion, the guidelines set forth by the BFHI have led to measurable improvements in 
maternal-newborn care at a rural hospital in Southern Illinois. Furthermore, the upcoming 
designation as an official Baby-Friendly Hospital will have a positive impact on the local 
community of SJB and its surrounding region.   

Introduction: 

The Baby-Friendly Hospital Initiative (BFHI) was launched in 1991 by the World Health 
Organization (WHO) and the United Nations Children’s Fund (UNICEF) in an effort to promote 
breastfeeding as the optimal source of nutrition for infants. The initiative involves an 
international program that focuses on evidence-based care and education that is free from 
commercial interests. These evidence-based practices have been organized into the “Ten Steps to 
Successful Breastfeeding”, referred to as the ‘Ten Steps.’ Certification as a Baby-Friendly 
facility requires strict adherence to the Ten Steps, and ultimately serves to provide special 
recognition to hospitals around the world that meet the rigorous BFHI criteria.  



Objectives and Methods: The objectives of this quality improvement project are to examine the 
statistical outcomes of implementing the Ten Steps at a rural hospital (referred to as “SJB”) in 
Southern Illinois and to achieve the official Baby-Friendly designation at SJB by March 2018. 
The Baby-Friendly journey at SJB began in 2014, with implementation of the Ten Steps 
beginning in 2015. This project examines the improvements in breastfeeding statistics at SJB 
from 2015 through 2018, as the hospital has grown closer to reaching its designation as a Baby-
Friendly Hospital. Specific statistics include percentage of, 1) births which successfully initiated 
skin-to-skin contact between mother and infant immediately after birth for at least 1 hour, 2) 
infants who successfully initiated breastfeeding within 1 hour of birth, 3) infants who 
successfully practiced “rooming-in” with mothers, and 4) mothers who received documented 
breastfeeding education before discharge from the hospital.  

Results and Conclusions: 



The results of this QI project show clear improvements in the examined statistics since 
implementing the BFHI Ten Steps at SJB. These improvements, in turn, have led to positive out-
comes in maternal-newborn care at SJB including improved bonding between mother and infant 
and increased breastfeeding rates.  

 Future directions include following the percentages of women who continue to breastfeed 6 
weeks, 3 months, 6 months and 12 months after delivery. Mothers are encouraged to attend the 
established breastfeeding support groups at SJB. Given the improvements in providing mothers 
more education on breast-feeding and more support via breastfeeding support groups, we predict 
that the percentages of mothers who continue to breastfeed up to 12 months post-partum will 
increase.  

Currently, the official Baby-Friendly designation is still pending. The on-site assessment took 
place on February 19-20 and resulted in a full pass of all clinical evaluation criteria. However, 
SJB did not pass the fair market value of nipples criteria. To address this deficit, an action plan 
has been created and the following 3 months’ worth of nipple invoices will be sent to the 
BFUSA External Review Board. Upon receipt of these invoices, the designation will be granted.  

The hope is that, with the designation, more women in the region will choose to deliver at SJB. 
More important than these promotional benefits are the public health benefits of breastfeeding 
that will lead to long-lasting effects on maternal and infant health in the Breese community. 
Overall, the pending designation as an official Baby-Friendly Hospital will have a positive 
impact on the local community of SJB and its surrounding region.  
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What is the Baby-Friendly Hospital 
Initiative (BFHI)…? 

 An international program launched in 1991 by the World Health
Organization (WHO) and the United Nations Children’s Fund (UNICEF)

 Designed to promote breastfeeding as the optimal source of nutrition for
infants (except in cases where specialized formula is medically necessary)

 Focuses on evidence-based care and education that is free from commercial
interests (formula companies)

 Created the Ten Steps to Successful Breastfeeding

 Referred to as the ‘Ten Steps’

 Certification requires strict adherence to the Ten Steps

 Ultimately, the Baby-Friendly designation provides special recognition to
hospitals around the world that meet the rigorous BFHI criteria



Becoming Baby-Friendly: 
A Quality Improvement (QI) Project

 Objectives:

 Assist in the final steps of the Baby-
Friendly designation process at St.
Joseph’s Hospital in Breese, IL
(referred to as ‘SJB’)

 Examine the statistical outcomes of
implementing the Ten Steps at SJB

 Achieve the official Baby-Friendly
designation at SJB by March 2018

Introduction/Background 

 Baby-Friendly USA, Inc. (BFUSA) is the
accrediting body and the national authority
for the BFHI in the USA

 > 20,000 facilities in 150 countries have
earned the Baby-Friendly (BF) designation

 All 50 states have designated BF hospitals

 In 2007, < 3% of US births occurred in about
60 BF hospitals

 In 2017, ~24% of US births occurred in 506
BF hospitals



Baby-Friendly Hospitals in Illinois 
1. Advocate Illinois Masonic Medical 
Center, Chicago, IL

2. Advocate Sherman Hospital, Elgin, IL

3. Advocate Trinity Hospital, Chicago, IL

4. Alton Memorial Hospital, Alton, IL

5. HSHS St. Mary's Hospital, Decatur, IL

6. Katherine Shaw Bethea Hospital, Dixon, IL

7. Little Company of Mary Hospital, Evergreen
Park, IL

8. Loyola University Medical Center, 
Maywood, IL

9. Memorial Hospital of Carbondale, 
Carbondale, IL

10. Mercyhealth Rockton Avenue Hospital, 
Rockford, IL

11. Northwestern Medicine 
Kishwaukee Hospital, DeKalb, IL

12. Northwestern Medicine Valley West 
Hospital, Sandwich, IL

13. OSF Heart of Mary Medical Center, Urbana, IL

14. OSF Saint Anthony Medical Center, Rockford, IL

15. OSF St. Joseph Medical Center, Bloomington, IL

16. Presence Saint Joseph Hospital, Chicago, IL

17. Rush University Medical Center, Chicago, IL

18. St. Alexius Medical Center, Hoffman Estates, IL

19. St. John's Hospital, Springfield, IL

20. Swedish American Hospital, Rockford, IL

21. UnityPoint Health - Pekin, Pekin, IL

22. University of Chicago Medical Center, Chicago, IL

The Ten Steps to Successful 
Breastfeeding

 Developed by a team of global experts

 Consists of evidence-based practices that have
been shown to increase breastfeeding
initiation and duration

 BF hospitals must adhere to the Ten Steps to
receive and retain a Baby-Friendly designation

 The Ten Steps are endorsed and promoted by
the Centers for Disease Control and Prevention
(CDC), American Academy of Pediatrics (AAP),
American Academy of Family Physicians
(AAFP), American College of Obstetricians and
Gynecologists (ACOG), Academy of
Breastfeeding Medicine, US Breastfeeding
Committee (USBC), and US Preventive Services
Task Force (USPSTF)

 Note: step 4 is now interpreted as: “Place
babies in skin-to-skin contact with their
mothers immediately following birth for at
least an hour”



The BFHI Guidelines and Evaluation Criteria 
 32 page document that breaks down the 10 steps into even more steps

 Step 1: Have a written breastfeeding policy that is routinely
communicated to all health care staff

The BFHI Guidelines and Evaluation Criteria 



What did I do…? The Methods  

 The Baby-Friendly journey at SJB began in 2014, with 
implementation of the Ten Steps beginning in 2015

 Edited & revised the official SJB breastfeeding policy
 Participated in the Readiness Interview

 Telephone call with hospital staff and BFUSA evaluator
 Scheduled on-site assessment for February 19-20

 Examined the improvements in breastfeeding statistics
from 2015-2018, as the hospital has grown closer to
reaching full designation
 Specific statistics include percentage of,
 1) births which successfully initiated skin-to-skin

contact between mother and infant immediately after
birth for at least 1 hour

 2) infants who successfully initiated breastfeeding
within 1 hour of birth

 3) infants who successfully practiced “rooming-in”
with mothers

 4) mothers who received documented breastfeeding
education before discharge from the hospital

Results 

 BFHI Goal: 80%, vaginal & Cesarean
 “At least 80% of the babies are placed with

their mothers and are held continuously
skin-to-skin within five minutes after birth
until the completion of the first feeding, or
for at least one hour if not breastfeeding.”

 Data from randomly selected mothers in the
postpartum unit and from direct observations of
deliveries during on-site assessment

 Our Results:
 2015:  vaginal: 79%, Cesarean: 79%
 2016:  vaginal 96%, Cesarean 92%
 2017:  vaginal 98%, Cesarean 87%

 Note for Cesareans: babies were placed in skin-
to-skin contact “as soon as the mother was
responsive and alert”



Results 

 BFHI Goal: no set goal for initiating breastfeeding
within 1 hour of birth—
 Step 4 is now interpreted as initiating skin-to-

skin contact immediately after birth
 However, we still kept track of our actual

breastfeeding rates
 Our Results (vaginal & Cesareans):

 2015:  93% 
 2016 & 2017 both at 99% !

 BFHI Goal: 80%, vaginal & Cesarean 
 “At least 80% of the mothers and infants are

rooming-in or have documented justifiable
reasons for separation”

 Only applies to healthy, full-term infants
 Our Results (vaginal & Cesareans):

 2015:  82% 
 2016:  90%
 2017:  89%

 BFHI Goal:
 “At least 80% [of mothers] will confirm that a

staff member has talked with them or offered a
group talk that includes information on
breastfeeding”

 AND…“At least 80% are able to adequately
describe what was discussed” about two
breastfeeding topics

 Our Results
 2015: 68%, 2016: 76%, 2017: 82%
 Limitations = documentation of the education

 Is the education beneficial…?
 Percentages of women who reported intention to

breastfeed on admission versus women who
ended up initiating breastfeeding
 2015: 86% vs 96% 
 2016: 82% vs 96% 
 2017: 84% vs 97% 

 Limitations = multiple factors weigh into a mother’s
decision to breastfeed

Results 



 The results of this QI project show clear
improvements in the examined statistics since
implementing the Ten Steps at SJB

 These improvements, in turn, have led to positive
outcomes in maternal-newborn care at SJB including
improved bonding between mother and infant and
increased breastfeeding rates

 The pending award as an official Baby-Friendly
Hospital will have a positive impact on the local
community of SJB and its surrounding region

 Hope is that, with the designation, more women in the
region will choose to deliver at SJB

 Public health benefits of breastfeeding will affect the
local community (benefits to maternal and infant
health)

Discussion & Application to the Breese Community 

 On-site assessment was February 19-20, 2018
 Baby-Friendly USA sent a survey team to SJB to conduct a series of interviews,

observations and document reviews
 Baby-Friendly designation is conferred when the External Review Board reviews

the survey tool and confirms that the Ten Steps have been properly implemented
 SJB passed “with flying colors” in all clinical areas
 However, did NOT pass the fair market value of nipples

 BFHI criteria: “A review of records and receipts indicates that any breast milk
substitutes, including special formulas, bottles, nipples, pacifiers and other
infant feeding supplies are purchased by the health care facility at a fair
market price”

 “Fair market pricing can be determined by calculating the margin of retail price
the facility pays on items available on the retail market”

 Simple fix: created action plan to address issue and need to submit 3 months of
invoices to the BFUSA External Review Board

 Once the invoices are approved, we are designated!

Conclusion: Are we designated…? 



 Future directions include following percentages of women who continue to
breastfeed 6 wks, 3 mo, 6 mo and 12 mo after delivery

 Analyze whether the percentages increase over time in relation to the
designation as a Baby-Friendly hospital

 Data are currently being collected via direct phone calls to mothers
 We predict that percentages of mothers who continue to breastfeed up to 12 mo

post-partum will increase in relation to the Baby-Friendly designation
 More education is provided to mothers

 Increased accountability via direct phone call check-ins

 Home visits to first-time mothers and upon request

 Established breast-feeding support groups at SJB

 Limitation: mothers who already intend to breastfeed for longer durations may
choose to deliver at a Baby-Friendly hospital

 However, studies have shown that “children born in a baby-friendly health
facility are more likely to be breastfed for a longer time, particularly if the
hospital shows high compliance with UNICEF guidelines” [3]

Future Directions  
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1. ABSTRACT
Purpose. To characterize sulfur dioxide exposure and prevalence of asthma in an EPA nonattainment
area (AQS-17-179-0004).

Background. Sulfur dioxide (SO2) is a malodorous reactive gas produced during coal combustion that 
exhibits a causal relationship with respiratory morbidity, especially asthma [1]. The Environmental 
Protection Agency (EPA) limits hourly mean (1-h) SO2 concentrations to 75 parts per billion (ppb). 

Methods. SO2 data from Illinois monitors active between 1/1/10 and 12/31/15 were downloaded from 
EPA Air Quality Systems database and analyzed in R (ver. 3.4.0) [2]. SO2 emissions data was extracted 
from 2014 National Emissions Inventory [3]. Asthma responses in the Behavioral Risk Factor Surveillance 
System (BRFSS) were acquired from the CDC and Illinois Department of Public Health [4, 5]. 

Results. Of 13 sites monitored in Illinois, AQS-17-179-0004 accounted for the majority of 1-h SO2 above 
the EPA limit (91% ± 8.2, N = 427). The highest readings exceeded 4 times this limit (max. 331 ppb) and 
ranked the area among the top 10 continental U.S. cities for SO2  (mean rank: 5; range: 3-8). Readings 
were characterized by “flares” of sustained SO2 elevation on a low background concentration (median 
1-h SO2 2010-2015: 1 ppb). Notably, AQS-17-176-0004 was with 3 miles of the 2nd and 9th highest SO2
emitting facilities in Illinois. Resident reports of asthma near AQS-17-179-0004 exceeded state and
national asthma prevalence estimates (16.2% vs. 9.1% [IL] and 8.9% [US]).

Conclusions. Residents near AQS-17-179-0004 were frequently exposed to SO2 levels above the EPA 
limit, possibly underlying high response rates for asthma surveillance. 
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2. INTRODUCTION
Air Pollution and Public Health
Links between industrial air pollution and human illness have long been a subject of public health
interest. The early 20th century offered several dramatic natural experiments in air pollutant exposure,
including a 1952 London smog that lasted 4 days and killed 12,000 people [1]. More recently, the 2015
Global Burden of Disease study attributed 9 million deaths worldwide to pollution, with the majority
associated with air pollution [2].

Researchers have since sought to analyze the effects of specific pollutants on disease [3, 4]. In the U.S., 
the Environmental Protection Agency (EPA) currently monitors six criteria pollutants, including sulfur 
dioxide, for demonstrated hazardous effects on human health under the 1990 Clean Air Act 
Amendments (1990 CAAA). This law includes the National Ambient Air Quality Standards, a provision 
setting legal limits on pollutants [5]. Maintaining air quality within these limits is recognized as a leading 
health indicator for the Department of Health and Human Services Healthy People 2020 initiative [6]. 

Sulfur Dioxide 
Sulfur dioxide (SO2) is a colorless and foul-smelling gas that is generated primarily by the combustion of 
fossil fuels at energy generating utilities, such as coal-burning power plants [7]. On inspiration, it is 
rapidly and almost completely absorbed in the respiratory tract (99%), where it acts as a local bronchial 
irritant before systemic distribution and excretion as sulfate in the urine [8]. Inhaled SO2 metabolites 
are several orders of magnitude lower than the total sulfite produced endogenously and consumed in 
the diet. In contrast to endogenous and ingested forms, however, inhaled metabolites accumulate in the 
respiratory tract, where they can activate cholinergic neural reflexes, injure the mucosa, and trigger 
allergic inflammation and airway hyperresponsiveness. 

In 2008, an EPA meta-analysis found sufficient evidence in both controlled human exposure and 
epidemiological studies to conclude that short-term SO2exposure has a causal effect on respiratory 
morbidity [9]. Exposure has also been associated with the development of asthma, ischemic heart 
disease/myocardial infarction, preterm birth, stroke, and total mortality [10-14]. The EPA calls for 
further research into these associations that fall short of a causal determination. Meanwhile, given 
concerns about acute health effects of SO2 exposure, the EPA monitors SO2 continuously at 438 sites 
nationwide and reports 1-h mean measurements (here, “1-h SO2”) to the Air Quality System (AQS) 
repository. Nonattainment is designated when the top 1% of 1-h SO2 averaged over a 3-year period 
exceeds the 75 ppb limit. 

Pekin, Illinois 
In 2013, the EPA completed a review of compliance with 2010 SO2 health based standards and 
designated 4 Illinois counties as violation (“nonattainment”) areas under the 1990 CAAA, including 
Tazewell County [15]. 

Pekin is close to several high emissions plants driving high SO2 measurements, including NRG Powerton 
Generation Station in Pekin and Dynergy Edwards Power Station in nearby Bartonville. The 2014 
National Emissions Inventory ranked these sites as 2nd and 9th by SO2 emissions of over 3,000 SO2 
sources monitored in Illinois [17]. The role of these anthropogenic point sources in the SO2 violations is 

http://www.idph.state.il.us/brfss/countydata.asp?selTopicCounty=chronic&amp;areaCounty=Taz_91&amp;show=freq&amp;yrCounty=5&amp;form=county&amp;yr&amp;area&amp;selTopic
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acknowledged in the 2015 EPA-mandated State Implementation Plan, which aims to bring Tazewell into 
compliance with legal SO2 limits by regulating emissions at these plants [18]. 

The nonattainment designation amplified community concern about the effects of local air quality on 
health. At a 2015 Illinois Pollution Control Board hearing, community members testified to their desires 
to “reduce the health care costs, the lost work, the pain and suffering of people who have to go through 
diseases, respiratory and heart disease” [19]. They expressed frustration that they “shouldn’t have to 
move from here,” an area they saw transformed from a home that “really was a heaven” to a “polluted 
hellhole.” But while the disease burden from SO2 violations in Pekin may be estimated—one consultant 
model attributes 79 deaths, 123 heart attacks, and 1340 asthma attacks per year to combined emissions 
from Edwards and Powerton [20]—the extrapolation of epidemiological data from the larger cities 
where research has been performed to Pekin may be inappropriate, and the actual health outcomes of 
NAAQS violations in Pekin remain unknown. 

2. METHODS
Publicly available EPA data for 1-h SO2 levels in Tazewell County (AQS station 17-179-0004) between
01/01/2010 and 12/31/2015 were acquired from the EPA AQS website [21]. Continuous 1-h mean
readings of SO2 were analyzed in R (ver. 3.4.0) using packages dplyr and ggplots2. SO2 emissions data
was extracted from 2014 National Emissions Inventory [22]. Asthma responses in the Behavioral Risk
Factor Surveillance System (BRFSS) were acquired from the CDC and Illinois Department of Public Health
[23, 24].

Of 13 sites monitored in Illinois, AQS-17-179-0004 accounted for the majority of 1-h SO2 above the EPA 
limit (91% ± 8.2, N = 427) (Figure 1). 

Figure 1. Stacked bar plot showing annual counts of 1-h sulfur dioxide readings exceeding EPA limit of 75 
ppb in Illinois (N = 13). The percent of readings from 179-0004 (red) was 91% ± 8.2% over the 6-year 
interval. AQS monitors in white had no readings over 75ppb in 2010-2015. Data downloaded from the 
EPA Air Quality System Database [17] and analyzed in R (version 3.4.0). 

The highest readings exceeded 4 times this limit (max. 331 ppb) and ranked the area among the top 10 
continental U.S. cities for SO2 (mean rank: 5; range: 3-8) (Table 1). 



Table 1. Annual 99th percentile and maximum 1-h SO2 readings at top 3 AQS sites by mean annual 99th

percentile SO2 in Illinois. Rankings based on annual 99th percentile reading by city; continental U.S.
excludes Hawaii (e.g. Volcanoes National Park). Data downloaded from the EPA Air Quality System 
Database and analyzed in R (version 3.4.0). 

Interestingly, readings were characterized by “flares” of sustained SO2 elevation on a low background 
concentration (median 1-h SO2 2010-2015: 1 ppb) (Figure 2). 

Figure 2. Hourly SO2 readings in 179-0004 plotted over time, with red dotted line indicating EPA limit of 
75 ppb. (Top) All 1-h SO2 readings in 2010. (Bottom) Daily close-up of 1-h SO2, May 12-14, 2010. Blue 
and yellow panels indicate night and day, respectively. Data downloaded from the EPA Air Quality 
System Database [17] and analyzed in R (version 3.4.0). 

Notably, AQS-17-176-0004 was with 3 miles of the 2nd and 9th highest SO2 emitting facilities in Illinois
(Figure 3). 



Figure 3. SO2 emissions sources in Illinois (N = 3074), 2014 NEI. Inset, Power plants, monitor (AQS 17- 
179-0004), and community landmarks on wind rose, meteoblue.

Resident reports of asthma near AQS-17-179-0004 exceeded state and national asthma prevalence 
estimates (16.2% vs. 9.1% [IL] and 8.9% [US]) (Table 2). 

Disease 17-179-0004 Illinois United States 
Asthma current 16.2% (23,491/145,227) 9.1% (8.1-10.2) 8.9% (8.8-9.1) 

lifetime 18.1% (26,357/145,227) 14.0% (12.7-15.3) 13.5% (13.3-13.7) 
Table 2. Behavioral Risk Factor Surveillance System (BRFSS) survey responses, Round 5 (2010-2014), 
Illinois DPH. State and national BRFSS prevalence estimates with 95% confidence intervals, CDC 2014. 
5. CONCLUSIONS & LIMITATIONS
Residents near AQS-17-179-0004 were frequently exposed to SO2 levels above the EPA limit, possibly
underlying high response rates for asthma surveillance. This relationship would be consistent with the
substantive EPA-reviewed evidence showing SO2 to have a causal effect on asthma morbidity, with
community members more likely to suffer and report symptomatic asthma in public surveys. Notably,
the studies informing this causal designation were conducted in areas with 1-h maxima between 9.6-11
ppb, over thirty times lower than those detected at AQS 17-179-0004 [26]. Accordingly, the risks
associated with elevated SO2 at AQS 17-179-0004 may be more extreme or even categorically different
from those already reported in the literature.

This study has several limitations. It is critical to note that in the present community-focused study, an 
association between asthma prevalence and elevated SO2 is not grounds for inferring causation. 
Additionally, self-reported asthma as assessed by the BRFSS is distinct from physician-diagnosed asthma 
and may encompass a broader range of respiratory complaints with a different pathophysiologic basis. 

This present study uses concentration metrics as a proxy for individual and population exposure to SO2, 
a limitation known as exposure bias. Moreover, it does not take into account the effects of co-pollutants 
on asthma report rates, since AQS 17-179-0004 does not report all 6 EPA criteria air pollutants. Given 
that coal-burning power plants are the source of SO2 at AQS 17- 179-0004, any co-pollutants liberated 
during the combustion of coal are important to consider in evaluating the respiratory health of area 
residents. 

Ultimately, these limitations affect the extent of what may be concluded from the present study but do 
little to mitigate the actual exposure experienced by people living near AQS 17- 179-0004. The concern 
for harm to community members, measurable or not, is heightened by recent work showing that air 
pollution can adversely affect health at levels well below the EPA limit. Within the past year, a study in 
the New England Journal of Medicine (NEJM) reported that each 10 ug/m3 increase in the concentration
of particulate matter increased all-cause mortality by 7.3% [25]. The study was the largest and most 
sophisticated of its kind, involving 60.9 million people and thirteen years of data. The authors found that 
risk began to accumulate at levels less than half the current EPA limit. Accordingly, it is conceivable that 
the health effects of SO2 exceed what has already been reported in the literature and drive substantial 
morbidity and mortality in the area. 

An IRB-approved study ([1095404-2] Effects of sulfur dioxide flares on acute healthcare visits in an EPA-
designated nonattainment area) is underway to evaluate the relationship between flares in SO2 and 
acute healthcare visits including emergency department and urgent care visits at 4 area hospitals. 
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Figure 1. Horned larks collected in Illinois. From: Dubay et al. Bird specimens track 135 years 
of atmospheric black carbon and environmental policy. PNAS 2017, 114(43):11321‐11326.
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Figure 2. (A) Global estimated deaths in millions, 2015 Global Burden of Disease study. (B) Estimated deaths in 
millions due to pollution. From: Landrigan PJ et al. The Lancet Commission on pollution and health. The Lancet, 2017.

Pollution Source Deaths

Air (total) 6.5

Household air 2.9

Ambient particulate matter 4.2

Ambient ozone 0.3

Water (total) 1.8

Unsafe sanitation 0.8

Unsafe source 1.3

Occupational 0.8

Carcinogens 0.5

Particulates 0.4

Soil, heavy metals, chemicals 0.5

Lead 0.5

TOTAL 9.0
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What is sulfur dioxide?

2010 
Amendments 
to the Clean 

Air Act

Sulfur 
dioxide

Nitrogen 
dioxide

Lead

Ground 
level 
ozone

Fine 
particulate 
matter

Carbon 
monoxide

Figure 3. Criteria air pollutants monitored by the Environmental Protection Agency (EPA) under 
the 2010 Amendments to the Clean Air Act.
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Figure 5. Dosimetry of inhaled SO2, 2017 EPA Integrated 
Scientific Assessment.

Figure 4. Norway spruce trees damaged 
by acid rain. 

Table 1. Causal determinations on relationship between SO2 and human disease, with associated ranges of SO2

concentrations reported in supporting studies. Adapted from Table 1‐1, 2017 EPA ISA.

Health Effect Exposure EPA Determination (2017) SO2 Concentration

Respiratory effects 
(1 asthma)

Short term Causal relationship 1‐h max: 9.6‐11 ppb

Long term Suggestive of causal relationship Study means: 2‐4 ppb

Total mortality Short term Suggestive of causal relationship 24‐h avg means: 0.4‐28 ppb



NATURAL SOURCES ANTHROPOGENIC SOURCES

Figure 7. (A) Top 5 sources of SO2 in Illinois in thousands of 
tons per year, 2014 National Emissions Inventory (NEI). 
(B) Coal‐burning power plant.

Figure 6. Hawaii Volcanoes National Park.
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Study Overview

Sulfur dioxide exposure in an Environmental Protection Agency 
(EPA) nonattainment area, AQS 17‐179‐0004

Type of study A retrospective descriptive analysis of 1‐hour mean SO2

measurements (“hourly SO2”)

Hypothesis 1 The prevalence of asthma in an SO2 nonattainment area 
exceeds national asthma prevalence

Purpose To characterize SO2 exposure and asthma prevalence in an 
EPA nonattainment area (AQS 17‐179‐0004)

Hypothesis 2
(IRB Study ID: 1095404‐2)

Flares of elevated SO2 are associated with an increased 
frequency of visits to the emergency and urgent care 
departments near AQS 17‐179‐0004



Methods • Hourly SO2 data from all monitors active in Illinois between
1/1/2010 and 12/31/2015 downloaded from EPA Air Quality
Systems database

• Asthma responses in the Behavioral Risk Factor Surveillance
System (BRFSS) acquired from CDC and Illinois Department of
Public Health

• Analysis with dplyr and ggplots2 packages in R (ver. 3.4.0)

Sulfur dioxide exposure in an Environmental Protection Agency 
(EPA) nonattainment area, AQS 17‐179‐0004

Results



• 657,766 readings at 13 monitors active in Illinois between 1/1/2010 and 12/31/2015

Figure 8.Monthly mean (solid line) and 99th percentile (dashed line) sulfur 
dioxide readings for all monitors in Illinois (N = 13), 2010‐2015. Red lines indicate 
regression fit to linear model with package ggplot2 in R.
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Figure 9. Number of 1‐h SO2 readings over EPA limit in Illinois (N = 427). 
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Figure 10. Number of 1‐h SO2 readings over EPA limit in Illinois (N = 427). 
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17‐115‐0013
17‐119‐3007
17‐167‐0006
17‐031‐1601
17‐179‐0004

AQS ID

2010 2015201420132011 2012

AQS ID 2010 2011 2012 2013 2014 2015

17‐176‐0004 80 (331) 61 (262) 61 (319) 74  (262) 65 (268) 37 (149)

Rank – continental U.S. #4 #8 #3 #3 #5 #7

Rank – all U.S. #10 #11 #7 #8 #9 #12

17‐031‐1601 37 (105) 36 (159) 32 (206) 21 (95) 7 (23) 6 (31)

17‐167‐0006 6 (115) 6 (59) 4 (29) 4 (22) 4 (49) 3 (49)
Value exceeds: 1x EPA limit

(>75 ppb)
2x EPA limit
(>150 ppb)

3x EPA limit
(>225 ppb)

4x EPA limit
(>300 ppb)

summary data reported as: 99th percentile 1‐h SO2 (maximum) in ppb

Table 2. Annual 99th percentile and maximum 1‐h SO2 readings at top 3 AQS sites in Illinois. Rankings based 
on annual 99th percentile reading by city.
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Figure 11. (A) Annual median 1‐h average SO2 at AQS 17‐179‐0004. (B) Distribution of all hourly SO2 readings in 2014. 
(C) Example of SO2 “flare” measured at AQS 17‐179‐0004. Red dotted line marks EPA limit of 75 ppb.

Year Median
(ppb)

N

2010 1.0 8685

2011 0.0 8651

2012 1.0 8724

2013 0.0 8054

2014 1.0 8672

2015 0.8 8154
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Figure 12. Power plants, SO2 monitor (AQS 17‐179‐0004), and 
community landmarks on wind rose (source: meteoblue).
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Disease 17‐179‐0004 Illinois United 
States

Asthma current 16.2% 
(23,491/145,227)

9.1% 
(8.1‐10.2)

8.9% 
(8.8‐9.1)

lifetime 18.1% 
(26,357/145,227)

14.0%
(12.7‐15.3)

13.5% 
(13.3‐13.7)

Table 3. Behavioral Risk Factor Surveillance System (BRFSS) survey responses, 
Round 5 (2010‐2014), Illinois DPH. State and national BRFSS prevalence estimates 
with 95% confidence intervals, 2014, Centers for Disease Control and Prevention.

Conclusions



• Over 400 hours worth of SO2

readings in Illinois violated
NAAQS standards, the
overwhelming majority of which
occurred at AQS 17‐179‐0004.

• These readings represented
gross violations of the EPA limit,
often clustered back‐to‐back.

• Residents near AQS 17‐179‐0004 were exposed to sustained high levels of SO2, possibly
underlying high response rates for asthma surveillance and contributing to other diseases
yet unknown.

• Air pollution causes
significant morbidity
and mortality.

• For known effects on
human health, the EPA
measures and limits
criteria air pollutants
to NAAQS standards.

Limitations

Exposure bias Concentration metrics at a single monitor are only a proxy for 
true individual and population exposure, which vary across 
space and time.

Effect of co‐pollutants This study and its IRB‐approved follow up do not analyze co‐
pollutants, which are not measured at AQS 17‐179‐0004. 

Asthma self‐report The CDC and DPH report asthma prevalence by self‐report, 
which may deviate from physician‐diagnosed asthma.



Questions?

Tess Woodring
April 4, 2018
RSPP Research Day
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