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EXPLORING THE INFLUENCE OF FAMILY HISTORY BEFORE AND AFTER
TYPE 2 DIABETES DEVELOPMENT THROUGH STATISTICAL ANALYSIS OF
BIOMARKERS AND AN EDUCATIONAL INTERVENTION
JESSICA JOHNSON DENTON
NUTRITION SCIENCES
ABSTRACT
The prevalence of type 2 diabetes is increasing at an alarming rate in both
children and adults worldwide. Timely identification of those at risk for type 2 diabetes is

essential to reduce morbidity and mortality and to mitigate the toll on families and the
healthcare system. Family history is an effective, universal tool that can be used to
identify individuals at risk for type 2 diabetes before they acquire additional risk factors.
Understanding how family history contributes to biomarkers associated with diabetes in
healthy individuals could facilitate the creation of early screening and prevention
strategies designed for this specific at-risk population. In addition, educational
interventions with an accurate portrayal of the genetic and environmental contributions to
type 2 diabetes could increase knowledge of diabetes development and motivation to
engage in healthy lifestyle behaviors to prevent the diagnosis or progression of the
disease. We utilized multiple regression models to investigate whether family history is a
predictor of insulin and glucose biomarkers for type 2 diabetes after adjusting for relevant
covariates in healthy weight children and adults. We also created and tested a genetics-
focused educational intervention designed to increase knowledge of the multifactorial
etiology of type 2 diabetes and motivation to engage in healthy lifestyle behaviors. Our
multiple regression model found that family history was a significant predictor of fasting

insulin in children (p=0.0372) in addition to waist circumference, sex, and grams of

il



carbohydrate. In adults, family history was a significant predictor of fasting glucose
(»=0.0193) in addition to age, gender, non-Hispanic Black ethnicity, waist circumference,
and fat intake. The educational intervention increased knowledge of type 2 diabetes
(»<0.0001) and motivation to engage in healthy lifestyle behaviors (»p<0.0001). The
findings from the multiple regression analyses contribute to the conflicting literature on
how family history of diabetes affects diabetes development. Despite the limitations in
understating the exact contributions of family history at a biomarker level, knowledge
that type 2 diabetes is a multifactorial condition with both genetic and environmental
influences can have positive effects on motivation to engage in lifestyle behaviors that

reduce the risk for diabetes diagnosis and complications.

Keywords: family history, type 2 diabetes, fasting insulin, fasting glucose, educational

intervention, behavior change
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INTRODUCTION
Pathophysiology of Type 2 Diabetes

Type 2 diabetes is a chronic, multisystemic health condition that affects millions
of people worldwide. Type 2 diabetes is characterized by elevated levels of blood
glucose, or hyperglycemia, which result from reduced cellular responses to insulin and
defects in insulin production.!? In healthy individuals, insulin is a hormone secreted by
the B-cells of the pancreas in response to elevated blood glucose after nutrient intake.>
When insulin binds to its cellular receptors, it results in the recruitment of glucose
transport proteins to the cell membrane, allowing glucose to enter adipose, skeletal
muscle and cardiac muscle cells to be utilized for energy.*®

In individuals with type 2 diabetes, cells have a reduced response to insulin,
meaning glucose is not effectively transported from the blood into cells, resulting in
hyperglycemia.>’” Sustained high blood glucose levels signal the B-cells to produce more
insulin to compensate, causing elevated fasting insulin in addition to high fasting
glucose.?” Eventually, chronic hyperglycemia, along with insulin resistance, chronic
inflammation, and increased metabolic load, cause damage to the -cells through various
stress-induced mechanisms.® Progressive decline of B-cell function decreases insulin
production and eventually necessitates exogenous insulin therapy to avoid the damaging

effects of hyperglycemia.’



Adult-Onset Type 2 Diabetes

The number of people with type 2 diabetes is increasing worldwide. Between
1990 and 2019, there was a 49% growth in the prevalence of type 2 diabetes.'® By 2030,
it is estimated that 578 million people will have type 2 diabetes, and by 2045, 700
million, or 10.9% of the population, will have type 2 diabetes.!! This increasing
prevalence coincides with increased morbidity and mortality due to diabetes-related
complications.'®!?

Common health complications and comorbidities due to prolonged hyperglycemia
in individuals with type 2 diabetes include chronic kidney disease, diabetic retinopathy,
peripheral neuropathy, and cardiovascular disease.'®> The downstream effects of these
complications result in dialysis, blindness, amputations, heart failure, and stroke, which
place a tremendous care and financial burden on healthcare systems across the world.'*!”
Mitigating the burden caused by type 2 diabetes is a universal goal that must begin by
identifying at-risk individuals to engage them in prevention strategies.

Risk factors for adult-onset diabetes are multifaceted and have been extensively
studied in the literature. Family history of diabetes, genetic variants, ethnicity, exposure
to gestational diabetes, socioeconomic status, and aging are unavoidable components that
contribute to type 2 diabetes risk, whereas lifestyle choices involving decreased physical
activity and unhealthy dietary habits can lead to the development of obesity, increased
visceral fat, and other health conditions such as hypertension and hyperlipidemia, all of

which increase the risk for type 2 diabetes in adults.'®!"



Childhood-Onset Type 2 Diabetes

Type 2 diabetes has traditionally been considered an adult-onset condition;
however, the prevalence of type 2 diabetes in children is rising at an alarming rate. In the
mid-1990s, 1-2% of all children with diabetes had type 2 diabetes, but by the mid-2010s,
45% of children with diabetes had type 2 diabetes.?® From 2001 to 2017, there was a
95.3% relative increase in type 2 diabetes among children 10-19 years old?!, and by
2050, the incidence of type 2 diabetes in children is predicted to increase four-fold.?? As
more children are diagnosed with type 2 diabetes, managing the number of individuals
with type 2 diabetes—related health complications will become exceedingly challenging.

Children with type 2 diabetes are at an increased risk to develop earlier onset and
more treatment-resistant complications of type 2 diabetes.>*** The longer the body is in a
hyperglycemic state, the greater the risk for microvascular complications such as diabetic
retinopathy, nephropathy, and neuropathy and macrovascular complications including
cardiovascular disease.?*2% Not only will children with type 2 diabetes experience
heightened morbidity, but due to their young age, the diagnosis will also affect the child’s
family unit, intensifying the overall impact of this disease.?”*® Managing these
detrimental effects of childhood-onset type 2 diabetes is crucial for the health of our
society. Therefore, it is essential to identify which children are at risk for type 2 diabetes
to implement early prevention strategies.

Risk factors for childhood-onset type 2 diabetes can be categorized into
congenital risk factors and acquired risk factors. Certain racial/ethnic backgrounds
(Asian, Black, Hispanic/Latino, Native American/Alaskan Native, or Pacific

Islander)?!?>3, exposure to gestational diabetes in utero®!, and having a family history of



diabetes®>* are risk factors established before birth, whereas other risk factors, such as
dyslipidemia, depression, and especially obesity?*>%=* largely arise from the nutritional
intake, dietary behaviors, psychosocial, and social factors children experience throughout

their lives.?’

Type 2 Diabetes Prevention Efforts

Understanding which factors increase the risk for children and adults to develop
type 2 diabetes has led to the development of prevention strategies that target modifiable
risk factors. Multiple large-scale type 2 diabetes prevention trials have focused on diet,
physical activity, and the use of certain medications. The Diabetes Prevention Program
(DPP) is one of the more successful trials and showed that, after 15 years, those in the
lifestyle intervention group had a 27% reduced incidence rate of diabetes compared to the
placebo group.®® Other lifestyle intervention programs have shown varied success based
on duration of the study and study design.'” Although some clinical trial results are
promising, translating trial methodology into the community setting is challenging and
would require the collaborative efforts of governmental policies, public health programs,
and the clinical workforce.¢

Compared to the adult population, prevention of childhood-onset type 2 diabetes
is not as well studied. Most prevention strategies for children have focused on reducing
childhood obesity through dietary and physical activity interventions.*® Unfortunately,
these efforts have seen little cumulative success. A meta-analysis of 34 lifestyle

intervention trials with outcome targets including increasing physical activity and healthy

eating and decreasing sedentary behavior and unhealthy eating found an insignificant



pooled effect on body mass index (BMI).*® A more recent and extensive meta-analysis of
359 studies targeting child and adolescent obesity prevention found that a combination of
diet and exercise interventions might reduce BMI z-score, BMI, and body weight, though
there was significant statistical heterogeneity among studies and low-quality evidence
grading given to each of these three claims.*’

In summary, prevention programs for children have been moderately successful at
best, and adult prevention programs have been variably successful in the trial setting, but
application to large-scale populations is a significant obstacle. Therefore, there is still a

need for additional strategies to improve type 2 diabetes prevention efforts.

Utility of Type 2 Diabetes Screening Recommendations

If prevention strategies are going to be effective, at-risk individuals must be
identified early enough to benefit from the intervention. Weight status is currently the
main method of identifying individuals at risk for type 2 diabetes*'**; therefore,
individuals who are overweight or obese are primarily targeted for prevention strategies.
However, people who are normal weight could also be at risk for diabetes, and they do
not benefit from prevention programs focused solely on individuals who are overweight
or obese.®’

Furthermore, type 2 diabetes screening recommendations for asymptomatic
children and adults are also based on weight status.*"*> Guidelines state that individuals
who are considered overweight (defined by BMI or BMI percentile for adults and
children, respectively) should be screened for type 2 diabetes. However, BMI is a flawed

measurement for many reasons. BMI is highly variable depending on biological sex, age,



and ethnicity.***¢ In addition, BMI is a measurement of height and weight, but the weight
component does not distinguish fat mass from fat-free mass. Therefore, it cannot be
assumed that individuals with the same BMI have the same body composition and,
subsequently, the same health risks.*’

BMI measurements do not fully describe body fat percentage or location of fat
deposition, yet these are the elements of body composition that increase risk for type 2
diabetes.*®*° Visceral fat, fat in the abdominal region, and ectopic fat (fat deposited in
non-adipose tissues) increase the risk for type 2 diabetes by promoting insulin resistance
via mechanisms that increase inflammation.*®>!? Is has also been proposed that
individuals with a healthy BMI who have exceeded their personal fat threshold may be at
an increased risk for developing type 2 diabetes.>

In addition to the inability to describe percent body fat and fat distribution, the use
of BMI as a diabetes screening tool discounts other pertinent risk factors for insulin
resistance such as dietary intake, lifestyle factors, and genetic variants that could be
present in individuals with a healthy BMI.!>* If the goal is to prevent or delay
progression from insulin resistance to type 2 diabetes, then using a different method of
risk stratification is warranted, especially in normal weight individuals. Additionally, to
be more equitable, methods identifying individuals at risk for type 2 diabetes should
strive to be universally accessible, simple, and inexpensive. Identifying at-risk
individuals based on family history of diabetes is one such method that meets these

criteria.



Family History of Diabetes for Risk Stratification
Family History—Based Risks

It has long been recognized that family history of diabetes is a strong risk factor
for diabetes development. Past studies have reported lifetime risks to develop type 2
diabetes approach 40% if an individual has one affected parent and 60% with two
affected parents.’>® Similarly, the Framingham Offspring Study determined an odds
ratio to develop type 2 diabetes of up to 3.0 (1.9—4.5) and 6.0 (2.8—-12.7) for individuals
with one or two affected parents respectively after adjusting for age and BMI.%’
Additional studies have also found that a family history of type 2 diabetes increases
diabetes risk regardless of BMI and waist circumference.’® The association of family
history with type 2 diabetes risk is especially evident in children, with greater than 75%
of children with type 2 diabetes in the United States have an affected relative.> Given its
strong association with disease risk, family history assessment could be a clinically easy

and effective means of identifying individuals at risk for type 2 diabetes.

Family History as a Screening Tool
Family history has been proposed as a useful tool to assess risk for multifactorial
conditions, including diabetes.®®! One study utilizing National Health and Nutrition
Examination Survey (NHANES) data from 1999 to 2004 showed that adding family
history to other known risk factors (age, gender, BMI, hypertension, low high-density
lipoprotein cholesterol, and/or elevated triglycerides) would identify an additional
620,000 individuals with undiagnosed diabetes.®®> Another study showed that, compared

to having a BMI of >25, a high familial risk (two affected first-degree relatives) for



diabetes has greater positive predictive value and specificity for identifying individuals
with undiagnosed diabetes.®* Because of its ability to identify individuals at risk for
undiagnosed type 2 diabetes, family history of diabetes is one of the factors included in

most noninvasive diabetes screening tools.*%

The Effect of Family History on Type 2 Diabetes Risk

Although family history is valuable for identifying individuals with undiagnosed
type 2 diabetes, once people already have a diagnosis, prevention efforts are a moot
point. To halt or delay progression to type 2 diabetes, targeting at-risk individuals who
have not developed prediabetes, diabetes, or other significant risk factors for prevention
programs is preferable. Family history could help identify these individuals due to its
previously described characteristics of being easily ascertainable at any stage of life.
Once these at-risk individuals are identified, prevention programs designed specifically
for healthy individuals with a family history of diabetes could be implemented. To
optimize their effectiveness, these programs would need to be informed by how family
history and other risk factors contribute to the biological processes that lead to diabetes
development. However, knowledge of how family history relates to biomarkers

associated with type 2 diabetes in healthy children and adults is limited.

Family History and Type 2 Diabetes Biomarkers
Understanding if and how family history influences type 2 diabetes biomarkers in
healthy weight individuals would help decipher how family history contributes to type 2

diabetes development at a biological level. Previous studies have shown that individuals



with a family history of type 2 diabetes have significant differences in diabetes
biomarkers compared to those without a family history. Individuals with a family history

66-68

of type 2 diabetes have higher hemoglobin Alc (HbA1c)®, fasting glucose®®-%, impaired

69-71

glucose tolerance®®, fasting insulin®-"!, and fasting C-peptide®’; while they have lower

170,72 73-75

insulin-stimulated glucose disposa , insulin sensitivity”>”°, insulin clearance’?, insulin

7677 and B-cell function.’™

secretion

However, many of these studies were not exclusively conducted in healthy weight
individuals, so variables related to body composition could explain these biomarker
differences either by confounding or mediating effects. Other limitations include small
sample sizes and varying methods of measuring biomarkers and determining statistical
relationships. Some utilized simple comparisons of biomarkers between groups, which
provides a limited understanding of the role of family history. For those that did use
multiple regression analyses, there was no collective consensus in the choice of
covariates, and very few incorporated elements of dietary intake as possible independent
variables. Likely due to these inconsistencies in study populations and designs, there have
also been studies that show individuals with a family history of diabetes do not have
differences in certain biomarkers.’!:727>76.78.79

Because of limitations and discrepancies in previous studies, more work is needed
to understand the link between family history of diabetes and diabetes biomarkers in
larger, healthy weight populations. In addition, investigating how family history predicts
the activity of diabetes biomarkers in the presence of other known risk factors, including

dietary intake, would provide a more sophisticated and clinically valuable understanding

of the relationship between family history and type 2 diabetes.



Educational Opportunities

Improved awareness of how family history predicts diabetes biomarkers could
ultimately lead to more effective screening and prevention strategies designed
specifically for individuals with a family history of type 2 diabetes. Moreover, this
information could also be beneficial to individuals with a diagnosis of type 2 diabetes. In
general, people with type 2 diabetes have a poor understanding of diabetes development
and management strategies.®®* Individuals with a family history of diabetes may think
their diagnosis is solely due to a genetic predisposition, creating a reduced sense of
personal control over their disease.**% Studies have shown that adults with a family
history of diabetes have lower perceived benefits of diabetes treatments and lifestyle
changes.®¢%® Consequently, lower perceived benefits result in decreased motivation to
engage in practices that prevent diagnosis or progression of diabetes.?**°

Evidence-based information about the contributions of inherited and
environmental factors to type 2 diabetes could provide individuals with a more accurate
explanation of their condition and highlight the benefits of implementing healthy lifestyle
behaviors. However, previous educational efforts designed to explain how a hereditary
predisposition for type 2 diabetes effects diabetes risk and development have shown
mixed outcomes related to behavior change. While some found their educational

9193 others

intervention increased perception of control to prevent or treat type 2 diabetes
found that these perceptions do not persist long-term®* or did not result in positive
lifestyle changes.”>” These varying results emphasize the need for continued research

and design of educational interventions to increase diabetes knowledge with the purpose

of encouraging engagement in healthy lifestyle practices.
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Objectives and Aims
The objective of this dissertation was to explore how family history of diabetes
influences diabetes biomarkers in healthy, normal weight individuals and to understand
how an educational intervention impacts knowledge of diabetes and motivation to engage

in healthy lifestyle behaviors.

Aim 1: To investigate the ability of family history of diabetes to predict insulin activity in
healthy, normal weight children after adjusting for relevant covariates. We hypothesize
that family history of diabetes will be a significant predicator of fasting insulin, insulin

sensitivity, and acute insulin response to glucose (AIRg) in healthy children.

Aim 2: To test the ability of family history of diabetes to predict fasting insulin and
fasting glucose activity in healthy, normal weight adults after adjusting for relevant
covariates. We hypothesize that family history of diabetes will be a significant predicator

of fasting insulin and fasting glucose in healthy adults.

Aim 3: To determine whether an educational intervention for individuals with type 2
diabetes changes knowledge of the multifactorial etiology of diabetes and motivation to
engage in healthy lifestyle behaviors. We hypothesize that the intervention will increase

knowledge of type 2 diabetes and motivation to engage in healthy lifestyle behaviors.

11
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Abstract

This study aimed to examine the relationship between family history of type 2
diabetes and insulin activity in a diverse sample of normal weight children. Measures of
fasting insulin, insulin sensitivity, and acute insulin response to glucose (AIRg) were
obtained from a multiethnic sample of normal weight children ages 7-12 years (n=199).
Multiple linear regression was used to determine the effect of family history of type 2
diabetes on the variables of interest. All models were adjusted for age, sex, pubertal
status, ethnicity, waist circumference, and total grams of carbohydrates. Family history of
type 2 diabetes was a significant predictor of fasting insulin (»p=0.04). There were no
significant differences in age, sex, ethnicity, body mass index percentile, pubertal stage,
or body composition between children with and without a family history of diabetes.
Family history of diabetes is a significant predictor of fasting insulin in a cross-sectional
group of children who are normal weight. These results contribute to the further
understanding of the relationship between family history and type 2 diabetes risk, which
could be utilized to develop earlier detection of dysglycemia and unique disease

prevention strategies for at-risk children.

13



Introduction

Type 2 diabetes can no longer be considered an adult-onset condition. The
incidence of type 2 diabetes has been increasing at an alarming rate in children and
adolescents! and is predicted to increase four-fold between 2010 and 2050.? This growing
prevalence of pediatric type 2 diabetes is a concerning fact of public health relevance.
Children with type 2 diabetes are at an increased risk to develop micro- and
macrovascular dysfunction, especially renal and neurologic complications.>* Although
the long-term repercussions of pediatric type 2 diabetes are not well established, this
disease will likely place an immense burden on the healthcare system, leading to
exorbitant medical costs.’ Therefore, it is essential to identify at-risk children and
implement prevention strategies in order to halt a potential epidemic.

Most childhood preventive and treatment interventions have focused on reducing
type 2 diabetes risk through weight loss and obesity management.® However, despite
arduous efforts, success rates of these programs are typically below 10%."* Although the
reasons for this frustrating success rate are not clear, perhaps at-risk children are not
identified early enough for these interventions to achieve greater effectiveness.

Reports of undiagnosed pediatric type 2 diabetes are estimated to be low.’
However, according to the National Health and Nutrition Examination Survey, between
1999 and 2014, the prevalence of individuals with pre-diabetes fasting glucose levels
(100-125mg/dL) was 15.5%. In addition, in adolescents, hemoglobin Alc increased from
5.03% to 5.16% (p<0.0001) and fasting insulin increased from 10.6mIU/L to 14.6mIU/L

(p<0.0001) over this time period.'® Early detection of impaired glucose and insulin

14



function before the onset of type 2 diabetes is essential to potentially prevent or delay
disease onset.

The current guidelines for clinical type 2 diabetes screening in asymptomatic
children and adolescents set forth by the American Diabetes Association suggest that
children be screened if they are overweight (defined as body mass index, or BMI, greater
than 85" percentile for age and sex, weight for height above the 85 percentile, or weight
greater than 120% of ideal for height) and have one or more of the following criteria:
maternal history of gestational diabetes, family history of type 2 diabetes in a first or
second degree relative, are Native American, African American, Latino, Asian American,
or Pacific Islander, or show signs of insulin resistance or conditions associated with
insulin resistance (hypertension, dyslipidemia, polycystic ovarian syndrome, small for
gestational age birth weight, or acanthosis nigricans).!!

These guidelines rely heavily on weight status as determined by BMI; however,
BMI is a flawed measurement, especially in certain ethnic groups. The use of a BMI
measurement to determine which children are screened for diabetes discounts the
potential relevance of other risk factors that could be present in children despite their
BMI classification. Insulin resistance, which is present in children prior to diagnosis of
type 2 diabetes, is influenced by multiple factors not captured in a BMI measurement,
including diet, lifestyle, ectopic fat distribution, and genetics.!? If the goal is to prevent or
delay progression from insulin resistance to type 2 diabetes in children, these pre-diabetes
risk factors must also be considered.

Family history is widely recognized as a strong predictor for risk to develop type

2 diabetes.!® The effect of family history on type 2 diabetes risk seems to be an especially

15



potent factor in children. Seventy-five percent of children in the United States diagnosed
with type 2 diabetes have a first- or second-degree relative with type 2 diabetes.'* A study
from Japan found that many children with normal weight and type 2 diabetes had a
family history of diabetes (62.5%), which was not significantly different from the
prevalence of family history in children with type 2 diabetes and obesity (58.5%).'
Moreover, family history of type 2 diabetes has been determined as an independent
predictor of impaired fasting glucose in normal weight Mexican children.!'®

The latter two studies demonstrate efforts to understand family history as a risk
factor for type 2 diabetes in a normal weight population. Normal weight children are not
being screened for type 2 diabetes based on the current guidelines, but if a normal weight
child has a family history of type 2 diabetes, the child could still be at significant risk.
However, further data on how family history contributes to type 2 diabetes risk is sparse,
and no studies have been done in an ethnically diverse sample of normal weight children.
Improved characterization of how family history influences type 2 diabetes risk without
the confounding variable of obesity is vital in order to provide guidelines to identify the
greatest number of children at risk for type 2 diabetes. This study aims to investigate the
ability of family history of diabetes to predict insulin activity in a diverse group of
children who are normal weight. We hypothesize that family history of diabetes will be a
significant predicator of fasting insulin, insulin sensitivity, and acute insulin response to

glucose (AIRg) in healthy children.
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Methods
Study Population

A total of 322 participants were recruited from the Birmingham, Alabama, United
States, area as part of a study to evaluate genetic and environmental factors influencing
pediatric health, as described elsewhere.!” Children were recruited through
advertisements in newspapers, churches, community centers, and flyers that children took
home from school. A phone interview with potential participants’ parents/guardians was
performed to ensure children met the study criteria. Children were excluded from the
study if they were under age 7 or over age 13, had a diagnosis of type 1 diabetes, type 2
diabetes, polycystic ovary disease, or glucose or lipid metabolism disturbances or if they
had a condition or used medication that alters physical activity or body composition.!”
Children and parents provided informed assent and consent, respectively. This study was

approved by the University of Alabama at Birmingham Institutional Review Board.

Data Collection and General Measurements
Data were collected during two in-person visits. The first was an outpatient visit,
which consisted of dual-energy x-ray absorptiometry (DXA) scans (GE Lunar Prodigy
Radiation Corp., Madison, WI; software version 1.5¢), assessment of pubertal status

according to the criteria of Marshall and Tanner'® !

, and a 24-hour dietary recall.
Anthropometric measures obtained included weight in light clothing to the nearest 0.1 kg
(Scale-tronix 6702W; Scale-tronix, Carol Stream, IL) and height without shoes to the

nearest 0.1 cm (digital stadiometer; Heightronic 235; Measurement Concepts). Body

mass index (BMI) percentiles were assigned using the Centers for Disease Control and
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Prevention (CDC) guidelines and were age, sex, and ethnicity specific for the time of data
collection.?® The second study visit was an overnight stay at the UAB General Clinical
Research Center (GCRC). All children were given the same meals and snacks and
received water only after 8:00 p.m. In the morning, resting energy expenditure
measurements, blood tests, and blood pressure tests were completed. A 24-hour dietary

recall was also performed at this visit.

Dietary Recalls

A total of two 24-hour dietary recalls were overseen and analyzed by a registered
dietitian nutritionist using the triple-pass method.?! The child’s parent or guardian was in
attendance during and assisted with both recalls. All recalls were conducted on weekdays,
and visual images were used to determine portion size. The same registered dietitian
nutritionist who performed the recalls entered data from the recalls into the Nutrition
Data System for Research (software version 2006; Nutrition Coordinating Center,
University of Minnesota, Minneapolis, MN). The two recalls were averaged to provide an
average intake of carbohydrates in grams, which was used as a covariate in the regression
analyses. Grams of carbohydrate was included as a covariate to account for the variation

in insulin activity that could result from total carbohydrate intake.

Analysis of Glucose and Insulin
Glucose and insulin analyses were performed in the GCRC Physiology and
Metabolism Core Laboratory after a 12-hour overnight fast. An intravenous glucose

tolerance test was used to determine measures of insulin secretion and sensitivity. A
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topical anesthetic (Emla cream, AstraZeneca, Wilmington, DE) was applied to the
antecubital space of both arms before placing flexible intravenous catheters. Glucose was
measured in 10 pl sera using an Ektachem DT System (Johnson and Johnson Clinical
Diagnostics). The intra-assay coefficient of variation (c.v.) for this analysis is 0.61% and
the mean inter-assay c.v. is 1.45%. Insulin was assayed in 100 pl aliquots with reagents
obtained from LINCO Research, Inc. (St. Charles, MO). The intra-assay c.v. for this
analysis is 3.59%, and the mean inter-assay c.v. is 5.64%. Fasting insulin and glucose
values were determined by the average of two baseline blood samples (2 ml/each).
Values of glucose and insulin were entered into the MINMOD computer program for
determination of insulin sensitivity as described elsewhere.?*>* Calculation of acute
insulin response to glucose (AIRg) was determined by the area above baseline insulin

concentration during 0 to 10 minutes, calculated by the trapezoidal method.?

Family History of Diabetes
Family history of diabetes was determined by a questionnaire completed by the
child’s parent or guardian. The parent/guardian checked “yes” or “no” in response to the
question “have any of the following relatives been diagnosed with high blood
sugar/diabetes?” The relatives listed included paternal grandparents, maternal
grandparents, parents, and siblings. It was not within the scope of this study to confirm
whether the child’s family members had a diabetes diagnosis; self-reported family history

of diabetes was accepted as true.
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Statistics

To avoid confounding results attributed to the presence of overweight or obese
children, participants with a BMI percentile of 85% and above, as defined by the CDC at
the time of the study, were removed from the data set prior to analysis. Descriptive and
frequency statistics were completed for the remaining individuals with and without a
family history of diabetes (family history=1, no family history=0). A new, dichotomous
variable was created to capture whether children had a fasting glucose of greater than or
equal to 100 mg/dl (highriskdiab=1). Independent sample t-tests were performed to
determine significant differences in continuous variables, and chi-square analysis was
used to determine significant differences in categorical variables between children with
and without a family history of diabetes.

Four different multiple regression models were analyzed to test whether family
history of type 2 diabetes predicted the main outcomes of interest, which were fasting
insulin, insulin sensitivity, AIRg, and glucose tolerance. Covariates used in each model
included age, sex, pubertal status, ethnicity, waist circumference, and total grams of
carbohydrates. The model using AIRg as the dependent variable also included insulin
sensitivity as a covariate since insulin sensitivity is a known determinant of AIRg.
Residuals above and below three standard deviations were removed. All statistics were

performed using SAS version 9.4 (SAS Institute Inc.).
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Results
Demographics

The derivation of the final sample included in the statistical analysis is described
in Figure 1. The original sample comprised 322 children. Children who were overweight
or obese, defined by the CDC as having a BMI percentile of 85 or above at the time of
this study, were excluded from the study to focus the study on non-overweight children.
This exclusion reduced the sample to 217 children. An additional individual was removed
who did not have a data point for BMI percentile, resulting in 216 individuals. Of these
216 children, 17 were excluded from analysis because the family history of diabetes
section was not completed on their questionnaires. This exclusion resulted in a final
sample of 199 children who were not overweight or obese and who had complete
information about their family history of diabetes for final analysis.

This sample of 199 children contained a relatively equal number of males
(50.75%) and females (49.25%) 7—12 years old, with an average age of 9.66 years. Most
children were in Tanner stages 1-2 (76.86%). Children in this sample were ethnically
diverse and consisted of Caucasians (45.72%), African Americans (31.16%), Hispanics
(19.60%), or an unspecified other ethnicity (3.52%). On average, children were in the 53—
55™ BMI percentile with an average fat mass of 6.63 kg and an average lean mass of
25.08 kg. Family history of diabetes was common, with 43.72% (n=87) of children
reporting a parent, sibling, or grandparent with diabetes.

Differences in demographic characteristics of children with a family history of
diabetes (n=87) and without a family history of diabetes (n=112) are displayed in Table

1. There were no significant differences in sex, age, ethnicity, socioeconomic status,
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resting energy expenditure, BMI percentile, or body composition between the two
groups. There were also no significant differences in measures of fasting glucose, fasting

insulin, insulin sensitivity, or acute insulin response to glucose.

Regression Analysis

Multiple linear regression analysis was used to determine the influence of family
history of diabetes on insulin measures (fasting insulin, insulin sensitivity, and AIRg). All
models were adjusted for sex, age, pubertal status, ethnicity, waist circumference, and
grams of carbohydrates. Family history was a significant predictor of higher fasting
insulin (p=0.0372) along with sex (p=0.0034), waist circumference (p=<0.0001), and
carbohydrate intake (0.0075). Ethnicity, age, and Tanner stages were not significant
predictors of fasting insulin. Table 2 provides details from this analysis. Family history
was not a significant predictor of insulin sensitivity or AIRg (p=0.32, p=0.13,

respectively).

Discussion
This study evaluated how a family history of diabetes could influence various
measures of insulin activity in children who are not overweight or obese. Our results
found that family history of diabetes significantly predicts fasting insulin levels in normal
weight children. . In addition, having a family history of diabetes contributes to the
variability of fasting insulin when accounting for the contributions of age, sex, pubertal

status, ethnicity, waist circumference, and carbohydrate intake.
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In addition to family history of diabetes, grams of carbohydrates consumed, sex,
and waist circumference were also significant predictors of fasting insulin in this cohort
of normal weight children. Although previous studies demonstrate that insulin resistance
increases during puberty?®?’, Tanner stage was not a significant predictor of fasting
insulin in this analysis (p=0.0583). In our cohort, 74/87 (85.1%) of children with a family
history of diabetes and 96/112 (85.7%) of children without a family history of diabetes
were in Tanner stages 1 or 2. Therefore, the uniformity of this categorical variable within
our sample likely reduced its effect. Similarly, the narrow age range (7—12 years) and
similar ages of children with a family history of diabetes (average=9.72 years, standard
deviation=1.57 years) and without a family history of diabetes (average=9.62 years,
standard deviation=1.51 years) likely prevented age from being a significant predictor of
fasting insulin, as seen previously.?® Ethnicity was also not a significant predicator of
fasting insulin in this analysis. It has been shown that African American children have
higher fasting insulin levels compared to white children; however, it is recognized that
the contributions of race/ethnicity to insulin-related outcomes can be mediated by factors
such as body composition.?” Our analysis excluded children who were overweight or
obese, so there were minimal differences in body composition among the children in this
sample, which could have modified the effect of ethnicity in this study.

Previous research has shown that fasting insulin levels in children can be
predictive of future risk for developing type 2 diabetes. A study of Pima Indians ages 5—
19 showed that high levels of fasting insulin were predictive of type 2 diabetes after an
8.4 year follow-up period.*® High fasting insulin in childhood was also a significant

predictor of adult type 2 diabetes in a study of African American and Caucasian girls.’!
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Nguyen et al. (2010) concluded that children in the top decile for fasting insulin were
2.85 times more likely to develop pre-diabetes and 5.54 times more likely to develop
diabetes, regardless of weight.>* Findings from the Bogalusa Heart Study, a longitudinal
study of children ages 4—17, showed higher fasting insulin levels in children with a
parental history of diabetes.** Importantly, parental history of diabetes was an
independent predictor of hyperinsulinemia, hyperglycemia, and other risk factors
associated with metabolic syndrome in adulthood.*® These studies demonstrate the
importance of identifying children with high fasting insulin at an early age in order to
potentially decrease their risk of type 2 diabetes through intervention and prevention
programs.

Our results and others demonstrate that family history of diabetes is one way to
help identify children who might eventually develop hyperinsulinemia and be at an
increased risk for insulin resistance. The heritability of fasting insulin is estimated to be
49%°*3¢ meaning the variability in fasting insulin is equally due to genetic and
environmental influences. According to our results, having a family member with
diabetes is an independent predictor of fasting insulin in normal weight children when
considering multiple environmental covariates. This finding suggests that perhaps the
genetic influences on fasting insulin are more contributory to its variability in normal
weight children. Therefore, family history of diabetes could be used as a simple screening
tool to identify normal weight children who are potentially at risk for high levels of
fasting insulin and, later, type 2 diabetes.

This study was limited by sample size and missing information for some

participants. Furthermore, the question “is there a family history of high blood
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sugar/diabetes” could have captured children with a family history of both type 1 and
type 2 diabetes, but we anticipate the number of individuals with a family history of type
1 diabetes to be much less than those with a family history of type 2 diabetes because
type 2 diabetes has a much higher population prevalence compared to type 1 diabetes. In
addition, the association with grams of carbohydrate and fasting insulin could be
confounded by total caloric intake, which was not accounted for in the regression models.

Despite these limitations, this study population was ethnically diverse, and all
variables studied were obtained under a strictly controlled environment, which increases
the reliability and generalizability of the results. Future studies could evaluate the
relationship between family history and additional insulin and glucose measurements
such as HOMA and insulin secretion to better understand insulin resistance and beta-cell
function, respectively. The impact of family history could also be further explored by
determining if paternal or maternal family history is more influential on biomarker
activity.

Performing type 2 diabetes screening for all children with a family history of
diabetes using the current methods would be an expensive endeavor, given the current
direct and indirect costs of diabetes screening per case identified.>’” However, the
potential impact of introducing prevention programs to normal weight children based on
their family history of diabetes has yet to be investigated. As discussed, type 2 diabetes
prevention programs for children have had low success rates, and they have typically
focused on diet and physical activity behaviors in overweight children. Prevention
programs for children with a family history of diabetes who are normal weight could

have numerous benefits, such as reducing the risk for unhealthy weight gain, which
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would not only decrease the risk for type 2 diabetes but also for other obesity-related
comorbidities. The efficacy of such programs would be an important contribution to the

knowledge of how family history of diabetes can be used as a tool for disease prevention.
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Figure 1. Study sample procurement

322 Children in Original Sample

105 with BMI >85%tile ]

Nb[ 1 with no info for BMI ]
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—

112 No Family History 87 Family History

Of the 322 children in the original study, 199 children met the requirements for inclusion
in this analysis due to being normal weight and having information about their family
history of type 2 diabetes. Family history of diabetes was present in approximately 44%
of the children in this procured sample.
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Table 1. Differences in participant demographic information according to family history

of diabetes
'Variable No Family History of| Family History of | P value
Type 2 Diabetes Type 2 Diabetes

Mean (N) Mean (N)
Male (%) 54.46 (61) 45.98 (40) 0.2349
Female (%) 45.54 (51) 54.02 (47) '
Age 9.62 (112) 9.72 (87) 0.6516
Tanner Stage 1 68.47 (76) 65.12 (56)
Tanner Stage 2 18.02 (20) 20.93 (18)

0.9419

Tanner Stage 3 12.61 (14) 12.79 (11)
Tanner Stage 4 0.9 (1) 1.16 (1)
Caucasian (%) 49.11 (55) 41.38 (36)
African American (%) 29.46 (33) 33.33 (29) 0.6852
Hispanic (%) 18.75 (21) 20.69 (18) '
Other Ethnicity (%) 2.68 (3) 4.6 (4)
BMI Percentile 55.88 (112) 52.84 (87) 0.3590
Total Fat Mass (kg)* 6.68 (110) 6.57 (82) 0.7878
Total Lean Mass (kg)* 25.08 (110) 25.08 (82) 0.9979
Fasting Insulin* 10.41 (101) 11.79 (78) 0.0678
Insulin Sensitivity* 6.22 (99) 6.43 (76) 0.6884
AIRg* 728.92 (99) 820.96 (77) 0.2926
Fasting glucose (mg/dL)* 96.98 (101) 97.92 (77) 0.3419
Fasting Glucose >100 mg/dl 32.14 (36) 40.23 (35) 0.2375
(OA))*

*Indicates variables with missing data for some children.
Children with a family history of diabetes were compared to children without a family
history of diabetes. All children were below the 85" and above the 5™ BMI percentile.

Table 2. Statistical output from the regression model using fasting insulin as the outcome
variable

Variable F Value P Value
Waist Circumference 19.46 <0.0001*
Sex 8.84 0.0034*
Grams of Carbohydrates 7.35 0.0075*
Family History of Diabetes 4.42 0.0372*
Tanner Stage 2.54 0.0583
Ethnicity 1.37 0.2529
Age 0.14 0.7047

Model: fasting insulin = sex Tanner stage age ethnicity waist circumference grams of
carbohydrates family history diabetes
*P<0.05
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Abstract

Type 2 diabetes is a major public health problem for the global community.
Having a family history of diabetes significantly increases the risk for diabetes
development. A better understanding of how family history contributes to diabetes risk
could lead to more effective prevention efforts for these at-risk individuals. In a previous
study, we showed that family history of diabetes is a significant predictor of fasting
insulin in healthy weight children. To build on this finding, the present study utilized the
National Health and Nutrition Examination Survey (NHANES, 2017) to determine if
family history of diabetes could also predict fasting insulin, and fasting glucose, in a
population of healthy weight adults. Fasting glucose (mg/dL) and fasting insulin (pmol/L)
were used as dependent variables in each model respectively, with family history of
diabetes as the independent variable. Covariates for each model included age, gender,
race/ethnicity, waist circumference, and macronutrient intake. The model significantly
predicted the variance of fasting glucose [(F(11,364)=34.80, p <0.001, R?>=0.2342] and
fasting insulin [F(11,343)=17.58, p<0.001, R?=0.1162]. After adjusting for covariates,
family history was a significant predicator of fasting glucose (p=0.0193), as were age,
gender, non-Hispanic Black ethnicity, waist circumference, and fat intake. Significant
predictors of fasting insulin included gender and waist circumference, but not family
history (p=0.8264). In addition, fasting plasma glucose was higher in individuals with a
family history of diabetes (p=0.033). These results add to the understanding of how
family history of diabetes contributes to the crucial components of diabetes development.

Knowledge of how family history of diabetes relates to fasting insulin and glucose
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activity in healthy weight individuals can be used to design personalized screening and

early prevention strategies.
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Introduction

Type 2 diabetes prevention is a necessary but challenging priority of public health
organizations worldwide. Globally, 537 million people have type 2 diabetes, and this is
expected to rise to 643 million in 2030 and reach 782 million in 2045, which will have
major economic and health consequences, especially for low- and middle-income
countries where diabetes rates are highest.! The increasing prevalence of type 2 diabetes
emphasizes the need for prevention strategies but also diverts limited resources from
prevention efforts to the treatment of diabetes. Therefore, prevention strategies must
consider how to make a significant impact while also being simple and cost-effective.
Identifying individuals at risk for type 2 diabetes is essential for establishing effective
prevention efforts. Multiple large population studies have found that family history of
diabetes significantly increases the risk to develop diabetes regardless of other risk
factors such as body mass index (BMI), age, ethnicity, socioeconomic status, physical
inactivity, and biological sex.? Utilizing family history of diabetes for identification of at-
risk individuals is simple, universally accessible, and inexpensive. Furthermore, these
individuals could be targeted for early diabetes prevention efforts, which could also
prevent the development of additional risk factors for diabetes, such as obesity and
cardiovascular disease.

Prevention strategies for individuals with a family history of diabetes should be
informed by how family history contributes to diabetes development. However,
understanding how family history increases diabetes risk is complicated by overlapping
genetic, behavioral, and environmental influences shared by families.? Identifying genetic
variants associated with type 2 diabetes has been a major research focus, but, to date,

common genetic variants explain only approximately half of the heritability of diabetes.*
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Through these research efforts, genetic loci that affect glucose and insulin function have
been discovered and linked to type 2 diabetes risk.>® While understanding how genetic
variation influences glucose and insulin activity at a molecular level is important, it will
take time and additional large, more diverse research cohorts to apply this information in
a cost-effective and equitable manner clinically.* In the meantime, readily available tools
to understand how family history affects diabetes risk must be explored.

Measuring fasting plasma glucose is a clinically available and effective method
for the diagnosis of diabetes (>126 mg/dL) and prediabetes (100125 mg/dL).” High
levels of fasting glucose are caused by reduced cellular responses to insulin and defects in
insulin production.® The body’s response to decreased insulin sensitivity is to produce
more insulin, which can result in increased levels of fasting insulin in addition to high
levels of fasting glucose.’ Understanding fasting glucose and insulin levels in individuals
with a family history of diabetes will help illuminate the contribution of family history to
diabetes risk. Studying those with a family history of diabetes who have not yet
developed diabetes or acquired additional risk factors is necessary to isolate the
contribution of family history to fasting glucose and insulin in these at-risk individuals.

In a previous study, we demonstrated that family history of diabetes is a
significant predictor of fasting insulin in a sample of diverse, healthy weight children
after adjusting for age, sex, pubertal status, ethnicity, waist circumference, and total
grams of carbohydrates consumed per day.'® To further understand how family history
influences fasting glucose and insulin, this analysis explores whether family history of

diabetes is a significant predictor of fasting glucose and fasting insulin in a population of
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healthy weight adults. We hypothesize that family history of type 2 diabetes will be a

significant predicator of fasting insulin and fasting glucose in healthy adults.

Methods
Participants
Data from the public National Health and Nutrition Examination Survey
(NHANES) collected from 2017 to 2018 were included for this study (n=970). For this
research, the analyses focused on adult participants (>19 years) who were healthy weight
(BMI >18.5 and <24.9) with and without family history of diabetes. Any participants who
were pregnant, were younger than 20 years old, had a fasting glucose >126 mg/dL, or had
a diagnosis of liver disease, cancer, or diabetes were excluded from analyses. The
NHANES data were adjusted for person weights (two-year sample weights) from
NHANES 2017-2018 (WTMEC2YR), as is recommended by the National Center for
Health Statistics (NCHS). NHANES Institutional Review Board (IRB) approval and
documented consent were obtained from the participants. This study was exempt from
IRB review. This exemption complied with the policy of the University of Alabama at

Birmingham IRB related to the use of public available data for research and publication.

NHANES Variables
Variables from the demographics, examination, laboratory, dietary, and
questionnaire data of NHANES were used in the statistical models. Demographic
variables included participant age in years (RIDAGEYR), gender (RIAGENDR), and

race and Hispanic origin information (RIDRETH1). Gender was defined as male or
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female. Race and Hispanic origin information included Mexican American, other
Hispanic, non-Hispanic white, non-Hispanic Black, and other race including multiracial.
The examination variable included participant waist circumference in centimeters
(BMXWAIST). Laboratory variables included fasting glucose in mg/dL (LBXGLU) and
fasting insulin in pmol/L (LBDINSI). Dietary variables included percent intake of
carbohydrates, fat, and protein. Percent intake was calculated by averaging intake over
the course of two successive days. The questionnaire variables included whether the
participant had a family history of diabetes and whether they felt at risk for
diabetes/prediabetes. Participants could provide a yes or no answer to the following
questions: “Including living and deceased, were any of your close biological
relatives...including father, mother, sisters, or brothers, ever told by a health professional
that they had diabetes?” (MCQ300c). “Do you feel you could be at risk for diabetes or

prediabetes?” (DIQ172).

Statistical Analysis

Descriptive statistics (means and frequencies) were calculated to summarize age,
gender, race, examination, laboratory, and dietary information by family history of
diabetes. Independent-sample t-tests and chi-squared tests were performed to detect
differences in sociodemographic characteristics by family history of diabetes. The Rao-
Scott x2 p-values were reported in the results as recommended by NHANES survey.
Separate multiple regression models were tested using fasting glucose or fasting insulin
as the dependent variable and family history of diabetes as the independent variable. For

each model, covariates included age, gender, race, waist circumference, and percent
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macronutrient intake (carbohydrates, fat, and protein). Dietary intake was included to
investigate which, if any, macronutrient categories were predictive of biomarkers, and if
so, the direction of the relationship between macronutrients and biomarkers. Whether
macronutrients predict decreased or increased biomarker concentration could inform
dietary strategies to prevent diabetes. All residuals were tested for normality, and
significance level was considered a=0.05 for all statistical analyses. All analyses were
performed with SAS statistical software (version 9.4, 2002—-2012 by SAS Institute Inc.,

Cary, NC).

Results
Participants

Of the 9,254 individuals who completed the 2017-2018 NHANES, 970 met the
inclusion and exclusion criteria for this analysis (Figure 1). Given that the focus of this
research is on family history of diabetes and how it impacts risk for developing type 2
diabetes, only individuals with family history information provided who did not have
diabetes or a fasting glucose that indicates diabetes were included. Individuals with a
BMI <18.5 and >24.9 were removed from the sample to prevent factors associated with
being over or under weight to confound the impact of family history of diabetes.

Among the 970 participants, approximately 34.8% had a family history of
diabetes in a parent or sibling. Demographic information was compared between
participants with and without a family history of diabetes (Table 1). There were no
differences in age, gender, or race. Participants were, on average, 42.12 years old (CL

40.38-43.85), and 59.14% identified as female. The majority of participants identified as
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non-Hispanic white (33.5%) or selected other race including multiracial (31.3%). There
were no differences in BMI or waist circumference between participants with and without
a family history of diabetes. On average, participant BMI was 22.25 kg/m? (CL 22.10-
22.39) and waist circumference was 81.82 cm (CL 80.90-82.73). There were no
differences in average macronutrient intake between groups. Individuals with a family
history of diabetes had a macronutrient distribution of 47.39%kcals from carbs,
34.54%kcal from fat, and 16.03%kcal from protein; those without a family history had a
distribution of 47.04%kcal from carbs, 35.29%kcal from fat, and 15.24%kcal from
protein. Participants with a family history had higher fasting glucose (average=99.30
mg/dL, p=0.03, CL 97.75-100.85). Average fasting insulin was not different between
those with and without a family history of diabetes (p=0.6708). When participants were
asked if they felt at risk for prediabetes/diabetes, 32.5% of individuals with a family
history answered “yes” compared to 7.2% of individuals without a family history

(p<0.0001).

Regression Analysis
Separate multivariate regression analyses were carried out to assess whether
family history of diabetes predicts the variance of fasting glucose and fasting insulin,
respectively. We began by testing the model used in our previous study, which included
age, gender, race, waist circumference, and grams of carbohydrate consumed as
covariates. To better investigate the effects of race and dietary intake on fasting glucose
and fasting insulin, the final models included age, gender, race (divided into five

subgroups — Mexican American, other Hispanic, non-Hispanic white, non-Hispanic
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Black, and other race including multiracial), waist circumference, and percent intake of
carbohydrate, fat, and protein as covariates.

The model significantly predicted the variance of fasting glucose
[F(11,364)=34.80, p <0.001, R?=0.2342] with age, gender, non-Hispanic Black ethnicity,
waist circumference, fat intake, and family history of diabetes as significant predictors.
Age (p=0.0394), waist circumference (p=0.0010), and percent fat intake (p=0.0216) were
all significant predictors of increased fasting glucose (Table 2). Fasting glucose was
predicted to be higher in males (p=0.0029) and lower in Non-Hispanic Blacks
(»=0.0216). Family history of diabetes was a significant predictor of increased fasting
glucose when adjusting for all other variables in the model (p=0.0193).

The model significantly predicted the variance of fasting insulin
[F(11,343)=17.58, p<0.001, R?=0.1162] with gender and waist circumference as the
significant predictors. Waist circumference predicted increased fasting insulin
(»=0.0020), and fasting insulin was predicted to be lower in males (p=0.0359). Neither
family history of diabetes nor any other covariate was a significant predictor of fasting

insulin in the model (Table 3).

Discussion
The purpose of this study was to investigate whether a family history of diabetes
is a significant predictor of fasting glucose and fasting insulin levels in healthy weight
adults. Our results showed that family history was a significant predictor of fasting
glucose, but not fasting insulin, after adjusting for age, gender, race, waist circumference,
and percent daily macronutrient intake. Age, gender, waist circumference, non-Hispanic

Black ethnicity, and percent fat intake were significant predictors of fasting glucose in
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addition to family history of diabetes. Gender and waist circumference were significant
predictors of fasting insulin. The relationships between the covariates and fasting glucose
were mostly anticipated based on previously identified associations, but the results from
the fasting insulin model were somewhat surprising.

Our analysis showed that age and male sex predicted increased fasting glucose,
which was expected given prior conclusions from the literature. As individuals age,
decreased insulin sensitivity and insulin production in addition to changes in body
composition and metabolism result in elevated fasting plasma glucose, even in
individuals without diabetes.!!"'* Regardless of age, males with and without diabetes have
higher fasting glucose compared to females, which is thought to be due to hormonal,
body composition, and energy utilization differences; however, the relationship between
fasting glucose and biological sex is not fully understood.'>""’

Conversely, our analysis indicated that male sex significantly predicted decreased
fasting insulin. In individuals with normal glucose levels, it has been shown that women
are more insulin sensitive compared to men, likely due to hormonal differences.!'®°
However, the differences in fasting insulin according to biological sex have been mixed.
In one healthy adult sample, there were no differences in the fasting insulin levels of men
and women?®’, but another study showed that female adolescents have higher fasting
insulin compared to males.?! One study examining fasting insulin candidate genes found
differences in gene expression by sex??, adding another layer of complexity to the impact
of biological sex on fasting insulin.

This analysis found that non-Hispanic Black ethnicity significantly predicts lower

levels of fasting glucose. Although multiple studies have found higher hemoglobin Alc
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(HbA1c) levels in Blacks compared with other ethnicities?*?%, knowledge of ethnic
differences in fasting glucose among healthy weight individuals is limited and
conflicting. One study showed no differences in fasting glucose levels between Blacks
and non-Hispanic whites or between Hispanics and non-Hispanic whites without
diabetes.?” However, in studies of non-diabetic individuals with a family history of

diabetes, Blacks have lower fasting glucose levels compared to whites®*23-3°

, which is
consistent with our results. More understanding of how ethnicity impacts glucose activity
in healthy individuals is needed to fully appreciate the relationship between ethnicity and
fasting glucose.

Age, biological sex, and ethnicity are unavoidable components of type 2 diabetes
risk, but additional factors contribute significantly to diabetes development. Therefore,
we also investigated how modifiable components such as diet and waist circumference
contribute to the variability of fasting glucose and fasting insulin in the presence of innate
risk factors. We found percentage intake of fat predicted higher fasting glucose, and waist
circumference predicted higher fasting glucose and fasting insulin in our sample
population.

Previous studies have also shown that increases in waist circumference are
associated with higher fasting glucose and fasting insulin levels.?!3* Waist circumference
is utilized as a noninvasive measure of abdominal fat, including visceral fat**, which, in
excess, promotes insulin resistance through cellular processes that lead to chronic
inflammation.*-’ It has been demonstrated that waist circumference is a stronger

predictor of type 2 diabetes risk compared to BMI in certain ethnic groups and for

individuals with a low or healthy weight.*®* Our analysis of individuals with a healthy
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BMI demonstrates waist circumference is a significant predictor of fasting insulin and
fasting glucose activity, further emphasizing the utility of this measurement in this
population.

Even when accounting for waist circumference, dietary fat intake was found to
predict increased fasting glucose in this analysis. Excessive intake of fat is clearly linked

to obesity and insulin resistance*’4?

, and it has been shown that a low carbohydrate/high
fat diet increases fasting glucose in healthy weight adults.* Yet others have found diets
consisting of a greater percentage of carbohydrate to be associated with higher fasting
insulin levels in individuals without diabetes.***> On the other hand, studies have also
shown that replacing intake of carbohydrates or saturated fats with polyunsaturated fats
has led to improvement in fasting insulin and blood glucose regulation.*®*’ These studies
demonstrate that the relationship between dietary fat and diabetes biomarkers is complex
because different types of fat have varying effects. Of note, total percent fat intake was
used as a variable in the model, which did not distinguish between saturated and
unsaturated fats.

Diets low in fat have been shown to induce weight loss and therefore reduce the
risk for type 2 diabetes, but other diets (Mediterranean, low-carbohydrate, low energy,
intermittent fasting) can also achieve similar outcomes.** However, if weight loss is not
necessary or desired, perhaps an approach of avoiding certain food groups known to
increase the risk for type 2 diabetes, such as red and processed meats and sugar-

sweetened beverages, is advisable.**** Individuals who are a normal weight but who are

at risk for type 2 diabetes based on their family history may find it beneficial to reduce
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their intake of certain fats, given the association of those fats with increased fasting
glucose shown in multiple studies.

Understanding how macronutrient intake is related to diabetes risk for normal
weight individuals with a family history of diabetes has many potential benefits. In our
sample, those with a family history of diabetes were more likely to feel at risk for
diabetes (p<0.0001). Providing these individuals with established dietary strategies to
reduce diabetes risk could allow them to feel more in control of their health.

Another significant finding of this analysis was that individuals with a family
history of diabetes had higher fasting glucose levels compared to those without a family
history. Having a family history of diabetes has been shown to significantly increase
hemoglobin A1C (HbA1C) in individuals with and without a diagnosis of diabetes*® and
has also been associated with poor glycemic control in multiple populations.*->* Previous
studies comparing fasting glucose levels between individuals with and without a family
history of diabetes have been inconsistent. Some have found significant differences*®->*>¢,
while others have not found significant differences in fasting glucose based on family
history.>’->
Current recommendations from the U.S. Preventive Services Task Force
(USPSTF) are to screen adults for type 2 diabetes by measuring fasting plasma glucose
only if they are overweight or obese.” In our sample, the average fasting glucose for
individuals with a family history of diabetes was 99.30+0.72mg/dL, which intersects
prediabetes levels (defined as 100—125 mg/dL).%° Therefore, individuals who are a

healthy weight and have a family history of diabetes could potentially benefit from

diabetes screening to identify borderline or undetected dysglycemia. These individuals
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could then engage in prevention strategies that serve the dual purpose of preventing
diabetes and unhealthy weight gain, thus improving the overall health of this population.

Unexpectedly, our results found that family history was not a significant predictor
of fasting insulin. Previous studies have shown that individuals with a family history of
diabetes tend to have higher fasting insulin levels®’>%®1:%2 however, not all these studies
were conducted in healthy weight individuals, which was a characteristic of our sample.
For this and other reasons such as differences in study population and design, other
studies have not found higher fasting insulin levels in those with a family history of
diabetes.’®%3¢* Healthy weight individuals could have less variation in their fasting
insulin levels because they do not have the insulin resistance that is commonly associated
with excess weight gain. Further, it is possible that, for adults with normal weight, the
diabetes in their family is consequent to excess weight gain rather than to any genetic
impairment in insulin resistance or beta cell function.

Interestingly, individuals with a family history of diabetes in our sample had
higher fasting glucose, but on average, it was below prediabetic levels. Perhaps, in
individuals with a family history of diabetes who are normoglycemic and normal weight,
it is their cellular response to insulin that is impaired, causing slightly elevated fasting
glucose compared to those without a family history. However, their elevated plasma
glucose is below the threshold that would signal increased insulin secretion and
subsequent elevated fasting insulin. Therefore, individuals with and without a family
history have similar fasting insulin levels in our sample. If there is minimal variance in
fasting insulin between those with and without a family history, it would make sense that

family history is not a significant predictor of the variance in fasting insulin in this model.
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The sequence of insulin defects that lead to diabetes development have long been
debated®>%¢ and perhaps vary based on accompanying genetic variants that may be passed
down through families. Future studies could investigate whether family history is
predictive of other biomarkers that contribute to diabetes development, such as glucose
disposal rate or insulin sensitivity, and whether these biomarkers enact a mediating effect
between fasting insulin and family history.

This study was able to utilize a population of healthy weight adults to investigate
how relevant risk factors influence fasting glucose and fasting insulin activity. However,
the study sample from this adult cohort consisted of primarily non-Hispanic white
individuals in their early 40s, which limits the generalizability of the results. In addition,
the 970 individuals who met study criteria did not all have laboratory values for fasting
glucose and/or fasting insulin, which reduced the sample size for the separate statistical
analyses. In addition, the question determining positive family history of diabetes did not
specify a family history of type 1 or type 2 diabetes; however, we expect most individuals
had a family history of type 2 diabetes given its great population prevalence. We did not
investigate other measures of glucose and insulin activity (glucose tolerance, insulin
sensitivity, etc.) in our population, though this is a potential area for future study. Our
finding that family history did not predict fasting insulin was unexpected, though it
perhaps reveals insight into the early biological mechanisms of diabetes development in

the absence of factors associated with overweight and obesity.
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Conclusion
Family history of diabetes was a significant predictor of fasting glucose, but not
fasting insulin, in a sample of healthy weight adults without diabetes after controlling for
innate and modifiable risk factors. Further research is needed to better understand how
family history contributes to the biological processes responsible for type 2 diabetes
development in order to design individualized prevention strategies for at-risk

individuals.
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Table 1. Comparison of participant factors based on family history of diabetes

No Family

Variable History of Fz:)rfn]i)lgfall?::z(s)ry p-value
Dia_betes (n=354)
(n=616)

Demographic Data
Age (years) 41.64+0.99 43.01 £1.18 0.3564
Gender

Male (%) 27.94%(n=282) | 12.91%(n=144)

Female (%) 37.20%(n=334) | 21.94%(n=210) 01322
Race

Mexican American (%) 2.53% (n=38) 2.35% (n=32)

Other Hispanic (%) 3.66% (n=43) 1.80%(n=19) 02535

Non-Hispanic White (%) 43.90%(n=218) | 21.52%(n=107)

Non-Hispanic Black (%) 6.69% (n=127) 3.91%(n=82)

Other Race — Including Multiracial (%) 8.34% (n=190) 5.25%(n=114)
Feel at risk for prediabetes/diabetes (%)

Yes 4.72%(n=50) 11.27% (n=132) | <0.0001*

No 60.58%(n=564) | 23.41%(n=215)
Examination Data
BMI (kg/m?) 22.21£0.10 22.33+0.13 0.5626
Waist Circumference (cm) 81.79+0.51 81.88+0.55 0.8943
Laboratory Data
Fasting Glucose (mg/dL) 97.55+0.58 99.30+0.72 0.0330*
Fasting Insulin (pmol/L) 39.10£2.50 41.2244.77 0.6708
Dietary Data
Energy Intake (kcal) 2103.334+45.18 2025.03+£80.77 0.4320
Daily Carbohydrate Intake (gm) 247.75+6.83 238.94+9.13 0.4624
Protein Intake (gm) 78.74+1.93 77.73£3.27 0.7893
Fat Intake (gm) 82.57£2.24 78.25+3.54 0.3714

*p<0.05; Values are reported as either means and standard deviations or as percentages.
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Table 2. Multiple regression analysis exploring the relationship between fasting

glucose (mg/dL) and family history of diabetes NHANES (2017) (n=364)

Variable B p-value Standard
error
Age 0.1172 0.0094* 0.0394
Gender (males) 3.3813 0.0029* 0.9505
Race
Mexican American 0.7387 0.7396 2.1919
Other Hispanic 0.2148 0.9127 1.9270
Non-Hispanic White -1.7130 0.2067 1.2979
Non-Hispanic Black -3.9838 0.0216* 1.5544
Waist Circumference (cm) 0.2854 0.0010%* 0.0703
Percent Carbohydrates 0.1349 0.2179 0.1049
Percent Protein 0.1424 0.1728 0.0995
Percent Fat 0.1894 0.0216* 0.0738
Family History of Diabetes 2.5592 0.0193* 0.9764

* Significant differences were denoted at p<0.05

Table 3. Multiple regression analysis exploring the relationship between fasting

insulin (pmol/L) and family history of diabetes NHANES (2017) (n=343)

Variable B p-value Standard
error
Age -0.103 0.1184 0.0627
Gender (male) -6.1957 0.0359* 2.6890
Race
Mexican American -0.7771 0.8797 5.0464
Other Hispanic -4.6764 0.3420 4.7657
Non-Hispanic White -6.6309 0.0578 3.2271
Non-Hispanic Black 0.1749 0.9689 4.405
Waist Circumference 0.6424 0.0020* 0.1726
Percent Carbohydrate 0.3552 0.1306 0.2220
Percent Protein -0.2955 0.3318 0.2946
Percent Fat 0.3348 0.0851 0.1816
Family History of Diabetes -0.6296 0.8264 2.9970

*Significant differences were denoted at p<0.05
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Abstract

The purpose of this study is to investigate the effectiveness of a genetics
educational module created to improve understanding about the genetics of diabetes,
assess motivation to engage in healthy lifestyle behaviors, and gauge interest in genetic
testing for diabetes. Participants were recruited from the Multidisciplinary
Comprehensive Diabetes Clinic at the University of Alabama at Birmingham.
Participants completed a pre-survey to assess three domains: 1) knowledge about diabetes
etiology and testing, 2) healthy lifestyle behaviors, and 3) interest in genetic testing.
Participants viewed a short, recorded educational module and then completed a post-
survey to reassess the domains. Participants increased knowledge about genetics of
diabetes (p<0.0001) and genetic testing (p=0.0184), demonstrated motivation to adopt
healthy behaviors (»p<0.0001), and decreased interest in genetic testing (p=0.0833) after
viewing the module. The educational module increased understanding of diabetes and
increased motivation to adopt healthy behaviors. The need for patient-friendly
educational modules explaining the genetics of diabetes will likely increase with
continued discoveries of how genetics contributes to diabetes risk and outcomes. This
short, educational module has the potential to provide genetic information in an effective

way that is easily adapted in a routine clinic setting.
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Introduction

Type 2 diabetes is a serious health condition, and the significant increase in
prevalence in recent decades has led public health officials to declare diabetes a global
crisis. It is estimated that by 2050, one in three Americans will have diabetes.! Reducing
the incidence and prevalence of diabetes to circumvent the predicted healthcare and
economic impacts is a major national and global public health goal.? Currently, diabetes
imposes a substantial burden on the healthcare system due to the associated direct and
indirect costs of medical treatment.

The current and projected prevalence of diabetes and the anticipated burden on
the healthcare system demonstrate the immediate need for cost-effective and prevention-
based interventions. Because of the scale of diabetes diagnoses and the anticipated costs,
primary prevention at the population level is thought to be the most cost-effective
approach in reducing diabetes incidence.?

Research focused on the development of effective diabetes prevention
interventions is ongoing; however, preventing the upward trend of diabetes prevalence in
the population continues to be a significant challenge. It has been demonstrated that
lifestyle interventions such as the Diabetes Prevention Program can successfully reduce
diabetes incidence for up to 15 years, but longer-term/permanent efficacy for a lifestyle-
based intervention has not been achieved.* Therefore, researchers must continue the
necessary and meaningful investigations into novel, multidisciplinary, and effective
diabetes prevention approaches.’

Many health professionals believe that genomics-based tools for risk assessment

for the management and prevention of diabetes are promising.® However, healthcare
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providers recognize that incorporating genetic risk information for chronic diseases into
patient care is challenging, and they have expressed uncertainty about when, why, and
how to incorporate genetics information into their clinical care and practice. Recent
emphasis on translational research aims to close the gap between genetic risk assessment
and clinical care will allow for more useful incorporation of genetics knowledge into both
the primary care and prevention settings.’

Increased knowledge about the genetic associations and implications of chronic
health conditions has led to an increase in the development of interventions that aim to
effectively communicate diabetes risk and motivate patients to adopt healthier lifestyle
behaviors. However, education regarding genetic contributions and the role of family
history as a risk factor has been used in diabetes prevention and management
interventions with mixed results.

Some studies have shown that informing patients about their genetic risk to
develop diabetes did not lead to significant positive behavior changes.®!° One study
showed that adults who were at high risk for developing type 2 diabetes were motivated
to make healthy lifestyle choices only if they were to receive genetic risk information that
demonstrated they were at high risk.!! Other studies have demonstrated that education
about genetic risk can increase perception of control with respect to preventing or treating
diabetes.!?"'* One study demonstrated short-term feelings of controllability, but the
intended effects were negligible after just three months.'> More research about the effects
of genetic risk assessment and education is currently underway, and additional research is
necessary to determine the most effective methods of communicating diabetes risk and

instilling long-term behavioral changes.'¢!”
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Study Rationale

Because previous research has shown mixed results in producing long-term
prevention of type 2 diabetes, more research is necessary to determine if genetics-based
education is useful in prevention efforts, as well as in the management of diabetes. If
individuals understood that diabetes development and progression were not due solely to
either genetics or lifestyle, but a combination of the two, it could help them understand
what behavior changes would be most beneficial in preventing or managing their
diabetes.

This study aimed to determine whether an educational module about the genetics
of diabetes would affect knowledge about diabetes etiology and the current state of
genetic testing for type 2 diabetes, patient motivation to make healthy lifestyle changes,
and patient interest in genetic testing for diabetes. We hypothesize that the intervention
will increase knowledge of type 2 diabetes and motivation to engage in healthy lifestyle

behaviors.

Methods
Study Design
This was a cross-sectional study that assessed four primary outcomes within three
overarching domains (Table 1) using an educational intervention. This study aimed to 1)
increase patient knowledge about the genetic contributions of diabetes, 2) increase patient
knowledge about the current clinical utility of genetic testing for diabetes, 3) assess

patient motivation to change lifestyle/behaviors, and 4) assess patient interest in genetic
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testing for diabetes. The Institutional Review Board of the University of Alabama at

Birmingham (UAB) reviewed this study and granted it exempt status.

Recruitment and Participants
Data collection occurred from December 2015 through February 2016.
Convenience sampling was employed by recruiting participants from the educational
classes offered by the UAB Multidisciplinary Comprehensive Diabetes Clinic (MCDC)
located in the UAB Kirklin Clinic in Birmingham, Alabama. Classes were taught by
diabetes education and care specialists. The patients attending this clinic had an active
diagnosis of type 1 or type 2 diabetes. This research opportunity was presented to all

patients who attended the educational sessions on days when data collection occurred.

Implementation

A folder containing all study materials was given to the education class attendees.

The study folder contained: 1) an informational letter describing the study, 2) instructions

for the study, 3) the demographic questionnaire, 4) the pre-survey, and 5) the post-survey.

Education class attendees who did not desire to be a participant in the study were

instructed to return their study folders without completing the demographic questionnaire
and the surveys. Attendees who elected to participate were instructed to complete the

demographic questionnaire and the pre-survey before the educational intervention was

presented. The 10-minute-long genetics-based educational module was then shown to the

participants. After the conclusion of the educational module, the participants completed
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the post-survey. The implementation of the study protocol was overseen by the same
individuals each recruitment day to ensure consistency among participants.

No identifying patient information was collected or recorded during the course of
the study. Therefore, all survey responses were anonymous. Participants created their
own unique identifier of three numbers and three letters, which were used to link the

demographic questionnaire and the pre- and post-surveys to facilitate statistical analysis.

Study Materials

Surveys

The pre- and post-surveys were developed by the Principal Investigator (PI; a
UAB genetic counseling graduate student) after reviewing and evaluating existing
knowledge-based diabetes education surveys, such as those available from the Michigan
Diabetes Research Center at the University of Michigan (Michigan Diabetes Research
Center, 2015; Gateway Community Health Center, 2003). A validated survey that
fulfilled the needs for this particular study was not identified, but the survey examples
available provided guidance in terms of the development of educational content and
survey questions related to diabetes knowledge. The survey instruments were reviewed
by a certified genetic counselor, the medical director of the MCDC, and a certified
diabetes care and education specialist. The surveys each contained 12 “agree or disagree”
questions written at an eighth grade reading level. Pre- and post-survey questions were
matched in the sense that Question 1 for both the pre- and post-survey assessed the same

information, but each survey utilized different wording to prevent recall bias.
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Educational Presentation

The presentation entitled “Genetics of Diabetes” was developed by the PI as an
educational module to describe what is known and what is not currently known about the
genetics of diabetes. The presentation was recorded using PowerPoint slides and
contained the following information: a brief discussion of monogenic diabetes (neonatal
diabetes mellitus and maturity-onset diabetes of the young) and type 1 diabetes, genetic
contributions to type 2 diabetes including a discussion of family history as an important
risk factor for type 2 diabetes and the contributions of lifestyle factors, and a statement on
how current genetic testing for type 2 diabetes is not clinically actionable. The
educational module was shown to all attendees of the diabetes education classes

regardless of their study participation status.

Analysis

Data from the demographic questionnaire and the pre- and post-surveys were
inputted and managed in a study-specific project database within the Research Electronic
Data Capture (REDCap) database. Participant responses were coded, indexed, and
analyzed with SAS (SAS Institute Inc.; Cary, NC). Pre- and post-survey data were
compared for the four primary outcomes: 1) patient knowledge about the genetic
contributions of diabetes, 2) patient knowledge about the clinical utility of genetic testing
for diabetes, 3) patient motivation to change lifestyle/behaviors, and 4) interest in genetic
testing for diabetes.

For three of the four primary outcomes, a pre- and post-survey summary score

was calculated. In addition, for each outcome it was determined whether the participant
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received a “high score,” which was determined as follows. Four questions on the pre- and
post-surveys assessed participant knowledge about the genetic contributions of diabetes.
A high score equated to answering at least three out of four questions correctly. Two
questions on the pre- and post-surveys assessed participant knowledge about the clinical
utility of genetic testing for diabetes. A high score equated to answering two out of two
questions correctly. Five questions on the pre- and post-surveys assessed the current
practice of and intent to practice healthy lifestyle behaviors, respectively. A high score
equated to selecting “Agree” (reflecting motivation to participate in the specific behavior)
for at least four of the five questions. One question on the pre- and post-surveys assessed
interest in genetic testing. Participants selected either “Agree” or “Disagree” to reflect
his/her interest in testing, and no summary score was calculated because the question
produced a dichotomous variable.

The frequency of high scores pre- and post-survey were examined using
McNemar’s test with alpha <0.05 considered statistically significant. Furthermore,
significant differences in the pre- and post-survey proportion of participant interest in
genetic testing were also assessed using McNemar’s test. Because domain scores were
not normally distributed, differences in pre- and post-survey domain scores were assessed
overall and within demographic characteristics using non-parametric methods,
specifically, the Wilcoxon signed rank test. Repeated measures logistic regression was
used to examine significance within group differences for pre- and post-survey domain
high knowledge (binary outcome) for demographic characteristics. The model produced
p-values for z-scores and assessed whether pre- and post-survey differences were

significant.
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Results
Participant Demographics

All patients who attended the diabetes education classes during recruitment days
agreed to participate in the study and completed the demographics questionnaire and the
pre-survey. However, one participant did not complete the post-survey and was excluded
from the study, resulting in a total of 49 participants. Participant demographics are listed
in Table 2. Two-thirds of the participants were female (n=30; 61.2%), and participants
ranged in age from 24 to 83 years with a mean age of 58 years. The majority of the
sample included African American (n=24; 49.0%) and Caucasian (n=20; 40.8%)
participants. Slightly more than half the participants (51.0%; n=25) who responded had
an annual income that was $50,000 or less. Approximately 43% of participants (n=21)
completed a high school education or less, and 40.8% (n=20) completed college or had

obtained a graduate/professional degree.

Survey Responses

For the three primary outcomes within the knowledge of genetics, knowledge of
testing, and healthy behaviors domains, the proportion of high scores and average scores
increased significantly from pre- to post-survey. Participants also decreased their overall
interest in genetic testing for type 2 diabetes, although not significantly (Table 3). Overall
summary scores increased for the knowledge of genetics, knowledge of testing, and
healthy behaviors domains within demographic groups, with some demographic
characteristics having statistically significant increases in knowledge and/or healthy

behavior motivation. Table 4 presents the mean differences of the pre- and post-survey
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scores of the two knowledge domains and the healthy behaviors domain stratified by
demographic characteristics. Table 5 presents the differences in interest in genetic testing

for diabetes stratified by demographic characteristics.

Knowledge of Genetics of Diabetes

Participants answered an average of 2.3 (out of 4) questions correctly in the pre-
survey and an average of 3.5 questions correctly in the post-survey. High knowledge (>3
correct answers of 4) about the genetics of diabetes increased from 40.8% pre-survey to
85.7% post-survey (p<0.0001). Participants averaged an increase of 1.12 correct answers,
which corroborates that a significant increase (p<0.01) in knowledge was demonstrated.
Of the characteristics examined, several demographic groups had significant increases in
knowledge after viewing the education module (p<0.01), including: both genders, both
age groups, Caucasians and African Americans, married, have children, employed full-
time and retired, <$50,000 annual income, both under a high school level attainment and

college graduates, and those who are not taking insulin.

Knowledge of Genetic Testing for Type 2 Diabetes

Participants answered an average of 0.7 (out of 2) questions correctly in the pre-
survey and an average of 1.1 questions correctly in the post-survey. The proportion of
people with high knowledge (2 of 2 correct answers) of genetic testing for diabetes
increased from 26.6% pre-survey to 46.9% post-survey (p=0.0184). Overall, the mean
number of questions answered correctly about genetic testing significantly increased

(»<0.01) by 0.45 points. Knowledge of genetic testing significantly increased (p<0.05)
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for the following participants after viewing the education module: female, <60 years old,

Caucasian, and employed full-time.

Healthy Behaviors

In the pre-survey, 44.9% of participants reported a high level of healthy behaviors
with an average of 3.1 (out of 5) positive behaviors reported. In the post-survey, most
participants demonstrated a high level of motivation to adopt healthy behaviors with an
average of 4.5 positive healthy behaviors they were willing to adopt. High motivation for
healthy behaviors increased from 44.9% pre-survey to 87.8% post-survey (p<0.0001). In
addition, motivation significantly increased (p<0.01) by 1.38 points overall. For the
demographic characteristics examined, the following participant groups had significant
increases (p<0.01) in willingness to adopt healthy behaviors after viewing the education
module: both genders, both age categories, Whites and African Americans, married, have

children, less than high school educational attainment, and family history of diabetes.

Interest in Genetic Testing for Type 2 Diabetes

In the pre-survey, 79.2% (n=38) of participants demonstrated an interest in
genetic testing for diabetes. Interest decreased in the post-survey, with 66.7% (n=32)
reporting interest in genetic testing for diabetes (p=0.0833). Table 5 shows the proportion
of subjects interested in genetic testing pre- and post-survey by demographic
characteristics. For most of the demographic characteristics examined, post-survey

interest decreased. Participants who were female, >60 years, retired, and had a college
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education each demonstrated a significant decrease (p<0.05) in interest in genetic testing

for diabetes.

Discussion

The purpose of this study was to investigate whether patients attending
standardized diabetes education classes were receptive to learning about the genetics of
diabetes and the current status of the clinical utility of genetic testing. An educational
module was developed to provide accurate information about current knowledge of
genetics in relation to diabetes, as well as inform participants about healthy lifestyle
behaviors. The results of this study suggest that the educational module was effective in
achieving its goals.

Participants’ knowledge about the genetics of diabetes and the inability of a
genetic test to diagnose or predict risk for diabetes at this time increased. Validation of
these hypotheses demonstrates that the purpose of the educational module in increasing
knowledge was achieved. Previous studies have shown receipt of information about type
2 diabetes resulting from both genetic and environmental influences has provided
individuals with a greater sense of control over diabetes development.'*>!> Evidence of
healthy behavior change after incorporating genetic risk information has also been
demonstrated in previous studies focused on smoking cessation due to lung cancer risk,
and positive changes in diet, exercise, smoking, and adherence to medical screening
guidelines after learning about increased risk conditions such as cancer or Alzheimer’s
disease.!®?° This led us to hypothesize that participants’ motivation to adopt healthy

lifestyle behaviors would increase after viewing the educational module, and there was a
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statistically significant increase in participants who scored high on the healthy behaviors
domain. This result shows promise that increased knowledge about the dual roles of
genetics and lifestyle factors may inspire individuals to act on their motivation and adopt
healthy behaviors as shown in these previous studies. It was also hypothesized that
interest in genetic testing would decrease after watching the presentation due to increased
knowledge about the limitations of genetic testing for diabetes. Interest in genetic testing
did decrease post-module; however, the results did not achieve statistical significance.
This may be due to an overall interest in genetic testing and desire for health-related
personal information, even if the desired knowledge is not currently clinically useful or
immediately applicable.

Repeated measures logistic regression was used to analyze characteristics of
individuals who increased their knowledge of diabetes and genetic testing for diabetes
and increased motivation to adopt healthy lifestyle behaviors. The educational module
was successful in increasing knowledge of diabetes across multiple participant
characteristics. The only demographic categories that did not demonstrate an increase in
this area were the categories with less than eight individuals; therefore, it is possible that
the educational intervention could still be effective in these subgroups if more of these
individuals were included in the study. Groups that increased in high scores for
motivation to adopt healthy lifestyle behaviors were similar to those that increased in
knowledge of diabetes. Interestingly, individuals who were currently on insulin therapy
did not increase their motivation, but they did increase their knowledge. It has been
shown previously that individuals with a family history of diabetes have lower perceived

benefits of type 2 diabetes treatment.'? The majority of participants in our study
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population had a family history of diabetes, and it is possible that because individuals
require insulin to manage their type 2 diabetes, they have lower perceived benefits of
lifestyle changes, and therefore, less motivation to change their current habits.

In contrast, the fewest number of demographic subgroups increased their high
score for knowledge of genetic testing for diabetes. For this section, there were only two
questions, and a high score was defined as answering both questions correctly. This
definition of a high score could be masking score increases, for example individuals may
have answered no questions correctly on the pre survey but one question correctly on the
post survey, which would not be considered a high score. However, these results could
also indicate that the intervention was not successful in increasing knowledge of genetic
testing for diabetes. Genetic testing concepts are complicated, and multiple studies have
demonstrated that knowledge of genetic testing is low among patients and physicians.?!"*
Furthermore, to reduce the length of the surveys, prior knowledge of genetic testing and
healthy literacy were not accessed, which have been shown to be predictive of genetic
testing knowledge.?® Improving the intervention’s ability to convey information about the
capability of genetic testing may need to include more information about genetic testing
in general in order to build a better foundation for individuals to understand the utility of
genetic testing in type 2 diabetes specifically.

Limitations of this study include a sample that did not provide enough participants
for each demographic characteristic to achieve statistical significance when the data were
analyzed within demographic groups. Having a more diverse group of participants and a
larger overall sample to provide more participants in each demographic group may have

provided additional insight about which groups of participants were better able or less
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likely to comprehend the information in the educational module. Extending the
recruitment time for the study would have assisted in this area.

Additionally, the study recruited from participants attending optional diabetes
education classes. Therefore, the sample comprised individuals who presumably have a
higher level of motivation to manage diabetes than a random sample of individuals with
diabetes. In addition, we did not ask demographic questions regarding genetics
background knowledge, including whether participants studied life sciences. These
individuals may have a higher knowledge of genetics or a higher capacity to understand
genetics concepts. Offering this intervention in a primary care setting and specifically
asking about science education background could provide information about how a more
typical patient population would respond to the intervention. In addition, the information
provided in this module could be adapted to a particular patient population based on their
educational level and understanding of genetics concepts to optimize its effectiveness.

Furthermore, this study was a cross-sectional study and did not investigate long-
term knowledge recall/retention, assessment of whether individuals would or did act on
their motivation to adopt healthier lifestyle behaviors, or whether participants decided to
talk to their family members and physicians about their family history of diabetes, if
applicable. Future studies could survey participants longitudinally to evaluate knowledge

retention and behavioral outcomes.

Practice Implications
Introducing discussions about the genetics of diabetes and the importance of

family history as a risk factor for type 2 diabetes was a novel approach for the UAB
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MCDC because the standardized diabetes education classes did not previously address
the genetics of diabetes or family history. Our study suggests that patients can understand
basic information about the importance of genetics and family history with respect to
diabetes and that adding information about these topics to the standardized diabetes
education classes and informational booklets may not only be a topic of interest to
patients but would provide a more comprehensive approach to educating patients about
how one develops diabetes. In addition, given its short length and recorded content, this
educational module could be integrated into traditional diabetes education within other
diabetes care centers and other providers’ practices, including primary care/family
medicine clinics, which are often sites to treat and diagnose patients with diabetes. With
increased knowledge about the multifactorial nature of diabetes, patients may learn or be
reminded that genetics are not fate for those at risk for developing type 2 diabetes, and
that adjustment of one’s diet and activity levels can increase an individual’s chances of

experiencing better health outcomes.
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Table 1. Study domains, primary outcomes, and score categorizations

Number of
Domain Primary Outcome Survey [Score Categorization
Questions
Genetics of 4 Possible score range: 0—4
Diabetes High score: 3—4 correct answers
Knowledge
Genetic Testing ) qumble sc.ore range: 02
High score: 2 correct answers
Currently practicing
Healthy (Pre-survey) 5 Possible score range: 0—5
Behaviors Motivation to adopt High score: 4-5 “Agree” responses
(Post-survey)
Interest in Agree
Genetic Testing Have an Interest ! Disagree
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Table 2. Participant demographics (n=49)

N (%)
Gender
Female 30 (61.2)
Male 19 (38.8)
Age in years
Average (SD) 58 (12.9)
Median (Min, Max) 60 (24, 83)
Race/Ethnicity
IAfrican American 24 (49.0)
|Asian 3(6.1)
INative American/Alaska Native 2(4.1)
Caucasian 20 (40.8)
Marital Status
Single/Never Married 6(12.2)
Married 30 (61.2)
Domestic Partnership 1(2.0)
Separated/Divorced 7 (14.3)
(Widowed 5(10.2)
Children
'Yes 42 (85.7)
No 7 (14.3)
[Employment Status
Employed Full-time 20 (40.8)
Retired 23 (46.9)
Unemployed 6(12.2)
lAnnual Income
Less than $25,000 14 (38.6)
$25,001-50,000 11 (22.5)
$50,001-75,000 7 (14.3)
$75,001-100,000 5(10.2)
Greater than $100,000 8 (16.3)
Declined to Answer 4(8.2)
[Educational Attainment
High School or Less 21 (42.9)
Trade or Technical School 2(4.1)
Community College/Associate Degree 6(12.2)
College/Bachelor’s Degree 14 (28.6)
Graduate or Professional Degree 6(12.2)
Family History of Diabetes
Yes 41 (83.7)
INo 7 (14.3)
Don’t Know 1(2.0)
Type of Diabetes
Type 2 42 (85.7)
Type 1 2 (2.0)
Don’t Know 4(8.2)
Declined to Answer 1(2.0)
Insulin Treatment
Yes 13 (26.5)
No 36 (73.5)
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Table 3. A comparison of high scores and average participant scores across the primary
study outcomes before and after an educational intervention

A. A comparison of high scores before and after an educational intervention.

. Primary High Score e
[LE Outcome Definition p-value
Pre-survey | Post-survey
Genetics of |- 3-4 correct | 45 ¢ 99) | 857 (42) | <0.0001
Diabetes answers
Knowledge
Genetic Testing | 2 SO 26.6(13) | 46.9(23) | 0.0184
answers
Currently
Healthy Practicing (pre) | 4-5 “agree”
Behaviors Motivation to responses ) () S ()| SOOI
Adopt (post)
Interest in
Genetic Have an Interest | “yes” response | 79.2 (38) 66.7 (32) 0.0833
Testing

B. A comparison of average scores before and after an educational intervention.

. Primary Number of Ayerage Score
[LLrE Outcome Questions AR
Pre-survey | Post-survey
Genetics of
Diabetes 04 2.3 3.5 <0.01
Knowledge
Genetic Testing 0-2 0.7 1.1 <0.01
Currently
Healthy Practicing (pre)
Behaviors Motivation to U= Sl = <UL
Adopt (post)
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Table 4. Mean difference (change +/-) in pre- and post-survey scores for knowledge
about genetics of diabetes, knowledge about genetic testing, and motivation to adopt
healthy behaviors stratified by demographic characteristics (*p<0.05, **p<0.01)

Change in Change in
Change in Knowledge of Genetic (Motivation to Adopt
Knowledge of Diabetes Testing Healthy Behaviors
Overall +1.12%* +0.45%* +1.38%*
Gender
Female +1.03%* +0.46* +0.50%*
Male +1.26%%* +0.42 +1.21%**
Age
<60 years +1.13%* +0.52% +1.17%**
>60 years +1.12%* +0.38 +1.57%*
[Race/Ethnicity
|African American +0.88** +0.46 +1.46**
Caucasian +1.55%* +0.65* +1.40%*
Asian +0.67 0.00 +0.67
[American Indian/Alaska Native +0.50 -1.00 +1.50
[Marital Status
Single/Never Married +1.16 +0.33 +0.67
Married +1.20%* +0.37 +1.26%*
[Domestic Partnership +1.00 +1.00 0.00
Separated/Divorced +1.14* +0.86 +2.42%*
(Widowed +0.60 +0.40 +1.80
(Children
Yes +1.19%* +0.52 +1.43%%*
No +0.71 0.00 +1.14
[Employment Status
Employed Full-time +1.30%* +0.65% +1.25%*
Retired +1.04%%* +0.21 +1.43%*
Unemployed +0.83 +0.67 +1.67
JAnnual Income
Less than $25,000 +0.86%* +0.14 +1.36%*
$25,001-50,000 +1.27%%* +0.55 +1.55*
$50,001-75,000 +0.71 0.00 +1.86*
$75,001-100,000 +1.80 +0.60 +1.60
Greater than $100,000 +1.25% +1.07 +0.88
Declined to Answer +1.25 +0.80 +1.83
[Educational Attainment
High School or Less +1.00%** +0.10 +1.33%*
Trade or Technical School +1.00 +0.50 +0.50
(Community College/Associate degree +1.33* +1.33 +2.17*
College/ Bachelor’s Degree +1.29%* +0.29 +1.21*
(Graduate or Professional Degree +1.00 +1.17 +1.50
[Family History of Diabetes
Yes +1.12* +0.44* +1.46**
No +1.00 +0.29 +1.00
Don’t know +2.00 +2.00 +1.00
Tvpe of Diabetes
Type 2 +1.14%* +0.40%* +1.43%*
Type 1 +2.00 0.00 +0.50
[Don’t Know +0.80 +1.15 +1.50
Declined to Answer 0.00 +1.00 +1.00
Insulin Treatment
Yes +0.85%* +0.08 +1.15
INo +1.22%* +(0.58%* +1.47%*
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Table 5. Pre- and post-survey interest in genetic testing for diabetes stratified by
demographic characteristics (*p<0.05)

Interest in Genetic Testing
Pre-survey Post-survey

N (%) N (%) p-value
Overall 39 (79.6) 32 (65.3) 0.0522
(Gender
Female 21 (70.0) 23 (76.7) 0.0253*
Male 16 (84.2) 11 (57.9) 0.4795
Age
<60 years 17 (73.9) 16 (69.6) 0.6547
>60 years 22 (84.6) 16 (61.5) 0.0339*
[Race/Ethnicity
|African American 22 (91.7) 19 (79.2) 0.1797
Caucasian 14 (70.0) 9 (45.0) 0.0588
|Asian 2 (66.7) 2 (66.7) --
[American Indian/Alaska Native 1 (50.0) 2 (100) 0.3173
[Marital Status
Single/never married 5(83.3) 4 (66.7) 0.3173
Married 23 (76.7) 20 (66.7) 0.3173
Domestic Partnership 1 (100) 1 (100) -
Separated/Divorced 6 (85.7) 4(57.1) 0.1573
Children
Yes 34 (81.0) 27 (64.3) 0.0522
INo 5(714) 5(71.4) --
[Employment Status
[Employed Full-time 13 (65.5) 14 (70.0) 0.5637
Retired 20 (87.0) 13 (56.5) 0.0196*
[Unemployed 6 (100) 5(83.3) 0.3173
Annual Income
Less than $25,000 12 (85.7) 12 (85.7) --
$25,001 — 50,000 10 (90.0) 7 (63.4) 0.0833
$50,001 — 75,000 6 (85.7) 6 (85.7) --
$75,001 — 100,000 4 (80.0) 3 (60.0) 0.3173
Greater than $100,000 5(62.5) 3 (37.5) 0.4142
Declined to answer 2 (50.0) 1(25.0) 0.3173
[Educational Attainment
High School or less 19 (90.5) 18 (85.7) 0.5637
Trade or Technical School 2 (100) 2 (100) -
Community College/Associate’s degree 5(83.3) 4 (66.7) 0.5637
College/ Bachelor’s degree 10 (71.4) 6 (42.9) 0.0455*
Graduate or Professional degree 3 (50.0) 2(33.3) 0.5637
[Family History of Diabetes
Yes 32 (78.1) 28 (68.3) 0.2059
INo 6 (85.7) 4(57.1) 0.1573
[Don’t know 1 (100) 0(0) --
Type of Diabetes
Type 2 33 (78.6) 28 (66.7) 0.1317
Type 1 2 (100) 2 (100) -
Don’t know 3(75.0) 1(25.0) 0.1573
[Declined to answer 1 (100) 1(100) --
Insulin Treatment
Yes 11 (84.6) 10 (76.9) 0.5637
INo 28 (77.8) 22 (61.1) 0.0578
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DISCUSSION
Family History and Type 2 Diabetes Biomarkers

Family history is a useful tool for identifying individuals at risk for type 2
diabetes. Understanding how family history contributes to type 2 diabetes development in
at-risk individuals could be utilized for building targeted screening and early prevention
strategies; however, the exact mechanisms by which family history increases the risk for
diabetes remain unknown. Therefore, one goal of this dissertation was to investigate how
family history of diabetes influences biomarkers associated with type 2 diabetes
development in healthy weight children and adults. Our research found that family
history of diabetes was a significant predictor of fasting insulin in a population of healthy
weight children when controlling for age, sex, pubertal status, ethnicity, waist
circumference, and carbohydrate intake. However, family history was a significant
predictor of fasting glucose, not fasting insulin, in a population of healthy weight adults
when controlling for age, sex, ethnicity, waist circumference, and percent macronutrient
intake.

Understanding the exact progression of the biological processes responsible for
type 2 diabetes would be revolutionary for screening, prevention, and therapeutic efforts.
It is well established that type 2 diabetes results from defects in insulin production and
insulin sensitivity'*, but the essential question of whether insulin resistance precedes

hyperinsulinemia, or vice versa is still unanswered today.”®*° Studying the influence of
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family history on diabetes biomarkers in both healthy children and adults is one strategy
for investigating this question because it could reveal information about the first events
that occur in the progression of diabetes development.

In our population of children, family history was a significant predictor of fasting
insulin, but in our population of adults, family history does not predict fasting insulin
activity; it predicts increased fasting glucose, which is typically due to insulin resistance.!
If these findings were viewed independently, it could be suggested either 1) that
hyperinsulinemia occurs first in the biological progression of type 2 diabetes because
family history predicted increased fasting insulin, not insulin sensitivity in healthy weight
children, OR 2) that defects in insulin action are the starting point for diabetes
development because family history was not a predictor of fasting insulin but did predict
increased fasting glucose in healthy weight adults. Viewing the findings together, it is
possible family history is more influential on fasting insulin in children because they
have not developed additional risk factors, which are stronger predictors of fasting insulin
in adults and therefore lessen the effect of family history. This conclusion could indicate
that the timing of genetic influences on diabetes biomarkers is variable and dependent on
outside factors, suggesting the biological progression to type 2 diabetes is not a
straightforward series of events.

The ability of family history to predict fasting insulin in a population of children,
but not in adults could also be due to differences in the specific populations studied.
Though NHANES is meant to be a representative sample, this particular NHANES
dataset (2017-2018) was oversampled for certain ethnic minority groups, individuals

significantly below the poverty line, and individuals over 80 years old. Differences in the
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frequency of certain ethnic backgrounds, age, hormonal differences (which were not
accounted for in either study other than the use of biological sex as a covariate), and body
composition differences exist between the two samples utilized for the first two aims,
which could explain the differences in regression results for each study. In addition, for
the adult sample, we included percent intake of carbohydrates, fat, and protein, but only
the intake of carbohydrates in the pediatric sample. Adjusting the models with different
covariates for each population complicates the comparison of regression models results
from each sample.

Discovering which factors interact with genetic influences and when in
development these factors emerge and exert their effects could reveal new directions to
explore and then harness for type 2 diabetes prevention efforts. These factors could be
more strongly related to the activity of certain biomarkers at particular points in diabetes
development and could either enhance or weaken the effect of family history when
included in statistical models, depending on the characteristics of the population. Factors
such as age and pubertal status were included as covariates in our multiple regression
models as surrogates for developmental change. However, if these factors regulating
genetic influences were also included, it could explain why the ability of family history to
predict the variance of biomarkers was different in children and adults. The need to
account for complicated variable interactions and timing of effect to understand
biomarker activity emphasizes the likelihood that there is no simple stepwise biological
pathway responsible for the development of diabetes.

In fact, there are probably multiple intertwined mechanisms that contribute to

diabetes development, and these processes could differ at an individual level based on a
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person’s unique genetic and environmental risk factors.”>1% As an example, one study
showed that BMI was the main determinant of insulin response to glucose in a group of
individuals without a family history of diabetes, but not in those with a family history,
which supports the idea that the progression of diabetes development is different in those
with varying risk factors.”® Therefore, family history may have a stronger association
with other diabetes biomarkers that were not the focus of our analyses.

Studies of other diabetes biomarkers propose that 3-cell dysfunction and
subsequent insulin secretion are key for diabetes development in those with a family
history.”*771%! Others have demonstrated that family history is a significant predicator of
insulin-dependent glucose disposal in healthy children’? and adults.”® These findings, in
addition to our own, support the notion that family history is influential in both insulin
action and secretion processes, but the degree of its influence is likely dependent on how
additional risk factors uniquely interact with one another in the at-risk individual. Future
research could benefit from approaching the interrelatedness of these risk factors as a
variable in itself rather than dissecting the individual contribution of each component.

Although the conclusions and future research directions developed by this
dissertation are plausible, they must be viewed with important caveats. Understanding
family history as a predictor for diabetes biomarkers is not going to provide a complete
answer because other risk factors are clearly also contributing to biomarker variability.
Moreover, family history is a proxy for both the shared genetic and environmental risk
factors that can be present in families, so determining whether the genetic component or
the environmental component influences the biomarkers is difficult. Furthermore, none of

the research participants had hyperinsulinemia or hyperglycemia, so learning about the
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influence of family history in individuals where insulin section and action are functional
means assumptions must be made about what our conclusions mean for future

dysfunctionality of these processes.

A Potential Framework for Diabetes Development

The answer to the question of “which insulin process initiates the development of
type 2 diabetes” is complicated and will require investigations of other insulin related
processes not included in this dissertation work to fully understand. Our conclusions
might suggest the progression of type 2 diabetes development is influenced by how an
individual’s genetic makeup interacts with the timing of their environmental exposures to
activate the biological processes that result in diabetes, such as the accrual of excess body
weight. Similar mechanisms for disease development have been proposed in other areas
where both genetic and environmental factors are important considerations. For example,
in the field of cancer genetics, Knudson’s two-hit hypothesis states both alleles of a
tumor suppressor gene must become inactive for cancer to develop.!®? The inactivation
typically occurs through progressive damaging somatic events caused by environmental
exposures. This process is the same, but accelerated in individuals with a genetic
predisposition to cancer because they are born with one non-working allele due to a
germline pathogenic variant; therefore, it takes less time for the second allele to become
damaged through a somatic event, resulting in cancer development at an earlier age.!"%!%
Individuals with a family history of diabetes also develop type 2 diabetes earlier in

life.!9%197 Possibly, this earlier development is due to a predisposing “first hit” that is

either acquired through an inherited genetic variant or an early somatic insult due to
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shared family environmental exposures. Regardless of the underlying cause,
understanding the influences of family history on diabetes biomarkers could reveal
information about the early processes that occur in diabetes development, which could be

used as a framework for designing successful prevention strategies.

Educational Interventions to Promote Behavior Change

While the information upon which prevention efforts are built is of utmost
importance, the success of any prevention program will rely on how well the information
is understood by its participants. Effective communication of the contributions of genetic
and environmental factors associated with diabetes development has the potential to
improve knowledge and health outcomes. Therefore, the second goal of this dissertation’s
research was to evaluate whether an educational intervention could increase knowledge
of the multifactorial etiology of type 2 diabetes and, as a result, increase motivation to
adopt healthy lifestyle changes. We found that the educational intervention significantly
increased knowledge of type 2 diabetes and motivation to adopt healthy lifestyle
behaviors in a population of adult individuals with type 2 diabetes. We also discovered
which demographic variables were predictive of increased knowledge and motivation,
which could assist with further refinement of the intervention.

Previous studies have shown that the ability of educational interventions to
promote behavior change is enhanced when the interventions are personalized.!%%1%
Therefore, adjusting and reevaluating the content for specific groups could personalize
the intervention and provide more equitable benefit. To make these adjustments and

increase motivations for behavior change, content could be developed by engaging with
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individuals for which the intervention is designed and understanding community-based
resources.' %! One-on-one or group counseling could increase healthy behaviors by

acknowledging and addressing personal barriers to behavior change.

Strengths, Limitations, and Future Directions

Aims 1 and 2

Previous studies aimed at understanding the influence of family history on type 2
diabetes biomarkers have been limited by sample size, homogeneous populations,
varying statistical methods, and potential confounding characteristics of selected patient
populations. Our studies consisted of comparably large populations of individuals from
diverse ethnic backgrounds. In addition, we purposefully included only individuals who
were of healthy weight. We did this to exclude any potential confounding contributions
of the biological consequences that can result from being underweight, overweight, or
obese. Rather than comparing biomarkers between groups with and without a family
history of diabetes, we chose multiple regression as the main statistical approach, so we
could evaluate not only if, but how family history predicted diabetes biomarkers.
Multiple regression also allowed us to understand family history’s influence on
biomarkers when accounting for relevant covariates. An additional strength of our
statistical models was including dietary intake information as covariates to better
understand how macronutrients contribute to diabetes biomarkers in the presence of
additional risk factors.

However, these studies also had limitations that could be addressed in future

work. For both studies, the original sample size was reduced during statistical analysis
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due to missing data for certain variables. Furthermore, we did not study all biomarkers
associated with type 2 diabetes in either analysis due to the limitations of the data
collected from participants. Similarly, the utility of family history information was
limited by survey question format, which asked about family history of diabetes with a
yes/no answer choice. It would have been interesting to understand whether family
history influences diabetes biomarkers differently based on the number of affected
relatives or whether the family history was maternal or paternal. In the future, we would
like to investigate the performance of our statistical models in larger, diverse populations
and with additional biomarkers for type 2 diabetes, specifically, markers associated
directly with B-cell function and insulin-mediated glucose disposal. It would also be
interesting to evaluate which aspects of the family history (genetic, social) are most
influential on diabetes biomarkers by incorporating polygenic risk scores, whether the
participant lived with their affected relative(s), and more detailed information about the

construct of the family history of diabetes, as mentioned above.

Aim 3

For the educational intervention, strengths included multidisciplinary
development and delivery of the intervention and the ability to test the intervention in an
actual clinical setting for which it could be used in the future. We also performed a
detailed analysis of demographic characteristics associated with each main outcome,
which could assist in tailoring the intervention to specific populations in the future.
However, the sample size was small, which limits the generalizability of the results.

Furthermore, since the study took place in a diabetes education clinic, the results could be
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biased by participants who were already motivated to learn about diabetes and healthy
lifestyle changes. We also did not follow up with participants to see if their increased
motivation resulted in actual behavior change. Conducting the educational intervention in
a primary care setting for a longer period could assist in increasing the number and
diversity of participants. In addition, measuring knowledge, motivation, and behavior
changes over time would provide stronger conclusions regarding the utility of the
intervention. Finally, although the intervention was designed for those with a diagnosis of
type 2 diabetes, the content could be adjusted and explored in specific populations at risk

for type 2 diabetes to evaluate its effectiveness as a prevention strategy.

Future Clinical Applications in Precision Nutrition

Underlying the design and conclusions of this dissertation research is the theme of
personalization. We questioned how exactly family history influences specific diabetes
biomarkers in hopes that this information could contribute to screening and prevention
strategies intended especially for those with a family history of diabetes. Furthermore, we
sought not only to develop and implement an educational intervention, but to understand
who did and, even more important, who did not benefit from the information, with the
goal of refining the content for specific audiences.

Developing educational and prevention programs for individuals based on
personal characteristics and risk factors is a main objective of precision medicine.
Precision medicine is an evolving practice that aims to tailor prevention and treatment of
disease by considering an individual’s unique genetic, environmental, and lifestyle

influences. For precision nutrition, these influences include a combination of
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nutrigenomics, deep phenotyping, metabolomics, microbiota, dietary habits, food
behavior, and physical activity.!!? Each of these components is a robust area of research
unto itself, so interdisciplinary collaborations are needed to make meaningful
progress.''>!1? Fortunately, the field is motivated to engage in these efforts, for precision
nutrition has great potential in the future of healthcare.!'*!1

Given concerning increases in its prevalence and its multifactorial nature, type 2
diabetes is an obvious target of precision nutrition research. Reviews of precision
nutrition for type 2 diabetes highlight promising progress from studies testing various
interactions between genetic risk scores or circulating metabolites with dietary and
lifestyle interventions.!'>!1® Yet problems with reproducing results and implementation
of study designs in clinical settings are common. Suggestions for improving precision
medicine studies for type 2 diabetes include prioritizing prospective, large, randomized
control trials with sufficient power, incorporating pharmacogenomics for common
diabetes medications, and dividing individuals with type 2 diabetes into diagnostic
subcategories for better understanding of how interventions affect individuals at varying
points of disease progression.'!*!"” In theory, with suggested improvements, precision
nutrition efforts could inform multiple processes, including identifying at-risk individuals
and the development of personalized prevention and treatment programs. However, the
effectiveness of these efforts will depend on how information is delivered to and
understood by at-risk and affected individuals.

The conclusions of this dissertation clearly communicate that family history is
neither necessary nor sufficient to develop type 2 diabetes. Explaining the multifactorial

etiology of type 2 diabetes, helping individuals understand the contribution of their innate
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and acquired risk factors to diabetes risk and development, and motivating individuals to
make lifestyle changes based on this knowledge are tremendous tasks. Strategies for how
to best accomplish these educational and behavioral goals in a clinical setting are needed
if the potential of precision nutrition for type 2 diabetes is to be realized.

The breadth of these goals precipitates the need for multidisciplinary
collaborations among researchers and clinicians. Involving genetic counselors in these
efforts could be particularly beneficial given their expertise in risk assessment, education,
and counseling techniques to help individuals integrate genetic information into their
lives and the lives of their families.'?° Genetic counselors with an interest in and
understanding of the nutritional, behavioral, and genetic mechanisms that predispose one
to common disease development would be particularly well suited for counseling
individuals at risk for type 2 diabetes. As a genetic counselor with such interests and
understanding (afforded her by the process of earning this doctoral degree in nutrition
sciences), this author hopes to increase inclusion of genetic counselors in the design and
implementation of precision nutrition initiatives with the goal of furthering our

contributions to the future of personalized medicine.
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