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Abstract 
Introduction: Chronic diseases have been increasing globally for decades, while the 

leading chronic diseases worldwide are cancer, cardiovascular disease (CVD), chronic 

respiratory disease, and diabetes. Behavioral risk factors of chronic diseases that can be 

modified include physical activity, diet, alcohol consumption and tobacco use. Several 

guidelines for screening and prevention recommend that family health history (FHH) is 

collected by primary care providers for disease risk stratification and management. 

MeTree, developed in 2014, is a computerized, patient-facing program that collects 

information about family health history and generates decision support for providers 

and patients. There are several potential barriers to implementation of an online FHH 

software tool including health literacy, computer skills, and behavioral components. 

This study collects FHH information through MeTree in a rural population in North 

Carolina through a unique implementation process using research assistants to 

manually and verbally assist participants. The aims of this study are to characterize the 

quality of pedigrees collected and to describe the most common diseases among the 

families of participants.  

Methods: This study enrolled 44 participants from an ongoing study conducted by 

collaborators from Duke University Health System, Duke Clinical Research Institute,  
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University of North Carolina Pembroke, and Southeastern Regional Medical Center. To 

collect FHH information, participants constructed family pedigree in MeTree, one family 

member at a time with the help of one study research assistant. Once participants created a 

full family pedigree, an individual risk assessment was generated by MeTree.  

Results: More than half of the participants were female (n= 30, 68.2%).  The ethnic group 

that composed the largest part of our study population were Lumbee Indians (n=23, 

52.3%) followed by White/Caucasians (n=13, 29.5%) and African Americans (n=7, 15.9%). 

For quality, the average score across all pedigrees was higher than 65% for all seven 

components of the criteria. The total number of diseases present among all participants 

and relatives in the study was 930 (Table 3). Cancer was present in 81.8% of pedigrees 

and made up 12.2% of all reported diseases. Twenty-five percent of all pedigrees had at 

least one family member that was diagnosed with lung cancer. Diabetes was also 

frequently reported and was observed in 75% of all pedigrees. Kidney Disease was 

reported in at least one or more relatives in 52.3% of pedigrees. 

Conclusions: Using a tool such as MeTree could potentially lead to better health 

outcomes due to risk assessment and individually-targeted prevention strategies. 

MeTree may be an important tool to use to address the large burden of chronic diseases 

in regions similar to Robeson County.  
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1. Introduction  
Over the last few decades, chronic diseases have been increasing in number all 

around the world.1  By 2030, chronic diseases will be responsible for over 75% of all 

deaths worldwide.2 The leading chronic diseases worldwide are cancer, cardiovascular 

disease (CVD), chronic respiratory disease, and diabetes, which were responsible for 29 

million deaths globally in 2002.1 Nearly half of all deaths caused by chronic diseases are 

attributable to CVD, with diabetes also presenting a worrying trend due to the fact that 

it often appears earlier in life.3 

Some of the non-modifiable risk factors for chronic diseases include age, sex, and 

genetic susceptibility. Examples of behavioral risk factors that can be modified include 

physical activity, diet, alcohol consumption and tobacco use. Risk of developing chronic 

diseases can also be influenced by societal factors such as socioeconomic status and 

cultural and environmental variables.3 4 If an individual is genetically susceptible to a 

particular disease, that does not  guarantee that the disease will develop. However, 

developments in preventative medicine over the years have encouraged interventions 

that are based on the probability that disease will occur.5 Knowledge of genetic 

susceptibility could prompt an individual to modify lifestyle factors associated with risk 

of developing that particular chronic disease.  
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1.1 Family Health History 

Family health history (FHH) evaluates risk factors of chronic disease due to 

genetic susceptibility as well as shared environment and common behaviors. The 

information obtained from a FHH can range from knowing an immediate family 

member had a specific disease to analysis of detailed pedigrees with multiple 

generations of relatives.4 Many guidelines for screening and prevention recommend that 

FHH is collected by primary care providers for disease risk stratification and 

management.6 7 For example, one of the first steps in assessing a patient’s risk for 

atherosclerotic CVD is the explanation of a FHH. This cost-effective recommendation 

can be used to determine the next steps for the patient in preventing or mitigating the 

impact of the condition.8 

FHH can be a powerful tool in preventing or mitigating adverse health 

outcomes; however, in clinical settings, it is often not collected or collected with poor 

quality due to a number of barriers. Some factors that impede successful collection of 

FHH in clinical settings include time required to record a valid history, lack of referral 

guidelines, and difficulty navigating FHH information in a patient’s chart.9 10 11   Using 

an electronic tool  that collects FHH information from patients could be used  to 

overcome these barriers by adding information to the patient’s electronic medical record 

(EMR). 10 12 If these barriers are mitigated, successful collection of FHH could provide 

insight into treatment and prevention strategies.  
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Another use of a FHH is to evaluate recurrence risk, which is defined by the 

National Cancer Institute (NIH) as the chance that a hereditary disorder or trait that one 

family member has will occur in other family members.13    Family aggregation of many 

diseases is likely to be heavily influenced by genetic factors. 14  One study used 

recurrence risk ratios in different degrees of relatives to assess the most likely modes of 

inheritance that influence susceptibility to a certain disease.15 A recurrence risk ratio is 

calculated  as the risk for a disease in relatives of a random individual who has the 

disease, divided by the prevalence for that disease in the population. 16 17 

 

1.2 MeTree 

Patient-facing Health Information Technology (HIT) services are designed to 

promote the practice of patients playing a more active role in healthcare. Through these 

services, patients are given more access to professionals and health record information, 

more support for self-care management, and the ability to conduct health-related 

transactions.18  In 2004, MeTree was developed by the collaboration of Duke University, 

the University of North Carolina Greensboro, and Cone Health System known as the 

Genomedical Connection. MeTree enables rapid collection of a standardized health 

history through a simple graphical interface.12 MeTree is a computerized, patient-facing 

program that collects information from patients about family health history and then 

generates decision support for providers and patients.6  19 The aim of this tool is to help 
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primary care providers identify high risk individuals who may require referrals or 

additional screening.12   

The capability for MeTree to generate risk assessment of diseases and the 

construction of pedigrees is largely dependent on the quality of the FHH information 

provided by the patient. A pedigree provides a visualization of the health-related 

experiences of the individual and their family.20 There are a few different attributes that 

determine the quality of a pedigree. These criteria include three generations of relatives, 

maternal or paternal lineage, gender of relative, pertinent negatives noted, the age of 

onset of disease for affected living and deceased relatives, as well as age of death and 

cause of death for deceased relatives. Pertinent negatives describe a FHH noting 

common diseases that are not found within the family.21 22 23 24 10 In a previous study, 

these criteria were used to evaluate the quality of pedigrees collected after participants 

were encouraged to talk to their relatives about their family history. 21 

Another recent study implemented MeTree in four distinct healthcare settings 

and assessed the implementation outcomes using the Reach, Effectiveness, Adoption, 

Implementation, and Maintenance (RE-AIM) framework.7 25 This study demonstrated 

that ethnic and racial minorities were more likely to report enhanced disease awareness, 

even among those with lower levels of education. As such, MeTree may be an important 

tool to facilitate reduced potential health disparities that may arise from demographic 

factors or lower access to risk assessment.7  
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When MeTree was implemented as part of a large study in Greensboro, NC, the 

quality of pedigrees obtained was very high. 21 However, this study took place in a more 

urban area than our study in rural Robeson County.  

1.3 Robeson County 

Robeson County is a rural county in North Carolina and is home to the Lumbee 

Indians. It is also the poorest county in the state, ranking last in almost every health 

metric in the state. The state, but not the federal government, recognizes the Lumbee 

tribe as American Indians. This means that they are ineligible for Indian Health Services 

(IHS) benefits.26 Robeson County is ethnically comprised of 38.4% Native residents, 26% 

white residents, 24.2% black residents, 8.3% Hispanic residents, 2.0% residents who 

identify as two or more ethnicities.27  

The estimates for life expectancy at birth in this county are much lower than for 

the state as a whole. On average, men and women die 6.3 and 4.4 years earlier compared 

to national sex-specific estimates 28 29 There are a large number of negative health 

problems and outcomes among the residents of Robeson County. For example, the 

Diabetes Prevalence for adults age 20 years and older is 15.7%. In addition, 198 Medicare 

enrollees received treatment for Congestive  Heart Failure in 2010.27 Of all the counties in 

North Carolina, Robeson has the highest prevalence of adult smoking at 26.8% and 

experienced the highest number of deaths due to homicide (20.9 per 100,000 people) 

from 2009-2015.27 
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1.4 Potential Barriers to Implementation in a Rural Setting 

There are several potential barriers to implementation of an online FHH software 

tool including literacy, health literacy, computer skills, and behavioral components. 

These barriers can be explained using The Information-Motivation-Behavioral Skills 

(IMB) model of health behavior (Figure 1). 30 31 This model proposes that a health 

behavior can be most successfully changed in an individual who is well informed, 

motivated, and has the skills and confidence to perform or change the behavior, which 

leads to better health outcomes.32 In this case, we want to describe how concepts in this 

model such as information through literacy and health literacy, and behavioral skills 

such as self-efficacy impact the health behavior of learning one’s family history. 

Motivation can also be used to describe patients’ attitudes on the usefulness of knowing 

their family history as well as their self-efficacy of being able to use an online FHH tool 

such as MeTree. Ultimately, we want to describe how knowledge of one’s family health 

history can be elucidated through this tool and potentially lead to better health 

outcomes. We first need to identify the potential barriers to using this tool through 

application of the IMB model. 

As a part of Healthy People 2010, The Centers for Disease Control and Prevention 

(CDC) sought to improve health literacy. They defined health literacy as the extent to 

which individuals have the ability to obtain and understand basic health services and 

understand the information required to make informed health decisions.33 Low health 



 

 7 

literacy and lack of computer access have been identified by previous studies as 

potential barriers to HIT services.18 34 Published research has shown that low health 

literacy can also be a barrier to education among patients with chronic diseases, leading 

to increased costs in the health care industry due to inappropriate or inadequate use of 

medications. Individuals with low health literacy are more likely to delay seeking 

treatment for a condition until the problem becomes more serious and expensive to 

treat.35 36 Low health literacy is associated with other determinants that also have an 

impact on health status. In 2003, The National Assessment of Adult Literacy (NAAL) 

conducted a study on health literacy in the U.S. that surveyed over 19,000 adults and 

grouped their results into the following categories: proficient, intermediate, basic, or 

below basic. They found that only 12% of adults surveyed demonstrated proficient 

health literacy and that uninsured adults along with adults insured by Medicare or 

Medicaid were more likely to have basic or below basic health literacy.37 The study also 

showed that the impact of low health literacy on poorer health outcomes is greater 

among ethnic and racial minorities. Hispanics, followed by African Americans and 

American Indians, had the highest population percentage of basic or below health 

literacy.37 

Patient-facing online HIT services require that users have some level of computer 

skills for them to be able to successfully navigate through the software. Although recent 

research suggests that almost 8 in 10 Americans have internet access and own a 
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computer, there is an unequal distribution in online capability.38 39 Similar to the gaps  in 

service and access that have been present in the U.S. healthcare system for years, there 

are apparent disparities that  impact access and use of the internet. 40 Groups that are 

commonly underserved such as those with low education and low income are less likely 

to use or own computers. 41 This uneven distribution in computer access among certain 

groups is referred to as the digital divide and could cause underserved groups to be 

excluded from beneficial health outcomes of using an online HIT tool.42 39 

A behavioral component that could be a potential barrier to implementing 

MeTree is lack of self-efficacy, which is defined as an individual’s belief in his or her 

own ability to perform necessary behaviors. This concept was first introduced by Albert 

Bandura in 1977 as part of a theoretical framework to explain its relationship to 

behavioral changes.43 
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Figure 1 - Barriers to Implementation using the IMB Model 

 

1.5 Study Aims and Rationale 

In this study, we wanted to collect FHH information through MeTree in a rural 

population in North Carolina using a unique implementation process in attempt to 

eliminate potential barriers, including health literacy, computer skills, attitudes, and 

self-efficacy. As part of our implementation, we proposed using study research 

assistants to aid participants in entering FHH information into the patient-facing 

program. Our rationale behind using the research assistants was, as they manually and 

verbally assist participants, they may be able to clarify instructions, help define health-
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related terms using prompts provided by MeTree, and ensure completion of the 

pedigrees. The aims of our study are outlined below: 

Aim 1: To characterize the quality of pedigrees obtained from MeTree. 

Aim 2: To estimate disease prevalence (e.g. diabetes, CKD,  

hypertension) among ethnic and racial minorities living in Robeson 

County.  

The study aims were designed with the primary focus to assess the quality of 

pedigrees collected with the help of research assistants. We hypothesized that a majority 

of pedigrees would satisfy most of the quality criteria, due to our implementation 

approach. In addition, we hypothesized that we would be able to use information 

obtained to describe the most common diseases reported in the study population. 

2. Methods 
 2.1 Setting 

After the recruitment and consent processes, participants answered surveys in 

Redcap, filled out their FHH information in MeTree with a research assistant, and then 

went to the lab to have blood drawn (Figure 2). This study was conducted between May 

and July of 2018 in rural Robeson County, specifically in the towns of Pembroke and 

Lumberton. Both of these towns are home to the Lumbee Indians.26 Our research team 

conducted interviews from two different locations in order to better accommodate our 

study population.  
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The main site in Pembroke was located on the campus of The University of 

North Carolina at Pembroke (UNCP) in the Weinstein Health Services Building. We 

called and recruited our participants from this location and also did most of the work 

with our collaborators there. The participants who lived in or near Pembroke came to 

this site for interviews. To get their lab specimens drawn for the study, the participants 

at this site were referred to the Southeastern Express Lab located in Pembroke 1.5 miles 

from the UNCP campus. 

Our other site in Lumberton was located inside the Southeastern Health Mall 

Clinic. Each day, two out of the four team members would drive to this location from 

the main site in Pembroke. Many of our participants lived in or near Lumberton, so the 

majority of the interviews were conducted at this location. They were also able to have 

their study specimens taken inside the clinic at the Southeastern Express Lab located 

down the hall from the interview room. 

2.2 Kidney NC Study 

The participants from this study were recruited from an ongoing study 

“Improving Outcomes for Chronic Kidney Disease in Southeastern North Carolina: An 

Evaluation of the Individual-and Community-Level Responses.” This study, which 

started in 2016, is conducted by collaborators from Duke University Health System, 

Duke Clinical Research Institute, University of North Carolina Pembroke, and 

Southeastern Regional Medical Center. The aim of this study is to understand the 
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potential reasons why there is a high prevalence of chronic kidney disease (CKD) in the 

area. Some information collected in this study includes participants’ self-reported 

medical history, diet, physical activity, and e-health literacy. Data is also collected 

regarding the mental health of the participants. Such topics include, anxiety and 

depression, coping mechanisms, self-efficacy, and social support. The overall goal of the 

study is to alleviate the burden of adverse outcomes caused by CKD in this region. 

Currently, there are 467 participants in this study. (Stanifer JW, Beasley, CM. KIDNEY 

NC Study 2018).  

2.3 Recruitment 

Using non-probability sampling, we recruited participants for this study from 

the parent study described previously. Study research assistants called participants who 

consented to being contacted again for future studies and explained the process of this 

new study. The inclusion criteria included participants who had previously participated 

in the parent study from 2016 to 2017. Individuals who did not receive medical care at 

Southeastern Regional Medical Center, who planned to move away from the area in the 

following 12 months, or who were pregnant were excluded from the study. 

2.4 Procedures 

Participants who consented to be contacted again in the parent study were called 

by research assistants using mobile phones provided by the study. Once they agreed to 

come back in for a family health history interview, research assistants verified that they 
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met the inclusion/exclusion criteria. In preparation for the interview, research assistants 

sent out a letter in the mail to each participant approximately one full week before the 

interview. Similar to the study mentioned previously, we encouraged all participants to 

speak with their families prior to the MeTree interview.21 This letter contained a MeTree 

family health history form that participants were asked to fill out with their families if 

possible. This form explains the importance of knowing one’s family history, a guide on 

where to start, a list of all diseases that MeTree will ask about, and a page with a list of 

family members for them to write diseases and current age or age of death next to.  

On the day of the interview, participants were greeted by research assistants at 

either the Pembroke or Lumberton located. Before starting the interview, participants 

were asked to sign a consent form that was read aloud to them by research assistants. 

The consent form allowed them to consent to the study, lab testing for the study, or 

both. Nearly all participants also consented to having labs drawn after the interview. 

Next, participants answered questions from a brief survey on Redcap that included 

information on residential information, a short, self-reported medical history, an 

environmental assessment, and sleep practices and characteristics. 

Next, research assistants prepared for the MeTree portion of the interview by 

helping participants set up their own account and login. After creating a portal in 

MeTree, they were asked to first provide answers to questions related to lifestyle, 

followed by an individual health history. Once these steps were competed, participants 
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began constructing a family pedigree in MeTree, one family member at a time. MeTree 

requires that they at least provide basic information on each parent, both maternal 

grandparents, and both paternal grandparents. From here, they added aunts, uncles, 

siblings, cousins, children, and grandchildren based on what they knew about their 

health. Lastly, after participants created their full family pedigree, MeTree provided an 

individual risk assessment for them, based on the information entered. Research 

assistants walked through the information on the assessment with participants in order 

to ensure that they comprehended all of the recommendations. The research assistants 

encouraged participants to visit their doctor if they had any concerns based on the risk 

assessment. After the interview was completed, participants were given direction to the 

lab closest to them to have their blood drawn and given the study lab requisition form.  
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Figure 2 - Study Flow Diagram. 

 

2.5 Measures 

In order to measure pedigree quality, we used established criteria.10 The criteria 

are: 1) Three generations of relatives; 2) Distinguished lineage; 3) Gender of relatives; 4) 
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Pertinent Negatives Noted; 5) Updated Information; 6) Age of Death; 7) Cause of Death; 

8) Age of onset of disease. The first five components (i.e. three generations of relatives, 

distinguished maternal and paternal lineage, gender of relative, age of death, cause of 

death, and pertinent negatives noted are required by MeTree. The tool automatically 

generates a pedigree with the individual, their parents, and both maternal and paternal 

sets of grandparents. It requires the participant to go into each of these relatives’ profiles 

and select their current age or, if deceased, their age of death. If deceased, it requires the 

participant to enter that relative’s cause of death and this also gives an option to state 

that this information is unknown. Another component of the quality criteria, 

information that is updated, depends on whether they reported knowing a relative’s 

history. There is an option to select whether or not they know each family member’s 

history and if they checked the box, they were considered to have met this metric for the 

given relative.  Some participants were able to provide several details about the person’s 

lifestyle factors and background along with a full health history, while some only knew 

the health history and not much else about the family member.  Similar to a previous 

study, we considered a pedigree to be high quality if at least one family member met all 

components of the specified criteria.21 

In order to describe the most common diseases reported among family health 

histories collected, we used the information provided by the participant for each family 

member.  Each disease for each relative that was entered by the participant was stored 
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into MeTree, so we were able to count the frequency of each type of disease as they were 

recorded. 

2.6 Analysis 

First, we used counts to determine how many relatives per pedigree met or did 

not meet the given requirement.  From there, we used proportions to compare the 

number of relatives for which the metric was met in each pedigree. We used those 

numbers to calculate percentages that corresponded to the quality of each individual 

pedigree for each metric. After we had an average value for each pedigree listed as a 

percentage, we calculated the mean of these averages for each of the metrics. Cross-

tabulations between variables were used to examine possible associations and one-way 

frequencies described how disease values were distributed across pedigrees. We also 

conducted a sub-analysis to determine if diseases distribution would be different when 

comparing index participants (n=44)  to their relatives included in the pedigrees (n=686). 

To determine if there were significant differences in proportions of disease prevalence 

between these two groups, we used Fisher’s Exact test at the 5% significance level. We 

used RStudio v1.2 to analyze pedigree quality and information obtained from the data 

collection. 
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3. Results 
3.1 Participant Characteristics 

We enrolled 44 participants with a median age of 68.5 (Table 1). More than two-

thirds of the participants were female (n= 30, 68.2%).  The ethnic group that composed 

the largest part of our study population were Lumbee Indians (n=23, 52.3%) followed by 

White/Caucasians (n=13, 29.5%) and African Americans (n=7, 15.9%). About one-fourth 

of participants reported having a high school education (n=12, 27.3%) and an equal 

number of participants did not report their education level at all (n=12, 27.3%). Most 

participants reported having some college education and one-fifth of participants 

attended graduate school (n=9, 20.4%). 

We collected 44 pedigrees representing 730 individuals in total. The mean 

pedigree size was 16.6 (SD 2.4), ranging from 7-39 family members. Most pedigrees took 

about two hours to collect and for some of the larger ones, up to three hours were spent 

inputting information with participants. 
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Table 1 - Study Index Participant Demographics (N=44) 

 

3.2 Pedigree Quality 

Most (n=36, 81.8%) pedigrees met the criteria for high quality, having one or 

more relatives that satisfied all metrics.21 10 Each quality metric score was high among 

the individuals and relatives and age of onset was the quality metric that had the lowest 

average value of 65.7% (Table 2). On average, cause of death was known for 74.7% all 

deceased family members across all pedigrees while age of death was known for 73.0% 

of all nonliving relatives.  

	
	 	 	 	 	 	 	 Study	Participants	(N=44)		

	 	
Gender	(%	Female)	 30	(68.2%)	
Age	(years)	Median	 68.5	

Range	 32	–	82	
Ethnicity/Race	 	

White	 13	(29.5%)	
African	American	 7	(15.9%)	
Lumbee	Indian	 23	(52.3%)	

Other	 1	(2.3%)	
Covered	by	Insurance	 42	(95.5%)	

Median	Family	Size	(SD)	 16.6	(2.4)	
Range	of	Family	Members	 7	–	39	

Education	 	
High	School	 12	(27.3%)	

Community	College	 5	(11.4%)	
4	Year	University	 6	(13.6%)	
Graduate	School	 9	(20.4%)	

Not	Reported	 12	(27.3%)	
Occupation	 	
Professional	 15	(34.0%)	

Office	Worker	 3	(6.8%)	
Other	 17	(38.6%)	

Not	Reported	 9	(20.4%)	
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Table 2 – Percentage of Individuals (n=730) Across Pedigrees Meeting Each 
Quality Criterion 

 

 

3.3 Prevalence of Common Diseases 

The total number of diseases present among all participants (n=730) and relatives 

in the study was 930 (Table 3). Cardiovascular disease (CVD) was the most common 

disease group reported and was present in at least one or more family members in 88.6% 

of the pedigrees and accounted for 17.1% of all diseases reported. Within the CVD 

group, Heart Attack/Coronary Artery Disease was the most reported with 104 

occurrences across all family members and present in 75% of all pedigrees. 

Hypertension, listed as a separate category, accounted for 12.6% of all diseases reported 

but was present in just as many pedigrees as CVD at 88.6%. 

Quality	Metrics	 Percentage	of	Pedigrees		
Three	generations	of	relatives	 100%	
Maternal	or	Paternal	Lineage	 100%	

Gender	of	Relatives	 100%	
Age	of	Onset	of	Disease	 65.7%	

Age	of	Death	 73.0%	
Cause	of	Death	 74.7%	
Known	History	 72.7%	
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Some form of cancer was present in 81.8% of pedigrees and totaled up to 12.2% 

of all reported diseases. The three types of cancer that occurred most frequently among 

all relatives were prostate cancer, breast cancer, and lung cancer. Twenty-five percent of 

all pedigrees had at least one family member that was diagnosed with lung cancer, with 

13 total counts in the study population. Prostate cancer was reported in 27 relatives 

across all pedigrees while breast cancer was reported in 18 relatives. However, breast 

cancer was present in 30% of all pedigrees while prostate cancer was only reported in 

27.3% of the pedigrees.   

Diabetes was also frequently reported, observed in 75% of all pedigrees. Type 2 

diabetes occurred more often than Type 1 diabetes and composed 70.5% of the Diabetes 

category. Type 1 diabetes only accounted for 1.7% for all diseases reported while Type 2 

diabetes itself was responsible 9.8% of all disease occurrences and was present in 70.5% 

of all pedigrees. 

Another commonly reported disease group was Kidney Disease, which was 

reported in at least one or more relatives in 52.3% of pedigrees. The most common type 

of kidney disease in the study was the subtype known as Other Kidney disease which 

was noted in 29 relatives accounting for 3.1% of total diseases reported. Within kidney 

disease, the two other most reported types were Diabetic Kidney disease and Kidney 

Nephrosis, while Cystic Kidney disease and Nephritis were less common. Diabetic 
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Kidney disease and Nephrosis were both noted 5 times across all relatives in the study 

and were reported at least once in 9.1% of all pedigrees.   

Table 3 - Commonly Reported Conditions 

 

	

Disease	Group	 Sub-type	
Frequency	
N=930	(%)	

	
Present	in	
Pedigrees	
N=44	(%)	

Cardiovascular	Disease	 Heart	Attack/Coronary	
Artery	Disease	

104	
(11.2%)	

33	(75.0%)	

	 Other	Heart	Disease	 53		(5.7%)	 	20	(45.5%)	
	 Atrial	Fibrillation	 2	(0.22%)	 1	(2.3%)	

	 Total	CVD	 159	
(17.1%)	

40	(88.6%)	

Cancer		 Bone	 2	(0.22%)	 2	(4.5%)	
	 Brain	 4	(0.43%)	 4	(9.1%)	

	 Breast	 18	(1.9%)	 13	(30.0%)	
	 Colon	 7	(0.75%)	 6	(13.6%)	
	 Kidney	 3	(0.32%)	 3	(6.8%)	
	 Leukemia	 5	(0.54%)	 5	(11.4%)	
	 Liver	 2	(0.22%)	 1	(2.3%)	

	 Lung	 13	(1.4%)	 11	(25.0%)	
	 Other	 13	(1.4%)	 11	(25.0%)	
	 Ovarian	 3	(0.3%)	 3	(6.8%)	
	 Pancreatic	 1	(0.11%)	 1	(2.3%)	
	 Prostate	 27		(2.9%)	 12	(27.3%)	
	 Skin	 7	(0.8%)	 6	(13.6%)	
	 Esophageal	 1	(0.11%)	 1	(2.3%)	

	 Stomach	 5	(0.54%)	 5	(11.4%)	
	 Lipoma	 2	(0.22%)	 1	(2.3%)	
	 Total	Cancer	 113	

(12.2%)	
36	(81.8%)	

Hypertension	 Total	Hypertension	 117	
(12.6%)	

40	(88.6%)	

Diabetes	 Type	1	Diabetes	 16	(1.7%)	 8	(18.2%)	
	 Type	2	Diabetes	 91	(9.8%)	 	31	(70.5%)	

	 Total	Diabetes	 107	
(11.5%)	

33	(75.0%)	

Kidney	Disease	 Cystic		 1	(0.11%)	 1	(2.3%)	

	 Diabetic		 5	(0.5%)	 4	(9.1%)	
	 Nephrosis	 5	(0.5%)	 4	(9.1%)	
	 Nephritis	 1	(0.11%)	 2	(4.5%)	



 

 23 

As part of a sub-analysis, we evaluated the conditions reported by index 

participants (n=44) compared to conditions reported for their relatives (n=686). We 

found that there were 198 diseases among the index participants and 732 diseases 

among their relatives. This corresponds to a mean of 4.5 diseases per person among 

index participants. Along with having a higher average number of diseases per person, 

the index participants also had some differences in most reported conditions. 

Hypertension was the most reported condition and present in 72.2% of these index 

participants. High cholesterol was more frequently reported in participants compared to 

all relatives, reported by 56% of this group. Similar to what we observed among all 

participants, Diabetes accounted for 11.6% of all diseases (n=198) reported by index 

participants.  We found that relatives (n=686) had much higher counts of Cardiovascular 

Disease and Cancer compared to index participants (Figure 4). Among the relatives, we 

also found smaller percentages of Psychological Disorders, Rheumatoid Arthritis, and 

Obesity. However, obesity was self-reported in 22.7% of index participants, while it was 

only reported for less than 1% of all relatives (n=686).  
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Figure 3 - Proportion of Individuals with Common Diseases Among Index 
Participants (N=44) 

 

Figure 4 - Proportion of Individuals with Common Diseases Among Relatives 
(N=686) 
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The proportion of relatives with cancer and CVD was higher than the proportion 

of index participants but this difference was not statistically significant (Table 4). 

However, we found that there was a significant difference in the reporting of 

Hypertension, High Cholesterol, Obesity, Kidney Disease, and Psychological Disorders 

between index participants and relatives. 

Table 4 -Differences in Distribution of Diseases Between Index Participants 
and Relatives 

 

4. Discussion 
4.1 Findings of Pedigree Quality  

Overall, using our modified approach to address implementation barriers, the 

pedigree quality obtained by MeTree was high.  7 In the study that implemented MeTree 

in Greensboro, they used the same quality criteria and reported 99.8% of collected 

histories to be high quality.21 They stated that a factor that contributed to high quality 

was talking to relatives before using MeTree.  During the enrollment process of our 

study, we talked to participants over the phone about the importance of talking to 

Disease	 Relatives	(n=686)	 Index	Participants	
(n=44)	

Fisher’s	Exact	P-
value	(p<0.05)	

Cancer	 111	 6	 0.83	
CVD	 144	 14	 0.13	
High	Cholesterol	 29	 26	 <0.001	
Hypertension	 85	 32	 0.01	
Kidney	Disease	 30	 13	 <0.001	
Obesity	 	7	 10	 <0.001	
Psychological	
Disorder	

16	 	4	 0.03	
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relatives before the MeTree interview. We mailed forms that nearly every single 

participant brought into the interview already filled out. The discrepancy in quality 

between our study and the previous study could be due to barriers that exist in a rural 

setting such as health literacy or computer access.39 35 

4.2 Findings of Reported Diseases in Pedigrees 

The FHH collected by MeTree found a large number of CVD, cancer, diabetes, 

and several other conditions among individuals and families in this study. However, 

behavioral risk factors that can be modified include alcohol consumption and tobacco 

use, diet, and physical activity. Societal factors such as socioeconomic status and cultural 

and environmental variables also contribute to risk of these conditions. 3 4 

Robeson County is among the highest burdened counties in North Carolina by 

lung cancer, which may be in large part due to the high prevalence of cigarette 

smoking.27 44 45 In a county where almost a quarter of all adults smoke, we identified 

lung cancer as one of the most prevalent diseases reported in family histories. Providing 

a risk assessment for lung cancer, which may be otherwise overlooked by primary care 

providers, may be an important tool to address the large burden of lung cancer in this 

region.  

Robeson County also has a very high prevalence of Type 2 diabetes, diagnosed in 

nearly one-fifth of all adults . 27 The findings of this small study mirrored the trend of 

Type 2 diabetes in the larger population, present in almost three quarters of all family 
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histories. Because lifestyle factors such as diet and physical activity play such a large 

role in developing Type 2 diabetes, this tool could benefit many who are genetically 

susceptible. Using the results of this tool’s risk assessment, primary care providers and 

patients may be able to work together to prevent some of the burden caused by Type 2 

diabetes.  

To be included in the parent study, participants did not have to be diagnosed 

with CKD, so not all of those who also took part in this study were diagnosed with 

CKD. However, CKD was one of the most commonly reported conditions across all 

pedigrees. Along with risk factors discussed previously for other chronic conditions, 

some risk factors for CKD include age,  hereditary factors, and ethnicity with African 

Americans being disproportionately affected in the U.S. 46 

After exploring the distribution in diseases reported for index participants (n=44) 

compared to their relatives (n=686), we found some similarities and differences. The 

index participants reported a larger percentage of hypertension and high cholesterol, but 

a lower percentage of cancer and CVD. These observed differences between disease 

prevalence in the index participants and overall family members could be due to 

ascertainment bias. This type of bias is likely to have occurred due to the way we 

collected data. There could be a misrepresentation of the true frequency of some of these 

diseases among relatives. Because individuals are likely to know their own medical 
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history better than their relatives’ histories, some conditions could be under-reported or 

over-reported for family members of the index participants.  

4.3 Implications for Practice and Further Research 

Unlike other studies that collect FHH information using MeTree, this study adds 

to the literature by implementing this tool using research assistants to guide participants 

through the process.  This study was able to identify common conditions among 

participants and families and explore how these findings reflected trends in the larger 

population.  

Currently, more information is needed to describe familial aggregation of the 

most prevalent diseases reported. We found that prostate cancer was present in more 

relatives than breast cancer; yet breast cancer was reported in more pedigrees overall. 

This could be due to the way prostate cancer is aggregated within the families in the 

study that indicated one or more occurrence. Family aggregation of many diseases is 

likely to be heavily influenced by genetic factors. 14  Recurrence risk can also be used to 

assess the most likely modes of inheritance for certain diseases. Knowing how a disease 

clusters in families could potentially be used to identify individuals who are at a higher 

risk of developing the condition. As a result, appropriate prevention guidelines could be 

implemented into that patient’s treatment regimen.  Identifying familial aggregation 

patterns could lead to increased awareness of disease susceptibility among the patient 
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and all other family members who may be at risk, leading to possible modification of 

certain risk factors.  

Another powerful component of FHH studies is that they are able to provide 

insight into heritability patterns and gene-environment interaction. The phenotypic 

expression of some genes is largely impacted by the environment. In families, a shared 

environment is typically inherited among family members which means that they are 

vulnerable to the same exposures.47 These types of studies can help patients and 

providers explore possible pathways between toxins and gene expression as well as 

potential routes of exposure.  

These types of family studies also have the potential to raise awareness of disease 

risk among families and the community. If one family member finds out that they are 

genetically susceptible to a disease, they will most likely share this information with 

their relatives. Increasing awareness among entire families could benefit communities as 

a whole and encourage collaboration in altering modifiable risk factors.  

Further research is needed on how to effectively implement MeTree in a clinical 

setting in rural areas. Strategies centered on better preparing patients for MeTree should 

be planned as part of the implementation. Patients with lower levels of health literacy, 

lack of access to a computer, poor computer skills, and lower levels of self-efficacy may 

need to prepare in a different manner and time frame than patients who are not 

influenced by these barriers. Targeting the patients’ perceived usefulness and attitudes 
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towards MeTree could also contribute to better implementation, which could ultimately 

lead improved health outcomes in the population.  

4.4 Study Strengths and Limitations 

The primary strength of this study is that it demonstrated feasibility of using 

MeTree with research assistants in a rural and underserved setting. In addition, all 

participants in this study were recruited from the parent study and were already 

familiar with the goals and purpose of the larger project. Most of them remembered 

which location Pembroke or Lumberton, that they visited previously and indicated that 

they were eager to come back. For most, there was already a sense of trust between the 

participants and research assistants.  

Although we were able to collect fairly high-quality pedigrees, we noted a few 

limitations to this study. All diseases were self-reported; as such inaccurate or missing 

values in some pedigrees may have led to reporting bias. While this is also a major 

strength, having research assistants present during FHH collection could potentially 

lead to response bias, particularly among sensitive topics such as tobacco or alcohol use.  

5. Conclusion 
Using tools such as MeTree that help facilitate FHH collection could potentially 

lead to better health outcomes due to risk assessment and individually-targeted 

prevention strategies. Further research is need on how to successfully implement this 



 

 31 

software tool in clinical settings within rural areas. Research is needed to identify how to 

overcome some potential barriers to use in a rural setting such as health literacy, 

computer access, and patient self-efficacy. 
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