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Abstract

Family health history is an independent risk factor
for certain diseases. The Health Family Tree (HFT)
was developed and used to document and assess
family health history from the families of high school
students since 1980. While the risk algorithm of the
HFT was initially validated, 20 years of use as a
public health tool in the community provides an
extremely large dataset for more rigorous validation.
A retrospective cohort study was used with the events
before the “cut-off” year as the baseline and the
events after the “cut-off” year as the follow-up.
Baseline data were used in the algorithm to calculate
the Family History Score (FHS). Cox proportional
hazards model was used to test the dose-response
nature of the FHS for predicting incident events. An
FHS >1 was determined to be a significant predictor
for future development of diabetes, myocardial
infarction, and early onset of myocardial infarction.

Introduction

A family health history is the description of the
genetic relationships and medical history of a family.'
It reflects shared genetic susceptibility, shared
environmental factors, and common behaviors among
family members. > With increasing recognition of the
role of genetic factors in human disease, the family
health history can become a tool for improving
clinical care and targeting prevention strategies for
populations at greater risk of disease.® A positive
family health history for cancer, diabetes mellitus or
heart disease is considered a risk factor for these
diseases. In addition, family history has been shown
to be an independent risk factor for coronary heart
disease, even after adjusting for other known risk
factors such as smoking, obesity, cholesterol, blood
pressure, and diabetes.

Background

To document and assess family health history, the
Health Family Tree (HFT) program was developed
by researchers in Utah and Texas in 1980.* The HFT
was used to collect health history information from
the families of high school students, to apply a family
risk score after analyzing the results, and to provide a
written report to the students’ families about their
risk of common diseases and risk factors. In 1986,

Hunt et al. compared different definitions of a
positive family history for coronary heart disease
(CHD) and hypertension using data from 15,250
Utah families.* Definitions based on the number and
age of affected first degree relatives were compared
with definitions that used a quantitative family
history score (FHS) based on observed and expected
occurrence of disease. It was concluded that the FHS
predicted future disease incidence in unaffected
family members better than other definitions.* Based
on these findings, selected cut-points in the
continuous family risk score were defined for
classifying families as high risk or not.* Since the
family health history data was self-reported, a
validation study was performed in 1986 to assess the
data for early-onset coronary heart disease and
hypertension.* The researchers found that the risk
scores performed well, with a sensitivity (67%),
specificity 96%), positive predictive value (79%),
and negative predictive value (91%) for coronary
heart disease.”

In addition to CHD and hypertension, there are many
other health conditions included in the HFT
questionnaire. No validation has been done to
determine cut-points in the risk scores defining high
risk for these diseases. There is a need to determine
appropriate cut-points for other common diseases
included in the HFT. During 1983 to 2002, the HFT
questionnaire was used to collect data for over one
million relatives. After 20 years of use as an
educational and public health tool in the community,
there is an opportunity and need to further evaluate
and validate the risk algorithms to meet public health
goals. A web-based version of the HFT tool is
nearing completion for further use in Utah schools.
For this analysis, the aim is to

a) analyze data collected in the schools using the
HFT between 1983 and 2002, b) evaluate risk scores,
and c) determine appropriate cut-points for diabetes
mellitus and myocardial infarction (MI).

Methods

A retrospective cohort design was used for this study.
Two health conditions included on the data collection
form were analyzed: diabetes and MI. Two MI
outcomes were tested: all occurrences of MI and
early onset of MI. Early onset was defined as the
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occurrence of MI at < 55 years of age for males and <
65 years of age for females. Each family was
classified according to their family history of diabetes
or MI as of a cut-off year. For each family, only the
events that occurred up to the cut-off year were used
to define the family history of each disease. Families
were then divided by family history category and the
unaffected relatives in each family were followed for
disease occurrence after the cut-off year until the
actual date of data collection. The data analysis
process is illustrated in Figure 1.

As described in the previous publication,” the FHS is
calculated using the following equation:
If|O—-E|> ' then,
(lo-El-1/2) I0—El
B VE “0-E
Or, if |O-E|< ' then FHS = 0,

There are two main variables in the equation. The
observed incidence of disease (O) was the observed
number of events in the family; the expected number
of events (E) was calculated by multiplying the age-
and sex-specific person-years for each person in the
family by the age- and sex- specific incidence rates of
the general population. E was calculated by using the
entire HFT database of over one million relatives,
which is representative of the northern Utah
population. The population incidence rate used to
calculate the expected number of events in the family
is the number of new cases of disease divided by the
person-years. The entire database was used for these
incidence rates (1983 to 2002), producing an average
rate over the period and not modeling secular trends.

To test the dose-response nature of the FHS, the
family histories (as of cut-off year) were divided into
five groups to calculate follow-up incidence rates:
0.5<FHS<1, 1<FHS<2, FHS>2, FHS>1, and
FHS>0.5. Differences in diabetes and MI rates
between groups were analyzed using a Cox
proportional hazards model so that possible
confounding variables could be included in the
model. Follow-up time was defined as the time since
the cut-off year until the onset of the condition
(incidence), death, or the year of data collection,
whichever was earliest.

All analyses were performed using SAS software.
Institutional Review Board approval was obtained for
this analysis from the University of Utah.
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Figure 1. Overview of the data analysis process

There were 1,195,599 individuals in the raw dataset.
After data cleaning, 174,923 individuals (14.6%)
were deleted, including 15,318 (1.3%) individuals
who were born after the cut-off year and excluded
from the family history score calculations. A total of
35,482 (2.9%) individuals were excluded from the
analysis because their family size was too small (<3
family members over age 20) to calculate a family
history score. Therefore, the population under study
contains 969,876 individuals, including 481,190
(49.6%) males and 488,686 (50.4%) females. Table 1
and Table 2 show the mean values and standard
errors of the study variables for the three FHS family
history groups: high (FHS > 1.0), medium (0.5 < FHS
< 1.0), and low (FHS < 0.5) for diabetes and MI. All
reported means were determined using information
up to the cut-off year. Similar distributions are seen
in diabetes and MI high or low risk groups. For both
diabetes and MI, the number of families in the high
risk group is about 10% of the number of families in
the low risk group. But for MI, even though the high
risk families averaged 2.8 years older than the low
risk families, the affected members within the high
risk group were affected at younger ages (4.9 years
earlier) than those in the low risk group. The average
FHS for diabetes high risk families is 4.01, while the
average FHS for diabetes low risk families is 0.008.
Similarly, the average FHS for MI high risk families
is 2.99, while average FHS for MI low risk families
is -0.009.

Diabetes

Table 3 shows the hazard ratios of different FHS
definition groups for diabetes, calculated using Cox
Regression. Even for the weakest definition of family
history, a positive family history of diabetes is
predictive of future diabetes for unaffected family
members, both in males and females. Since age could
be a confounding factor, we grouped the individual’s
age at the cut-off year into five groups (20-39, 40-49,
50-59, 60-69, and 70-89), and used the age group as a
covariate in the Cox regression model.
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Mpyocardial infarction

For MI, a Cox Regression analysis was performed on
both all-age MI and early-onset of MI (male<55,
female< 65). For males, positive family history of MI
was predictive for MI at any age among unaffected
family members, with the exception of the risk group
defined by FHS>0.5. For females, all definitions of a
positive family history of MI were predictive for MI
at any age among unaffected family members (Table
4). Furthermore, family history of MI was a better
predictor for early-onset MI than MI at any age. All
definitions of positive family history for MI were
predictive of future early onset MI for all unaffected
family members (Table 5).

Tables 4 and 5 show the results of MI risk with the
covariate of baseline age included in the models for
MI at any age and early onset of MI (male<55,
female< 65). Positive family history of MI was still
predictive for MI at any age among unaffected male
family members. All definitions of positive family
history were predictive of MI at any age among
female family members. All definitions of positive
family history are predictive of future early onset MI

for both male and female unaffected family members.

Table 1. Characteristics (mean+SE) of the diabetes
risk groups defined by family history

Diabetes Risk Group
High Medium Low
# of families N=742 N=653 N=69,724
Family* size 10.3+3.5 6.7+£2.9 13.4+4.8
# of affected 2.25+0.61  1.00+0.05 0.02+0.12
Avg. age-affected  37.54259  37.9+£26.5 32.5425.5
Avg. age-all 31.1£19.9  36.4+154 30.6+18.2
Avg. family 4.01£3.33  0.83+0.12  0.008+0.0718

history score

*One family includes the student, siblings, mother, maternal aunts
and uncles, and grandparents. A second family includes the
student, siblings, father, paternal aunts and uncles, and
grandparents.

Table 2. Characteristics (mean+SE) of the Myocardial
Infarction risk groups defined by family history

Diabetes Risk Group

High Medium Low
# of families N=751 N=1250 N=69,118
Family* size 9.543.4 6.5+3.0 13.2+4.9
# of affected 2.16+£0.46  1.01+0.13 0.05+0.23
Avg. age-affected  45.24252  43.8+23.1 50.1£27.6
Avg. age-all 33.3420.3  36.1£15.4 30.5+18.3
Avg. family 2.99+2.23  0.81£0.14  -0.009+0.1316

history score

*Same family definition as in table 1.

Discussion

An FHS>1 was a significant predictor for future
development of diabetes, MI, and early onset of MI.
With age as a covariate, even the weakest definition,
FHS> 0.5, predicted unaffected family member’s risk
of developing diabetes or MI (at any age or early-
onset). Without age as covariate, an FHS > 0.5 still
predicted the individual’s risk of developing diabetes
or early-onset MI. These findings are consistent with
the findings from the earlier study that only
addressed coronary heart disease and hypertension
and only used two years of data collected by the HFT
program.* Cut-points rather than continuous risk
scores were used, as cut-points provide categorization
benefits for field operations. High risk groups can be
better identified for screening by cut-points.

Data collected by the HFT program and the
calculation of a family history score takes advantage
of information about the family size, age of persons
in the family, and the frequency of disease in the
general population. This information is more
comprehensive than the information often used to
assess family history of common disease (e.g., the
numbers of affected first degree relatives). Future
analysis of the data could include behaviors such as
smoking and exercise as covariates to the Cox
proportional hazards model, to examine the effect of
environmental factors. The quality of data pertaining
to relatives’ behaviors as reported by third parties
should be further examined.

The study population was the family members of
students enrolled in the health education classes from
high schools throughout Utah. The religious
background of the majority of the state’s citizens
encourages recording detailed family histories, and
family pedigrees in Utah are also typically larger than
in other states.’ In general, Utah’s population has
lower levels of alcohol and tobacco use than the U.S.
population at large. However, a previous study
showed that data from Texas students participating in
the HFT project had similar results compared to
Utah.® Larger families help in assessing family
history risk and the larger the family the more
important it is to calculate an expected number of
events in assessing a family history. In addition to
the successful use of the FHS in a multi-ethnic Texas
population, the NHLBI Family Heart Study
successfully used the score to assess family history in
its five field centers in Alabama, North Carolina,
Massachusetts, Minnesota, and Utah.

The analysis for this project may have limitations.
While great effort was made during the high school
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teachers’ instruction to insure the most accurate data
possible, the data were still either self-reported or
reported by a relative and not verified externally.
While this may be potentially problematic and either
over- or under- report health conditions, this is likely
to be a common feature for any family history tool.
Recall bias may be a potential problem. It is possible
families with higher rates of recent disease may be
more likely to recall past events among family
members than families with lower rates of past
disease. This could result in falsely elevating the
significance because families with higher recent rates
will have higher recall for similar events. However, a
prior study did not find evidence for this bias in the
HFT program.4

In summary, the method outlined herein used to
objectively score family health history can be used to
identify high risk families in which unaffected
individuals are currently at increased risk of
developing diabetes and MI in the future. Based on
this validated algorithm, we believe the web-based
family history tool, Health Family Tree, can be
successfully used in schools and in the community to
educate families about their risk of disease and what
they can do to reduce that risk. Other diseases listed
on the Health Family Tree should also be validated
(as detailed in this report) to complete the validation
of the HFT program as a method of assigning family
risk in order to help families reduce their risk of
disease.
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Table 3. Hazard ratios for diabetes, by gender and FHS category

0.5<FHS<I1 1<FHS<2 FHS>2 FHS>1 FHS>0.5
% of individuals
with positive FHS 5.16 0.08 0.51 0.59 5.69
Without Age as covariate
Male
Hazard ratio 1.82 3.00 3.95 3.82 2.01
95% CI (1.69,1.95) (1.93,4.65) (3.39,4.60) (3.31,4.41) (1.89,2.15)
Female
Hazard ratio 1.67 3.68 4.39 4.28 1.91
95% CI (1.56,1.79) (2.52,5.37) (3.80,5.06) (3.75,4.90) (1.79,2.03)
With Age as a covariate
Male
Hazard ratio 2.11 2.69 4.64 431 2.32
95% CI (1.96,2.27) (1.73,4.17)  (3.98,5.40) (3.73,4.98) (2.18,2.48)
Female
Hazard ratio 1.89 3.29 5.05 4.74 2.14
95% CI (1.76,2.02) (2.26,4.80) (4.38,5.82) (4.14,5.41) (2.01,2.28)

Note: All p values were less than 0.001.
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Table 4. Hazard ratios for M1, by gender and FHS category

0.5<FHS<I1 1<FHS<2 FHS>2 FHS>1 FHS>0.5
% of individuals
with positive FHS 6.83 0.20 0.50 0.70 7.43
Without Age as covariate
Male
Hazard ratio 0.85 3.19 2.13 2.43 1.00
95% CI (0.79,0.91) (2.57,3.96) (1.79,2.52) (2.13,2.79) (0.93,1.06)*
Female
Hazard ratio 1.19 2.17 2.00 2.05 1.26
95% CI (1.09,1.31) (1.44,3.27) (1.53,2.62) (1.64,2.57) (1.16,1.37)
With Age as a covariate
Male
Hazard ratio 1.54 3.30 3.29 3.29 1.75
95% CI (1.43,1.66) (2.66,4.09) (2.77,3.91) (2.87,3.76) (1.64,1.88)
Female
Hazard ratio 1.23 1.80 2.54 2.26 1.31
95% CI (1.13,1.35) (1.20,2.71)** (1.94,3.32) (1.81,2.83) (1.20,1.43)

* p value = 0.9056
**p value = 0.0049

Note: p values were less than 0.001, if not mentioned.

Table 5. Hazard ratios for early onset (male < 55, female < 65) of MI, by sex and FHS category

0.5<FHS<I 1<FHS<2 FHS>2 FHS>1 FHS>0.5
% of individuals
with positive FHS 6.83 0.20 0.50 0.70 7.43
Without Age as covariate
Male
Hazard ratio 2.28 5.63 5.67 5.67 2.59
95% CI (2.09,2.50) (4.14,7.67) (4.64,6.93) (4.78,6.71) (2.39,2.81)
Female
Hazard ratio 1.32 3.21 3.23 3.22 1.47
95% CI (1.18,1.49) (2.02,5.10) (2.41,4.32) (2.52,4.13) (1.32,1.64)
With Age as a covariate
Male
Hazard ratio 2.19 5.78 5.55 5.61 2.51
95% CI (2.00,2.40) (4.24,7.86) (4.54,6.79) (4.74,6.65) (2.31,2.72)
Female
Hazard ratio 1.34 291 3.54 3.33 1.49
95% CI (1.19,1.51) (1.83,4.62) (2.64,4.73) (2.60,4.27) (1.34,1.67)

Note: All p values were less than 0.001.
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