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Link and Phalen argued that socioeconomic status (SES) is a “fundamental cause” of disease.*
No matter the health threat, higher SES individuals have greater access to resources to protect
their health.! Since socioeconomic status is difficult to directly measure, a common method of
operationalizing socioeconomic status is income.? Prior studies have shown that higher income at
baseline is associated with healthier behaviors, such as beneficial smoking behaviors,®® greater
adherence to dietary guidelines,®” and higher intensities of exercise.®

Although the literature has described the association of income with health behaviors in relative
depth, the literature is limited regarding the association of change in income with health
behaviors in adults. One Canadian study found that individuals whose incomes increased above
the federal poverty level (FPL) were more likely to be non smokers than those whose incomes
remained below the FPL.° A study by Rehkopf et al. observed participants <50 years old who
received earned income tax disbursements and found that participants who received the tax
credits had both positive and negative changes in various health behaviors, but overall had a
greater number of positive health behaviors.°

However, income changes in general may even lead to worse overall health, as one study showed
an increase in BMI with earned income tax credit benefits.*! Due to the potentially contradictory
positive and negative health effects of changes in income, more research is required in the effects
of changes in income on health behaviors. In addition, there has been no previous study in the
literature on income change and long-term follow up of health outcomes, which includes incident
cardiovascular events.

Because the relationship between income and health may be logarithmic, that is, the rate of
benefit of additional income on health diminishes with higher income levels,'? we would like to
examine changes in income at lower baseline income values, thus the federal poverty level (FPL)
will be used as a reference point. FPL as reference point has been used in other studies of change
in income.®*3 This study will assess the relationship of change in income across the FPL in
midlife as a dynamic variable to examine associations with change in the American Heart
Association (AHA) Life’s Simple Seven Score (LS7) in ARIC participants. The LS7 are health
behaviors and health metrics that are part of the goals of the AHA, scored on a scale from 0 to
14,** and adherence to the LS7 has been shown to reduce incidence of CVD.>8 Lastly, we will
examine the effect of changes in income on long-term risk of incident cardiovascular disease.

5.  Main Hypothesis/Study Questions:
Hypotheses:
e We hypothesize that an increase in income above the FPL will be associated with an
increase in the LS7 score.
e We hypothesize that a decrease in income below the FPL will be associated with a
decrease in the LS7 score.
e We hypothesize that LS7 scores would not change in adults that either remained above
FPL or remained below FPL.
e We hypothesize that compared to the group that remained above FPL, the group that fell
under FPL would have a significantly greater decrease in LS7 score.



e We hypothesize that compared to the group that remained below FPL, the group that rose
above FPL would have a significantly greater increase in LS7 score.

e We also hypothesize that compared to adults who remain above FPL, those who rise
above FPL will have similar or decreased rates of incident cardiovascular disease, while a
6-year change in income level from that above FPL to below FPL will be associated with
higher rates of incident cardiovascular disease.

Our aims are as follows:
1. To examine the association between the Visit 1 and Visit 3 changes in income
bidirectional across FPL with changes in LS7 score
2. To examine the association between the Visit 1 and Visit 3 change in income
bidirectional across FPL to below and above FPL with CVD (Ml, stroke, HF) incidence.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study design: We plan to examine change in income between visit 1 and visit 3 with regards to
the federal poverty level (FPL). The 1989 FPL will be used for visit 1 FPL (87-89) and the 1995
FPL will be used for visit 3 FPL (93-95). We will calculate FPL for both visits 1 and 3 using
information on household income and the number of household occupants. We will compare
each individual’s FPL with their household income to determine the income change categories.
When a household’s theoretical FPL level was within the household’s income category, we will
designate that category as below FPL. Since this was an arbitrary distinction, sensitivity analysis
will also be conducted by designating that category as above FPL.

Four categories of FPL will be created. Category 1 remained in poverty, category 2 went into
poverty, category 3 rose out of poverty, and category 4 stayed above the poverty level. We will
attempt to determine the relationship between these changes in income and concurrent changes
in AHA LS7 score.

Below are the methods which will be used to calculate the LS7 score.!® Each ideal health metric
is worth 2 points, intermediate health metric is worth 1 point, and poor health metric is worth 0
points, for a total of 0-14 points for the 7 health metrics:

e Smoking: There is self-reported smoking status in every ARIC visit. Ideal smoking status
is defined as never smoker or quit >12 months ago. Intermediate smoking status is
defined as a former smoker who smoked <=12 months ago. Poor smoking status is
defined as current smoker.

e Healthy diet score: A 66-item semi-quantitative food frequency questionnaire was
completed during visit 1 and visit 3. For each visit, we will use this questionnaire to
divide up each individual by the number of AHA ideal diet items completed,'® which
include: 1) >4.5 cups/day of fruits and vegetables (approximated as >4.5 servings/day in
the ARIC study); 2) >3.5 oz servings/week of fish (approximated as >2 3- to 5-0z
servings/week); 3) >3 1-oz servings/day of whole grains (approximated as >3
servings/day); 4) sodium (<1,500 mg/day); and 5) <36 oz/week of sugar-sweetened



beverages (approximated as <4 glasses/week).'® Each individual will be placed in a
category of low (1 item), intermediate (2-3 items) or ideal (4-5) diet for each visit.

e Physical Activity: Exercise behavior was surveyed using the validated Baecke
questionnaire in ARIC visits 1 and 3.2° Our exercise score will use the questions in the
questionnaire to determine minutes per week of moderate or vigorous exercise,
categorized by recommended guidelines.’>?! Each individual’s exercise score will be
divided up into poor (no exercise) or intermediate (defined as either intermediate exercise
which is 1-149 min/week of moderate or 1-74 min/week of vigorous or 1-149 min/week
moderate + vigorous exercise), or ideal exercise (defined as >=150 min/week moderate or
>=75 min/week vigorous or >=150 min per week moderate + vigorous exercise).*

e BMI: BMI was calculated through measured weight in scrub suit and standing height in
ARIC visit 1 and visit 3. BMI will be divided into poor (>=30kg/m”3), intermediate (25-
29.99kg/m”3), and ideal (<25kg/m”3).

e Glucose: Serum glucose was measured in mg/dL with a hexokinase/glucose-6-phosphate
dehydrogenase method. Serum glucose will be divided into poor (>=126mg/dL),
intermediate (100-125mg/dL or treated to <100mg/dL), or ideal (<100mg/dL without
medication).

e Blood Pressure: Sitting blood pressure was calculated with three measurements from a
random-zero sphygmomanometer after a 5-min rest, and the average of the last two
measurements was used. Blood pressure is divided into poor (SBP>=140 or DBP>=90
mmHg), intermediate (SBP 120-139 or DBP 80-89 or treated to <120/<80mmHg) or
ideal (<120/<80 mmHg without medication) categories.

e Total Cholesterol: Fasting plasma total cholesterol was measured by enzymatic methods.
Cholesterol was divided into poor (>240mg/dL), intermediate (200-239mg/dL or treated
to <200mg/dL), or ideal (<200mg/dL without medication) categories.

AHA LS7 score will be calculated at visit 1 and visit 3. Change in LS7 score will be analyzed as

the outcome, with income change categories as the predictor. We will parameterize the change in
our model with one-unit changes in the LS7 score. Adjustment will be conducted for age, gender,
education level, race and center, and employment, all at visit 1. Change in individual components
of the LS7 will also be analyzed separately.

Lastly, we will analyze associations between income change at midlife and incident CVD, in
follow-up through older adulthood. Our primary outcome will be the composite outcome of
definite or probable M, fatal coronary heart disease, incident HF, or definite or probable stroke.
Components of this composite outcome will also be analyzed individually. The group that
remained above FPL will be used as the reference category since it will likely have the largest
sample size.

Inclusion/exclusion criteria: We will exclude individuals with missing values for income at visit
1 and/or visit 3. In addition, we will exclude individuals if they are missing values for smoking
status, if they are missing variables to calculate Baecke leisure sports activity score, if they are
missing variables to calculate components of ideal diet score (whole grains consumed, fish
consumed, fruits and vegetables consumed, sugary beverages consumed, and sodium levels), and
if they are missing blood pressure, total cholesterol, blood glucose and BMI values at v1 and v3.
Other exclusions will be if participants were missing information on the number of persons in



their household. Additionally, individuals who are not black or white and blacks from MN and
MD will be excluded due to small numbers.

Key variables of interest:

1.
2.
3.

Data analyses:
1.

Exposure: Income at visits 1 and 3,
Covariates: age, sex, gender, education level, race and study center, employment status.
Outcomes:

a. Behavior variables: At visits 1 and 3, smoking status, variables to calculate
physical activity based on Baecke sports leisure activity, food frequency
guestionnaire items to compute ideal health score (whole grains consumed, fish
consumed, fruits and vegetables consumed, sugary beverages consumed, and
sodium levels).

Composite outcome of definite or probable M1 or fatal coronary heart disease
Incident definite or probable incident stroke from ICD-9 and ICD-10 codes.??
Incident heart failure identified from ICD-9 and ICD-10 codes.?

Composite incident cardiovascular disease

f. Follow-up for incident cardiovascular events will be through December 31, 2018.
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Descriptive statistics will be used to analyze demographic variables within each of the
income change categories. We will use global chi square tests and anova to compare
categorical and continuous variables, respectively.

We will conduct a linear regression, using as outcome the change in LS7 score between
v1 and v3. Income change category will be the predictor. Multivariable modeling will
also be conducted to adjust for demographic variables (age, sex, gender, education level,
employments status, and race-center).

The primary outcome (incident CVD) and each separate component of the primary
outcome will be analyzed using a Kaplan-Meier curve using the 4 income change
categories as the predictor and Cox multivariable modeling with adjustment for
demographic variables (age, gender, sex, education level, race and center, with group
staying above FPL as reference). Since income is dynamic and may change after visit 3
(le. Retirement), sensitivity analysis will also be conducted with follow up truncated at
10 years for the CVD outcomes, which is around half the total follow-up time. A time
less than 10 years was not chosen since differences in outcomes from changes in income
will likely take many years to manifest.

Limitations:

1.

oW

Temporality may be an issue. There is no way to know exactly when incomes were
changed in between visits 1 and 3, or when behaviors were changed between visits.
We do not have exact income levels, only income categories.

Income is dynamic as we observed and may change after visit 3.

Income was self-reported and may not be completely reliable.

There may be unmeasured confounders.
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