
IMPORTANCE Higher income is associated with lower incident cardiovascular disease (CVD).
However, there is limited research on the association between changes in income and
incident CVD.

OBJECTIVE To examine the association between change in household income and subsequent
risk of CVD.

DESIGN, SETTING, AND PARTICIPANTS The Atherosclerosis Risk In Communities (ARIC) study is
an ongoing, prospective cohort of 15 792 community-dwelling men and women, of mostly
black or white race, from 4 centers in the United States (Jackson, Mississippi; Washington
County, Maryland; suburbs of Minneapolis, Minnesota; and Forsyth County, North Carolina),
beginning in 1987. For our analysis, participants were followed up until December 31, 2016.

EXPOSURES Participants were categorized based on whether their household income
dropped by more than 50% (income drop), remained unchanged/changed less than 50%
(income unchanged), or increased by more than 50% (income rise) over a mean (SD) period
of approximately 6 (0.3) years between ARIC visit 1 (1987-1989) and visit 3 (1993-1995).

MAIN OUTCOMES AND MEASURES Our primary outcome was incidence of CVD after ARIC visit
3, including myocardial infarction (MI), fatal coronary heart disease, heart failure (HF), or
stroke during a mean (SD) of 17 (7) years. Analyses were adjusted for sociodemographic
variables, health behaviors, and CVD biomarkers.

RESULTS Of the 8989 included participants (mean [SD] age at enrollment was 53 [6] years,
1820 participants were black [20%], and 3835 participants were men [43%]), 900
participants (10%) experienced an income drop, 6284 participants (70%) had incomes that
remained relatively unchanged, and 1805 participants (20%) experienced an income rise.
After full adjustment, those with an income drop experienced significantly higher risk of
incident CVD compared with those whose incomes remained relatively unchanged (hazard
ratio, 1.17; 95% CI, 1.03-1.32). Those with an income rise experienced significantly lower risk
of incident CVD compared with those whose incomes remained relatively unchanged
(hazard ratio, 0.86; 95% CI, 0.77-0.96).

CONCLUSIONS AND RELEVANCE Income drop over 6 years was associated with higher risk of
subsequent incident CVD over 17 years, while income rise over 6 years was associated with
lower risk of subsequent incident CVD over 17 years. Health professionals should have greater
awareness of the influence of income change on the health of their patients.
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S ocioeconomic status (SES) is conceptualized as a fun-
damental cause of disease1; that is, no matter what type
of health threat, higher-status individuals enjoy greater

access to resources (such as knowledge, power, and access to
powerful social connections) that they can deploy to protect
their health.1 Income, along with education level and occupa-
tional prestige, is considered to be a core component of SES.2

Low income (including poverty) is associated with higher risk
of myocardial infarction (MI),3 heart failure (HF),4 and stroke.5

Multiple mechanisms have been proposed to explain this as-
sociation, including impeding cognitive function,6 inability to
purchase access to health care, worse nutritional quality, worse
neighborhoods, and higher psychosocial stress.2,7 Low SES is
also associated with depression,8 which is in turn associated
with cardiovascular disease (CVD) risk.9

However, it does not necessarily cost money to engage in
some cardioprotective behaviors. In principle, even low-
income individuals have the time to engage in regular physi-
cal activity (although it might be argued that low-income in-
dividuals who are forced to work multiple jobs might be
squeezed with respect to their time budget). In addition, money
can be just as easily spent to procure goods that harm health
(ie, cigarettes) as improve it (ie, fitness club membership). For
example, low-income individuals may spend proportionally
more of their budget on obtaining cigarettes,10 although they
may be less likely to spend income on alcohol.11 Despite these
considerations, existing studies have shown that health be-
haviors, such as smoking behavior, diet, and exercise, are as-
sociated with income.12-14

In short, although low income is robustly associated with
risk of CVD, causality remains debated. It is possible that low
income is simply a marker of other characteristics that also pre-
dict worse health maintenance behaviors. For more robust
causal inference, we need to observe whether changes in in-
comes are associated with CVD risk.

To our knowledge, the literature on income changes and
risk of CVD remains limited. Elfassy et al15 examined 3937 par-
ticipants of the Coronary Artery Risk Development in Young
Adults (CARDIA) study (aged 23-35 years at baseline) and found
that high levels of income volatility (defined as an intraindi-
vidual standard deviation of the percent income change of 52%-
252%) or 2 income drops (defined as ≥25% of their previously
measured income) over 15 years were associated with greater
risk of CVD compared with those with low volatility and no in-
come drops, respectively.15 In this study, we sought to deter-
mine the association between income drop or income rise and
incident CVD. We hypothesized that an income drop would be
associated with higher risk of CVD, while an income rise would
be associated with lower risk of CVD.

Methods
Study Design
The Atherosclerosis Risk in Communities (ARIC) study is a pro-
spective, ongoing cohort of community-dwelling men and
women in 4 US geographic regions: Jackson, Mississippi; Wash-
ington County, Maryland; suburbs of Minneapolis, Minne-

sota; and Forsyth County, North Carolina.16 At ARIC visit 1 be-
tween 1987 and 1989, the study enrolled 15 792 participants
aged 45 to 64 years. The Jackson field center only enrolled
African American participants. The first 4 ARIC visits were
conducted approximately 3 years apart and included an as-
sessment of risk factors, health behaviors, and comorbidi-
ties. The institutional review board at each center approved
the study, and all participants provided written informed con-
sent at each visit.

Inclusion/Exclusion Criteria
We included all participants who attended ARIC visit 1 and ex-
cluded all participants who did not attend ARIC visit 3
(n = 2905). We excluded participants with prevalent MI, stroke,
or HF at visit 1 (n = 990). Prevalent MI before visit 1 was de-
termined from a 12-lead electrocardiogram or a previous phy-
sician diagnosis. Prevalent stroke before visit 1 was deter-
mined by self-report of a previous physician diagnosis.
Prevalent HF was determined either by self-report or mani-
fest HF by Gothenburg criteria.17,18 To minimize possibility of
reverse causation (ie, incident disease resulting in income loss),
we also excluded participants who developed incident MI/
fatal coronary heart disease (CHD), stroke, or HF between visit
1 and visit 3 (n = 361).

Next, we excluded participants self-reported as retired at
visit 3 (n = 1612). We also excluded participants not black or
white or black at all centers from Minneapolis and Washing-
ton county (n = 69) owing to small numbers. Lastly, to ac-
count for missing values, we excluded study participants who
were missing the total number of people in the household or
if this number was 0 at visit 1 (n = 10), and we excluded par-
ticipants with missing information for income at visit 1 or visit
3 (n = 856). The final analytical study cohort included 8989
participants (Figure 1).

Measurement of Income Change Categories
Participants reported their total combined family income at
visit 1 for the prior 12 months using the following categories:
less than $5000, $5000 to $7999, $8000 to $11 999, $12 000
to $15 999, $16 000 to $24 999, $25 000 to $34 999, $35 000
to $49 999, and more than $50 000. There was no income data
recorded at ARIC visit 2. Income brackets at visit 3 were de-
termined for each individual from self-report using the same

Key Points
Question What is the association between bidirectional income
change and cardiovascular disease?

Findings In this cohort study of middle-aged, community-
dwelling adults, a more than 50% income drop was significantly
associated with higher risk of incident cardiovascular disease,
while a more than 50% income rise was significantly associated
with lower risk of incident cardiovascular disease, over a 17-year
follow-up.

Meaning A negative income change is associated with higher risk
of incident cardiovascular disease, while a positive income change
is associated with lower risk of incident cardiovascular disease.



to 5, with higher numbers demonstrating greater physical
activity levels.24,25

Measurement of Primary Outcome
and Secondary Outcomes
The primary outcome was defined as incident CVD, compris-
ing definite or probable MI, fatal CHD, incident HF, or defi-
nite or probable stroke. All participants were followed up from
visit 3 to the CVD event, death, loss to follow-up, or until cen-
soring on December 31, 2016. Secondary outcomes included
(1) definite or probable MI or fatal CHD; (2) incident HF; and
(3) definite or probable stroke. Cardiovascular disease events
were determined after contacting participants annually (semi-
annually since 2012), recording hospitalizations, surveying dis-
charge lists from hospitals, and obtaining information from the
National Death Index and state death registries.18,26,27 Myo-
cardial infarction was ascertained by trained abstractors using
information regarding presence of chest pain of cardiac ori-
gin, biomarkers, and electrocardiographic findings and clas-
sified as definite or probable MI.27,28 Stroke was ascertained
by trained abstractors and classified by physician reviewers on
the basis of symptoms and evidence of procedures as definite
or probable ischemic or hemorrhagic stroke.29 Heart failure was
identified as hospitalizations with an International Classifica-
tion of Diseases, Ninth Revision discharge code of 428.0 to 428.9,
or International Statistical Classification of Diseases and Re-
lated Health Problems, Tenth Revision discharge code I50.18

Data Analysis
Data analyses were conducted using Stata, version 14 SE (Stata-
Corp). Descriptive statistics were used to analyze demo-
graphic variables by each of the income change categories. We

Figure 1. CONSORT Diagram

Exclusions
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ARIC indicates the Atherosclerosis Risk in Communities; HF, heart failure;
MI, myocardial infarction.

categories as at visit 1 with the addition of the following 3 cat-
egories: $50 000 to $74 999, $75 000 to $99 999, and more than
$100 000. Because these income brackets were not included 
in visit 1, we combined them into a single highest income 
bracket of more than $50 000. We used the midpoint of each 
income bracket as each participant’s income at visit 1 and visit 
3, as has been used in previous studies.15,19 If the participant 
was in the highest bracket at each visit, we multiplied the value 
of the highest income category by 1.5 following the Pareto 
distribution.20 Thus, the highest income bracket at both vis-
its was interpreted as $75 000.

We analyzed income change between visits 1 and 3 both 
as a continuous variable using a restricted cubic spline curve 
of a Cox regression and in categories as (1) income unchanged 
(participants whose incomes at visit 3 remained within 
50% of income at visit 1); (2) income drop (participants whose 
incomes fell by greater than 50% from visit 1 to visit 3); and 
(3) income rise (participants whose incomes increased by 
greater than 50% from visits 1 to 3). Sensitivity analyses were 
conducted using a 25% change in income.

Measurement of Covariates
The covariates used for adjustment in this study were socio-
demographic variables (age, sex, race/ethnicity center, edu-
cation level, occupation, number in household, insurance sta-
tus, and income), health behaviors (smoking status, drinking 
status, sport index during leisure, and body mass index [BMI]), 
and biomarkers (total cholesterol, high-density lipoprotein cho-
lesterol, lipid-lowering medications, systolic blood pressure, 
antihypertensive medications, diabetes, and serum creati-
nine), all at baseline (visit 1).

Trained staff measured covariates using standardized 
protocols, which were similar at visits 1 and 3. Participants 
answered questions regarding their age, sex, race/ethnicity, 
income, educational attainment, employment status, house-
hold number, health insurance status, smoking status, alco-
hol use, diabetes status, diabetes medication use, antihyper-
tensive medication use in the past 2 weeks, and lipid-
lowering medication use within the past 2 weeks. Study staff 
measured the following: (1) weight in scrub suit and stand-
ing height; BMI, calculated as weight in kilograms divided 
by height in meters squared; (2) fasting plasma total choles-
terol in milligrams per deciliter determined by enzymatic 
methods (to convert to millimoles per liter, multiply by 
0.0259)21; (3) sitting blood pressure by 3 measurements from 
a random-zero sphygmomanometer after a 5-minute rest, 
using the average of the last 2 measurements; and (4) serum 
glucose in milligrams per deciliter using a hexokinase/
glucose-6-phosphate dehydrogenase method22 (prevalent 
type 2 diabetes was determined based on either fasting glu-
cose level of at least 126 mg/dL [to convert to millimoles per 
liter, multiply by 0.0555], random glucose level of at least 
200 mg/dL, self-report of physician diagnosis of diabetes, or 
diabetes medication use); and (5) serum creatinine level 
determined by the modified kinetic Jaffe method.23 Partici-
pants answered questions regarding exercise behavior using 
the validated Baecke questionnaire at ARIC visits 1 and 3. 
The sports index during leisure was calculated on a scale of 1



used global χ2 tests to compare categorical variables, analysis
of variance to compare continuous, normal variables, and
Kruskal-Wallis test for continuous, nonnormal data. A re-
stricted cubic spline curve of a Cox regression was used to graph
hazard ratios (HRs) of incident CVD vs relative income change
as a continuous variable. The primary outcome and each sec-
ondary outcome were then analyzed using Cox proportional
hazards multivariable modeling using income change as a cat-
egorical variable, adjusting for all the Table 1 covariates pre-
viously described in the measurement of covariates section,
including baseline income, with the group whose incomes re-
mained relatively unchanged as the reference group. Interac-
tion analyses were conducted with respect to race/ethnicity
and sex. Participants were followed up after visit 3 for a mean
of 17 years, and a Kaplan-Meier curve was used to illustrate cu-
mulative incidence of CVD. In all cases, a 2-sided P value less
than .05 was deemed statistically significant.

Results
Of the 15 792 ARIC cohort participants, 8989 fulfilled the in-
clusion criteria and were included in the analyses (mean [SD]
age at baseline 53 [5.8] years; 3835 men [43%], 1820 African
American participants [20%]). eTable 1 in the Supplement
shows the characteristics of participants excluded owing to
missing values. For the included participants, in the approxi-
mately 6-year period between ARIC visit 1 to visit 3, 900 par-
ticipants (10%) experienced an income drop, with mean house-
hold incomes falling from $40 516 to $14 655. A total of 6284
participants (70%) had incomes that remained relatively un-
changed, with mean household incomes remaining similar
from $43 897 to $43 057. A total of 1805 participants (20%) ex-
perienced an income rise, with mean household incomes ris-
ing from $26 099 to $53 347.

Table 1 summarizes sociodemographic characteristics,
health behaviors, and biomarkers of study participants be-
fore (visit 1) and after income change (visit 3). Before income
change (visit 1), compared with the group whose incomes re-
mained unchanged, individuals in the group who experi-
enced an income drop were older, less likely to be male, and
less likely to graduate high school. They were also less likely
to have health insurance, more likely to smoke, less likely to
drink alcohol, less likely to engage in physical activity, more
likely to have higher BMIs, more likely to have higher systolic
blood pressure, and more likely to have diabetes. At the same
time, the participants experiencing an income rise were, by
comparison with those whose income levels were un-
changed, younger, had lower baseline incomes, were less likely
to have health insurance, more likely to smoke, and less likely
to drink alcohol. Income gain resulted in a greater proportion
of participants with health insurance. In both the groups with
income drop and income rise, there were lower proportions
of smoking and drinking after income change compared with
before income change. There was a significantly lower in-
crease in BMI in the income drop group compared with the in-
come unchanged and income rise groups (eTable 2 in the
Supplement).

We used a Cox regression spline model to graph HRs by
relative income change as a continuous variable for each ARIC
participant, adjusting for all covariates at visit 1 (Figure 2). We
found that a relative change in income of 50% coincided with
the beginning of plateauing of the HR for incident CVD in the
direction of a positive income change. In addition, the rate of
change of the HR for incident CVD seemed to be decreased
starting at a 50% in the direction of a negative income change.
This suggested that an income change of around 50% may co-
incide with clinically meaningful differences in incident CVD.
Using a 25% income change as our exposure variable did not
result in any significant differences in CVD risk (eTable 3 in the
Supplement).

Thus, our unadjusted Kaplan-Meier results using catego-
ries of income change (income drop >50%, income changed
≤50%, and income rise >50%) suggest a gradient of risk of the
primary outcome of incident CVD (Figure 3). All subsequent
models in Table 2 used income change as categories and were
adjusted for covariates ascertained at baseline prior to in-
come change (visit 1). For the primary outcome, compared with
the reference group whose incomes were unchanged, the group
that experienced income drop had significantly higher crude
HRs of incident CVD (HR, 1.46; 95% CI, 1.30-1.65). Following
adjustment for sociodemographic variables, health behav-
iors, and biomarkers, the HR was attenuated to 1.17 (95% CI,
1.03-1.32). In addition, compared with the group whose in-
comes were unchanged, the group that experienced income
rise had significantly lower HRs of incident CVD in the model
adjusted for sociodemographic variables, health behaviors, and
biomarkers (HR, 0.86; 95% CI, 0.77-0.96).

Survival analyses were conducted for the secondary out-
comes of definite or probable MI or fatal CHD, HF, and defi-
nite or probable stroke. In fully adjusted analysis, we ob-
served that the group that experienced an income drop had
significantly higher HRs of MI/fatal CHD (HR, 1.28; 95% CI, 1.06-
1.55) and definite or probable stroke (HR, 1.32; 95% CI, 1.05-
1.67) when compared with the group whose incomes were un-
changed. In addition, after full adjustment, the group that
experienced income rise had a significantly lower HR of inci-
dent HF (HR, 0.83; 95% CI, 0.72-0.96) compared with the group
whose incomes were unchanged.

Lastly, we observed significant interactions for income
drop by race/ethnicity (HR, 0.74; 95% CI, 0.56-0.97; P for in-
teraction = .03) and for income rise by sex (HR, 1.38; 95% CI,
1.12-1.71; P for interaction = .003). After full adjustment, white
participants had higher risk of incident CVD from an income
drop compared with black participants (HR for white race, 1.28;
95% CI, 1.11-1.48 vs HR for black race, 1.01; 95% CI, 0.79-1.29).
Women developed lower risk of incident CVD from an in-
come rise compared with men (HR for women, 0.74; 95% CI,
0.63-0.87 vs HR for men, 1.01; 95% CI, 0.86-1.18) (eTable 4 in
the Supplement).

Discussion
In a large sample of middle-aged, community-dwelling adults,
we found that compared with the participants whose in-
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Table 1. Sociodemographic Variables, Health Behaviors, and Biomarkers of Individuals Prior to Income Change (Visit 1)
and After Income Change (Visit 3) by Income Change Category

Variable

No. (%)

P ValueIncome Drop >50%
Income Unchanged
or Changed ≤50% Income Rise >50%

No. 900 6284 1805 NA

Sociodemographic

Age, mean (SD), y

Visit 1 55.3 (6) 53.5 (6) 52.5 (6) <.001

Visit 3 61.2 (6) 59.4 (6) 58.5 (6) <.001

Male 333 (37) 2713 (43) 789 (44) <.001

Race/ethnicity, center

<.001

White, Forsyth, North Carolina 181 (20) 1622 (26) 369 (20)

Black, Forsyth, North Carolina 25 (3) 125 (2) 60 (3)

Black, Jackson, Mississippi 259 (29) 887 (14) 464 (26)

White, Minneapolis, Minnesota 197 (22) 1907 (30) 444 (25)

White, Washington, Maryland 238 (26) 1743 (28) 468 (26)

Education

<.001

Grade school or 0 y education 129 (14) 286 (5) 124 (7)

High school, no degree 153 (17) 681 (11) 232 (13)

High school graduate 311 (35) 2155 (34) 613 (34)

Vocational school 82 (9) 550 (9) 156 (9)

College 184 (20) 1846 (29) 495 (27)

Graduate school or professional school 41 (5) 758 (12) 184 (10)

Visit 1 occupation

<.001

Homemaking, not working outside home 144 (16) 823 (13) 188 (11)

Employed, either full or part time 590 (66) 4368 (70) 1311 (73)

Employed, but away from job 7 (1) 66 (1) 16 (1)

Unemployed, looking for work 13 (1) 66 (1) 27 (2)

Unemployed, not looking for work 11 (1) 57 (1) 27 (2)

Retired and not working 103 (12) 659 (11) 176 (10)

Retired but working for pay 31 (3) 234 (4) 54 (3)

Visit 1 No. in household, mean (SD) 2.8 (1.4) 2.8 (1.2) 2.9 (1.3) <.001

Visit 3 No. in household, mean (SD) 2.3 (1.3) 2.4 (1.0) 2.5 (1.1)

Insurance status

Visit 1

Insured 784 (87) 5933 (95) 1596 (88)

<.001Uninsured 111 (12) 346 (6) 207 (12)

Unknown 2 (0) 1 (0) 2 (0)

Visit 3

Insured 789 (88) 5993 (95) 1688 (94)

<.001Uninsured 111 (12) 286 (5) 117 (7)

Unknown 0 3 (0) 0

Visit 1 income, $

Mean (SD) 40 516 (23 491) 43 897 (24 808) 26 099 (15 808) <.001

Median (IQR) 43 000 (20 500-75 000) 30 000 (20 500-75 000) 30 000 (10 000-43 000) <.001

Visit 3 Income, $

Mean (SD) 14 655 (9060) 43 057 (23 330) 53 347 (26 397) <.001

Median (IQR) 14 000 (20 500-75 000) 43 000 (20 500-75 000) 75 000 (20 500-75 000) <.001

Health behaviors

Visit 1 smoking status

Current 241 (27) 1314 (21) 407 (23)

<.001
Former 267 (30) 2040 (33) 599 (33)

Never 392 (44) 2926 (47) 797 (44)

Unknown 0 1 (0) 2 (0)

(continued)



comes were relatively unchanged over a 6-year period, par-
ticipants who experienced an income drop had a 17%, signifi-
cantly higher risk of incident CVD over 17 years of follow-up.

These findings were mainly driven by higher risk of MI/fatal
CHD and stroke. Compared with the participants whose
incomes were relatively unchanged over 6 years, the group

Table 1. Sociodemographic Variables, Health Behaviors, and Biomarkers of Individuals Prior to Income Change (Visit 1)
and After Income Change (Visit 3) by Income Change Category (continued)

Variable

No. (%)

P ValueIncome Drop >50%
Income Unchanged
or Changed ≤50% Income Rise >50%

Visit 3 smoking status

Current 196 (22) 1020 (16) 327 (18)

<.001
Former 322 (36) 2544 (41) 732 (41)

Never 382 (42) 2717 (43) 745 (41)

Unknown 0 2 (0) 0

Visit 1 drinking status

Current 471 (53) 3873 (62) 986 (54)

<.001
Former 171 (19) 964 (15) 333 (19)

Never 255 (28) 1423 (23) 482 (27)

Unknown 0 5 (0) 0

Visit 3 drinking status

Current 403 (45) 3519 (56) 929 (52)

<.001
Former 227 (25) 1295 (21) 430 (24)

Never 270 (30) 1468 (23) 446 (25)

Unknown 0 2 (0) 0

Sport index during leisure

Visit 1 2.38 (0.7) 2.51 (0.8) 2.44 (0.8) <.001

Visit 3 2.46 (0.8) 2.54 (0.8) 2.50 (0.8) .007

BMI, mean (SD)

Visit 1 27.8 (5) 27.3 (5) 27.4 (5) .01

Visit 3 28.5 (6) 28.3 (5) 28.5 (6) .19

Biomarkers

Total cholesterol, mean (SD), mg/dL

Visit 1 215 (44) 214 (40) 213 (41) .41

Visit 3 209 (39) 207 (37) 208 (38) .33

High-density lipoprotein (SD), mg/dL

Visit 1 54 (17) 52 (17) 53 (17) .07

Visit 3 54 (18) 53 (18) 53 (19) .49

Lipid-lowering medications

Visit 1 29 (3) 162 (3) 37 (2) .17

Visit 3 78 (9) 549 (9) 126 (7) .06

Systolic blood pressure, mean (SD)

Visit 1 121 (17) 119 (17) 119 (18) <.001

Visit 3 126 (19) 123 (18) 124 (19) <.001

Antihypertensive medications

Visit 1 251 (28) 1448 (23) 404 (22) .003

Visit 3 336 (37) 1978 (32) 574 (32) .002

Diabetes

Visit 1 97 (11) 508 (8) 158 (9) .02

Visit 3 138 (15) 836 (13) 242 (14) .24

Serum creatinine, mean (SD), mg/dL

Visit 1 1.09 (0.2) 1.09 (0.3) 1.09 (0.2) .97

Visit 2a 1.13 (0.3) 1.14 (0.3) 1.13 (0.2) .58

Abbreviations: ARIC, the Atherosclerosis Risk in Communities; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
IQR, interquartile range; NA, not applicable.

SI conversion factors: To convert cholesterol levels to millimoles per liter,

multiply by 0.0259; creatinine to micromoles per liter, multiply by 88.4.
a This was at ARIC visit 2 because serum creatinine was not recorded at

ARIC visit 3.



that experienced an income rise had a 14% significantly lower
risk of incident CVD over 17 years, mainly driven by lower risk
of HF.

There are several plausible mechanisms that can explain
the observed association between income changes and risk of
CVD. An unanticipated drop in income may induce changes in
health behaviors. For example, income loss has been associ-
ated with a shift toward consumption of less healthy foods, eg,
foods that are more energy dense and yield more calories for
a given price.30,31 Income drops may also result in loss of health
insurance coverage,32 although we did not observe that in this
study population. Large drops in income may also lead to
financial stress and worry, which are in turn linked to stress-
coping behaviors such as increased intensity of cigarette smok-
ing and alcohol use.12,33,34 Lastly, lower incomes may be as-

sociated with depression,8 which increases the risk of
coronary artery disease.9 Conversely, a boost in income could
increase the psychological motivation to invest for the
future, including the adoption of health maintenance behav-
iors. We attempted to elucidate some of these mechanisms
by adjusting for health insurance status and health behaviors
after income change (visit 3) (eTable 5 in the Supplement).
However, our HRs did not change significantly from the origi-
nal model; hence, there must be other factors, beyond health
behaviors and health insurance coverage, that account for
these associations.

Limitations
To our knowledge, this is the largest study that examined the
association between an income drop and incident CVD and the
only study to address the associations between income rise and
incident CVD. Some limitations of our study should be men-
tioned. First, there was no standard definition of what consti-
tutes a significant income change. For example, Elfassy et al15

characterized an “income drop” as an at least 25% income re-
duction and reported a significant result after 2 income drops,
while Pool et al35 characterized an at least 75% decrease in
wealth as a drop. Our definition of a 50% change fell in be-
tween these 2 definitions. Similar to the study by Elfassy et al,15

our sensitivity analysis noted that a single 25% change in in-
come may not be large enough to significantly affect CVD risk.
Additionally, income is dynamic, and there may have been ad-
ditional income drops and/or income rises after the exposure
was defined at visit 3, resulting in misclassification bias. How-
ever, because those who experienced an income drop had
higher incomes at baseline, while those who experienced an
income rise had lower incomes at baseline, the income mis-
classification is likely to be nondifferential (ie, bias toward the
null). A second limitation is that studies on changes in in-
come are subject to reverse causation, in that participants who
became sick may have been more likely to fall into poverty. To
minimize this possibility, we excluded participants with preva-

Figure 2. Restricted Cubic Splines of Cox Regression Showing Hazard
Ratios of Primary Outcome (Incident Cardiovascular Disease) by Relative
Income Change, Adjusted for Sociodemographic Variables, Health
Behaviors, and Cardiovascular Disease Biomarkers
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Figure 3. Unadjusted Kaplan-Meier Curve
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lent CVD, we excluded participants who developed incident
CVD between visit 1 and visit 3, and we adjusted for baseline
health behaviors and biomarkers. We also conducted a sensi-
tivity analysis excluding those with prevalent cancer or chronic
lung disease at baseline, and our results were robust. How-
ever, we cannot completely account for the fact that deterio-
ration in health, apart from the diseases we accounted for, may
have occurred simultaneously with the income drop or in-
come rise. A third limitation is that we only observed income
drop and income rise over a relatively short span of time
(6 years), and we do not know whether these income changes
were part of a longer, fluctuating pattern over time. Fourth, it
is possible that CVD effects may not be owing to the income
drop but rather owing to spending many years at the lower or
higher income level. We conducted a sensitivity analysis trun-
cating follow-up at 10 years, and our confidence intervals were
similar but wider and were not statistically significant for the
income rise group after full adjustment (eTable 6 in the Supple-

ment). Lastly, there may be many different reasons for the
income changes (for example, loss of a spouse), which may
meaningfully influence CVD risk apart from the magnitude of
the change.

Conclusions
In conclusion, in this large cohort of middle-aged, community-
dwelling participants, we found that an income drop was as-
sociated with a significantly higher risk of subsequent cardio-
vascular disease, and an income rise was associated with
a significantly lower risk of cardiovascular disease, even
after adjustment for sociodemographic variables, health
behaviors, and biomarkers. This study reinforces the need
to increase awareness among health professionals of the
influence of income changes on health to optimize patient
treatment.
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Table 2. Association of Income Change Categories of Income Drop (n = 900), Income Unchanged (n = 6284), and Income Rise (n = 1805)
With Incident Cardiovascular Disease in Participants Free of Cardiovascular Disease and Following Income Change (ARIC Visit 3)

Income Change
Category

No. of
Events

Unadjusted Model Model 1a Model 2b Model 3c

Hazard Ratio
(95% CI) P Value

Hazard Ratio
(95% CI) P Value

Hazard Ratio
(95% CI) P Value

Hazard Ratio
(95% CI) P Value

Primary outcome of definite or probable MI, fatal coronary heart disease, incident heart failure, or definite or probable stroke

Income drop 327 1.46 (1.30-1.65) <.001 1.20 (1.07-1.36) .003 1.16 (1.02-1.31) .02 1.17 (1.03-1.32) .01

Income
unchanged

1733 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Income rise 457 0.91 (0.82-1.01) .08 0.83 (0.75-0.93) .001 0.85 (0.76-0.95) .004 0.86 (0.77-0.96) .007

Secondary outcome of definite or probable MI or fatal coronary heart disease

Income drop 141 1.44 (1.20-1.72) <.001 1.30 (1.08-1.57) .005 1.26 (1.04-1.52) .02 1.29 (1.07-1.56) .008

Income
unchanged

732 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Income rise 196 0.93 (0.79-1.08) .34 0.86 (0.73-1.02) .08 0.87 (0.74-1.03) .12 0.88 (0.75-1.04) .15

Secondary outcome of incident heart failure

Income drop 212 1.46 (1.26-1.69) <.001 1.15 (0.99-1.34) .08 1.08 (0.92-1.25) .35 1.09 (0.93-1.27) .28

Income
unchanged

1100 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Income rise 287 0.90 (0.79-1.02) .11 0.81 (0.70-0.92) .002 0.84 (0.73-0.96) .01 0.83 (0.73-0.96) .01

Secondary outcome of definite or probable stroke

Income drop 97 1.69 (1.36-2.11) <.001 1.37 (1.09-1.72) .008 1.33 (1.06-1.68) .02 1.33 (1.05-1.68) .02

Income
unchanged

434 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Income rise 127 1.01 (0.83-1.24) .89 0.87 (0.71-1.07) .19 0.89 (0.72-1.09) .26 0.93 (0.75-1.14) .48

Abbreviations: ARIC, the Atherosclerosis Risk in Communities; NA, not
applicable.
a Model 1: adjusted for age, sex, race/ethnicity and center, household number,

employment status, education level, health insurance status, and income prior
to income change (ARIC visit 1).

b Model 2: model 1 and additionally adjusted for smoking status, alcohol intake,
sport index during leisure, and body mass index (calculated as weight in

kilograms divided by height in meters squared) prior to income change (ARIC
visit 1).

c Model 3: model 2 and total cholesterol, high-density lipoprotein cholesterol,
lipid-lowering medications, systolic blood pressure, antihypertensive
medications, diabetes status, and serum creatinine levels prior to income
change (ARIC visit 1).
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