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Abstract

Background: self-rated health (SRH) likely reflects both mental and physical health domains, and is assessed by asking
individuals to describe their health status. Poor SRH is associated with disease incidence and subsequent mortality. Changes
in SRH across time in persons with different incident diseases are uncharacterised.
Methods: SRH was assessed in the Atherosclerosis Risk in Communities study via annual telephone interviews over a
median of 17.6 years. Individual quadratic growth models were used for repeated measures of SRH in persons who
remained disease-free during follow-up (n = 11,188), as well as among those who were diagnosed with myocardial infarction
(MI; n= 1,071), stroke (n= 809), heart failure (HF; n = 1,592) or lung cancer (n= 433) and those who underwent a cardiac
revascularisation procedure (n= 1,340) during follow-up.
Results: among disease-free participants and across time, there was a trend for lowest mean SRH among persons living in
low socioeconomic areas and highest mean SRH among persons living in high socioeconomic areas. Factors contributing
to the decline in SRH over time included advanced age, lower educational attainment, smoking and obesity.
Conclusion: addressing factors related to poor SRH trajectories among patients pre- and post-incident disease may favour-
ably affect health outcomes among patients regardless of type of disease.
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Introduction

Self-rated health (SRH) is a measure of general health status,
which is thought to reflect both mental and physical health
domains [1]. SRH is typically obtained by asking individuals
to describe their health status on a Likert scale (i.e. excellent,
good, fair or poor) [2]. SRH is generally stable until age 50
years [3], and then declines with increasing age [4]. Low
SRH is associated with worsening health and mortality [5–
7]. Thus, it is hypothesised that low SRH may be able to
predict a wide range of adverse health outcomes [7].

Cross-sectional analyses of elderly persons demonstrate
that living in disadvantaged neighbourhoods and having
low education is associated with self-reported poor health
[8–11]. Furthermore, the association between

neighbourhood-level socioeconomic status (SES) and SRH
remains after taking other individual-level measures—
including measures of income, education and occupation—
into account [8].

While many studies have investigated factors associated
with current SRH [4, 8, 11] or a change in SRH (i.e. from
baseline) [6], few studies have reported the trajectory of
repeated measures of SRH across a specified time period
[12]. To our knowledge, research quantifying the trajectory
of repeated measures of SRH among patients with incident
disease by SES has not been undertaken, and may provide
additional insight into the study of disease progression.
Information regarding SRH trajectories that differ by SES
could be used to develop interventions which prevent the
loss of well-being associated with an incident disease
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diagnosis, with interventions tailored to address issues per-
tinent to the specific disease diagnosis.

Methods

Atherosclerosis Risk in Communities (ARIC) cohort partici-
pants were enrolled from four US communities beginning in
1987 [13]. ARIC study staff conducts annual follow-up by tel-
ephone, and SRH was measured among 15,792 black and
white men and women at baseline and at each annual
follow-up (1987–2006) for a median of 17.6 (range 1–19)
years using the question, ‘Over the past year, compared to
other people your age, would you say that your health has
been excellent, good, fair or poor?’ SRH data are simple to collect
[4], yet may be difficult to interpret, since the SRH scale is not
precisely ordinal. SRH data from the Cardiovascular Health
Study were transformed to a scale from 100 (perfect health)
to 0 (death), representing the probability of being healthy in
the future, conditional on the current value of SRH [14]. We
transformed SRH accordingly: 95 for excellent, 80 for good, 30
for fair, 15 for poor and 0 for death.

There were 276,200 total SRH observations for members
of the cohort; 9,552 (3.4%) were missing. If an observation
was missing, and there were complete SRH values for both
the previous and subsequent year of follow-up, we imputed
the missing observation by averaging the values from the pre-
vious and subsequent years. As a result, over half (n= 5,140)
of the missing observations were imputed. We assigned a
zero for the missing value if it occurred during the year in
which the cohort member died. In order to capture the SRH
of the entire cohort across time, and not just that of the survi-
vors, we included observations through contact year 19 for
members lost to follow-up or who were deceased, and
assigned a zero for each follow-up year which occurred after
the cohort members’ death.

Of the original 15,792 cohort members, 754 were
excluded due to missing neighbourhood-level median house-
hold income (nINC) (n= 13,030 SRH observations), resulting
in 263,170 SRH observations available for these analyses. We
analysed mean SRH at discrete time points and trajectories of
SRH across time among participants who were free of the
selected diseases of interest as described below (‘disease-free’)
at baseline and disease-free throughout follow-up (n=
11,188), as well as among those disease-free at baseline and
receiving a diagnosis of incident myocardial infarction (MI; n
= 1,071), stroke (n= 809), heart failure (HF; n= 1,592) or
lung cancer (n= 433), and those undergoing cardiac revascu-
larisation procedures (n= 1,340) during follow-up. We
assessed SRH data through the end of 2006, and incident
events through the end of 2005, in order to give each cohort
member at least 1 year of follow-up post-event.

For comparison purposes, each member of the disease-
free group was assigned a random ‘event’ date [12]. As a
result, the pre-event and post-event trajectories from the
incident disease groups could be compared with those of
the group which remained healthy throughout follow-up, to

determine if the SRH trajectories among the diseased differ
from the trajectory of SRH that would be expected due to
disease-free aging.

Participants’ baseline place of residence (1987–89) was
geocoded to the level of the census tract as described else-
where [15]. nINC was obtained from the 1990 US Census
and averaged across all ARIC study communities.
Participants were assigned a tertile of nINC [low (<
$24,777), medium (≤$24,777 to <36,071) or high
(≥$36,071)] based upon their address at baseline.

Additional demographic factors influencing pre- and
post-event trajectories were of interest: age (centred at 65
years) and age squared at the time of the annual follow-up
contact were included in statistical models, along with
gender and race/study community. Health status and behav-
iour variables assessed at baseline included body mass index
(BMI), classified into normal (referent, <25 kg/m2), over-
weight (25 to <30 kg/m2) or obese (≥30 kg/m2); hyperten-
sion, present if systolic blood pressure ≥140 mmHg,
diastolic blood pressure ≥90 mmHg, or if taking hyperten-
sive medication within the previous 2 weeks; current drinker
and current smoker. Educational attainment was assessed at
baseline and categorised as less than 11 years, high school
graduate and greater than high school (referent). We
accounted for period effects [1987–92 (referent), 1993–99
and 2000–06] at each annual follow-up contact in order to
capture secular trends [16] which may influence the nINC–
SRH relationship, such as changes in health behaviours and
disease treatments occurring in the ARIC communities over
time. We used an indicator variable, accounting for the pres-
ence of disease (yes/no) at each annual follow-up, which
represented the change in SRH from pre- to post-disease,
while an interaction term (time*indicator variable) reflected
the change in slope pre- to post-disease.

We regressed incident disease-specific SRH at each time
point of interest (i.e. baseline; 3, 2 and 1 year prior to the
event; event year and 1, 2, 3, 4 and 5 years post-event) on
study covariates to generate estimated adjusted SRH values
and standard errors (PROC GLM, SAS 9.1.3, Cary, NC,
USA). We used the change in adjusted SRH between the
year of event and 1 year later to calculate how much of the
decline in SRH post-event was due to death for each inci-
dent disease group. We fit individual quadratic growth
models separately to data by incident disease group,
accounting for repeated measures of SRH (PROC MIXED,
SAS 9.1.3, Cary, NC, USA). Effect measure modification
of the nINC–SRH relationship was assessed (disease-free:
Pinteraction < 0.01; other disease: Pinteraction < 0.05) by demo-
graphic, medical history and health behaviour variables.

Results

Disease-free participants were more likely to reside in high
nINC areas (36.1%) at baseline (Table 1), be female
(59.2%) and have greater than a high school education
(37.7%). Among participants who were not disease-free
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over the course of follow-up, participants receiving a
cardiac revascularisation procedure were more likely to be
male (67.3%). Stroke patients were more likely to be living
in low nINC areas (43.8%) and HF patients were most
likely to have less than a high school education (39.2%).

Each type of incident disease was treated separately, thus
it was possible for cohort participants to belong to more
than one incident disease group, with the exception of
disease-free participants. The largest overlap occurred
between incident MI and cardiac revascularisation pro-
cedure, which shared 12% of participants. All other types of
incident disease co-occurred at either a rate of 5% (i.e. HF
and cardiac revascularisation procedure, and HF and MI) or
≤1% (data not shown). Participants aged 60–64 years at
baseline tended to report lower SRH and demonstrate a
steeper decline in SRH across study follow-up when com-
pared with participants aged 45–49 years at baseline,

regardless of incident disease status. Those with lung cancer
had the lowest SRH across all age groups, followed by those
with HF (please see the figure Appendix 1 in the
Supplementary data available in Age and Ageing online).

At baseline, 33.2% of participants reported excellent, 46.8%
good, 16.6% fair and 3.4% poor SRH. The internal validity of
the SRH measure in this cohort was high, as participants
reporting excellent health at baseline were least likely (and those
reporting poor health at baseline were most likely) to be hyper-
tensive, overweight/obese or to be deceased by the end of
follow-up (please see the table Appendix 3 in the
Supplementary data available in Age and Ageing online).

Figure 1 shows mean SRH by type of incident disease
pre- and post-event, adjusting for age, race/study community,
gender, hypertensive status, BMI, current smoking, current
drinking, educational attainment and period effects. Average
SRH 3 years prior to the incident event was highest among
disease-free participants (73.9) and lowest among those devel-
oping HF (59.2). Between 3 years pre-event and the event
year, the smallest average decline in SRH occurred among
disease-free individuals (−1.4), while the largest average
decline occurred among those developing HF (−8.2). Large
declines in SRH were seen during the 1 year following the
event among MI, cardiac revascularisation procedure, lung
cancer and HF patients. The percent of the decline in SRH
due to death among these patients was 16, 8, 24 and 32%,
respectively. A gradual increase in SRH post-event was seen
among participants surviving events that did not have as high
of a burden of mortality as HF and lung cancer (Figure 1).

Individual quadratic growth models controlling for all
available covariates indicated that advancing age and lower
educational attainment were predictors of the decline in SRH
over time regardless of type of incident disease (Table 2). For
the majority of incident disease types, being hypertensive,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Baseline characteristics (%) of participants by incident disease status: the ARIC Study (1987–2005)

Disease-free
(n= 11,188)

Cardiac revascularisation
procedure (n= 1,340)

Myocardial infarction
(n= 1,071)

Lung cancer
(n= 433)

Stroke
(n= 809)

Heart failure
(n= 1,592)

Age, mean (years) 54.2 55.7 56.0 57.5 54.7 57.1
nINC
Low 29.5 21.8 25.8 31.6 43.8 42.6
Medium 34.4 44.5 40.0 40.2 29.0 33.3
High 36.1 33.7 34.2 28.2 27.2 24.1

Female 59.2 32.7 43.0 36.7 55.3 46.8
Race/study community
Black/NC 3.1 2.7 2.8 3.2 3.6 3.3
Black/MS 22.7 10.6 24.4 19.2 39.9 31.0
White/NC 22.4 29.2 24.3 26.1 17.1 19.8
White/MN 27.4 27.5 21.9 24.5 17.2 17.6
White/MD 24.4 30.0 26.6 27.0 22.2 28.3
Hypertensive 31.2 40.2 48.6 37.9 42.3 54.0
Overweight or
obese

65.0 65.9 74.8 55.9 70.2 78.1

Current smoker 23.0 30.5 37.4 65.8 28.1 37.0
Current drinker 57.3 57.1 49.6 64.0 48.7 45.4
Educational attainment
Less than HS 21.0 23.5 32.6 33.5 27.9 39.2
HS or equivalent 41.1 42.7 37.9 43.0 42.4 36.9
Greater than HS 37.7 33.7 29.4 23.5 29.4 23.6

Figure 1. Trajectory of SRH pre- and post-event by incident
disease status: the ARIC Study (1987–2006). (Adjusted for
nINC, age, race/study community, gender, hypertensive status,
body mass index, current smoking, current drinking, edu-
cational attainment and period effects.)
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obese and a current smoker contributed to significant
declines in SRH over time. Among disease-free participants,
as well as participants undergoing cardiac revascularisation
procedures, living in low nINC areas at baseline was a predic-
tor of SRH decline. Notable among disease-free participants
was a significant interaction between nINC and educational
attainment, indicating that the combination of low nINC and
lower educational attainment conferred a statistically signifi-
cant excess risk of an additional decrease in the trajectory of
SRH over time. Statistically significant declines in SRH
occurred pre- to post- event, and statistically significant
changes in slope pre- and post- event occurred for all inci-
dent disease types except stroke.

Discussion and conclusion

To our knowledge, this is the first study to characterise tra-
jectories of change in SRH status pre- and post- incident
disease diagnosis. Values of SRH tended to be lower at

baseline and declined at a greater rate prior to the disease
occurrence among participants who were disease-free at
baseline but developed a disease over the course of
follow-up compared with healthy members of the cohort.
The largest pre-event decline occurred in the HF group. A
positive stepwise association between nINC and SRH per-
sisted across 19 years of follow-up of the entire cohort,
regardless of incident disease status. While nINC contribu-
ted to the decline in SRH among members of the cohort
with selected types of incident disease, it was not a contri-
buting factor to SRH decline over time for all participants,
unlike age, educational attainment, current smoking and
obesity. With exception of lung cancer, being hypertensive
contributed to significant declines in SRH over time.

Trends in SRH differ for different types of incident
disease. Previous studies have shown a decline in health
status pre-event for diseases such as cancer, MI and HF, as
well as a relationship between health-related quality of life
and the risk of hospital readmission or death post-event

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Predictorsa of the change in SRH over time [β estimate (SE)] by incident disease status: the ARIC Study (1987–
2006)

Disease-free
(n= 11,188)

Cardiac revascularisation procedure
(n= 1,340)

Myocardial infarction
(n= 1,071)

Lung cancer
(n= 433)

Stroke
(n= 809)

Heart failure
(n= 1,592)

Intercept 87.7 (0.8)* 84.8 (2.2)* 78.5 (2.9)* 79.7 (4.6)* 81.3 (3.4)* 71.2 (2.5)*
Age, centred at 65 −0.5 (0.04)* −0.3 (0.1)* −0.6 (0.1)* −0.3 (0.2) −0.9 (0.1)* −0.3 (0.1)*
Age2 −0.03 (0.002)* −0.02 (0.004)* −0.03 (0.005)* −0.02 (0.01)* −0.03 (0.01)* −0.03 (0.005)*
nINC (vs. High)
Low −2.3 (0.8)* −5.2 (1.7)* −5.0 (2.3)* 2.0 (5.0) 1.8 (2.1) −0.04 (1.6)
Medium −1.2 (0.6)* −0.9 (1.3) 1.2 (1.9) 6.2 (3.8) −0.6 (1.9) 0.5 (1.4)

Female (vs. Male) −1.0 (0.3)* −3.7 (1.0)* −1.9 (1.2) −0.6 (1.7) 1.7 (1.3) 0.01 (1.0)
Race/study community (vs. White/MD)
Black/NC −6.5 (0.9)* −1.3 (2.8) −7.4 (3.5)* −6.1 (5.3) −9.1 (3.7)* −8.0 (2.8)*
Black/MS −8.7 (0.6)* −3.7 (1.8)* −6.1 (2.0)* −5.5 (2.9) −10.7 (2.2)* −7.5 (1.6)*
White/NC −0.8 (0.4) −0.6 (1.1) 0.1 (1.6) 1.9 (2.2) −2.1 (2.1) −3.6 (1.4)*
White/MN 0.1 (0.5) 2.1 (1.3) 4.6 (1.8)* 1.6 (2.6) 2.6 (2.2) 2.4 (1.6)

Hypertensive −4.9 (0.3)* −4.4 (0.9)* −5.6 (1.2)* −2.4 (1.8) −7.9 (1.4)* −4.2 (1.0)*
BMI (vs. Normal)
Obese −4.8 (0.4)* −6.8 (1.2)* −5.8 (1.5)* −5.4 (2.1)* −7.1 (1.7)* −2.8 (1.3)*
Overweight −0.7 (0.3)* −2.8 (1.1)* −1.3 (1.4) −1.1 (1.9) −3.6 (1.6)* 0.9 (1.3)

Current smoker −4.0 (0.4)* −3.8 (1.0)* −4.2 (1.2)* −4.7 (1.8)* −7.8 (1.4)* −3.8 (1.0)*
Current drinker 1.6 (0.3)* 3.6 (0.9)* 3.4 (1.2)* 0.9 (1.8) 2.5 (1.4) 2.8 (1.0)*
Educational attainment (vs. Greater than HS)
Less than HS −9.5 (1.0)* −9.7 (1.3)* −10.3 (1.5)* −11.5 (5.2)* −12.9 (1.7)* −9.5 (1.3)*
HS or equivalent −3.2 (0.5)* −3.4 (1.0)* −5.0 (1.3)* 4.7 (3.2) −6.0 (1.5)* −3.9 (1.2)*

Contact year −0.3 (0.04)* −0.2 (0.1) 0.1 (0.1) −0.6 (0.2)* 0.1 (0.2) −0.4 (0.1)*
Disease status −1.7 (0.3)* −14.9 (1.1)* −19.5 (1.2)* −44.7 (2.4)* −4.8 (1.3)* −26.3 (1.2)*
1987−92 (vs. 2000−06) −0.6 (0.4) 0.9 (1.1) 1.4 (1.5) −1.3 (2.1) 3.0 (1.3)* 5.0 (1.0)*
1993−99 (vs. 2000−06) −0.01 (0.2) 0.04 (0.7) −0.03 (1.0) −0.8 (1.3) 2.3 (0.7)* 3.2 (0.6)*
Age, centred at 65*1987−92 −0.1 (0.05)* NS NS NS 0.03 (0.2) NS
Age, centred at 65*1993−99 0.05 (0.03) NS NS NS 0.3 (0.1)* NS
Low nINC*Less than HS −3.9 (1.2)* NS NS 1.9 (6.8) NS NS
Low nINC*HS or equivalent −2.7 (0.8)* NS NS −12.4 (5.6)* NS NS
Medium nINC*Less than HS −1.5 (1.2) NS NS −4.6 (6.3) NS NS
Medium nINC*HS or equivalent −0.3 (0.8) NS NS −8.2 (4.6) NS NS
Low nINC*1987−92 2.0 (0.4)* 1.8 (1.3) 3.3 (1.6)* NS NS NS
Low nINC*1993−99 0.6 (0.3) −0.3 (1.0) 2.1 (1.2) NS NS NS
Medium nINC*1987−92 0.4 (0.4) 0.5 (1.1) −0.6 (1.6) NS NS NS
Medium nINC*1993−99 0.3 (0.3) 1.5 (0.8)* 1.0 (1.2) NS NS NS
Contact year*Disease status 0.2 (0.03)* 0.4 (0.1)* −0.6 (0.1)* 0.6 (0.2)* 0.2 (0.1) 0.8 (0.1)*

aSignificant predictors (P < 0.05) are indicated with an (*); NS, interaction not significant for this model.
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[12, 17]. The steep decline in SRH post-event, followed by a
levelling-off period, has been noted in other studies [12].
This phenomenon is at least in part due to the fact that all
participants experiencing an incident event had to be alive
prior to the event, after which they could die. The percent
of decline during the first year post-event varied by type of
incident disease, with a high proportion of deaths affecting
the lung cancer and HF groups the most and cardiac revas-
cularisation and MI patients the least. Whether the disease
is acute-onset, such as stroke, or of slower onset, such as
HF, may have implications for the duration and speed of
change in SRH.

Strengths of our study include a large number of SRH
observations, due to nearly 20 years of follow-up. We
imputed SRH values if there were SRH values immediately
prior to or following the missing value, allowing for a more
complete picture of SRH across time. In addition, due to
the thorough medical history obtained at baseline, we
excluded participants with prevalent disease from study,
thus restricting our analysis to incident events only. Our
results are consistent with an Israeli study which reported
poor income, low education and obesity as independent
predictors of a decline in SRH among MI patients [18].

It was important to account for death in the analyses
in order to get an accurate picture of the trajectory of
SRH among members of the cohort. For example, if
only live participants were considered, SRH may have
been shown to improve after a sentinel health event,
since the sickest patients (i.e. those with fair or poor SRH)
would have disproportionately died [14]. Similarly, had we
attributed a zero to the participants’ year of death, but
counted SRH values as missing thereafter, we would have
tracked the post-event SRH trajectories of the disease
survivors, and ignored the experience of the entire
cohort.

SRH is a good indicator of overall health status;
however, multiple measurements of other subjective health
indicators were not collected annually from participants.
Thus, the extent to which a poor SRH rating was associated
with poor physical health, mental health, cognitive status,
functional status or a combination of these or other
measures, such as positive or negative affect [19], cannot be
ascertained from these data. Better functional status, for
example, may improve one’s ability to perform disease self-
management techniques, which has been shown to have a
positive impact on health status of HF patients [20]. There
is evidence that different pathways may link SES to distinct
domains of health status [21].

Repeated measures data provide additional insight into
the study of disease progression. In this study, significant
predictors of the decline in SRH over a 20-year period
included age, educational attainment, current smoking and
obesity. As SRH is associated with subsequent risk of mor-
bidity and mortality, addressing factors related to poor SRH
trajectories among patients pre- and post-incident disease
may favourably affect health outcomes among patients
regardless of type of incident disease.

Key points

• SRH is a subjective measure of health which correlates
well with objective measures.

• Individuals tend to self-report poorer health status as they
age.

• The decline in self-rated health, both pre- and post-
disease, differs between incident disease types.

• Factors contributing to a steeper decline in self-rated
health include educational attainment, smoking and
obesity.
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Abstract

Objectives: we measured subjective memory impairment (SMI) across the whole adult age range in a
representative, national survey. Age is the strongest risk factor for dementia and SMI may be a precursor of objective
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