Cognitive Health Expectancies of Cardiovascular Risk Factors for Cognitive Decline and Dementia

Abstract
Background Cognitive health expectancy estimates the proportion of the lifespan that is lived in
good cognitive health at the population level. A number of cardiovascular diseases have been
identified to be risk factors for cognitive decline and dementia including diabetes, stroke, heart
diseases and hypertension. The aim of this study was to examine how these cardiovascular
conditions relate to cognitive health expectancy. Methods Longitudinal data were obtained from the
U.S. Health and Retirement Study. Multistate modelling was used to estimate total life expectancy
(LE), cognitive impairment free life expectancy (CIFLE) and years spent with cognitive impairment
(CILE) across self-reported diabetes, hypertension, heart problems and stroke. Individual and
cumulative effects of multiple cardiovascular conditions were examined. Results The presence of
cardiovascular disease was associated with a 5 - 9 year decrease in LE and 4 - 8 year decrease in
CIFLE at age 55. The outcomes varied in a hierarchical fashion by cardiovascular condition. Relative
to other conditions, individuals with stroke had the shortest LE and CIFLE. Analysis of multiple
cardiovascular risk factors revealed that each additional cardiovascular condition was associated
with an exponential decrease in LE and CIFLE. Conclusions Having a cardiovascular condition is
associated with a lower CIFLE and higher proportion of life lived with cognitive impairment. However
the outcomes vary depending on the type of cardiovascular condition. Reducing incidence of stroke
and minimising exposure to multiple cardiovascular risk factors may be beneficial in helping to
improve population estimates of cognitive health expectancy.

Introduction
As the global life expectancy in the older population increases, it has become progressively more
important to understand if the extra years gained are lived in good health. Health expectancy is a
metric that combines information about both the mortality and morbidity of a population [1].
Cognitive health expectancy provides information about the number of years lived with and without
cognitive impairment and thus provides information about both the quantity and quality of life lived
at a population level [2].
There is presently a lack of immediate treatments for Alzheimer’s disease and other dementias. It is
therefore important to try to mitigate risk or delay the onset of developing dementia through
modifiable risk factors. Knowing how chronic diseases impact on cognitive health expectancy could
help inform preventive health policies and individual health advice. A range of cardiovascular
conditions have been identified as risk factors for dementia and cognitive decline including diabetes,
hypertension, heart disease and stroke [3-6]. However, it is currently unknown how having
cardiovascular disease can affect the number of years lived with cognitive impairment.
The present study aims to explore the relationship between cardiovascular risk factors for dementia
and cognitive health expectancy. Specifically, it will examine how the presence of hypertension,
heart disease, diabetes and stroke relate to cognitive health expectancy. It will also investigate the
relationship between multiple cardiovascular conditions and cognitive health expectancy.
Method
Data from the Health and Retirement Study (HRS) [7] were used in this study. The HRS is a US-based
longitudinal household study that commenced data collection in 1992. Data collection involved a
combination of in-person and telephone interviews with a nationally representative panel of
individuals over the age of 50 and their spouses. The study collected 12 waves of data over

approximately 24 years (N = 37 495, Female = 56.2%). Individuals who were institutionalized during
the follow-up period were retained in the study but were not included in the initial sample.
Cognition Measures
Using HRS data, Langa and colleagues (2010) [8] derived a composite cognition score from the
immediate and delayed recall tests, serial 7s and counting backwards test [9, 10]. The composite
score ranged from 0-27. The criteria for cognitive impairment was generated using norms from the
Aging, Demographics, and Memory Study and was defined as a score between 0-11 [10, 11].
It is worth noting that the recall word test in the HRS changed between wave 2 and 3 from a 20 word
list to a 10 word list. The 10 word version was used for subsequent interview waves from the wave 3
onwards and is the version used to calculate the composite cognition score [10]. For this reason,
only data from wave 3 (the 1996 interview wave) onwards was included for analysis in this study.
From this point onwards, wave 3 will hereby be referred to as the baseline wave in this study.
Cardiovascular Conditions
Diabetes, hypertension, stroke and heart disease status were recorded based on the participants’
self-report of ever having being diagnosed with the condition (i.e. "Has a doctor ever told you that
you have [condition])" Hypertension was defined as high blood pressure or hypertension, diabetes
was defined as diabetes or high blood sugar, heart disease was defined as heart attack, coronary
heart disease, angina, congestive heart failure, or other heart problems and stroke was defined as
stroke or transient ischemic attack [12, 13].
Health Expectancy Calculations
A multistate Markov model was used in these analyses to model the transitions between the states
of cognitively healthy, cognitively impaired and death for each of the cardiovascular conditions.
Cognitive health expectancies were calculated using IMaCh software [14]. This program partitions
time intervals between interview waves into shorter steps (e.g. months) and models the resulting
transition probabilities between states using multinomial logistic regression and maximum
likelihood. IMaCh then constructs multistate life tables based on these estimated transition
probabilities. The results are separated into total life expectancy (LE), cognitive impairment free life
expectancy (CIFLE) and cognitive impairment life expectancy (CILE). Version 0.99r17 of IMaCh was
used in this analysis.
Diabetes, stroke, hypertension and heart disease statuses were entered as time-varying dummy
covariates. This means that the algorithm takes into consideration participants who did not have the
condition at baseline but went on to develop the condition in later waves. The cognitive states were
also time-varying and defined based on that participants cognitive scores at each wave (to account
for fluctuations in scores across waves). Sex, education and smoking status were entered as fixed
dummy covariates in order to examine their influence on cognitive health expectancies within each
cardiovascular condition. Education was categorised as ‘low’ (high school degree and below) and
‘high’ (college degree and above). Smoking status was categorised as ‘ever smoked’ and ‘never
smoked’ cigarettes.
Participants who enrolled in the HRS post-wave 3 (the baseline wave) were not included in the
analysis. Participants were also not included in the analysis if they were under the age of 50 at time
of enrolment into the HRS (this situation only applied to spouses).
The final data set included 16,753 participants.
This work was supported by The National Health and Medical Research Council Centre for Research
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Results
Demographics
In total, 68% of participants reported having hypertension, 42% heart problems, 27% diabetes and
19% a stroke at some point in their lives throughout duration of the HRS (see Table 1). 18% of
participants reported never developing any of these conditions in the study, 33% reported having
one cardiovascular condition during the study, 30% reported having two cardiovascular conditions
and 19% reported having more than two cardiovascular conditions. See Appendix 1 for the numbers
of people for each combination of conditions. There were slightly more females enrolled in the study
than males (56% vs 44%). One third reported having a college degree or higher (32%). More than
half of the participants reported having smoked cigarettes some time in their lives (59%).

Table 1. Demographic information of participants in the study sample stratified by cardiovascular condition
Stroke
Diabetes
Heart Disease Hypertension No Conditions
N
Total
3217
4432
7102
11318
2931
% in each
19%
27%
42%
68%
18%
condition
Mean Age
At baseline (SD) 70.59 (10.15) 65.64 (9.14)
69.09 (10.29)
67.09 (9.93)
66.85 (10.84)
Range
53 - 103
53 - 100
53 – 102
53 -100
53-103
Gender
Males %
43%
47%
48%
41%
44%
Females %
57%
53%
52%
59%
56%
Education
High School and 71%
73%
69%
69%
65%
Below %
College and
29%
27%
31%
31%
35%
Above %
Smoking
Never Smoked
41%
40%
38%
42%
41%
%
Ever Smoked % 59%
60%
62%
58%
59%
Cognition
Mean Cognition 12.43 (4.32)
13.43 (4.19)
13.46 (4.23)
13.73 (4.25)
14.55 (4.53)
Score (SD)
No Impairment 37%
42%
44%
44%
55%
(≥12) %
Cognitive
63%
58%
56%
56%
45%
Impairment (011) %
Mortality
Number of
2251
2507
4511
6142
1538
Deaths
% of Deaths
70%
57%
64%
54%
52%
Multiple
1 Condition
5%
7%
21%
66%
Conditions
2 Conditions
20%
33%
59%
88%
2+ Conditions
58%
72%
90%
98%
-

Total
16753
100%
67.61 (10.33)
53 - 105
44%
56%
68%
32%
41%
59%
13.84 (4.35)
47%
53%

9404
56%
33%
30%
19%

Cognitive Health Expectancies across Cardiovascular Conditions
Compared to individuals with no reported cardiovascular conditions, having a cardiovascular
condition was associated with reduced LE (by 5-9 years at age 55), reduced CIFLE (by 4-8 years at age
55) and increased the proportion of life lived with cognitive impairment. However, the extent of
these differences varied according to the cardiovascular condition. Individuals with stroke had the
shortest LE and CIFLE, followed by diabetes, heart disease, and hypertension respectively (see Figure
1). This hierarchy remains generally consistent across the lifespan.
Individuals with stroke also showed the highest proportion of life lived with cognitive impairment
(CILE/LE = 26.14% at age 55) while heart disease showed the lowest (CILE/LE = 20.74% at age 55).
Individuals with heart disease also showed a lower proportion of life lived with cognitive impairment
compared to individuals who reported never having been diagnosed with any condition at age 55
(CILE/LE = 20.74% vs 22.66%). However this effect disappeared post age 65. See Appendix 2 for a
tabular representation of the results.

Figure 1. LE, CIFLE and CILE estimates in individuals with stroke, diabetes, heart disease, hypertension
and no reported conditions across age groups. Error bars represent 95% confidence interval. LE is
reported at the end of each bar.
Cognitive Health Expectancies and Multiple Cardiovascular Conditions
When examining the additive effective of cardiovascular conditions on cognitive health expectancy,
there appears to be an exponential increase in the reduction of LE and CIFLE per additional
condition. The difference in LE and CIFLE between individuals with no reported conditions and one
reported condition at age 55 was 2.33 years and 1.82 years, between one and two reported
conditions was 3.82 years and 3.12 years, and between two and more than two reported conditions
was 5.02 years and 4.08 years respectively (see Figure 2). See Appendix 3 for a tabular
representation of the results.

Figure 2. LE, CIFLE and CILE estimates in individuals with multiple cardiovascular conditions across
age groups. Error bars represent 95% confidence interval. LE is reported at the end of each bar.

Covariate Analysis
Sex Differences
The results showed that within each cardiovascular condition, females had a longer absolute LE,
CIFLE and CILE than males (Figure 3a). Proportionally, women also lived longer in a cognitively
impaired state relative to their total LE across all conditions (2%-3% more than men at age 55). The
magnitude of sex differences was similar across cardiovascular conditions.
Education
Within each cardiovascular condition, on average, those who had a lower educational attainment
(i.e. high school degree or below) had a lower LE, lower CIFLE and higher CILE compared to those
who had higher educational attainment (i.e. college degree or above). Those who had lower
education also had a higher CILE and lower CIFLE as a proportion of total LE compared to those with
higher education (10%-20% difference at age 55). This effect was consistent across all conditions
(Figure 3b).
Comparing between conditions, the magnitude of difference between the two education groups was
greater in individuals with no reported conditions compared to individuals with stroke, diabetes and
heart disease (by approximately 1 year in LE and 2 years in CIFLE at age 55).
Smoking
Within each cardiovascular condition, on average, those who had reported never smoking in their
lives had a higher absolute LE, CIFLE and CILE compared to individuals who had reported smoking
sometime in their lives. Those who had reported never smoking in their lives also had a relatively
higher CILE and lower CIFLE as a proportion of total LE compared to individuals who had reported

smoking sometime in their lives (1%-3% difference at age 55). This effect was consistent across all
conditions (Figure 3c). The magnitude of differences was similar across cardiovascular conditions.
For a tabular representation of the data on covariates see Appendix 4.

Figure 3. LE, CIFLE and CI estimates at age 55 in individuals with stroke, diabetes, heart disease,
hypertension and no conditions by a) sex, b) education and c) smoking status. Error bars represent
95% confidence interval. LE is reported at the end of each bar.

Discussion
Quantifying the relationship between cardiovascular disease and cognitive health expectancy
The results estimated that having a cardiovascular condition is associated with an approximate 5 to 9
year decrease in LE and a 4 to 8 year decrease in CIFLE at age 55. When comparing diabetes,
hypertension, heart disease and stroke to each other, a hierarchy of LE and CIFLE emerged. The
findings of a hierarchy of LE across cardiovascular conditions is consistent with previous studies [15],
however this is the first study to show that this effect also occurs with CIFLE.
Stroke was associated with the shortest LE and CIFLE, followed by diabetes, heart disease, and then
hypertension. Compared to people who have no reported conditions, a history of stroke was related
to a 9 year reduction in LE and almost 8 year reduction in CIFLE at age 55. Having a history of stroke
was also associated with an approximate 4% increase in the proportion of life lived with cognitive
impairment at age 55. This suggests that preferencing a reduction in the incidence of stroke could be
beneficial in helping to reduce the overall population estimates of life spent lived with cognitive
impairment.
Individuals with a history of heart disease and diabetes had similar LE’s (8 years shorter than
individuals with no reported conditions), however individuals with heart disease had slightly better
outcomes as they showed proportionally more years lived in good cognitive health (approximately
5% or 1 year more at age 55). Notably, individuals with heart disease were also found to have
proportionally more life lived in good cognitive health and less life lived in a cognitively impaired
state compared to people with no reported conditions at age 55. Future research should investigate
whether these results could be attributed to the protective effects of specific heart disease
medication use and/or is a reflection of the fact that the category for “heart disease” in the HRS
encompass a range of different heart conditions with varying severities and biological mechanisms
which may have differing relationships with cognitive impairment.
Additive effect of cardiovascular conditions on cognitive health expectancy
Analysis of individuals with multiple cardiovascular conditions showed that the accumulation of each
additional condition was associated with an exponential reduction in LE and CIFLE. These results are
in line with recent findings on the dose-response effect of multiple risk factors in increasing
dementia risk [16] and reinforce the need for individuals with pre-existing cardiovascular conditions
to avoid exposure to additional cardiovascular risk factors in order to maintain cognitive health.
Covariate Analysis
The effects of smoking, sex and education were largely in line with current literature. Previous
research has found that smoking is related to risk of cardiovascular disease [17] and cognitive
impairment [18]. The results from this study showed that, on average, individuals who had never
smoked had a longer LE, CIFLE and CILE compared to individuals who had a history of smoking. The
results suggests that abstaining from cigarettes may delay the onset of CI, but also increasing years
lived with CI. This is in line with previous findings on smoking and cognitive health [19]. Anstey et al.
(2014) found that while smoking reduced LE, it also decreased years lived with cognitive impairment
due to the ‘longevity paradox’. This is because longevity (or increased age) itself increases the risk of
cognitive impairment [19]. In a similar vein, women, on average, live longer than men [20], however
as a result of their longer lifespan, they also live a larger proportion of their lives in a cognitively
impaired state [2]. The results from this study showed that this ‘longevity paradox’ for both smoking
and sex holds true in the context of cardiovascular disease and does not differ across cardiovascular
conditions.

Consistent with the current literature [21], individuals with higher educational attainment had, on
average, a longer LE and longer CIFLE compared to individuals with lower educational attainment.
Higher educational attainment was also associated with a relatively larger proportion of life lived in
good cognitive health (around 15% more at age 55 compared to those who had lower educational
attainment) indicating that higher educational attainment is protective against cognitive
impairment. However, the results indicated that the protective effect of education is dampened
slightly in individuals with stroke, heart disease and diabetes by approximately 2 years at age 55.
Limitations and Future Directions
This study drew on data from a nationally representative sample to quantify the relationship
between cardiovascular disease and cognitive health expectancy. However, the results should be
interpreted in the context of some limitations. Firstly, data on cardiovascular condition status in the
HRS was obtained by self-report which means that the prevalence of diabetes and hypertension may
be underestimated due to undiagnosed cases [22, 23]. In addition, there was no information on how
well the conditions were managed. Secondly, we were not able to include ethnicity as a covariate in
our study as 82% of the sample was White/Caucasian. This means that there was not enough data in
each ethnic category to calculate the relevant LE’s for each cardiovascular condition. However, as
incidences of cardiovascular disease, cognition scores, educational attainment and smoking are likely
to differ depending on ethnic background, ethnicity is an important covariate that should be
included in future studies when possible. Thirdly, the influence of lifestyle factors on cardiovascular
conditions and cognitive healthy expectancy should be considered by future studies. A healthy diet
and physical activity are likely to have an impact on both cognitive and cardiovascular health.
Unfortunately we were unable to examine these factors as there was either no information collected
(diet) or the coding was inconsistent across the waves (physical activity). Future studies should take
into account the effects of cardiovascular risk factors in mid-life verse late-life and their impact on
cognitive health. Some cardiovascular conditions have been found to differentially relate to
cognitive decline and dementia in mid-life and late-life [24, 25]. Future research should aim to
separate cardiovascular risk factors by the stage of life they occur in order to better understand the
relationship between age at exposure and cognitive health expectancies.
Conclusion
Cognitive health expectancy estimates allow us to quantify the impact that each health condition has
on the quality of life lived. The results showed that having a cardiovascular condition is associated
with a decrease in LE (by 5 to 9 years at age 55) and CIFLE (by 4 to 8 years at age 55). Individuals with
stroke had the worst cognitive health expectancy outcomes, indicating that dementia risk reduction
may be most beneficial for individuals with stroke compared to the other cardiovascular conditions.
Each additional cardiovascular condition was found to be associated with an exponential decrease in
LE and CIFLE, highlighting the need to keep multiple cardiovascular risk factor exposure to a
minimum. Higher educational attainment helped to reduce years lived with cognitive impairment,
however, the protective effect was reduced in individuals with stroke, heart disease and diabetes.
Overall, the results from this study provide a number of insights into the relationship between
cardiovascular disease and cognitive health expectancy and highlight the areas which may prove
most effective targets for dementia risk reduction from a population standpoint.
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