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Abstract

Introduction: We evaluated whether better cardiovascular health at midlife and
improvement of cardiovascular health within midlife were associated with dementia
risk.

Methods: Two longitudinal population-based studies were used: Atherosclerosis
Risk in Communities (ARIC) (n = 11,460/visits at ages 54 and 60), and Age,
Gene/Environment Susceptibility (AGES)-Reykjavik (n = 3907/visit at age 51). A car-
diovascular health score (range 0-12/0-14, depending on diet availability) including
six/seven items was calculated at each visit, with weight assigned to each item as
poor (0), intermediate (1), or ideal (2). Cardiovascular health was defined as low
(score 0-4/0-5), intermediate (5-7/6-9), or high (8-12/10-14). Incident demen-
tia was ascertained through linkage to health records and with neuropsychological
examinations.

Results: Midlife high compared to low cardiovascular health (hazard ratios [HRs]: for
ARIC: 0.60 [95% confidence interval: 0.52, 0.69]); for AGES-Reykjavik: 0.83 [0.66,
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1 | BACKGROUND

Dementia is a devastating medical condition and efforts to treat
this clinical entity have largely been unsatisfactory. Early prevention
of cognitive decline before manifestations of dementia symptoms is
therefore critical.22 Given the multifactorial nature of dementia, inter-
ventions targeting several risk factors simultaneously and across the
life course may be required for optimal preventive outcomes.>2 Vascu-
lar risk factors are increasingly recognized as important contributors
to the development of dementia and, thus, as potential targets for early
preventive therapies.!

To date, much of the evidence is on cardiovascular risk factors
assessed during a single examination only, either in midlife or late-life.
Furthermore, most studies focused on primary or secondary preven-
tion. Yet, prevention of risk factors before they emerge (primordial
prevention) may be most efficient to prevent or delay the onset of
dementia. For primordial prevention of cardiovascular risk factors, the
American Heart Association (AHA) developed a simple 7-item car-
diovascular health (CVH) tool consisting of four behavioral metrics
(nonsmoking, and ideal levels of body mass index, physical activity,
and dietary habits) and three biological metrics (ideal levels of blood
pressure, blood glucose, and total cholesterol).* However, whether this
construct may be used as a tool for the prevention of dementia is still
debated.® Some studies have shown that adherence to the CVH rec-
ommendations at midlife>® or at late-life” are associated with lower
risk of dementia, although data are not consistent across studies.8~10 A
reason posed for the inconsistency is that results of studies that eval-
uated CVH at late-life and risk of dementia’® are difficult to interpret,
because these results may be affected by various biases, for example,
bias due to reverse causality and attrition bias. Also, due to long pre-
clinical phase of dementia, importance of studying midlife risk factors
has been emphasized.!12 Several studies have examined trajectories
of individual risk factors, including hypertension, obesity, and dyslipi-
demia in the period preceding dementia diagnosis and have shown
an age-dependent pattern in the association of these risk factors and

risk of dementia.’3-1> However, whether change in CVH within midlife

0.99] and improvement of cardiovascular health score within midlife (HR per one-point
increase: ARIC: 0.94 [0.92, 0.96]) were associated with lower dementia risk.
Discussion: Better cardiovascular health at midlife and improvement of cardiovascular
health within midlife are associated with lower dementia risk.

cardiovascular health, dementia, life course, longitudinal, primordial prevention

* Cardiovascular health and dementia were studied in two large cohort studies.
» Better cardiovascular health at midlife relates to lower dementia risk.
* Improvement of cardiovascular health within midlife relates to lower dementia risk.

* Promotion of cardiovascular health at midlife can help to reduce dementia risk.

relates to subsequent risk of dementia is unknown. If improvement
of cardiovascular health is associated with lower dementia risk, this
would provide strong support for public health policies to focus on
primordial prevention and improve CVH to prevent dementia.

Using serial examinations of two population-based cohorts from dif-
ferent time periods, the Atherosclerosis Risk in Communities (ARIC)
study, and the Age, Gene/Environment Susceptibility (AGES)-Reykjavik
study, we sought to evaluate whether higher CVH at midlife and
improvement of CVH within midlife were associated with lower risk
of dementia. In a secondary analysis, we sought to evaluate whether
higher CVH at late-life and improvement of CVH from midlife to

late-life were associated with lower risk of dementia.

2 | METHODS
2.1 | Study populations

ARIC is an ongoing population-based study started in 1987 to
1989 (visit 1) and included 15,792 individuals aged 45 to 64 years
from four US communities (Washington County, Maryland; Forsyth
County, North Carolina; Jackson, Mississippi; and suburban Minneapo-
lis, Minnesota).1¢ Participants were evaluated in person every 3 years,
including visit 2 (1990-1992), visit 3 (1993-1995), and visit 4 (1996-
1998). Fifteen years later, participants were invited back for visit 5
(2011-2013). Participants returned for visit 6 (2016-2017) and visit
7 (2018-2019). To evaluate CVH at midlife and change within midlife,
we included 11,460 participants with information on dementia status
and CVH at both visits 1 and 3, when participants had a mean age of 54
and 60, respectively (Figure 1).

The AGES-Reykjavik study was launched in 1967 and included
19,390 randomly selected subjects born between 1907 and 1935 living
in Reykjavik, Iceland. Participants were re-invited between 1967 and
1996 for follow-up examinations.'” The AGES-Reykjavik study (AGES-
I) was done between 2002 and 2006 and included 5764 subjects aged
66 to 98 who were randomly selected from the Reykjavik cohort who
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were alive (response rate approximately 70%). A follow-up examina-
tion (AGES-I1) was done from 2007 to 2011.28 For this analysis, we
included 3907 participants with information on dementia status and
CVH at midlife (Figure 2). To evaluate CVH at midlife in the Reykjavik
study, we used data from the closest measurement to 50 years.18

Both studies were approved by institutional review boards and
written informed consent was signed by all participants.

For the secondary analysis investigating CVH at late-life and change
in CVH from midlife to late-life, we included 5011 participants from
ARIC who had available information on dementia status and CVH at
both visits 1 and 5 (Figure 1). At visit 5, participants had a mean age
of 75. For AGES-Reykjavik, late-life CVH data were obtained from the

AGES-| examination when participants had a mean age of 76 (Figure 2).

2.2 | CVH metrics

The AHA criteria were used to define the CVH metrics (Table 1).
Dietary habits were available at ARIC midlife visits 1 and 3 but not at
the AGES-Reykjavik midlife visit; therefore, we used six metrics to com-
pile a CVH for the AGES-Reykjavik midlife visit, as done previously. 1?20
A continuous CVH score was calculated assigning a score of O for poor
metrics, 1 for intermediate metrics, and 2 for ideal metrics. We used
a 14-point CVH score using seven items at ARIC visits 1 and 3, and a
12-point CVH score using six items (not including dietary habits) at the
AGES-Reykjavik midlife visit. For the 14-point score, we categorized
the score as low (scores of 0-5), moderate (6-9), or high (10-14). The
12-point score was categorized as low (scores of 0-4), moderate (5-7),
or high (8-12), as done in previous studies.®

For change in CVH categories within midlife, the following sefen
categories were retained in the analysis to include groups that were
sufficiently large and based on previous literature:%2! (1) constantly
low, (2) low-to-moderate/high, (3) moderate-to-low,; (4) constantly
moderate, (5) moderate-to-high, (6) high-to-low/moderate, and (7) con-
stantly high CVH. In addition, change in the continuous CVH score

within midlife was evaluated.

2.3 | Dementia incidence

In ARIC, dementia was assessed using a validated, standardized bat-
tery of cognitive measures and supplemented by dementia surveillance
between visits, by hospital discharge, or death certificate.?2-2¢ |n addi-
tion, from 2012, the Telephone Interview for Cognitive Status was used
for those who did not attend visit 5 as well as twice-yearly the six-
item screener followed by a proxy assessment (when warranted from
2012 and later). The information on dementia was reviewed by a neu-
rologist or geriatrician and a neuropsychologist.22 The dementia onset
was the earliest date determined by dementia surveillance, hospital
discharge, or death certificate code. In AGES-Reykjavik, dementia case
ascertainment was done via two methods.2’~2? All participants were
continuously tracked for dementia diagnosis (any type) through vital
statistics and hospital records, and the nursing and home-based Res-
ident Assessment Instrument. In addition, at AGES-I and AGES-II, a
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RESEARCH IN CONTEXT

1. Systematic Review: The authors searched PubMed and
Google Scholar and reference lists of relevant articles.
Some studies have shown that adherence to the cardio-
vascular health recommendations at midlife or at late-life
are associated with lower risk of dementia, although
data have been inconsistent across studies. Also, whether
maintaining improving cardiovascular health through life
relates to risk of dementia is unknown.

2. Interpretation: The findings show that higher cardiovas-
cular health at midlife and improvement in cardiovascular
health within midlife are associated with lower risk of
dementia. This may have important public health implica-
tions highlighting the need for promotion and maintaining
ideal cardiovascular health at midlife to reduce risk of
dementia.

3. Future Directions: Future work should assess whether
change in cardiovascular health before midlife (i.e., young
adulthood or earlier) is also associated with lower risk of
dementia. Dementia has along preclinical phase and, thus,
information on change in cardiovascular health through
the lifespan from early in life onward has important public
health implications.

three-step procedure was used to identify participants with dementia.
The Mini-Mental State Examination and the Digit Symbol Substitu-
tion Test were administered to all participants. Screen positives were
administered a diagnostic battery of neuropsychological tests, and
among them, screen positives were examined by a neurologist and a
proxy interview was administered. A consensus diagnosis was made
by a panel of experts including a geriatrician, neurologist, neuroradi-
ologist, and neuropsychologist. Follow-up time for incident dementia
extended until the first dementia diagnosis, death, loss to follow-up, or
December 2019 (ARIC) or December 2015 (AGES-Reykjavik).

2.4 | Statistical analysis
24.1 | Primary analysis

We used the Kaplan-Meier method to estimate cumulative demen-
tia incidence curves associated with change in CVH within midlife.
The hazard ratios (HRs) with corresponding 95% confidence intervals
(95% Cls) of incident dementia were computed in Cox models to eval-
uate the associations of categories of CVH with the low CVH group as
the reference. The HR per 1-point higher continuous CVH score was
also estimated. Cox models were used to evaluate the associations of
change in categories of CVH and per 1-point increase in the continuous
CVH score within midlife. For the analysis with change in categories of

CVH, the consistently low CVH group served as the reference.
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ARIC Midlife
ARIC Study at visit 1
Died before visit 3 (n=1,797
(n=15,792) ( )
Did not participated in visit 3
(n=1,108)
Missing cardiovascular health data
at visit 3 (n=518)
. . . .. .. Missing cardiovascular health data
Partlmpe.mts with visit 1 and visit 3 at visit 1(n= 834)
cardiovascular health data
(n=11,535)
Excluded dementia cases
at visit 3 (n=6)
> Excluded Non-black non-
white race (n=33)

Participants for within midlife (visit
1 to visit 3) analysis (n= 11,460)

ARIC late-life
ARIC Study at visit 1 ) - _
(n=15,792) Died before visit 5 (n=5,240)
Did not participated (n=4,014)

Missing cardiovascular health data
at visit 5 (n= 734)

Missing cardiovascular health data
at visit 1 (n=237)

Participants with visit 1 and visit 5
cardiovascular health data
(n=5,567)

Excluded dementia cases
at visit 5 (n=524)

Excluded Non-black non-
white race (n=12)

Participants for midlife (visit 1) to late-
life (visit 5) analysis (n=5,011)

Participants were reinvited 15 years
after visit 4 to participate in visit 5

Visit 5 Visit 6 Visit 7

Visit 1 Visit 2 Visit 3 Visit 4 \
1987-89 1990-92 1993-95 1996-98

x Change in CVH V1-V3 x

2011-13 2016-18 2018-20

19.5+ 6.9 years

x Change in CVH V1-V5

x 6.7+1.6 years
""""""""""" Dementia incidence

2019

>

V: visit; Visits highlighted in green has been used in this study.

>

FIGURE 1 Atherosclerosis Risk in Communities (ARIC): study population and design. CVH, cardiovascular health

All models used age as the time scale with left truncation at the time
of study entry, and were adjusted for sex and education. Analyses using
change in CVH as independent variable were additionally adjusted
for the corresponding baseline CVH score. For ARIC, analyses were
additionally adjusted for race plus field center (to take into account dif-
ferences per center). The proportional hazard assumptions were not
violated, as assessed by visual inspection of the survival curves and
assessing Schoenfeld residuals.

24.2 | Secondary analysis

We explored the association between CVH at late-life and change from
midlife to late-life with incident dementia in ARIC and AGES-Reykjavik
with similar models as used for the analyses on CVH at midlife and
change of CVH within midlife.

2.4.3 | Sensitivity analyses

We evaluated the association between individual items of CVH at
midlife with dementia risk, with the poor category as reference. To
explore residual confounding due to stroke and other cardiovascular
disease and to focus on primordial prevention, we repeated the main

analysis after exclusion of participants with history of cardiovascular

disease at baseline. Furthermore, to evaluate whether associations dif-
fered according to the overall genetic risk for dementia, we checked
whether the association of change in CVH within midlife and dementia
incidence is different in those who have the apolipoprotein E (APOE) ¢4
variant compared to those without by checking multiplicative interac-
tion between change in CVH within midlife and APOE ¢4 carriership.
To explore whether any of the individual CVH score metrics drives
the association, we excluded metrics one by one and re-created the
score without the removed item and assessed the association of the
new score with incident dementia. To investigate whether death before
dementia has influenced the findings, we repeated the analysis using
mortality as the outcome.
All analyses were done using R software, version 3.6.0.

3 | RESULTS

The characteristics of the study populations are given in Table 2. In
ARIC, 31% of participants had high CVH at midlife and 35% improved
their CVH category within midlife. In AGES-Reykjavik, 31% had high
CVH at midlife. The level of the individual metrics at each visit in both
studies are given in Table S1 in supporting information. Individuals
excluded from the analysis compared to those included were older and
had a less favorable cardiovascular risk profile (Table S2 in supporting

information).
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Reykjavik study
(n=19,390)
Alive before AGES (n=11,549)
> Alive participants were randomly
A invited.
Participants examined at AGES-
Reykjavik study
(n=5,764) Missing cardiovascular health data at
AGES-Reykjavik (midlife) (n= 393)
" Missing cardiovascular health data at
v AGES (late-life) (n= 41)
Participants with midlife and late-life
cardiovascular health data
(n = 5’330) Excluded dementia cases at late-life
(n=421)
v Missing dementia follow-up after late-
life visit (n=1002
Available for analysis midlife to late- onsl :
life (n=3,907)
Alive participants were randomly invited 26
years after Reykjavik study to participate
in AGES-Reykjavik study
f ., AGES-Reykjavik study, first AGES-Reykjavik study,
'Ce'and'cggké%‘”k Sl \ visit (AGES 1) second visit (AGES Ii)
: 2002-06 2007-11
Change in CVH midlife to late-life 9.2+ 2.6 years
x x"""""""'""'""'"'""'""""b’éﬁéﬁiié’ih’ci&éﬁéé’

2015
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FIGURE 2 Age, Gene/Environment Susceptibility (AGES)-Reykjavik: study population and design. CVH, cardiovascular health

3.1 | CVH at midlife

In ARIC, over a median follow-up of 22.3 years (interquartile range
15.7-24.8) starting from visit 3, 2264 (19.8%) participants were diag-
nosed with dementia. Participants had a mean age of 54 (standard
deviation [SD]: 6, min: 44/max: 66) at visit 1, 60 (SD: 6, min: 49/max:
73) at visit 3, and 80 (SD: 7, min: 51/max: 97) at the end of follow-
up. Mean age at diagnosis of dementia was 81 (SD: 6, min: 53/max:
96). At visit 1, individuals with high CVH had lower dementia risk com-
pared to individuals with low CVH (HR: 0.60 [95% ClI, 0.52-0.69]). In
addition, there was a significant decrease in dementia risk per 1-point
higher CVH score (HR: 0.93 [0.91-0.94]; Table 3). Similarly, at visit 3,
individuals with high CVH had lower dementia risk compared to indi-
viduals with low CVH (HR: 0.63[0.54-0.73]), and there was a decrease
in dementia risk per 1-point higher CVH score (HR: 0.92 [0.90-0.93];
Table 3).

In AGES-Reykjavik, over a median follow-up of 10.5 years
(interquartile range 8.3-11.6) starting from late-life, 972 (24.8%)
participants were diagnosed with dementia. Participants had a mean
age of 51 (SD: 6, min: 33/max: 83) at midlife and 85 (SD: 5, min: 71/max:
101) at the end of follow-up. Mean age at diagnosis of dementia was
86 (SD: 5, min: 71/max: 102). At the midlife visit, individuals with high

CVH had lower dementia risk compared to individuals with low CVH

(HR: 0.83 [0.66-0.99]). In addition, there was a significant decrease
in dementia risk per 1-point higher CVH score (HR: 0.96 [0.92-0.99];

Table 3).

3.2 | Change in CVH within midlife

v

Kaplan-Meier curves for incident dementia by patterns of change in
CVH are given in Figure S1 in supporting information. There was a
decrease in dementia risk per 1-point increase in change in 14-point
CVH score from visit 1 to visit 3 (HR: 0.94 [0.92-0.96]; Table 3). In
addition, individuals who improved from moderate to high CVH and
individuals with consistently high CVH at both visit 1 and 3 compared
to individuals who had low CVH at both visits (consistently low; ref-
erence category) had the lowest risks (HRs: 0.51 [0.41-0.63] and 0.48
[0.39-0.58], respectively; Table 3 and Figure 3).

3.3 | Secondary analysis: CVH at late-life and
change of CVH from midlife to late-life

Characteristics of participants included in the analysis on late-life CVH

and details on follow-up in both cohorts are given in Table S3 in
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TABLE 1 Definition of cardiovascular health metrics according to the American Heart Association in ARIC and AGES-Reykjavik

Metric

Smoking?

Body mass index?

Physical activity®

Recommended ideal level

ARIC: never or quit >12 months
AGES-Reykjavik: never

Both studies: < 25 kg/m?

ARIC: >75 min/week of vigorous

Intermediate level

ARIC: quit < 12 months
AGES-Reykjavik: former

Both studies: 25 to < 30 kg/m?
ARIC: 1 to 74 min/week vigorous

Poor level

ARIC: current smokers
AGES-Reykjavik: none

Both studies: >30 kg/m?
ARIC: None

activity, 1 to 149 min/week
moderate activity, or both
AGES-Reykjavik: weekly
moderate or vigorous physical
activities, but <180 min/week

AGES-Reykjavik: rarely or never
participated in physical activity

activity, >150 min/week of
moderate activity, or both
AGES-Reykjavik: moderate or
vigorous physical activities
for > 180 min/week

Healthy dietd ARIC: >1 portion/day of each of ARIC: >1 portion/day of each of
fresh fruit, raw or cooked fresh fruit, raw or cooked fresh fruit, raw or cooked
vegetables, and >2 portions/week vegetables, or >2 portions/week vegetables, and < 2 portions/week
of fish of fish of fish

AGES-Reykjavik: not available AGES-Reykjavik: not available AGES-Reykjavik: not available

Both studies: < 120/80 mmHg, Both studies: < 120/80 mmHg on Both studies: >140/90 mmHg
untreated medications or
120-139/80-89 mmHg

Both studies:100 to < 126 mg/dL

ARIC: < 1 portion/day of each of

Blood pressure®

Fasting plasma Both studies: < 100 mg/dL, Both studies: >126 mg/dL

glucosef untreated or < 100 mg/dL treated
Total cholesterolf Both studies: < 200 mg/dL, Both studies: 200 to < 240 mg/dL Both studies: >240 mg/dL
untreated or <200 mg/dL treated

2In ARIC no information was available on months from quitting at visit 5, therefore defined as never, former, and current at late-life visit. In AGES-Reykjavik
no information was available on months from quitting at both the midlife and late-life visit.

bBody mass index was calculated as weight in kilograms divided by height in meters squared.

€In ARIC determined by questionnaire at the midlife and late-life visits. In AGES-Reykjavik physical activity information for midlife and late-life was obtained
at the AGES-Reykjavik study late-life visit by questionnaire. Subjects were questioned how often they participated in moderate or vigorous physical activities
in the past 12 months and at midlife (age 50), as described previously.3

d1n ARIC, diet was assessed with the 66-item Harvard food frequency questionnaire. Persons with extreme energy intake of < 600 or > 4200 kcal/day for men
or < 500 or > 3600 kcal/day for women (approximate lower and upper 1 percentiles) were excluded. The following five items were used to designate an ideal
diet: fruits and vegetables: >4.5 cups/day; fish: >two 3.5-0z servings/week; fiber-rich whole grains: >three 1-oz-equivalent servings/day; sodium: < 1500 per
day; sugar sweetened beverages: <450 kcal (36 oz) per week. No diet data available at ARIC midlife visit 3.

¢Blood pressure was measured three times (ARIC) or twice (AGES-Reykjavik) in a supine position after a 5-minute rest, with the average of the (last) two
measurements used.

fPlasma glucose and total cholesterol were measured with standardized measures after an overnight fast. In AGES-Reykjavik no information available on
lipid-modifying medications in midlife.

Abbreviations: AGES, Age, Gene/Environment Susceptibility; ARIC, Atherosclerosis Risk in Communities; min, minutes.

supporting information. In ARIC, over a median follow-up of 7.2 years
(interquartile range 5.8-7.9) starting from visit 5 (late-life), 722 (14.4%)
participants were diagnosed with dementia. Participants had a mean
age of 52 (SD: 5, min: 51/max: 97) at visit 1, 75 (SD: 5, min: 69/max:
97) at visit 5, and 82 (SD: 5, min: 69/max: 97 at the end of follow-up.
Mean age at diagnosis of dementia was 83 (SD: 5, min: 69/max: 97). In
AGES-Reykjavik, over a median follow-up of 10.5 years (interquartile
range 8.3-11.6) starting from late-life, 972 (24.8%) participants were
diagnosed with dementia. Participants had mean age of 51 (SD: 7, min:
33/max: 83) in midlife and 76 (SD: 5, min: 66/max: 96) in late-life and
85 (SD: 5, min: 71/max: 101) at the end of follow-up. Mean age at diag-
nosis of dementia was 86 (SD: 5, min: 71/max: 102). At ARIC visit 5
(late-life), but not at AGES-Reykjavik late-life visit, there was a signif-
icant decrease in dementia risk per 1-point higher CVH score (ARIC
HR: 0.93 [0.89-0.96]; AGES-Reykjavik HR: 0.96 [0.93-1.00]; Table S4
in supporting information). We did not find an association between per-
point increase in CVH score over time and incident dementia in both

studies (ARIC: HR: 0.95 [0.91-1.00]; AGES-Reykjavik: HR: 0.98[0.97-
1.06]; Table S4).

3.4 | Sensitivity analyses

Table S5 in supporting information shows the association of each CVH
metric at midlife with incidence of dementia. Excluding participants
with history of cardiovascular disease did not change the findings
(Table Sé in supporting information). The association between change
in CVH within midlife and incidence of dementia was stronger in indi-
viduals who carry one or two APOE ¢4 variants compared to those
without (HR APOE &4 carrier: 0.92 [0.90-0.95] vs. HR APOE other vari-
ants include (APOE £3/e3, APOE €2/¢2, APOE €2/¢3): 0.97 [0.95-0.99],
P for interaction < 0.001; data not shown). Removing CVH metrics
one by one from the CVH score did not show that a single component
is driving the association (Table S7 in supporting information). Using
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TABLE 2 Participant characteristics

AGES-Reykjavik

ARIC(n = 11,460) (n=3907)
General characteristics Midlife (visit 1) Midlife (visit 3) Midlife
Age, mean (standard deviation), years 54.1(5.7) 60.0(5.7) 50.8 (6.5)
Men 5059 (44.1) 5059 (44.1) 1620 (41.5)
Education level®

Basic 2202(19.2) 2202(19.2) 770(19.7)

Intermediate 4835 (42.2) 4835 (42.2) 1885 (48.2)

Advanced 4412 (38.5) 4412 (38.5) 1252(32.0)
Race

Black 2293(20.0) 2293(20.0) 0(0)

White 9167 (80.0) 9167 (80.0) 3907 (100)
Apolipoprotein E €4 carrier status 3293(28.7) 3293(28.7) 1087 (28.0)
Diabetes 1034 (9.0) 1631(14.3) 32(0.8)
Cardiovascular disease® 612(5.3) 914 (8.0) 71(1.8)
Stroke 173(1.5) 180(1.6) NA
Cardiovascular health status®
Cardiovascular health score, median (range) 8[7-10] 8[6-10] 7[5-8]
Cardiovascular health score categories

Low (score <5, or <4) 1559 (13.6) 1516 (13.2) 491 (12.6)

Moderate (score 6 to 9,or 5to 7) 6396 (55.8) 6905 (60.3) 2219 (56.8)

High (score 10 to 14, or 8 to 12) 3505 (30.6) 3039 (26.5) 1197 (30.6)
Ideal smoking score (%) 8574 (74.8) 9303 (81.2) 1594 (40.8)
Ideal BMl score (%) 3913(34.1) 3186(27.8) 2081(53.3)
Ideal physical activity score (%) 4613 (40.3) 4791 (41.8) 776(19.9)
Ideal diet score (%) 640 (5.6) 252(2.2) NA
Ideal total cholesterol score (%) 4209 (37.4) 4543 (39.6) 495 (12.7)
Ideal blood pressure score (%) 5034 (43.9) 3999 (34.9) 799 (20.4)
Ideal glucose score (%) 6133 (53.5) 5161 (45.0) 384 (98.3)

Note: Numbers indicate n (%) unless otherwise indicated.

Abbreviations: AGES, Age, Gene/Environment Susceptibility; ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; NA, not available.

2ln ARIC, education was self-reported at visit 1 as the highest grade completed in school and was categorized as basic education (less than high school
completion), intermediate education (high school degree or vocational school), and advanced education (attending or completed college or professional
school). In AGES-Reykjavik, education was categorized into three levels basic (elementary school), intermediate (high school degree), and advanced education
(undergraduate and more than undergraduate education).

bIn ARIC, cardiovascular events were ascertained via active surveillance of all participants in the study. Hospitalizations were identified through surveillance
of hospitals within the study communities and reported by participants or their proxies during annual telephone calls. Study personnel abstracted potential
cardiovascular events from hospital records. In AGES-Reykjavik, in midlife, participants were asked about history of cardiac disorders by a self-reported ques-
tionnaire. In late-life, history of cardiovascular disease was defined as coronary heart disease or stroke according to adjudicated Icelandic Heart Association
registry or hospital records.

“The cardiovascular health metrics included non-smoking, and ideal levels of body mass index, physical activity, dietary habits, untreated blood pressure,
fasting blood glucose, and total cholesterol. The continuous 12- or 14-point cardiovascular health score (higher score indicates better cardiovascular health)
was calculated by assigning O points for poor metrics, 1 point for intermediate metrics, and 2 points for ideal metrics. Cardiovascular health score is calculated
using seven items (14 point) at ARIC study visits 1 and 3 and using six items (not including dietary habits) at AGES-Reykjavik midlife visit. For more detailed
definition of the cardiovascular health score, please see Table 1.

mortality as the outcome, we observed that a higher CVH score in 4 | DISCUSSION
midlife and improvement in CVH score within midlife is associated with

lower mortality (Table S8 in supporting information). This suggests that In this analysis using data from two population-based studies, a
the observed association with dementia is not due to higher mortality higher CVH score in midlife and an increase in a CVH score over a
rates. median of 6 years within midlife were associated with a lower risk of
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TABLE 3 Associations of cardiovascular health score at midlife and change of cardiovascular health score within midlife with incident

dementia

Cardiovascular health score®

Midlife (ARIC visit 1)

Number of
events/total N

Hazard ratio®
(95% ClI)

Incidence rate,
per 1000 person
years(95% Cl)

Low (score O to 5) 355/1559 1 [Reference] 14.3(12.8,15.8)
Moderate (score 6 to 9) 1328/6396 0.72(0.64,0.81) 11.1(10.5,11.7)
High (score 10 to 14) 581/3505 0.60(0.52,0.69) 7.9(7.3,8.6)
Per 1-point higher in the cardiovascular health score 2264/11,460 0.93(0.91,0.94) 10.4(10.0, 10.8)
Midlife (ARIC visit 3)
Low (score O to 5) 302/1516 1 [Reference] 12.0(10.7,13.4)
Moderate (score 6 to 9) 1430/6905 0.78(0.69,0.89) 11.0(10.4,11.6)
High (score 10 to 14) 532/3039 0.63(0.54,0.73) 8.6(7.8,9.3)
Per 1-point higher in the cardiovascular health score 2264/11,460 0.92(0.90,0.93) 10.4(10.0, 10.8)
Midlife (AGES-Reykjavik midlife visit)
Low (score O to 4) 131/491 1 [Reference] 29.4(24.6,34.9)
Moderate (score 5to 7) 594/2219 0.94(0.77,1.14) 27.9(25.6,30.2)
High (score 8 to 12) 247/1197 0.83(0.66,0.99) 20.3(17.8,23.0)
Per 1-point higher in the cardiovascular health score 972/3907 0.96(0.92,0.99) 24.0(25.6,27.3)
Change within midlife (from ARIC visit 1 to visit 3)
Constantly low 160/711 1 [Reference] 14.7 (12.4,16.9)
Low to moderate/high 195/848 0.76(0.61,0.93) 14.0(12.0, 16.0)
Moderate to low 136/768 0.66(0.52,0.83) 10.1(8.4,11.8)
Constantly moderate 993/4662 0.62(0.53,0.74) 11.4(10.7,12.1)
Moderate to high 199/966 0.51(0.41,0.63) 10.7 (9.2,12.1)
High to low/moderate 254/1465 0.54(0.44,0.66) 8.4(7.4,9.4)
Constantly high 327/2034 0.48 (0.39,0.58) 7.6(6.8,8.4)
Per 1-point increase in change in cardiovascular health 2264/11,460 0.94 (0.92,0.96) 10.4(10.0, 10.8)
score®

Abbreviations: AGES, Age, Gene/Environment Susceptibility; ARIC, Atherosclerosis Risk in Communities; Cl, confidence interval.
2For definition of the cardiovascular health score (six and seven items), please see Table 1.
bHazard ratios and 95% confidence intervals were estimated by Cox proportional hazard models using age as the time scale. Models are adjusted for

education level, sex, and race plus center (in ARIC).

CFurther adjusted for baseline (visit 1) cardiovascular health scores. There was on average 6 years between visit 1 and visit 3 in the ARIC study.

dementia in late-life. Our secondary analysis on CVH at late-life and
change in CVH between midlife and late-life, however, showed less
consistent associations with risk of dementia. Our findings suggest
that midlife primordial prevention of cardiovascular risk factors is a
protective factor for incident dementia.

The current findings are in line with previous population-based
studies that demonstrated an association between higher CVH at
midlife and incident dementia.>¢8:1930 However, it remained unclear
whether change in CVH is associated with risk of dementia. Random-
ized trials investigating the effect of multi-faceted cardiovascular risk
factor intervention on cognitive decline are scarce, only included rel-
atively older individuals, and had inconsistent findings. The Finnish
Geriatric Intervention to Prevent Cognitive Impairment and Disabil-
ity (FINGER) trial showed that, among individuals with a mean age
of 69, a multidomain lifestyle intervention can have a small beneficial

effect on cognitive function.3! The Prevention of Dementia by Inten-
sive Vascular Care (preDIVA) trial including individuals with a mean age
of 75 did not find a beneficial effect of a multidomain vascular inter-
vention on dementia risk.32 Only one previous observational study,
the Finnish Cardiovascular Risk Factors, Aging, and Dementia (CAIDE)
study,® evaluated change in CVH over time with risk of dementia. This
study did not find an association between change in CVH between
midlife (age 50) and late-life (age 70) and risk of dementia. This study
had a relatively small sample (n = 744; only 47 dementia cases) and
short follow-up (mean 8 years).

Our results suggest that greater adherence to CVH recommenda-
tions over time within midlife might be beneficial for the prevention
of dementia at older age. Individuals who improved their CVH within
midlife had lower dementia risk with reductions in the risk of demen-
tia across the continuum of the 14-point CVH score. This highlights
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12.46% (1428) 17.80% (2040)

10.95% (248) 14.44% (327)

40.68% (4662) 8.43% (966)

43.86% (993) 8.79% (199)

7.11% (815) 0.29% (33)

8.35% (189) 0.27% (6)
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Cardiovascular Health Score category of midlife at visit 3

Percentage in total population/cases: —

20%

FIGURE 3 Heatmap of number and percentage of participants and dementia cases in cardiovascular health status category within midlife in
Atherosclerosis Risk in Communities (n = 11,460). *Percentage (number) of participants in total population. ** Percentage (number) of dementia
cases among all dementia cases. Darker color indicates higher percentage.

the importance of primordial prevention of a set of cardiovascular
risk factors in midlife for risk of dementia at older ages. This study
thereby supports public health policies to improve CVH within midlife
to promote prevention of dementia.

There was no consistent relationship between CVH at late-life and
change in CVH between midlife and late-life and risk of dementia. For
instance, individuals who changed from low CVH at midlife to mod-
erate or high CVH at late-life did not have a lower risk of dementia
compared to individuals who had consistently low CVH over time in
either ARIC or AGES-Reykjavik. These observations are across dif-
ferent cohorts and geographic locations and participants aged during
different periods. Similar observations in both studies suggest that
these negative associations are less likely explained by any period or
cohort effect. Given the long preclinical phase of dementia, prognosis
may be determined primarily by CVH early in life. This would sug-
gest that promotion of CVH at late-life is less beneficial to prevent
the risk of dementia. However, other reasons may explain this find-
ing. First, results on late-life CVH may have been affected by reverse
causality, that is, dementia has a long preclinical phase3? that may be

present at the late-life visits of both studies and may affect risk factors.

Second, the relatively long interval between the examinations at
midlife and at late-life in both studies may have led to attrition bias
with a disproportional loss of people during follow-up who were in
worse health and at higher risk for dementia. This may have led to
inclusion of more healthy participants in the analyses on late-life CVH
compared to participants who were included only in the analyses on
midlife CVH. These biases may have led to an underestimation of
the reported associations. Third, given that the causal network for
dementia is complex, there may be many unmeasured confounding
and mediating variables embedded within the data in this study. The
analysis on change between midlife and late-life may be particularly
vulnerable for this bias. For example, it is likely that some individu-
als received treatment of cardiovascular risk factors between the long
time interval between midlife and late-life. Fourth, some categories of
CVH were small in size, potentially explaining why some associations
did not reach statistical significance (e.g., only 159 participants in ARIC
improved from low CVH in midlife to moderate or high CVH in late-life).

The AHA approach was developed for primordial prevention of car-
diovascular risk factors and thus should not be interpreted as the

best summary of existing epidemiologic knowledge for preventing
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dementia. Future studies are needed to evaluate differential weighting
of metrics and of potential interaction between metrics and dementia
risk. Nevertheless, our additional analysis did not show that an individ-
ual metric of the CVH score drives the association between CVH and
incident dementia, and suggests that it is rather the combination of the
items that is important. Of the individual CVH metrics at midlife, phys-
ical activity was associated with incident dementia in ARIC, but not
in AGES-Reykjavik. Physical activity at midlife in AGES-Reykjavik was
based on recalled data at the late-life visit, which may have led to mea-
surement error bias. Dietary habits and total cholesterol were also not
associated with incident dementia. Previous studies on dietary habits
and total cholesterol and risk of dementia also report inconsistent

results,3435

and this requires further study.

The present study has limitations. First, the observational design
precludes reaching causal conclusions. As with any observation study,
our results might be susceptible to residual confounding. For example,
some risk factors are more prevalent among persons of lower socioe-
conomic status, and adjustment for education may not capture that
potential confounding completely. Second, individuals excluded from
the analysis of change in CVH were older and had a less favorable
cardiovascular risk profile (Table S2), which may have led to an under-
estimation of the reported associations. Third, attempts were made
to minimize missed cases of dementia, but the accuracy of dementia
cases detected by vital statistics or hospital records may be less good
than the cases detected by in-person neuropsychological assessment.
It is possible that dementia cases identified through death certificates
or hospitalization codes may be incorrect or may be more frequent
in individuals with a higher cardiovascular risk. This may have led
to an overestimation of the association between CVH and incident
dementia. Also, misclassified cases might lead to an underestimation
of associations between CVH and dementia. Fourth, data on dietary
habits were not available at the ARIC late-life visit and the AGES-
Reykjavik midlife and late-life visits. Fifth, the generalizability of this
study may be limited given that the study sample consisted of Black
and White individuals from four selected US communities and White
individuals from Iceland.

In conclusion, higher CVH and improvement in CVH within midlife
were associated with a lower risk of dementia. These findings may
have important public health implications highlighting the need for
promotion and maintaining ideal CVH at midlife to reduce risk of

dementia.

ACKNOWLEDGMENTS

The authors thank the staff and participants of the ARIC and
AGES-Reykjavik studies for their important contributions. The
Atherosclerosis Risk in Communities study is carried out as a col-
laborative study supported by National Heart, Lung, and Blood
Institute contracts (HHSN2682017000011, HHSN268201700002I,
HHSN268201700003I, HHSN2682017000041, HHSN2682017000-
051). Neurocognitive data are collected by U01 2U01HL096812,
2U01HL096814, 2U01HL096899, 2U01HL096902, 2U01HL096917
from the NIH (NHLBI, NINDS, NIA, and NIDCD), and with pre-
vious brain magnetic resonance imaging examinations funded by
RO1-HL70825 from the NHLBI. The AGES-Reykjavik was funded

by contracts NO1-AG-12100 and HHSN27120120022C from the
National Institutes of Health; the Intramural Research Program of the
National Institute on Aging; and by the Icelandic Heart Association and
the Icelandic Parliament. Sanaz Sedaghat is supported by a McKnight
Clinical Translational Research Scholarship in Cognitive Aging and
Age-Related Memory Loss. Thomas van Sloten is supported by a
VENI research grant (916.19.074) from the Netherlands Organiza-
tion for Scientific Research and a Dutch Heart Foundation research
grant (2018T025). Pamela Lutsey is supported by K24 HL159246.
Rebecca Gottesman is supported by the Intramural Research
Program of the National Institute of Neurological Disorders and
Stroke. Keenan Walker is supported by the Intramural Research

Program of the National Institute on Aging.

CONFLICTS OF INTEREST
The authors report no conflicts of interest. Author disclosures are

available in the supporting information.

ORCID

Sanaz Sedaghat "= https://orcid.org/0000-0002-8296-1811

REFERENCES

1. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,
intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396:413-446.

2. Winblad B, Amouyel P, Andrieu S, et al. Defeating Alzheimer’s dis-
ease and other dementias: a priority for European science and society.
Lancet Neurol. 2016;15:455-532.

3. Gorelick PB, Furie KL, ladecola C, et al. Defining optimal brain
health in adults: a presidential advisory from the American Heart
Association/American Stroke Association. Stroke. 2017;48:e284-
e303.

4. Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting
national goals for cardiovascular health promotion and disease reduc-
tion: the American Heart Association’s strategic Impact Goal through
2020 and beyond. Circulation. 2010;121:586-613.

5. Sabia S, Fayosse A, Dumurgier J, et al. Association of ideal cardiovas-
cular health at age 50 with incidence of dementia: 25 year follow-up of
Whitehall Il cohort study. BMJ. 2019;366:14414.

6. Atkins JL, Delgado J, Pilling LC, et al. Impact of low cardiovascular risk
profiles on geriatric outcomes: evidence from 421,000 participants in
two cohorts. J Gerontol A Biol Sci Med Sci. 2019;74:350-357.

7. Samieri C, Perier MC, Gaye B, et al. Association of cardiovascular
health level in older age with cognitive decline and incident dementia.
JAMA. 2018;320:657-664.

8. Liang Y, Ngandu T, Laatikainen T, et al. Cardiovascular health metrics
from mid- to late-life and risk of dementia: a population-based cohort
study in Finland. PLoS Med. 2020;17:€1003474.

9. Malik R, Georgakis MK, Neitzel J, et al. Midlife vascular risk factors and
risk of incident dementia: longitudinal cohort and Mendelian random-
ization analyses in the UK Biobank. Alzheimers Dement. 2021;17:1422-
1431.

10. Pase MP, Beiser A, Enserro D, et al. Association of ideal cardiovas-
cular health with vascular brain injury and incident dementia. Stroke.
2016;47:1201-1206.

11. Mahinrad S, Shownkeen M, Sedaghat S, et al. Vascular health across
young adulthood and midlife cerebral autoregulation, gait, and cogni-
tion. Alzheimers Dement. 2021;17:745-754.

12. Sabia S, Kivimaki M, Shipley MJ, Marmot MG, Singh-Manoux A. Body
mass index over the adult life course and cognition in late midlife: the
Whitehall I Cohort Study. Am J Clin Nutr. 2009;89:601-607.

85UBD1 7 SUOWILLIOD SAIIERID 8ot [dde ay) Aq peuieAob 812 saole YO 9SN JO S9N 10} AId 1T aUIIUQ AB]IA UO (SUOTHPUOD-PUR-SWLBIAL0D" A 1M ARe.d 1 jBul [Uo//Sdiy) SUORIPUOD pue SWiB | 8y) 89S *[£202/2T/ST] uo Akeiqiauliuo Aeim ‘Ariqi AisieAlun 1yoenn Aq 8T8ZT Z[e/Z00T OT/I0p/Wod A8 i AReiqipuljuo'seuno -z je//sdiy Wwoly pepeojumod 'S ‘€202 ‘6/25255T


https://orcid.org/0000-0002-8296-1811
https://orcid.org/0000-0002-8296-1811

SEDAGHAT ET AL.

Alzheimer’s &Dementia® | s

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

Wagner M, Helmer C, Tzourio C, Berr C, Proust-Lima C, Samieri C.
Evaluation of the concurrent trajectories of cardiometabolic risk fac-
tors in the 14 years before dementia. JAMA Psychiatry. 2018;75:1033-
1042.

Singh-Manoux A, Dugravot A, Shipley M, et al. Obesity trajectories
and risk of dementia: 28 years of follow-up in the Whitehall Il Study.
Alzheimers Dement. 2018;14:178-186.

Peters R, Peters J, Booth A, Anstey KJ. Trajectory of blood pres-
sure, body mass index, cholesterol and incident dementia: systematic
review. Br J Psychiatry. 2020;216:16-28.

Wright JD, Folsom AR, Coresh J, et al. The ARIC (Atherosclerosis Risk
In Communities) Study: JACC Focus Seminar 3/8. J Am Coll Cardiol.
2021;77:2939-2959.

Andresdottir MB, Sigfusson N, Sigvaldason H, Gudnason V. Erythro-
cyte sedimentation rate, an independent predictor of coronary heart
disease in men and women: the Reykjavik study. Am J Epidemiol.
2003;158:844-851.

Harris TB, Launer LJ, Eiriksdottir G, et al. Age, Gene/Environment
Susceptibility-Reykjavik Study: multidisciplinary applied phenomics.
Am J Epidemiol. 2007;165:1076-1087.

Sturlaugsdottir R, Aspelund T, Bjornsdottir G, et al. Carotid atheroscle-
rosis and cardiovascular health metrics in old subjects from the
AGES-Reykjavik study. Atherosclerosis. 2015;242:65-70.

Gaye B, Tajeu GS, Vasan RS, et al. Association of changes in cardiovas-
cular health metrics and risk of subsequent cardiovascular disease and
mortality. J Am Heart Assoc. 2020;9:e017458.

van Sloten TT, Tafflet M, Perier MC, et al. Association of change in
cardiovascular risk factors with incident cardiovascular events. JAMA.
2018;320:1793-1804.

Knopman DS, Gottesman RF, Sharrett AR, et al. Mild cognitive impair-
ment and dementia prevalence: the atherosclerosis risk in communi-
ties neurocognitive study. Alzheimers Dement (Amst). 2016;2:1-11.

Wau A, Sharrett AR, Gottesman RF, et al. Association of brain magnetic
resonance imaging signs with cognitive outcomes in persons with non-
impaired cognition and mild cognitive impairment. JAMA Netw Open.
2019;2:€193359.

Demmer RT, Norby FL, Lakshminarayan K, et al. Periodontal disease
and incident dementia: the Atherosclerosis Risk in Communities Study
(ARIC). Neurology. 2020;95:€1660-e71.

Gottesman RF, Albert MS, Alonso A, et al. Associations between
midlife vascular risk factors and 25-year incident dementia in the
Atherosclerosis Risk in Communities (ARIC) cohort. JAMA Neurol.
2017;74:1246-1254.

Wong TY, Kamineni A, Klein R, et al. Quantitative retinal venu-
lar caliber and risk of cardiovascular disease in older persons: the
cardiovascular health study. Arch Intern Med. 2006;166:2388-2394.
Albanese E, Davis B, Jonsson PV, et al. Overweight and obesity in
midlife and brain structure and dementia 26 years later: the AGES-
Reykjavik study. Am J Epidemiol. 2015;181:672-679.

28.

29.

30.

31

32.

33.

34.

35.

36.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

Qiu C, Cotch MF, Sigurdsson S, et al. Cerebral microbleeds,
retinopathy, and dementia: the AGES-Reykjavik study. Neurology.
2010;75:2221-2228.

Sigurdsson S, Aspelund T, Kjartansson O, et al. Incidence of brain
infarcts, cognitive change, and risk of dementia in the general
population: the AGES-Reykjavik study (Age Gene/Environment
Susceptibility-Reykjavik Study). Stroke. 2017;48:2353-2360.

Malik R, Georgakis MK, Neitzel J, et al. Midlife vascular risk fac-
tors and risk of incident dementia: longitudinal cohort and Mendelian
randomization analyses in the UK Biobank. Alzheimers Dement.
2021;17(9):1422-1431.

Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain interven-
tion of diet, exercise, cognitive training, and vascular risk monitoring
versus control to prevent cognitive decline in at-risk elderly people
(FINGER): arandomised controlled trial. Lancet. 2015;385:2255-2263.
Hoevenaar-Blom MP, Richard E, Moll van Charante EP, et al. Targeting
vascular risk factors to reduce dementia incidence in old age: extended
follow-up of the prevention of dementia by intensive vascular care
(preDIVA) randomized clinical trial. JAMA Neurol. 2021;12:1527-1528.
Jack CR Jr, Knopman DS, Jagust WJ, et al. Tracking pathophysiologi-
cal processes in Alzheimer’s disease: an updated hypothetical model
of dynamic biomarkers. Lancet Neurol. 2013;12:207-216.

Anstey KJ, Ashby-Mitchell K, Peters R. Updating the evidence on the
association between serum cholesterol and risk of late-life dementia:
review and meta-analysis. J Alzheimers Dis. 2017;56:215-228.

Yassine HN, Samieri C, Livingston G, et al. Nutrition state of
science and dementia prevention: recommendations of the nutri-
tion for dementia prevention working group. Lancet Healthy Longev.
2022;3:e501-e12.

Chang M, Jonsson PV, Snaedal J, et al. The effect of midlife physi-
cal activity on cognitive function among older adults: AGES-Reykjavik
Study. J Gerontol A Biol Sci Med Sci. 2010;65:1369-1374.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Sedaghat S, Lutsey PL, Ji Y, et al.
Association of change in cardiovascular risk factors with
incident dementia. Alzheimer’s Dement. 2023;19:1821-1831.
https://doi.org/10.1002/alz.12818

85UBD1 7 SUOWILLIOD SAIIERID 8ot [dde ay) Aq peuieAob 812 saole YO 9SN JO S9N 10} AId 1T aUIIUQ AB]IA UO (SUOTHPUOD-PUR-SWLBIAL0D" A 1M ARe.d 1 jBul [Uo//Sdiy) SUORIPUOD pue SWiB | 8y) 89S *[£202/2T/ST] uo Akeiqiauliuo Aeim ‘Ariqi AisieAlun 1yoenn Aq 8T8ZT Z[e/Z00T OT/I0p/Wod A8 i AReiqipuljuo'seuno -z je//sdiy Wwoly pepeojumod 'S ‘€202 ‘6/25255T


https://doi.org/10.1002/alz.12818

	Association of change in cardiovascular risk factors with incident dementia
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study populations
	2.2 | CVH metrics
	2.3 | Dementia incidence
	2.4 | Statistical analysis
	2.4.1 | Primary analysis
	2.4.2 | Secondary analysis
	2.4.3 | Sensitivity analyses


	3 | RESULTS
	3.1 | CVH at midlife
	3.2 | Change in CVH within midlife
	3.3 | Secondary analysis: CVH at late-life and change of CVH from midlife to late-life
	3.4 | Sensitivity analyses

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


