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Abstract.

Background: Modifiable vascular risk factors have been associated with late-life cognitive impairment. The Life Simple 7
(LS7) score comprises seven cardiovascular health metrics: smoking, diet, physical activity, body mass index, plasma glucose,
total serum cholesterol, and blood pressure.

Objective: To investigate the association between individual and composite LS7 metrics and rate of cognitive decline, and
potential differences in these associations between young-old and old-old individuals.

Methods: This cohort study included 1,950 participants aged > 60 years (M =70.7 years) from the Swedish National Study
on Aging and Care-Kungsholmen (SNAC-K), who underwent repeated neuropsychological testing (episodic and semantic
memory, verbal fluency, processing speed, global cognition) across 12 years. The LS7 score was assessed at baseline and
categorized as poor, intermediate, or optimal. Level and change in cognitive performance as a function of LS7 categories
were estimated using linear mixed-effects models.

Results: Having an optimal LS7 total score was associated with better performance (expressed in standard deviation units)
at baseline for perceptual speed (3 =0.21, 95% CI 0.12-0.29), verbal fluency (8 =0.08, 0.00-0.16), and global cognition
(B=0.06,0.00-0.12) compared to the poor group. Age-stratified analyses revealed associations for cognitive level and change
only in the young-old (< 78 years) group. For the specific metrics, diverging patterns were observed for young-old and old-old
individuals.
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Conclusion: Meeting the LS7 criteria for ideal cardiovascular health in younger old age is associated with slower rate of

cognitive decline. However, the LS7 criteria may have a different meaning for cognitive function in very old adults.

Keywords: Aging, cardiovascular risk factors, cognition, epidemiology

INTRODUCTION

Vascular risk factors play an important role in the
development of cognitive impairment and dementia
[1, 2]. In addition, several modifiable risk factors,
such as diabetes [3, 4], poor nutrition [5], smoking
[6], low physical activity [7], and elevated blood pres-
sure [8, 9] have been associated with lower level of
cognitive performance and faster rate of cognitive
decline. The concurrent presence of several vascular
risk factors may exacerbate the process of age-related
cognitive decline [10]. Thus, it is important to inves-
tigate the combined effect of multiple cardiovascular
health risk factors. Indeed, these risk factors rarely
occur in isolation and the prevalence of multimor-
bidity increases with advancing age [11].

Prevention strategies that target multiple modifi-
able risk factors appear to show promising results for
reducing the risk for old-age cognitive impairment.
Results from the FINGER project in Finland show
that a multidomain intervention including diet, exer-
cise, cognitive training, and vascular risk monitoring
may improve or maintain cognitive functioning of
non-demented elderly people with increased cardio-
vascular risk [12]. Thus, it is conceivable that having
an optimal cardiovascular health profile may have a
favorable influence on age-related cognitive decline
in the general population.

The American Heart Association (AHA) has
defined a metric of optimal, or ideal, cardiovascu-
lar health, also referred to as Life’s Simple 7 (LS7),
composed of 7 modifiable risk factors for cardiovas-
cular disease [13]. This metric involves four health
behaviors (smoking, diet, physical activity, body
mass index (BMI)) and three biological health fac-
tors (plasma glucose, serum total cholesterol, blood
pressure). It categorizes individuals’ cardiovascular
health as poor, intermediate, or optimal. Distin-
guishing features of LS7, in comparison to other
cardiovascular risk scores, are that it focuses on pos-
itive health behaviors and that age is not included in
the score. The LS7 was initially designed for adults
aged 18 years and older. Hence, the question remains
whether the associations between LS7 and cognitive
health vary across age groups.

Previous research suggests higher importance of
the smoking, glucose, and blood pressure metrics in
predicting cognitive decline [14, 15]; however, the
relationships with specific metrics warrant further
investigation, especially among older adults. Further,
more research is needed to clarify the association
between LS7 and rate of cognitive decline in specific
domains.

We investigated the relationship of individual and
composite LS7 cardiovascular health metrics to base-
line performance and rate of change in different
cognitive domains (episodic memory, semantic mem-
ory, verbal fluency, processing speed, and global
cognition). An additional objective was to examine
potential differences in these associations for young-
old (<78 years) and old-old (>78 years) individuals.

MATERIALS AND METHODS
Farticipants

Participants were from the population-based Swe-
dish National Study on Aging and Care in Kungshol-
men (SNAC-K). The original SNAC-K population
consisted of 4,590 alive and eligible persons who
were > 60 years old and lived on the island of Kung-
sholmen in central Stockholm, Sweden. They were
randomly selected to take part in the study based on
population registries and belonged to 11 pre-specified
age cohorts: 60, 66, 72, 78, 81, 84, 87, 90, 93, 96,
and 99 years and older. Between 2001 and 2004,
3,363 persons accepted to participate in the base-
line examination consisting of three parts: a nurse
interview, a medical examination, and a neuropsycho-
logical testing session. Altogether, the examination
took about 6 h. The participants are re-examined each
time they reach the age of the next cohort. All parts
of SNAC-K have been approved by the Ethics Com-
mittee at Karolinska Institutet or by the Regional
Ethical Review Board in Stockholm, Sweden. All
participants provided written informed consent.

After excluding participants with prevalent demen-
tia (DSM 1V criteria, n=321), Parkinson’s disease
(CERAD criteria, n=24), schizophrenia (n=13),
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Definitions of Life Simple 7 score metrics (adapted from Sabia et al. [16])

Metric Poor (score, 0) Intermediate (score, 1) Optimal (score, 2)

Smoking Current smoker Stopped in the last 5 years Never smoked or stopped >5 year
ago

Diet Consumption of fruit and vegetables Consumption of fruit and vegetables Consumption of fruit and vegetables

<2 times per day AND no
consumption of high fiber bread

Never, <2-3 times per month, 2-3
times per month in light and/or
moderate/intense exercise

>30kg/m?

HbAlc > 6.5% OR self-reported
medical history, hypoglycemic
drug use, or diagnosis in the NPR

>240 mg/dl

Physical activity

Body mass index
Plasma glucose

Total serum
cholesterol

Systolic and diastolic
blood pressure

SBP > 140 mm Hg OR DBP
>90mm Hg

> 2 times per day OR
consumption of high fiber bread

Light exercise several times per
week or every day

25-29.9 kg/m?
HbA1c 5.7-6.5% and no diabetes

<200 mg/dl treated OR
200-239 mg/dl

SBP <120 mm Hg and DBP
<80 mm Hg treated OR SBP

> 2 times per day AND

consumption of high fiber bread
Moderate/intense exercise several

times per week or every day

<25kg/m?
HbAlc <5.7%
<200 mg/dl untreated

SBP <120 mm Hg and
DBP < 80 mm Hg untreated

120-139 OR DBP 80-89 mm Hg

HbA Ic, glycated hemoglobin; NPR, National Patient Register; SBP, systolic blood pressure; DBP, diastolic blood pressure.

developmental disorder (n=3), history of stroke
(n=165), insufficient data to compute the LS7 score
(n="778), and missing cognitive data (n=109), the
study sample included 1,950 individuals (M =70.7
years, SD =9.1). Due to the study design, not all ages
were represented in the SNAC-K sample. We catego-
rized those aged 60 to 72 years (M =65.4, SD=4.8,
n=1336) atbaseline into a young-old group and those
78 years or older (M =82.2,SD =4.4,n=614) into an
old-old group. For flow chart of study participation,
see Supplementary Figure 1.

Compared to our final sample, the excluded partic-
ipants (n = 1,413) were older, had a higher proportion
of women, lower education, and lower baseline
Mini-Mental State Examination (MMSE) scores
(p<0.001).

Life Simple 7 score

We used data from baseline to extract informa-
tion on seven cardiovascular health metrics. For each
metric, participants were categorized into a poor,
intermediate, or optimal cardiovascular health group.
We followed the cut-off values used by Sabia et al.
[16], with some minor changes for the glucose met-
ric. The cut-off values for all metrics are presented in
Table 1.

Smoking status (current/quit/never) and the year
of smoking cessation were assessed during the nurse
interview.

For diet, data from a 98-item semi-quantitative
food frequency questionnaire were used. Average fre-
quencies of intakes over the last year were obtained

for each food item on a 9-point scale, ranging from
never to >4 times per day [17]. We combined all
vegetables, fruits, and high-fiber bread into separate
variables that were used to categorize the participants.

A questionnaire was also used to collect informa-
tion on physical activity. Participants reported the
frequency of engagement in light (e.g., walking along
roads or in parks, short bicycle rides) and moderate to
intense (e.g., jogging, high-intensity aerobics) exer-
cise. For those with missing values, participants who
used a wheelchair (n=29), could not move indoors
or outdoors on their own (n=16), or were unable to
walk 50m (n=35), were categorized into the poor
group.

Body mass index (BMI) was calculated as weight
in kilograms divided by squared height in meter. In
cases where measured weight or height were miss-
ing (< 16% or the observations), self-reported values
were used to calculate BMI.

For plasma glucose, glycated hemoglobin (Hb-
Alc) level was measured using the Swedish Mono-
S High Performance Liquid Chromatography. To
equate it to international values, 1.1% was added
to the HbAIC value. Diabetes was ascertained on
the basis of self-reported medical history, hypo-
glycemic drug use, diagnosis in the Swedish National
Patient Register (NPR: ICD-10 code E11), or HbAlc
> 6.5% (48 mmol/mol). Those with no diabetes but
with HbAlc 5.7-6.5% (39-48 mmol/mol) were cat-
egorized as having prediabetes [3]. We used the
categorization of diabetes, pre-diabetes, and diabetes-
free participants to classify individuals into poor,
intermediate, and optimal groups.
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Total serum cholesterol was initially measured
non-fasting for most participants. If the cholesterol
level was > 6.5 mmol/l, participants came for a sec-
ond measurement, this time fasting. In these cases, the
mean of both measurements was used. The choles-
terol levels were multiplied by 38.67 [18] in order to
obtain the measurement units [mg/dl] used for group
classification [16].

Arterial blood pressure was measured twice at a
5-min interval on the left arm in sitting position with a
sphygmomanometer and the mean of the two readings
was used. Hypertensive medication use was assessed
during the medical examination.

After categorizing the metrics into three levels:
optimal (score, 2), intermediate (1), and poor (0), we
used the sum of all seven metrics to calculate the
total score, ranging from O to 14. On the basis of ter-
tiles [19], the total score was further categorized into
optimal (9-14), intermediate (7-8), and poor (0-06).
Those who had missing values on only one of the
seven metrics were added to the sample, if they could
be clearly assigned to a LS7 group. That is, those with
values 0—4 were included in the poor group; even if
they would have gained the maximum of two addi-
tional points for the metric with missing data, this
would not change their group classification. Simi-
larly, those with values 9—12 and one missing value
were included in the optimal group.

Neuropsychological assessment

Cognitive performance was assessed at each time
point according to standardized procedures [20].
Assessment of episodic memory included free recall
of a 16-item word list and a 32-item yes/no word
recognition test [21]. Semantic memory was assessed
with a 30-item vocabulary task, where participants
were instructed to underline the word representing
the synonym of each target word [22]. Verbal fluency
was assessed with both letter (“A” and “F”’) and cate-
gory (“animals” and “professions”) fluency [23]. Two
tasks of perceptual speed were administered. Digit
cancellation [24] required participants to sequentially
go through rows of random digits ranging from 1 to 9
and to cross out every “4” they encountered. For pat-
tern comparison [25], participants were asked to go
through line-segmented patterns and mark whether
the patterns were “same” or “different”.

The cognitive test scores were standardized into
z-scores according to their baseline mean and stan-
dard deviation. The standardized scores were used to
create composite scores for each cognitive domain

by calculating the mean score when more than one
test was available. For participants with data on at
least 3 domains, a composite that represents global
cognition was computed by taking the average of all
available scores.

Participants were followed for an average of 9.4
years (SD=3.0) withamean of 1.6 (SD =1.1) follow-
up assessments. All participants had data for baseline
and 376 (19.3%) participated in 1, 803 (41.2%) in
2,253 (13.0%) in 3, and 110 (5.6%) in 4 follow-up
assessments in addition to the baseline examination.

Vascular diseases

History of stroke was ascertained on the basis
of the stroke-diagnosis status from the National
Patient Register (NPR) and included hemorrhagic
(ICD-10:160-162; ICD-9 and ICD-8:430-432)
and ischemic (ICD-10:163-164; ICD-9 and ICD-
8:433-434) stroke. History of cardiovascular disease
was based on the diagnoses in the NPR, the clini-
cal examination, electrocardiogram, and medication
use. It included atrial fibrillation (ICD-10, code 148),
heart failure (ICD-10, codes 1110, 1130, 1132, 127,
1280, 142, 143; 150, 1515, 1517, 1528, 72941, 7943),
and ischemic heart disease (ICD-10, codes 120-22,
124-25, 7951, 7Z955) [26, 27].

Statistical analysis

Group differences were determined using chi-
square tests for dichotomous variables and ANOVAs
for continuous variables. The association between
LS7 and level at baseline (intercept) and rate of
change in different cognitive domains was estimated
using linear mixed models. Follow-up time (years
from baseline) was used as the time scale. Fixed
effects included LS7 groups (poor, intermediate, opti-
mal), time in study, and an interaction term for
the grouping variable and time. Random intercept
and slope were estimated as the random part in the
mixed effect model. We used unstructured variance-
covariance matrices for all models. All analyses
controlled for sex, as well as age at baseline and years
of education, centered at the sample mean.

RESULTS

Baseline characteristics of participants in the total
sample and the two age groups are displayed in
Table 2. Those with a better LS7 score had received
more education and were less likely to have a history



Table 2
Baseline characteristics and distribution of 7 cardiovascular health metrics for the total sample and two age groups split by Life Simple 7 (LS7) tertiles

614)

Old-old (age > 78y, n

1336)

Young-old (age 60-72y, n

Total sample (n=1,950)

Characteristics

optimal
194 (31.6)

intermediate

poor
169 (27.5)
81.9 (4.0)
123 (72.8)
10.6 (3.8)
62 (36.7)
28.5(1.5)
5.3(0.9)
55 (9.0)

optimal
448 (33.5)

intermediate

poor
415 (31.1)

optimal
642 (32.9)

intermediate

poor
584 (29.9)
70.3 (8.7)
349 (59.8)

251 (40.9)
82.0 (4.4)
165 (65.7)
10.7 (3.9)
72 (28.7)
28.6 (1.3)
7.5 (0.5)

473 (35.4)
65.6 (4.9)
269 (56.9)

724 (37.1)

N (%)

82.6 (4.9)
120 (61.9)
11.6 (4.2)

64.9 (4.7)

281 (62.7)
13.9 (4.3)
38 (8.5)

65.6 (4.8)
226 (54.5)

703 (9.4)
401 (62.5)

71.3 9.1)
424 (59.9)

Age at baseline, M (SD)

Female, N (%)

13.1 (4.0)

12.6 (3.9)
56 (13.5)
29.3 (0.9)
53 (1.0)
241 (18.0)

13.2 (4.4)
95 (14.8)

12.3 4.2)
117 (16.2)
29.1 (1.2)
7.5(0.5)
113 (5.8)
1117 (59.4)
1036 (53.7)
794 (40.8)

12.0 (4.0)
118 (20.2)
29.1(1.2)

Years of education, M (SD)

57 (29.4)
28.6 (1.4)

45 (9.5)
29.3 (1.0)
7.3 (0.5)

Cardiovascular disease, N (%)
MMSE score, M (SD)

LS7, M (SD)

29.3 (0.9)
9.8 (0.9)
1003 (75.1)

29.1 (1.1)

9.5 (0.7)
538 (87.6)

9.7 (0.9)
1541 (79.0)
237 (12.6)

5.3(0.9)
296 (15.2)
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21 3.4)
380 (64.8)
361 (59.9)
233 (38.0)
243 (39.6)

92 (6.9)
737 (57.0)
675 (50.9)
561 (42.0)
400 (29.9)

Smoking, N (%)
Diet, N (%)

80 (13.7)
103 (17.1)

126 (21.5)

157 (12.1)
431 (32.5)

399 (30.9)

525 (27.9)
359 (18.6)

139 (23.1)

220 (16.6)

534 (27.7)

Physical activity, N (%)
Body mass index, N (%)

Plasma glucose, N (%)

301 (49.1)
313 (51.0)
102 (16.7)

79 (12.9)
58 (9.4)
235 (38.4)
445 (72.8)

569 (42.6)
832 (62.3)
162 (12.2)

205 (15.4)

870 (44.7)
1145 (58.7)
264 (13.6)

284 (14.6)

104 (7.8)
553 (41.6)
794 (59.7)

643 (33.0)

162 (8.3)
788 (40.6)

1,239 (63.8)
7-8, and optimal =9-14 on the LS7 total score. MMSE, Mini-Mental State Examination.

275 (44.9)

614 (46.2)
440 (33.1)

889 (45.8)
588 (30.3)

Total serum cholesterol, N (%)

Blood pressure, N (%)

18 (2.9)

148 (24.2)

96 (7.2)

114 (5.9)

Poor = 0-6, intermediate

of cardiovascular disease. In addition, in the young-
old group, those scoring higher on LS7 were more
likely to be female.

The mean for the total LS7 score was 7.6 (SD=1.9)
and the range was 1-13; thus, there were no partic-
ipants with either a minimum (0) or maximum (14)
number of points. On average, participants had 2.4
(SD=1.1) metrics at an optimal level. The distri-
butions for the individual metrics are displayed in
Table 2. The metric with the largest proportion of par-
ticipants in the optimal group was smoking (79.0%),
followed by plasma glucose (58.7%). Blood pressure
was the metric with the smallest proportion of par-
ticipants in the optimal group (5.9%). There were
statistically significant differences in the distributions
with regard to the two age groups for all metrics.
There was a higher percentage of young-old individ-
uals in the optimal LS7 group for blood pressure,
physical activity, and glucose. In contrast, old-old
individuals were more likely to have optimal levels
of BMI, smoking, diet, and cholesterol (p <0.05). In
general, these differences were apparent for the com-
parison between “optimal versus poor” and “optimal
versus intermediate”, but not for the “intermediate vs.
poor” group comparison (data not shown).

Total LS7 score

Results from the linear mixed models by LS7 ter-
tiles are presented in Table 3. Overall, the results
indicate a positive association between LS7 group
and cognition for the total sample. Better baseline
LS7 was associated with significantly better perfor-
mance in perceptual speed (intermediate versus poor
and optimal versus poor), where persons in the opti-
mal group performed on average 0.21 SD units better
at baseline compared to those in the poor group.
Less pronounced, although significant effects, were
observed for verbal fluency and global cognition
(optimal versus poor).

There was a significant interaction between age
and LS7 group with regard to performance level
for perceptual speed (p=0.04 for intermediate ver-
sus poor and p=0.02 for optimal versus poor) and
rate of change in episodic memory (p =0.02 for opti-
mal versus poor) and global cognition (p=0.02 for
optimal versus poor). Therefore, we repeated the
analysis in age-stratified groups. The old-old gen-
erally exhibited poorer cognitive performance and
faster decline in comparison to the young-old. How-
ever, the association between LS7 and cognition
was more pronounced in the young-old than in the
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Table 3

Estimates from linear mixed models by LS7 tertiles for the total sample (n=1,950), young-old (n=1,336), and old-old (n=614). Beta
coefficients together with 95 % confidence intervals represent mean baseline performance and rate of decline for the poor group. For the
intermediate and optimal group, coefficients represent intercept differences and differences in rate of change compared to the poor group

Episodic memory

Semantic memory

Verbal fluency

Perceptual speed

Global cognition

Total sample

poor level —-0.15 [-0.23, -0.08] -0.06 [-0.18, —0.04]
change -0.04 [-0.05,-0.03] -0.03 [-0.04,-0.02]

intermediate  level —-0.03 [-0.12, 0.05] 0.03 [-0.07, 0.13]
change  0.01 [0.00, 0.02] -0.01 [-0.01, 0.00]

optimal level -0.02 [-0.11,0.07] -0.02 [-0.12, 0.09]
change 0.01 [-0.01, 0.02] 0.01 [0.00, 0.02]

Young-old (60-72y)

poor level -0.15 [-0.24, -0.06] -0.10 [-0.22, -0.05]
change -0.04 [-0.05,-0.03] -0.02 [-0.03, -0.02]

intermediate  level —-0.02 [-0.13, 0.08] 0.08 [-0.04, 0.21]
change  0.01 [0.00, 0.03]* 0.00 [-0.01, 0.01]

optimal level -0.04 [-0.15,0.07]  0.02 [-0.10, 0.15]
change 0.01 [0.00, 0.03]* 0.01 [0.00, 0.02]

Old-old (>78y)

poor level -0.16 [-0.31,-0.01]  0.00 [-0.19, 0.09]
change -0.06 [-0.08,-0.04] -0.06 [-0.07, -0.04]

intermediate  level -0.06 [-0.21, 0.10] —0.06 [-0.24, 0.11]
change  0.00[-0.03,0.03] -0.02 [-0.04, 0.01]

optimal level 0.04 [-0.13,0.21]  -0.08 [-0.27, 0.10]
change -0.02 [-0.05,0.01]  0.00 [-0.03, 0.03]

—0.11 [-0.18, -0.04]
-0.04 [-0.04, -0.03]
0.06 [-0.02, 0.14]
0.00 [0.00, 0.01]
0.08 [0.00, 0.16]*
0.00 [0.00, 0.01]

-0.13 [-0.22, -0.05]
-0.03 [-0.04, -0.02]
0.09 [-0.01, 0.19]
0.01 [0.00, 0.01]
0.14 [0.04, 0.24]**
0.00 [0.00, 0.01]

—0.05 [-0.19, 0.09]
-0.08 [-0.09, —0.06]
-0.02 [-0.16, 0.13]
0.00 [-0.02, 0.02]
—-0.03 [-0.19, 0.12]
0.00 [-0.02, 0.02]

-0.18 [-0.25, -0.11]
-0.06 [-0.06, —0.05]
0.13 [0.05, 0.217**
0.00 [-0.01, 0.01]
0.21 [0.12, 0.29]***
0.00 [-0.01, 0.01]

-0.21 [-0.30, -0.13]
-0.06 [-0.06, —0.05]
0.20 [0.10, 0.30]***
0.00 [-0.01, 0.01]
0.30 [0.20, 0.41]**
0.00 [-0.01, 0.01]

-0.11 [-0.28, 0.05]
-0.09 [-0.11, -0.07]
0.00 [-0.16, 0.17]
-0.01 [-0.04, 0.01]
0.07 [-0.11, 0.25]
-0.02 [-0.04, 0.01]

-0.12 [-0.17, -0.07]
-0.04 [-0.05, -0.04]
0.04 [-0.02, 0.10]
0.00 [-0.01, 0.01]
0.06 [0.00, 0.12]*
0.01 [0.00, 0.01]

-0.15 [-0.21, -0.08]
-0.04 [-0.04, —0.03]
0.08 [0.01, 0.16]*
0.01 [0.00, 0.01]
0.10 [0.03, 0.18]**
0.01 [0.00, 0.02]*

-0.07 [-0.18, 0.04]
-0.07 [-0.09, -0.06]
-0.03 [-0.15, 0.08]
-0.01 [-0.03, 0.01]
0.00 [-0.12, 0.12]
-0.01 [-0.03, 0.01]

*p<0.05, *p<0.01, **p <0.001. Adjusted for sex, age, and education.

old-old. We observed significant positive associations
between LS7 and level of performance for verbal
fluency, perceptual speed, and global cognition in
the young-old. Furthermore, a higher LS7 score was
associated with slower decline in episodic memory
and global cognition in this age group, where per-
sons in the optimal group exhibited on average 0.01
SD units/year slower decline compared to those in the
poor group. No statistically significant results were
found neither for level nor for rate of change in the
old-old group (see Table 3).

We also tested for potential interaction effects
between sex and LS7 group. One significant effect
was observed with regard to performance level for
verbal fluency (p=0.038 for optimal versus poor).
Stratified analyses showed that the beneficial effect of
being in the optimal group was present only for men
(»<0.01), whereas no such effect was observed for
women (p=0.72). No significant interactions were
found for sex and LS7 group with regard to perfor-
mance change (data not shown).

Individual LS7 metrics

Results concerning the individual LS7 metrics are
displayed in Table 4. The most common finding was
a positive association between a higher score and
better cognition in the total sample. An exception

was total serum cholesterol, where better levels were
associated with both lower performance and faster
cognitive decline. Somewhat unexpectedly, interme-
diate levels of smoking and diet were associated with
faster semantic memory decline compared to the poor
group. In contrast, having an intermediate or opti-
mal blood pressure score was associated with slower
decline for all cognitive domains. Similarly, a better
plasma glucose score was associated with better per-
formance in verbal fluency and perceptual speed and
slower decline in semantic memory, verbal fluency,
and global cognition.

We also explored the associations between indi-
vidual LS7 metrics and cognitive performance for the
two age groups (Table 5). In the young-old group, the
pattern resembled that of the total sample. The most
pronounced associations were observed for glucose,
where lower plasma glucose levels were associated
with slower decline in all cognitive domains, except
of episodic memory, which was borderline significant
(p=0.07 for intermediate versus poor and p=0.08
for optimal versus poor). In contrast, better total
serum cholesterol levels were associated with faster
decline in episodic memory and global cognition,
similar to what was observed in the total sample. For
the old-old, there were fewer significant associations
and most often they reflected a negative associ-
ation between a higher LS7 score and cognition.
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Estimates from the linear mixed models by LS7 tertiles for 7 individual metrics for the total sample. Beta coefficients together with 95 %
confidence intervals represent mean baseline performance and rate of decline for the poor group. For the intermediate and optimal group,
coefficients represent intercept differences and differences in rate of change compared to the poor group

LS7 metrics

poor

intermediate

optimal

Smoking (n=1,950)
episodic memory

semantic memory
verbal fluency
perceptual speed
global cognition

Diet (n=1,879)
episodic memory

semantic memory
verbal fluency
perceptual speed
global cognition

Physical activity (n=1,929)
episodic memory

semantic memory
verbal fluency
perceptual speed
global cognition

Body mass index (n=1,948)
episodic memory

semantic memory
verbal fluency
perceptual speed
global cognition

Plasma glucose (n=1,950)
episodic memory

semantic memory
verbal fluency
perceptual speed

global cognition

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

-0.23 [-0.33, -0.13]
-0.04 [-0.06, —0.03]
0.01 [-0.14, 0.04]
-0.02 [-0.03, -0.01]
—0.05 [-0.14, 0.04]
-0.04 [-0.04, -0.03]
-0.26 [-0.35, -0.16]
-0.06 [-0.07, -0.05]
-0.12 [-0.19, -0.05]
—-0.04 [-0.05, —0.03]

-0.18 [-0.25, -0.10]
-0.03 [-0.04, -0.02]
-0.12 [-0.19, -0.05]
-0.02 [-0.03, -0.02]
-0.12 [-0.19, -0.05]
-0.03 [-0.04, -0.03]
-0.10 [-0.17, -0.02]
—0.05 [-0.06, —0.04]
-0.12 [-0.17, -0.06]
—0.04 [-0.04, —0.03]

-0.20 [-0.29, -0.11]
-0.04 [-0.05, -0.03]
-0.11 [-0.28, -0.12]
-0.03 [-0.04, -0.02]
-0.20 [-0.28, -0.12]
—0.03 [-0.04, —0.02]
-0.19 [-0.27, -0.10]
—0.05 [-0.06, —0.04]
-0.17 [-0.23, -0.11]
-0.04 [-0.05, —0.03]

-0.15 [-0.25, -0.05]
-0.03 [-0.05, —0.02]
-0.11 [-0.21, -0.02]
—0.03 [-0.04, —0.02]
-0.12 [-0.21, -0.02]
-0.03 [-0.04, —0.03]
-0.18 [-0.27, -0.09]
-0.06 [-0.06, —0.05]
-0.13 [-0.20, -0.07]
-0.04 [-0.05, —0.03]

-0.08 [-0.20, 0.05]
-0.04 [-0.06, —0.03]
-0.14 [-0.28, -0.05]
-0.04 [-0.05, —0.03]
-0.17 [-0.28, —0.05]
—0.05 [-0.06, —0.04]
-0.23 [-0.35, -0.12]
-0.06 [-0.08, —0.05]
-0.15 [-0.23, -0.06]
—0.05 [-0.06, —0.04]

-0.06 [-0.23, 0.12]
0.02 [0.00, 0.05]
0.05 [-0.14, 0.25]

—0.02 [-0.04, 0.00]*
0.00 [-0.16, 0.16]
0.00 [-0.01, 0.02]
0.11 [-0.04, 0.27]
0.01 [-0.01, 0.03]
0.04 [-0.07, 0.16]
0.00 [-0.01, 0.02]

0.04 [-0.04, 0.12]
-0.01 [-0.02, 0.01]
0.13 [0.04, 0.23]**
-0.01 [-0.02, 0.007*
0.10 [0.02, 0.17]*
0.00 [-0.01, 0.00]
0.06 [-0.01, 0.13]
-0.01 [-0.01, 0.00]
0.08 [0.02, 0.13]**
-0.01 [-0.01, 0.00]

0.06 [-0.04, 0.15]
0.00 [-0.01, 0.01]
0.12 [0.01, 0.23]*
0.00 [-0.01, 0.01]
0.17 [0.08, 0.26]***
-0.01 [-0.02, 0.00]
0.12[0.04, 0.217**
-0.01 [-0.02, 0.00]
0.12 [0.05, 0.18]***
0.00 [-0.01, 0.00]

-0.01 [-0.11, 0.10]
0.00 [-0.02, 0.01]
0.08 [-0.04, 0.21]
0.00 [-0.01, 0.01]
0.07 [-0.02, 0.17]
0.00 [-0.01, 0.01]
0.14 [0.04, 0.24]**
0.00 [-0.01, 0.01]
0.07 [0.00, 0.15]*
0.00 [-0.01, 0.01]

-0.10 [-0.24, 0.04]
0.00 [-0.02, 0.02]
0.07 [-0.08, 0.23]
0.01 [-0.01, 0.02]
0.14 [0.01, 0.26]*
0.00 [-0.01, 0.02]
0.17 [0.04, 0.291**
0.00 [-0.01, 0.02]
0.06 [-0.03, 0.16]
0.00 [-0.01, 0.01]

0.08 [-0.02, 0.18]
0.01 [-0.01, 0.02]
—-0.09 [-0.20, 0.03]
-0.01 [-0.02, 0.01]
—-0.02 [-0.11, 0.08]
0.00 [-0.01, 0.01]
0.23 [0.14, 0.32]***
0.00 [-0.01, 0.01]
0.05 [-0.02, 0.11]
0.00 [-0.01, 0.01]

—-0.06 [-0.18, 0.06]
0.00 [-0.02, 0.01]
0.02 [-0.12, 0.16]
-0.01 [-0.02, 0.01]
0.10 [-0.01, 0.21]
-0.01 [-0.02, 0.00]
0.02 [-0.09, 0.13]
0.00 [-0.02, 0.01]
0.01 [-0.07, 0.09]
0.00 [-0.01, 0.01]

0.02 [-0.09, 0.12]
0.01 [-0.01, 0.02]
—-0.02 [-0.14, 0.11]
0.00 [-0.01, 0.01]
0.18 [0.08, 0.27]***
0.00 [-0.01, 0.01]
0.20 [0.10, 0.30]***
0.00 [-0.01, 0.01]
0.10 [0.03, 0.17]**
0.00 [-0.01, 0.01]

—0.04 [-0.14, 0.07]
—-0.01 [-0.02, 0.01]
0.05 [-0.07, 0.17]
0.01 [0.00, 0.02]
0.05 [-0.05, 0.15]
0.00 [-0.01, 0.01]
0.12 [0.02, 0.217*
0.00 [-0.01, 0.01]
0.04 [-0.03, 0.12]
0.00 [-0.01, 0.01]

-0.10 [-0.23, 0.03]
0.01 [-0.01, 0.03]
0.11 [-0.04, 0.26]
0.02 [0.00, 0.03]*
0.11 [-0.01, 0.23]
0.02 [0.01, 0.03]**
0.20 [0.08, 0.32]**
0.01 [0.00, 0.02]
0.08 [-0.01, 0.17]
0.01 [0.00, 0.02]*

(Continued)
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LS7 metrics

poor

intermediate

optimal

Total serum cholesterol (n=1,941)

episodic memory level
change
semantic memory level
change
verbal fluency level
change
perceptual speed level
change
global cognition level
change
Blood pressure (n=1,941)
episodic memory level
change
semantic memory level
change
verbal fluency level
change
perceptual speed level
change
global cognition level
change

-0.17 [-0.24, -0.10]
—0.03 [-0.04, -0.03]
0.01 [-0.09, 0.04]
-0.03 [-0.03, -0.02]
-0.02 [-0.09, 0.04]
—0.03 [-0.04, —0.03]
-0.05 [-0.12, 0.01]
—0.05 [-0.06, —0.05]
-0.06 [-0.11, -0.01]
—0.04 [-0.04, —0.03]

-0.15 [-0.21, -0.09]
—0.04 [-0.05, -0.03]
-0.06 [-0.11, 0.00]
—0.03 [-0.04, —0.03]
—0.05 [-0.11, 0.00]
—0.04 [-0.04, —0.03]
-0.07 [-0.13, -0.02]
—0.06 [-0.06, —0.05]
—0.08 [-0.12, -0.04]
—0.04 [-0.05, -0.04]

0.01 [-0.07, 0.08]
-0.01 [-0.02, 0.00]
-0.11 [-0.20, -0.03]*
0.00 [-0.01, 0.01]
—-0.07 [-0.14, 0.00]*
0.00 [-0.01, 0.00]
-0.01 [-0.08, 0.06]
-0.01 [-0.01, 0.00]
-0.05 [-0.10, 0.00]
0.00 [-0.01, 0.00]

-0.05 [-0.12, 0.03]
0.01 [0.00, 0.02]*
0.03 [-0.06, 0.12]
0.01 [0.00, 0.02]*
-0.03 [-0.10, 0.04]
0.01 [0.00, 0.02]*
0.00 [-0.07, 0.08]
0.00 [-0.01, 0.01]
0.00 [-0.06, 0.05]
0.01 [0.00, 0.017*

-0.02 [-0.13, 0.09]
-0.01 [-0.02, 0.01]
-0.04 [-0.16, 0.09]
-0.01 [-0.02, 0.01]
-0.02 [-0.12, 0.08]
-0.01 [-0.02, 0.007*
-0.04 [-0.14, 0.06]
-0.01 [-0.02, 0.00]*
-0.03 [-0.11, 0.04]
-0.01 [-0.02, 0.00]*

-0.03 [-0.19, 0.12]
0.00 [-0.02, 0.02]
-0.02 [-0.20, 0.15]
0.01 [0.00, 0.03]
-0.01 [-0.15, 0.13]
0.01 [0.00, 0.02]
0.07 [-0.07, 0.21]
0.02 [0.00, 0.037*
0.01 [-0.09, 0.11]
0.01 [0.00, 0.02]*

*p<0.05, *p<0.01, **p <0.001. Adjusted for sex, age, and education.

The exception was physical activity, where more
active individuals tended to have better cognitive
performance, and blood pressure, where individuals
in the optimal group had better performance on the
semantic memory task. By contrast, better levels of
BMI, smoking, and plasma glucose were associated
with faster cognitive decline.

Supplementary analysis

Performance for the optimal group was largely
similar to that of the intermediate group (data not
shown). However, in some instances, the optimal
group outperformed the intermediate group (p=
0.045 for perceptual speed performance, p=0.003
for semantic memory decline). Also, for individual
metrics, performance for the intermediate and opti-
mal groups was generally similar, with the exception
of physical activity and plasma glucose, where those
in the optimal group outperformed the intermediate
group in verbal fluency and global cognitive decline.

After excluding those with a history of car-
diovascular disease at baseline (n=320), only the
association between the LS7 total score and percep-
tual speed remained significant in the total sample.
However, the associations in the young-old group
remained largely the same (Supplementary Table 1).
As for individual metrics, the associations between
plasma glucose and cognition no longer remained

significant (Supplementary Table 2). Again, the
pattern of results from the age stratified analyses
resembled that of the original sample.

DISCUSSION

In this prospective cohort study of individuals 60
years and older, a higher L.S7 score was overall asso-
ciated with higher levels of processing speed, verbal
fluency, and global cognitive performance. An impor-
tant finding was that the patterns for younger and
older individuals differed. Belonging to the optimal
orintermediate LS7 groups was associated with better
performance and slower rate of cognitive decline only
in young-old participants. Different patterns were
also observed depending on which LS7 metric was
examined.

None of the participants met optimal criteria on all
seven metrics, which is consistent with other studies
reporting a prevalence of less than 1% in the optimal
group for all metrics [14, 15, 28]. Itis noteworthy that,
although increasing age was associated with a numer-
ically lower score, the mean LS7 score (M =7.5)
was virtually identical for the young-old and old-old
age groups. A similar study targeting middle-aged
individuals reported the same mean score as in our
sample [19], whereas other studies reported higher
means [15, 16]. This suggests that the cardiovascu-
lar health of our sample, especially the older age



Table 5

Estimates from linear mixed models by LS7 tertiles for 7 individual metrics for the for young-old (N =1,368) and old-old (N=654). Beta coefficients together with 95 % confidence intervals
represent mean baseline performance and rate of decline for the poor group. For the intermediate and optimal group, coefficients represent intercept differences and differences in rate of change
compared to the poor group

Young-old (60-72y)

Old-old (>78y)

poor

intermediate

optimal

poor

intermediate

optimal

Smoking (n=1,950)
episodic memory

semantic memory
verbal fluency
perceptual speed
global cognition

Diet (n=1,879)
episodic memory

semantic memory
verbal fluency
perceptual speed

global cognition

Physical activity (n=1,929)

episodic memory
semantic memory
verbal fluency
perceptual speed

global cognition

Body mass index (n=1,948)

episodic memory
semantic memory
verbal fluency
perceptual speed

global cognition

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

~0.21 [~0.32, -0.10]
~0.05 [-0.06, —0.03]
~0.03 [-0.15, 0.06]
~0.02 [~0.03, —0.01]
~0.04 [-0.15, 0.06]
-0.03 [-0.04, —0.02]
-0.27 [-0.38, -0.16]
-0.06 [~0.07, —0.05]
~0.13 [0.21, -0.05]
~0.04 [-0.05, —0.04]

~0.16 [-0.25, —0.07]
~0.03 [~0.04, —0.02]
20.16 [0.21, —0.04]
-0.02 [~0.03, -0.01]
~0.12 [-0.21, -0.04]
~0.02 [-0.03, —0.02]
~0.10 [~0.19, —0.01]
~0.05 [-0.05, —0.04]
~0.13 [-0.19, —0.07]
~0.03 [-0.04, —0.03]

~0.11 [-0.23, 0.00]
-0.04 [-0.06, -0.03

1
]
]
-0.19 [-0.30, -0.09]
-0.02 [-0.03, -0.01]
-0.19 [-0.30, -0.08]
-0.05 [-0.06, —0.04]
-0.14 [-0.22, -0.06]
-0.03 [-0.04, —-0.03]

-0.14 [0.26, -0.02]
-0.04 [-0.05, —0.02]
-0.21 [-0.23, 0.00]
~0.03 [-0.04, —0.02]
~0.11 [-0.23, 0.00]
~0.03 [~0.04, —0.02]
~0.22 [-0.34, -0.11]
-0.05 [-0.06, —0.04]
-0.17 [-0.25, -0.08]
~0.04 [-0.04, —0.03]

~0.03 [-0.22, 0.17]
0.04 [0.01, 0.06]**
0.14 [-0.09, 0.36]
~0.01 [-0.03, 0.00]
0.06 [-0.12, 0.24]
0.00 [-0.01, 0.02]
0.23 [0.04, 0.42]*
0.01 [-0.01, 0.03]
0.10 [-0.03, 0.23]
0.01 [0.00, 0.02]

0.00 [-0.09, 0.10]
0.00 [-0.02, 0.01]
0.17 [0.06, 0.29]**
0.00 [-0.01, 0.01]
0.10 [0.01, 0.19]*
0.00 [-0.01, 0.01]
0.08 [-0.02, 0.18]
~0.01 [0.02, 0.00]
0.09 [0.02, 0.16]**
0.00 [-0.01, 0.00]

~0.05 [-0.17, 0.08]
0.01 [0.00, 0.03]
0.09 [-0.06, 0.23]
0.00 [-0.01, 0.01]
0.16 [0.04, 0.27]*

~0.01 [~0.02, 0.00T*
0.13 [0.01, 0.26]*
0.00 [-0.01, 0.01]
0.08 [0.00, 0.17]
0.00 [-0.01, 0.01]

~0.03 [-0.16, 0.10]
0.01 [-0.01, 0.02]
0.19 [0.04, 0.33]*
0.00 [-0.01, 0.01]
0.06 [-0.06, 0.18]
0.00 [-0.01, 0.01]
0.21 [0.08, 0.34]**
0.00 [-0.01, 0.01]
0.10 [0.01, 0.19]*
0.00 [-0.01, 0.01]

0.06 [-0.06, 0.17]
0.02 [0.00, 0.03]*
~0.06 [-0.20, 0.07]
0.00 [-0.01, 0.01]
~0.03 [~0.13, 0.08]
0.01 [0.00, 0.02]
0.27 [0.16, 0.38]"**
0.01 [0.00, 0.02]
0.05 [-0.02, 0.13]
0.01 [0.00, 0.02]**

~0.07 [-0.22, 0.08]
0.00 [-0.02, 0.02]
0.05 [-0.12, 0.23]
0.00 [-0.01, 0.01]
0.13 [-0.01, 0.27]
-0.01 [-0.02, 0.00]
0.10 [-0.05, 0.25]
~0.01 [-0.02, 0.01]
0.05 [-0.05, 0.15]
0.00 [-0.01, 0.01]

~0.11 [~0.24, 0.02]
0.02 [0.00, 0.03]*
-0.05 [-0.20, 0.10]
-0.01 [-0.02, 0.01]
0.18 [0.06, 0.30]*
~0.01 [~0.02, 0.00]
0.23 [0.10, 0.36]***
0.00 [-0.02, 0.01]
0.06 [~0.03, 0.15]
0.00 [-0.01, 0.01]

-0.06 [~0.19, 0.07]
0.01 [-0.01, 0.02]
0.17 [0.02, 0.32]*
0.01 [0.00, 0.02]
0.08 [-0.04, 0.20]
0.01 [0.00, 0.02]
0.19 [0.07, 0.32]**
0.00 [-0.01, 0.01]
0.09 [0.00, 0.18]*
0.01 [0.00, 0.01]

~0.31 [-0.54, —0.08]
~0.03 [-0.08, 0.02]
0.18 [-0.21, 0.21]
~0.06 [~0.10, —0.02]
0.00 [-0.21, 0.21]
-0.09 [-0.12, —0.05]
-0.16 [-0.41, 0.09]
~0.11 [-0.15, -0.06]
~0.08 [-0.25, 0.08]
~0.07 [-0.10, —0.04]

~0.19 [-0.36, —0.03]
~0.07 [~0.09, —0.04]
0.01 [-0.22, 0.09]
-0.05 [-0.07, —0.03]
-0.07 [-0.22, 0.09]
~0.08 [-0.10, —0.07]
~0.03 [-0.21, 0.15]
~0.11 [-0.14, -0.09]
~0.05 [0.17, 0.07]
~0.08 [-0.10, —0.07]

~0.34 [-0.50, -0.18]
-0.04 [-0.07, —0.02]
-0.15 [-0.40, -0.10]
-0.07 [~0.09, —0.05]
~0.25 [-0.40, -0.10]
~0.08 [-0.09, —0.06]
-0.24 [-0.42, —0.07]
~0.09 [-0.12, —0.07]
~0.24 [-0.35, -0.12]
~0.07 [~0.09, —0.05]

~0.20 [-0.40, —0.01]
~0.03 [0.06, 0.00]
0.06 [-0.29, 0.07]
~0.06 [~0.09, —0.04]
~0.11 [-0.29, 0.07]
~0.06 [~0.08, —0.03]
~0.08 [-0.29, 0.12]
-0.09 [-0.12, -0.07]
-0.09 [-0.23, 0.05]
~0.06 [~0.08, —0.04]

~0.10 [-0.51, 0.31]
~0.10 [-0.19, —0.01]*
~0.22 [-0.67, 0.24]
~0.09 [-0.17, —0.02]*
~0.27 [-0.65, 0.10]
-0.01 [-0.08, 0.05]
-0.33 [-0.77,0.11]
-0.01 [~0.09, 0.07]
~0.16 [-0.45, 0.14]
~0.05 [-0.11, 0.00]

0.09 [-0.07, 0.25]
0.00 [-0.03, 0.03]
0.01 [-0.16, 0.18]

-0.01 [-0.04, 0.01]
0.05 [-0.10, 0.20]
0.01 [-0.01, 0.03]

~0.02 [-0.19, 0.16]
0.01 [-0.01, 0.04]
0.03 [-0.09, 0.14]
0.00 [-0.02, 0.02]

0.22 [0.06, 0.37]**
-0.03 [-0.06, 0.00]
0.14 [-0.04, 0.31]
0.01 [-0.01, 0.04]
0.23 [0.08, 0.37]**
0.00 [-0.03, 0.02]
0.17 [0.01, 0.34]*
~0.02 [-0.05, 0.01]
0.19 [0.07, 0.30]**
~0.01 [~0.03, 0.01]

0.06 [-0.14, 0.26]
~0.04 [0.07, 0.00]*
~0.11 [-0.34, 0.12]

0.00 [-0.03, 0.03]

0.12 [-0.07, 0.31]
~0.03 [-0.05, 0.00]*

0.03 [<0.19, 0.24]
-0.01 [-0.04, 0.02]

0.04 [<0.11, 0.18]
—0.02 [-0.04, 0.00]

0.16 [-0.06, 0.39]
~0.04 [0.09, 0.01]
~0.26 [-0.51, -0.01]*
0.00 [-0.04, 0.04]
~0.07 [<0.27, 0.14]
0.01 [-0.02, 0.04]
0.10 [-0.14, 0.34]
0.00 [-0.04, 0.05]
0.00 [-0.16, 0.16]
0.00 [-0.04, 0.03]

~0.08 [-0.30, 0.14]
0.00 [-0.04, 0.04]
~0.12 [-0.36, 0.12]
-0.02 [-0.05, 0.02]
0.01 [-0.19, 0.22]
0.01 [-0.02, 0.04]
~0.18 [-0.42, 0.05]
0.01 [-0.02, 0.05]
~0.11 [-0.27, 0.04]
0.00 [-0.02, 0.03]

0.31[0.11, 0.517*
-0.02 [0.06, 0.01]
0.05 [-0.19, 0.28]
0.01 [-0.02, 0.04]
0.25 [0.06, 0.447*
0.01 [-0.01, 0.04]
0.26 [0.04, 0.48]*
0.00 [-0.03, 0.04]
0.22 [0.07, 0.37]**
0.00 [-0.03, 0.02]

0.03 [-0.17, 0.22]
~0.04 [~0.08, —0.01]*
~0.17 [0.39, 0.06]
0.00 [-0.03, 0.03]
~0.02 [-0.20, 0.17]
~0.02 [-0.05, 0.00]
~0.04 [-0.25, 0.18]
-0.01 [-0.04, 0.02]
~0.03 [-0.18,0.11]
-0.03 [-0.05, 0.00]*

(Continued)
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Table 5
(Continued)

Young-old (60-72y)

Old-old (=78y)

poor

intermediate

optimal

poor

intermediate

optimal

Plasma glucose (n=1,950)

episodic memory
semantic memory
verbal fluency
perceptual speed

global cognition

Total serum cholesterol (n=1,941)

episodic memory
semantic memory
verbal fluency
perceptual speed

global cognition

Blood pressure (n=1,941)

episodic memory
semantic memory
verbal fluency
perceptual speed

global cognition

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

level
change
level
change
level
change
level
change
level
change

—0.11 [-0.26, 0.05]
~0.05 [-0.07, —0.03]
~0.17 [-0.35, —0.06]
~0.04 [-0.06, —0.03]
~0.21 [-0.35, -0.06]
~0.04 [-0.06, —0.03]
~0.28 [-0.44, -0.13]
~0.08 [-0.09, —0.06]
-0.19 [-0.30, —0.08]
~0.05 [-0.06, —0.04]

-0.17 [-0.26, —0.09]
~0.02 [-0.03, —0.02]
~0.03 [0.12, 0.04]
-0.02 [-0.02, —0.01]
~0.04 [0.12, 0.04]
~0.02 [-0.03, —0.02]
~0.05 [-0.14, 0.03]
~0.05 [-0.06, —0.04]
~0.07 [-0.13, -0.01]
~0.03 [-0.03, —0.03]

-0.16 [-0.24, —0.09]
~0.03 [-0.04, —0.03]
~0.08 [-0.14, 0.00]
-0.02 [-0.03, -0.02]
~0.07 [-0.14, 0.00]
~0.03 [-0.03, —0.02]
~0.08 [-0.15, -0.01]
~0.06 [-0.06, —0.05]
~0.10 [=0.15, —0.04]
~0.04 [-0.04, —0.03]

~0.10 [-0.27, 0.08]
0.02 [0.00, 0.05]
0.09 [-0.11, 0.30]
0.02 [0.01, 0.04]**
0.16 [0.00, 0.32]
0.01 [0.00, 0.03]
0.23 [0.05, 0.40]*
0.02 [0.00, 0.04]*
0.10 [-0.03, 0.22]
0.02 [0.01, 0.03]**

0.01 [-0.09, 0.10]
~0.01 [-0.02, 0.00]*
~0.08 [~0.19, 0.03]

0.00 [-0.01, 0.01]
~0.04 [0.13, 0.04]
~0.01 [-0.01, 0.00]

0.00 [-0.09, 0.09]
~0.01 [-0.02, 0.00]
~0.03 [0.09, 0.04]
~0.01 [-0.01, 0.00]*

-0.03 [-0.12, 0.07]
0.01 [0.00, 0.02]
0.07 [-0.04, 0.18]
0.00 [0.00, 0.01]
0.02 [-0.06, 0.11]
0.01 [0.00, 0.01]
0.06 [-0.03, 0.15]
0.00 [-0.01, 0.01]
0.03 [-0.03, 0.10]
0.01 [0.00, 0.01]

-0.06 [0.23,0.11]
0.02 [0.00, 0.04]
0.13 [-0.06, 0.33]
0.02 [0.01, 0.04]**
0.17 [0.02, 0.33]*
0.02 [0.01, 0.03]**
0.29 [0.12, 0.45]*
0.02 [0.01, 0.04]**
0.13 [0.02, 0.25]*

0.02 [0.01, 0.03]"*

0.03 [<0.12, 0.17]
~0.01 [-0.02, 0.01]
0.01 [-0.15, 0.17]
-0.01 [-0.02, 0.01]
0.00 [-0.13, 0.13]
~0.01 [~0.02, 0.00]
~0.01 [-0.15, 0.13]
~0.01 [-0.02, 0.01]
0.01 [-0.09, 0.10]
~0.01 [~0.01, 0.00]

0.03 [-0.14, 0.20]
0.00 [-0.02, 0.02]
~0.08 [-0.28, 0.12]
0.01 [-0.01, 0.02]
0.02 [-0.14, 0.18]
0.00 [-0.01, 0.02]
0.11 [-0.06, 0.28]
0.01 [0.00, 0.03]*
0.02 [-0.09, 0.14]
0.01 [0.00, 0.02]

-0.06 [-0.28, 0.17]
~0.04 [-0.07, 0.00]
~0.18 [-0.35, 0.06]
-0.04 [-0.07, —0.01]
~0.14 [-0.35, 0.06]
~0.07 [=0.10, —0.04]
-0.24 [-0.49, 0.00]
~0.06 [-0.10, —0.03]
-0.13 [-0.30, 0.03]
~0.05 [-0.08, —0.03]

-0.15 [-0.29, —0.01]
~0.07 [~0.09, —0.05]
0.07 [-0.11, 0.16]
-0.07 [-0.08, —0.05]
0.02 [-0.11, 0.16]
~0.07 [~0.09, —0.06]
-0.04 [-0.19, 0.11]
~0.09 [-0.11, —0.08]
~0.02 [-0.12, 0.09]
~0.08 [~0.09, —0.07]

-0.15 [-0.26, —0.04]
~0.06 [~0.08, —0.05]
~0.07 [~0.14, 0.07]
-0.06 [-0.07, —0.05]
~0.03 [-0.14, 0.07]
~0.07 [~0.08, —0.06]
-0.07 [-0.20, 0.05]
~0.10 [-0.11, —0.08]
~0.08 [-0.16, 0.01]
~0.08 [~0.09, —0.07]

-0.09 [-0.33, 0.14]
~0.05 [~0.09, 0.007*
0.11 [-0.15, 0.37]
~0.02 [-0.06, 0.01]
0.12 [-0.09, 0.33]
~0.02 [0.05, 0.02]
0.16 [-0.09, 0.41]
~0.04 [-0.08, —0.01]*
0.06 [-0.11, 0.22]
~0.03 [~0.06, —0.01]*

0.01 [<0.13, 0.15]
0.00 [-0.02, 0.03]
~0.20 [~0.35, —0.04]*
0.01 [-0.01, 0.03]
~0.15 [-0.28, -0.02]*
0.00 [-0.02, 0.02]
~0.05 [0.19, 0.10]
~0.01 [-0.03, 0.01]
~0.10 [-0.20, 0.00]
0.00 [-0.01, 0.02]

~0.04 [-0.19, 0.11]
~0.01 [-0.03, 0.02]
0.00 [-0.17, 0.17]
0.00 [-0.03, 0.02]
~0.14 [-0.27, 0.00]
~0.01 [-0.03, 0.01]
~0.08 [-0.24, 0.08]
~0.02 [-0.05, 0.01]
~0.06 [-0.17, 0.05]
—0.01 [-0.03, 0.01]

-0.14 [-0.37, 0.08]
~0.03 [0.07, 0.01]
0.16 [-0.09, 0.41]
-0.02 [-0.06, 0.01]
0.06 [-0.15, 0.26]
0.00 [-0.03, 0.03]
0.17 [-0.07, 0.41]
~0.04 [-0.08, 0.00]*
0.05 [-0.12, 0.21]
~0.02 [~0.05, 0.00]

-0.11 [~0.30, 0.08]
0.00 [-0.04, 0.03]
~0.14 [-0.35, 0.08]
0.00 [-0.03, 0.03]
~0.11 [-0.29, 0.06]
~0.01 [0.04, 0.01]
—0.11 [0.32, 0.09]
~0.03 [-0.06, 0.00]
~0.12 [-0.26, 0.01]
~0.01 [-0.03, 0.01]

-0.18 [-0.56, 0.20]
~0.04 [-0.11, 0.03]
0.44 [0.01, 0.86]*
0.00 [-0.06, 0.06]
0.05 [-0.29, 0.40]
~0.03 [~0.08, 0.02]
0.13 [-0.27, 0.53]
~0.03 [-0.10, 0.03]
0.10 [<0.17, 0.37]
-0.02 [0.07, 0.02]

*p<0.05, *p<0.01, **p<0.001. Adjusted for sex, age, and education.
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group, is relatively good. Smoking was the metric
with the highest proportion of individuals in the opti-
mal group (79.1%). This is consistent with several
other studies, reporting a range from 47% to 84%
of participants satisfying optimal criteria for smok-
ing [29-31]. Blood pressure was the metrics with
the smallest proportion of individuals in the optimal
group, especially for the old-old. Other studies have
reported similar prevalence [14, 32], as well as large
age differences regarding the proportion of individu-
als in the optimal blood pressure group [33].

Total LS7 score

Adherence to the LS7 recommendations has been
linked to lower risk of stroke and heart failure [29,
30], fewer incident cardiovascular events [34], and
lower mortality [35, 36]. Better cardiovascular health
scores have further been associated with lower risk
of incident cognitive impairment [19] and dementia
[16]. With regard to cognition, a cross-sectional study
observed an association between the LS7 total score
and 7 out of 8 measures of cognitive performance.
Similarly, a higher number of ideal LS7 metrics was
associated with better global cognition [28].

Only a few studies have explored the association
between LS7 and rate of cognitive change. In one
study, midlife cardiovascular health was associated
with better global cognition and slower cognitive
decline across 20 years [15]. A study by Gardener
et al. [14], where the sample mean age was similar to
ours, reported that number of ideal LS7 metrics was
associated with slower decline in processing speed
and, to a lesser extent, episodic memory and executive
function across 6 years of follow-up. In this study, we
found the strongest associations for perceptual speed.
This finding fits well with the cross-sectional findings
by Gardener et al. although, in contrast to that study,
we did not observe any association between the LS7
total score and rate of perceptual speed decline.

An additional aim of our study was to examine
potentially different patterns for younger and older
age groups. LS7 has so far mostly been applied to
midlife populations, either exploring the link with
dementia [16, 32, 37] or cognition [15, 19, 38]. How-
ever, Samieri et al. [39] examined the associations of
LS7 with cognitive decline and incident dementia in
an older sample (mean age =73.7 years). They found
that a higher number of metrics at optimal levels and
a higher total LS7 score were related to a slower rate
of decline in global cognition and memory. The lack
of findings for the total sample for rate of cognitive

decline could partly be due to relatively low power in
our study.

Importantly, however, when stratifying the sam-
ple by age, we observed different and sometimes
opposite patterns for the young-old and old-old age
groups. For the young-old, a higher LS7 total score
was associated with slower decline in episodic mem-
ory and global cognition, similar to Samieri et al.
For the old-old individuals, however, the effect was
reversed (although not significant). Thus, all signif-
icant results in the total sample were driven by the
young-old individuals. It is of interest to note that
although the old-old sample in general evidenced a
faster rate of cognitive decline, we cannot account
for this accelerated decline with LS7. This may be
due to 1) the cardiovascular health of the older age
group being similar to that of the younger group, 2)
the association between the LS7 score and cognition
being weaker in the old-old age group.

The cognitive domain most consistently associated
with the LS7 score was perceptual speed. Previous
studies have shown that vascular risk factors may
affect white matter integrity [40], which in turn has
been associated with poorer perceptual speed per-
formance [41, 42]. However, alterations in cerebral
white matter have also been associated with poorer
episodic memory and global cognition [43], which
may explain our observation that a lower LS7 score
was associated with faster decline in these domains.

LS7 individual metrics

Physical activity and diet were associated with the
largest number of cognitive domains in terms of level.
However, better scores in these metrics were not asso-
ciated with slower rates of cognitive decline. For rate
of change, the strongest associations were instead
observed for blood pressure and plasma glucose.

Gardener et al. [14] reported that the association
between optimal LS7 and decline in processing speed
performance was mostly driven by smoking and glu-
cose levels. These two metrics, together with BMI,
were also strongly associated with incident cognitive
impairment [19]. The relatively high proportion of
individuals in the optimal group (79.1%) could be a
reason for the small effects of smoking in our study.
In fact, belonging to the intermediate smoking group
was associated with a faster rate of decline in seman-
tic memory compared to the poor group. A possible
explanation is that participants in the intermediate
group (who stopped smoking in the last 5 years) quit
smoking recently because of health problems and
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experienced faster cognitive decline because of gen-
eral poor health. Consistent with Gardener et al. [14],
we observed significant associations between plasma
glucose levels and rates of cognitive decline. In addi-
tion, better blood pressure values were associated
with slower decline in most cognitive domains.

A possible reason why biological health factors
are more strongly associated with cognitive change
is that ideal levels of health behaviors may be more
unstable and harder to maintain over time [15]. Health
behaviors are furthermore mostly assessed through
self-reports and may therefore be less reliable.

Further examining individual LS7 metrics by the
two age groups partly confirmed the pattern observed
in the total sample. In general, there were more sig-
nificant associations between LS7 and cognition in
young-old, especially for plasma glucose and diet.
For the old-old group, findings of significant asso-
ciations were often in the opposite direction. Better
levels of smoking, BMI, glucose, and cholesterol
were associated with worse cognitive function. Relat-
edly, arecent study found that the association of ideal
LS7 with areduced dementia risk was mainly present
at mid-life, which was explained by age-varying asso-
ciation between biological health factors and risk of
dementia [37]. Similar age-differential patterns have
also been observed for other vascular risk scores,
such as the Framingham general cardiovascular risk
score [44]. This is in line with past research sug-
gesting that cross-sectional and longitudinal relations
of some vascular risk factors to cognitive function
change with age.

For example, lower cholesterol has been associated
with slower cognitive decline in young old individ-
uals, whereas the opposite was found among the
old-old [45]. Other studies have also been reporting
associations of higher cholesterol level with better
cognitive performance [46, 47]. Different mecha-
nistic hypotheses can explain this pattern. A low
cholesterol score may reflect decline in cholesterol
levels, which may be associated with early stages
of dementia [48]. Because cholesterol is an indis-
pensable component of myelin, neuronal membranes,
and glial membranes, it is involved in both cerebral
structure and function [49]. Low-normal cholesterol
levels have been associated with poorer cognitive
performance and reduced brain volume in regions
implicated in neurodegenerative diseases [47].

Similarly, low blood pressure [50, 51] and low BMI
[52, 53] have been associated with poorer cognition
in late life. A possible explanation is that a decrease
in blood pressure and BMI could be linked to an

impending dementia disorder [54, 55]; thus, reverse
causation may explain these findings. Low levels of
BMI may also be a marker of frailty [56], making it
a problematic indicator of obesity in the elderly. Fur-
thermore, survival bias could contribute to our results,
such that those who have survived into old age may
be more resistant to the adverse effects of different
vascular risk factors.

Implications

The results from our study add to previous findings
suggesting that the associations between certain vas-
cular risk factors and cognition may change between
midlife and old age. By combining the LS7 metrics
into a sum score, there is a risk that they cancel each
other out, especially in older age groups. Different
age patterns, observed for some LS7 metrics, may
be one reason for the few significant associations
between LS7 and cognitive decline in our total sam-
ple. We therefore conclude that the LS7 score may be
more suitable for predicting cognitive trajectories in
groups of middle-aged and young-old adults.

Our results further show a largely negligible dif-
ference between the intermediate and optimal groups
and that it was sufficient to belong to the interme-
diate cardiovascular health group to exhibit slower
decline. In line with this, the results from another
longitudinal study suggest that having an ideal score
on only a few LS7 metrics may be enough to experi-
ence cognitive health benefits [14]. We further found
that excluding those with a history of cardiovascu-
lar disease at baseline attenuated the associations of
LS7 with cognition, especially for plasma glucose.
A possible explanation is that it takes time for a vas-
cular risk factor to exert its influence of cognitive
performance. At earlier stages, the association with
cognition may not yet be apparent, but over time,
and with an increasing burden of vascular insults,
the effect on cognition becomes more evident. This
underscores the importance of early identification and
management of vascular risk factors.

Strengths and limitations

Strengths of this study include a population-based
sample with a wide age range, that enables the com-
parison between a young-old and old-old group. The
present study furthermore extends the results of prior
studies by assessing decline in a wide range of cog-
nitive domains across 12 years of follow-up.
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Some limitations should also be mentioned. All
behavioral metrics, except BMI that was objectively
measured for the majority of the participants, were
obtained via self-reports, which are less reliable
compared to objective measurements. A bias is that
participants with poor scores on the biological health
factors (cholesterol, plasma glucose, and blood pres-
sure) were advised to contact their physician for
further investigation, which may have affected their
future cognitive trajectories. Moreover, exclusion due
to missing data and selective dropout may have con-
tributed to an overestimation of the cardiovascular
health in this population, as well as an underestima-
tion of the effect of LS7 on rate of cognitive change.
Additional limitations are that we only measured LS7
at a single point in time and that we did not have
access to LS7 scores at younger ages for the partici-
pants. Thus, we were not able to assess associations
between cardiovascular health at midlife and late-
life cognitive change. Nor were we able to address
the potential association between change in LS7 and
cognitive change trajectories.

It should also be emphasized that the effects of LS7
on cognitive performance were relatively small and
that it is one of several factors that contribute to cogni-
tive decline in aging. Future studies should investigate
to what extent assessment and management of vas-
cular risk factors at midlife may help promote brain
health and maintain cognitive abilities into old age.
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