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Adherence to Life’'s Simple 7 and Cognitive
Function Among Older Adults: The National
Health and Nutrition Examination Survey
2011 to 2014
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, PhD; Liang Wang, MD, DrPH; Ambar Kulshreshtha, MD, PhD; Hanzhang Xu “*, PhD

BACKGROUND: The American Heart Association proposed the Life’s Simple 7 (LS7; including diet, physical activity, smoking,
body mass index, blood pressure, plasma fasting glucose, total cholesterol) to promote cardiovascular health. Adherence to
LS7 has been found to be associated with better cognitive health as well, but the generalizability of previous studies is limited.
We aimed to examine the associations of adherence to LS7 and cognitive function among older adults in a nationally repre-
sentative sample of population.

METHODS AND RESULTS: A total of 2585 older adults (=60 years, 54% female, 80% non-Hispanic White) in the National Health
and Nutrition Examination Survey 2011 to 2014 were included for analysis. Components of LS7 were measured, and adher-
ence to LS7 was calculated on the basis of established cutoff points of individual components. Cognitive function was exam-
ined using the Consortium to Establish a Registry for Alzheimer’s Disease Word List Memory Task (immediate and delayed
memory), Digit Symbol Substitution Test (DSST), and Animal Fluency Test. Test-specific and global cognition Z scores were
created. Multivariable linear regression models were conducted on the associations of adherence to LS7 with domain-specific
and global cognition Z scores. Each incremental point in adherence to LS7 was associated with higher Z scores for global
coghnition (3=0.05; 95% Cl, 0.02-0.07), Digit Symbol Substitution Test (3=0.05; 95% CI, 0.08-0.07), Consortium to Establish
a Registry for Alzheimer’s Disease Word Learning subtest immediate memory (3=0.03; 95% ClI, 0.004-0.05), and animal flu-
ency test (3=0.05; 95% Cl, 0.02-0.07).

CONCLUSIONS: Greater adherence to LS7 metrics is associated with better cognitive function among older US adults in a na-
tionally representative sample of population.
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United States and globally." It is estimated that the

number of people around the world living with de-
mentia in 2050 will reach 100 million, growing from 43
to 47 million people in 2015/2016.° Dementia is also
ranked among the top 5 causes of death.? Since no
cure for dementia is currently available, prevention of
dementia becomes particularly important. Dementia
refers to a clinical syndrome characterized by loss of

D ementia is a growing public health epidemic in the

cognitive function, and it is therefore important to iden-
tify risk factors associated with poor cognitive function.

The existing literature indicates that dementia is as-
sociated with a variety of risk factors, including those
related to cardiovascular disease.®* Particularly, some
of the maodifiable cardiovascular risk factors such as
physical inactivity, cigarette smoking, and high blood
pressure are also important to an individual’s brain
health.® The American Heart Association proposed
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CLINICAL PERSPECTIVE

What Is New?

e Greater adherence to Life’s Simple 7 metrics is
associated with better cognitive function among
older US adults in a nationally representative
sample of population.

e The adherence to certain components of Life’s
Simple 7, including diet and physical activity,
has not been satisfactory.

What Are the Clinical Implications?

e Since no threshold was detected for the asso-
ciation between Life’s Simple 7 scores and cog-
nitive function, population strategies that aim for
modest improvement of Life’s Simple 7 in the
whole population is critical for reducing the bur-
den of dementia.

Nonstandard Abbreviations and Acronyms

AFT Animal Fluency Test

CERAD-WL Consortium to Establish a Registry
for Alzheimer’s Disease Word
Learning subtest

DSST Digit Symbol Substitution Test

FPG fasting plasma glucose

LS7 Life’'s Simple 7

NHANES National Health and Nutrition
Examination Survey

TC total cholesterol

Life’'s Simple 7 (LS7), a matrix to promote cardiovas-
cular health, which includes 7 modifiable cardiovascu-
lar risk factors, namely, diet, physical activity, cigarette
smoking, body mass index (BMI), blood pressure, fast-
ing plasma glucose (FPG), and total cholesterol (TC).®
The associations of 7 individual components with
cognitive outcomes have been widely studied,”~'® and
a few recent studies have also examined the associ-
ations between the adherence of LS7 and cognitive
outcomes, and higher score of LS7 are associated
with better cognitive outcomes in several domains.'4-21
However, most of these studies were based on individ-
ual cohorts with different characteristics, and it is de-
sirable that the associations are examined in a sample
representative of the US population.

Therefore, we aimed to examine the association
between adherence to LS7 and cognitive function
among older adults. The National Health and Nutrition
Examination Survey (NHANES) data have been used
to monitor the health of the US population and allow
examination of prevalent health conditions and their
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risk factors. With the large and nationally representa-
tive sample of the US population, the NHANES study
is ideal to examine the association between adherence
to LS7 and cognitive function among older adults.

METHODS

Anonymized data and materials have been made pub-
licly available at the NHANES website and can be ac-
cessed at https:/wwwn.cdc.gov/nchs/nhanes/Defau
[t.aspx.

The NHANES is a serial ongoing cross-sectional sur-
vey of the civilian, noninstitutionalized US population,
conducted by the National Center for Health Statistics
at the Centers for Disease Control and Prevention. The
2011 to 2014 NHANES conducted measurements of
LS7 components and cognitive performance for par-
ticipants. We combined data from the 2 survey cycles
for analysis. A total of 19 931 people of all ages were
enrolled for NHANES interviews from 2011 to 2014.
Among these participants, we excluded participants
who were aged <60 years (n=16 299), those who had
missing information of cognitive tests (n=444), those
who missed any information in components of LS7
(diet, physical activity, smoking, BMI, blood pressure,
FPG, TC; n=408), those who had missing information
in education (n=2), and those who had prevalent stroke
(n=1983). Our final sample size for analyses included a
total of 2585 participants aged >60 years.

The NHANES was conducted in accordance with
the recommendations of National Center for Health
Statistics Research Ethics Review Board with written
informed consent from all subjects, according to the
Declaration of Helsinki. The protocol was approved
by the National Center for Health Statistics Research
Ethics Review Board.

The LS7 metrics is defined, per American Heart
Association guidelines,® as shown in Table S1. Dietary
intake in NHANES was measured using two 24-hour
dietary recall interviews among all participants. The
first interview was conducted in person in the Mobile
Examination Center, and the second interview was
conducted via telephone 3 to 10 days after the first
interview.?? We also used the intake of food and nu-
trients using the Food Patterns Equivalents Database
from the US Department of Agriculture, 2011 to 2014.%3
Physical activity was measured using the validated
Global Physical Activity Questionnaire, which asked
participants to report time spent on moderate and vig-
orous activity.?* BMI was calculated with body height
and weight measured by trained health technicians.
Cholesterol and glucose were analyzed with blood
specimens at University of Minnesota (Minneapolis,
MN). Three consecutive blood pressure readings were
obtained by certified blood pressure in the mobile ex-
amination center, and a fourth attempt was made if the
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measurement was incomplete. An average of blood
pressure was calculated for evaluation. Information of
smoking (not including secondhand smoking) was self-
reported by participants. To calculate a total score for
LS7, a component that achieved ideal, intermediate,
and poor were given 2 points, 1 point, and 0 point,
respectively. Therefore, the total score ranged from O
to 14 points, with higher scores indicating better car-
diovascular health.

The cognitive tests in NHANES 2011 to 2014 in-
clude 3 components: the Digit Symbol Substitution
Test (DSST), the Consortium to Establish a Registry
for Alzheimer's Disease Word Learning subtest
(CERAD-WL), and the Animal Fluency test (AFT). The
DSST focused on executive function and processing
speed, which was conducted using a paper form with
a key at the top that contained 9 numbers paired with
symbols. Participants were asked to copy the corre-
sponding symbols in the 133 boxes that adjoin the
numbers in 2 minutes, and a point was awarded for
each correct match.?® The CERAD-WL tested immedi-
ate (including 3 consecutive learning trials) and delayed
verbal memory (1 delayed recall trial). During the learn-
ing trial, participants were asked to read 10 unrelated
words aloud 1 at a time as presented, with the order
of the 10 words being changed for each trial. In the
delayed recall test, which occurred after the other 2
cognitive tests, participants were asked to then recall
as many words as possible, for those in the same 10-
word list. The score ranges from 0 to 133 as the sum
of correct matches.?®® The AFT assessed language
ability and executive function, in which participants
were asked to name as many animals as possible in
1 minute, and 1 point was awarded for each named
animal.?’

In addition to these measurements, we considered
age, sex, race and ethnicity, education level, and coro-
nary heart disease as covariates, which were obtained
from self-reported questionnaires.

Descriptive statistics were computed on partici-
pants’ characteristics. The prevalence of ideal, inter-
mediate, and poor levels for each component of LS7
were described, and the proportion of different num-
bers in ideal and poor levels of LS7 components was
calculated. Test-specific Z scores (including DSST,
CERAD-WL delayed memory, CERAD-WL immedi-
ate memory, AFT) were created using sample means
and SDs of test scores. A standardized global cog-
nition Z score was then generated by averaging the
test-specific Z scores divided by SD. Multivariable
linear regression models were used to examine the
associations of different levels of each LS7 compo-
nent with test-specific and global cognition Z scores.
Furthermore, multivariable linear regression models
were used to examine the associations of total LS7
score (continuous and by quintiles) with test-specific
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and global cognition Z scores, which were also strati-
fied by sex and race and ethnicity. In addition, we also
examined the associations of each incremental ideal
and poor item with test-specific and global cognition Z
scores. Finally, we examined the associations of differ-
ent clusters of behavioral factors (diet, physical activity,
smoking, BMI) and biological factors (blood pressure,
FPG, TC) with cognitive function. The estimated effect
sizes shown as Bs and 95% Cls were estimated and
presented in the models. The analyses were weighted
for the stratified, multistage probability sampling de-
sign of NHANES and survey nonresponse. Full sample
2-year mobile examination center exam weight was
used for subsamples in 2011 to 2012 and 2013 to 2014,
and the weights were recalculated (divided by 2) after
the combination of NHANES 2011 to 2012 with 2013
to 2014.28 All analyses were conducted using SAS 9.4
(SAS Institute, Cary, NC).

RESULTS

A total of 2585 participants were included in the
analysis, including 1251 participants in 2011 to 2012
and 1334 participants in 2013 to 2014, which repre-
sented a population size of 47 684 724. The charac-
teristics of participants are shown in Table 1. More
than half of the participants were female and 13.1%
were aged >80 years. About 80% of participants were
non-Hispanic White participants, and 83% had an
education level of high school or above. About 9% of
all participants had self-reported coronary heart dis-
ease. Compared with those who were aged >60 years
but not included in the analysis, the included partici-
pants had a smaller proportion of older adults aged
>80 years, a larger proportion of non-Hispanic White
participants, higher level of education, a lower propor-
tion of people smoking, a larger BMI, TC, and diastolic
blood pressure. In addition, those who were included
had better performance in all cognitive tests (Table S2).

Among all components of the LS7, smoking (88.4%)
and FPG (59.1%) had a high prevalence of ideal level,
while that of diet was <1%. The prevalence of poor
level for both diet and physical activity was >50%
(Figure). For the number of ideal or poor level in indi-
vidual components achieved, no participant had all 7
components ideal or poor. About 80% of the partici-
pants achieved ideal levels in 2 to 4 LS7 components,
and a similar proportion was observed for participants
who achieved poor levels (Figure S1).

After adjustment for age, sex, race and ethnicity,
education, other lifestyle components, and coronary
heart disease, compared with poor level, interme-
diate level of physical activity was associated with
higher Z scores of global cognition (=0.17; 95%
Cl, 0.08-0.27), DSST (B=0.13; 95% ClI, 0.03-0.24),
CERAD-WL immediate memory (3=0.16; 95% ClI,
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Table 1. Weighted Characteristics of Participants
Included in the Analysis.

Mean (95% CI) or n (%)

Weighted frequency 47 684 724
Age, >80y 387 (13.1)
Sex, female, n (%) 1319 (64.1)
Race and ethnicity, n (%)
Mexican American 241 (3.5)
Other Hispanic 277 (3.9)
Non-Hispanic White 1216 (79.7)
Non-Hispanic Black 621 (8.4)
Other races* 230 (4.6)
Education, n (%)
<9th grade 314 (6.0)
9-11th grade 365 (10.1)
High school graduate 586 (21.6)
Some college 719 (31.5)
College graduate or above 601 (30.7)
Ever smoking, n (%) 1261 (48.7)

Moderate to vigorous physical
activity, min/wk

121.8 (107.6-136.1)

Diet
Sodium intake, g/day 3.1(3.0-3.2)
Sugar sweetened beverage, g/day 246.8 (227.3-266.4)
Fish consumption, oz/day 0.7 (0.6-0.8)
Fruits and vegetables, cups/day 2.0 (1.9-2.2)
Whole grain, oz/day 1.1 (1.1-1.2)
Body mass index, kg/m? 29.3 (28.9-29.7)

Total cholesterol, mg/dL

193.6 (190.9-196.4)

Fasting plasma glucose, mg/dL

112.7 (109.7-115.8)

Systolic blood pressure, mm Hg

132.1 (131.0-133.2)

Diastolic blood pressure, mm Hg 68.6 (67.5-69.6)
Coronary heart disease, n (%) 222 (9.0)
Cognitive function
Digit symbol score 53.2 (62.0-54.3)
Delayed recall score 6.3 (6.1-6.5)
Immediate recall score 19.8 (19.3-20.2)
Animal Fluency Test score 18.3 (17.9-18.7)

*Other not defined by The NHANES but it does include multi-racial and
non-Hispanic Asian.

0.04-0.27), AFT (B=0.17; 95% Cl, 0.06-0.27), and
ideal level of physical activity was associated with
higher Z scores of global cognition (3=0.22; 95%
Cl, 0.12-0.33), DSST (3=0.20; 95% CI, 0.08-0.31),
and AFT (3=0.33; 95% CI, 0.22-0.43). Ideal level
of smoking was associated with a higher Z score
of DSST (=0.20; 95% ClI, 0.08-0.32); intermediate
level of blood pressure was associated with higher
Z scores of global cognition (3=0.11; 95% CI, 0.03-
0.19) and CERAD-WL immediate memory (3=0.14;
95% ClI, 0.02-0.25), and ideal level of blood pres-
sure was associated with higher Z scores of global
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cognition (3=0.19; 95% CI, 0.02-0.35), CERAD-WL
immediate memory (3=0.21; 95% ClI, 0.04-0.39),
and AFT (B=0.16; 95% ClI, 0.02-0.30); ideal level of
FPG was associated with higher Z scores of DSST
(B=0.22; 95% ClI, 0.04-0.41) and AFT (B=0.15; 95%
Cl, 0.001-0.31) (Table 2).

After adjustment for age, sex, race and ethnicity,
education, and coronary heart disease, each unit
increase in LS7 score was associated with higher Z
scores for global cognition (3=0.05; 95% ClI, 0.02-
0.07), DSST (3=0.05; 95% Cl, 0.03-0.07), CERAD-WL
immediate memory (3=0.03; 95% CI, 0.004-0.05),
and AFT (B=0.05; 95% CI, 0.02-0.07). Compared
with participants with the lowest quintile of LS7
score, those who were in the highest quintile were
associated with higher Z scores of global cognition
(B=0.29; 95% Cl, 0.15-0.43), DSST (3=0.29, 95% ClI,
0.16-0.42), CERAD-WL immediate memory (3=0.16;
95% Cl, 0.03-0.28), and AFT (3=0.27; 95% ClI, 0.13-
0.41) (Table 3). Stratified by sex, higher LS7 score
was associated with higher Z scores of global cogni-
tion, DSST, and AFT among men, as well as higher Z
scores of global cognition and DSST among women.
The highest quintile of LS7 was associated with higher
Z scores of DSST and AFT among men, as well as
higher Z scores of global cognition, DSST, CERAD-WL
delayed memory, and AFT among women (Table S3).
Stratified by race and ethnicity, higher LS7 scores
were associated with higher Z scores of global cogni-
tion, DSST, CERAD-WL immediate memory, and AFT
among non-Hispanic White participants. The highest
quintile of LS7 was associated with higher Z scores of
global cognition, DSST, CERAD-WL immediate mem-
ory, and AFT among non-Hispanic White participants.
Higher LS7 was associated with a lower Z score of
AFT among participants other than Hispanics, non-
Hispanic White participants, and Non-Hispanic Black
participants (Table S4).

Each increment on ideal components was associ-
ated with higher Z scores of global cognition (3=0.07;
95% Cl, 0.02-0.11), DSST (3=0.06; 95% Cl, 0.02-0.10),
and AFT (3=0.07; 95% ClI, 0.02-0.11). In contrast, each
increment on poor items was associated with lower
Z scores of global cognition (3=—0.07; 95% ClI, —0.11
to —0.04), DSST (3=-0.09; 95% ClI, -0.13 to -0.06),
CERAD-WL immediate memory (3=-0.04; 95% ClI,
-0.08 to —0.01), and AFT (3=-0.07; 95% CI, -0.10 to
—0.03) (Table SH).

For clusters created on the basis of behavioral fac-
tors (diet, physical activity, smoking, BMI) and biolog-
ical factors (blood pressure, FPG, TC), combinations
of better biological factors were associated with better
cognitive function, while combinations of better be-
havioral factors were associated with better or poorer
cognitive function, although the sample size was small
(Tables S6 and S7).
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2014.

DISCUSSION

In this nationally representative sample of older adults,
the adherence to LS7 was not adequate among older
adults in the United States, particularly in diet, physical
activity, FPG, and blood pressure. We found that better
adherence to LS7 was associated with better global
and test-specific cognitive function.

The associations between adherence to LS7 and
cognitive outcomes have been examined in previous
studies. Gonzalez et al'* found that better LS7 metrics
were associated with higher scores in verbal learning
and memory, verbal fluency, and psychomotor pro-
cessing speed in a cohort of 9623 middle-aged and
older Hispanics/Latinos (aged 45-74 years). Thacker
et al'® found that compared with low adherence to
LS7, intermediate and high levels of adherence were
both associated with lower incidence of cognitive im-
pairment in 17 761 middle-aged and older adults with
normal global cognitive status at baseline. Samieri et
al'” found that a higher number of LS7 scores was
associated with a lower risk of dementia and lower
rates of cognitive decline over a mean follow-up of
8.5 years among 6626 older adults. Gonzélez et al
found that higher midlife LS7 score was associated
with lower cognitive decline over 20 years among
13 270 White and Black participants.’”® All of these
studies pointed to the associations between higher
adherence to LS7 and better cognitive function. The
results of our study are consistent with these previ-
ously published studies. Given the fact that our study
is based on a large and nationally representative
sample of the US population, it provides stronger evi-
dence of importance of the association between LS7
and cognitive function. A previous study indicated
that the rate of cognitive decline among older adults
with normal cognitive aging is 0.04 SDs per year,?°
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and our results suggested that healthy lifestyle may
preserve cognition for a few more years.

The associations between LS7 and cognitive func-
tion among older adults may be explained by the asso-
ciations of individual components of LS7 with cognitive
function, and each of the associations has different
mechanisms. Physical inactivity and smoking are as-
sociated with higher risk of hypertension, diabetes,
and cardiovascular disease, which are highly related
to cognitive impairment.3°-3% Physical activity may also
enhance social engagement and reduce depressive
symptoms, which could improve cognitive function.36-¢
Physical activity, blood pressure, fasting glucose, and
smoking are associated with cerebral small-vessel dis-
ease, which is a predictor of cognitive impairment.38-41
In addition, inflammation may also play a role between
lifestyle behaviors, such as diet and physical activity
with cognitive health.4243

Although the importance of lifestyle in the main-
tenance and improvement of cardiovascular and
cognitive health has been widely acknowledged, the
adherence to some of the LS7 components has been
poor. Particularly, the prevalence of ideal diet is close
to 0, which is consistent with previous report in the
United States from 2003 to 2016.*4 This suggested
that health-related behaviors, such as diet and physical
activity are unlikely to be changed in a simple manner.
Therefore, a joint effort of public health professionals,
experts of medicine, and policy makers is needed to
make changes to lifestyle behaviors. Also, given the
low prevalence of ideal level in physical activity and
diet, the goal for diet and physical activity may be set to
a more realistic and feasible level, so that older adults
may be more motivated to engage in physical activity
and pursue a healthy diet.

This study provided important results to guide fu-
ture public health endeavors. Dementia has been
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associated with multiple risk factors, and it may be
reasonable to prevent dementia through targeting a
multitude of risk factors simultaneously to make the
prevention more scalable. As shown in our results, bet-
ter levels of physiological factors (such as blood pres-
sure) and greater adherence to healthy lifestyle factors
were associated with better cognitive function. Also,
small changes in lifestyle factors and behaviors could
potentially be beneficial for improving cognition. Given
the fact that other prospective cohort studies have also
found the associations between adherence to LS7 and
beneficial cognitive outcomes, multidomain lifestyle in-
tervention should be considered. A few multidomain
lifestyle trials have been conducted for prevention
of cognitive outcomes, such as the FINGER (Finnish
Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability),*®> MAPT (Multidomain
Alzheimer Preventive Trial),® and preDIVA (Prevention
of Dementia by Intensive Vascular Care) trials.*” Some
of the results were mixed, and it may be likely from the
limitations of the fact that participants were in their late
life and had a short period of intervention, while the
process of cognitive aging starts from an early stage
in life and lasts for a long time. However, it is challeng-
ing to conduct these intervention trials among midlife
adults for several decades. Therefore, alternative epi-
demiological methods may be applied to estimate the
long-term impact of multidomain lifestyle intervention
in preventing cognitive outcomes among older adults
in population.*®

In our study, the association between adherence to
LS7 and cognitive function was linear, which suggests
that there is no threshold for the LS7 score in its rela-
tionship with cognition, and any small increment in the
score is helpful for improving cognitive performance.
Therefore, “population strategy”,*® which aims for
modest improvement of risk factors in the whole pop-
ulation, is critical for reducing the burden of dementia.

One major limitation of our study is the cross-
sectional design, which precludes causal inferences
for LS7 and cognitive function among older adults.
We cannot exclude the possibility that poor cogni-
tive function can potentially reduce adherence to LS7.
Also, some components of LS7 (eg, physical activity,
smoking, coronary heart disease) were obtained by
self-report. This may contribute to misclassification, as
participants may overreport their physical activity while
underreporting their unhealthy diet. We also lacked
information on the participants’ places of residence
as neighborhood socioeconomic status may be an
important covariate for our analyses. Selection bias is
also possible, with different characteristics of partic-
ipants included and not included in the analysis. It is
possible that our findings were more conservative, as
participants who were excluded were older, reported a
lower level of education, and had worse health status
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than those included in the analysis. Finally, there are
only 3 sets of cognitive tests, which may not be suffi-
cient to capture the overall cognitive function. Despite
these limitations, we had access to validated assess-
ments of cognitive function and all components of LS7
(including biological factors) that strengthened our
analyses. Furthermore, NHANES has a large and di-
verse representative sample, which makes the results
generalizable to the US population.

CONCLUSIONS

In conclusion, greater adherence to LS7 metrics is as-
sociated with better cognitive function among older
adults. Future research is expected to learn how im-
provement in lifestyle and physiological factors can
affect cognitive performance and understanding the
mechanistic pathways.
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Table S1. Definition of Life’s Simple 7"

Poor

Intermediate

Ideal

Diet”

Meet 0-1 criteria

Meet 2-3 criteria

Meet 4-5 criteria

Physical activity

No physical activity

1- 149 minutes/week of
moderate activity, or 1-
74 minutes/week of
vigorous activity, or 1-
149 minutes/week of
moderate and vigorous
activity

>150 minutes/week of
moderate activity, or
>75 minutes/week of
vigorous activity, or
>150 minutes/week of
moderate and vigorous
activity

Smoking

Current smoking

Quitting smoking for
less than 12 months

Never smoking or quit
smoking for more than
12 months

Body mass index (BMI) BMI >30 kg/m? BMI 25-29.9 kg/m? BMI <25kg
Total cholesterol Total cholesterol Total cholesterol 200- Total cholesterol <200
>240 mg/dL 239 mg/dL mg/dL

Blood pressure

Systolic blood
pressure >140
mmHg and diastolic
blood pressure >90
mmHg

Systolic blood pressure
120-139 mmHg, or
diastolic blood pressure
80-89 mmHg, or
treated to goal

Systolic blood pressure
<120 mmHg and
diastolic blood pressure
<80 mmHg

Fasting plasma glucose
(FPG)

FPG >126 mg/dL

FPG 100-125 mg/dL

FPG <100 mg/dL

*Criteria for diet: 1) >4.5 cups/day of fruits and vegetables; 2) >2 servings/week of fish; 3) >3 servings/day of
whole grains; 4) no more than 36 ounces/week of sugar-sweetened beverage; 5) <1500 mg/day of sodium.




Table S2. Comparison between characteristics of participants aged 60 years or older included and not

included in the analysis.

Not included in analysis

Included in analysis

Mean (95% CI) / n (%)

Mean (95% CI) / n (%)

Weighted frequency 11,974,840 47,684,724
Age, >80 years 271 (33.7) 387 (13.1)
Sex, female, n (%) 466 (58.4) 1,319 (54.1)
Race/ethnicity, n (%)
Mexican American 84 (5.1) 241 (3.5)
Other Hispanic 69 (4.1) 277 (3.9)
Non-Hispanic White 364 (67.9) 1,216 (79.7)
Non-Hispanic Black 216 (11.9) 621 (8.4)
Other races 154 (11.1) 230 (4.6)
Education, n (%)
Less than 9th grade 197 (15.7) 314 (6.0)
9-11th grade 142 (13.6) 365 (10.1)
High school graduate 211 (24.3) 586 (21.6)
Some college 192 (25.0) 719 (31.5)
College graduate or above 138 (21.0) 601 (30.7)
Ever smoking, n (%) 471 (55.5) 1,261 (48.7)

Moderate to vigorous physical activity, min/week

Moderate

69.9 (46.5, 93.2)

98.5 (85.7, 111.3)

Vigorous 13.0 (6.5, 19.5) 23.6 (17.7, 29.5)
Diet

Sodium intake, g/day 2.9 (2.8, 3.0) 3.1(3.0,3.2)

Sugar sweetened beverage, g/day 195.8 (161.7, 230.0) 246.8 (227.3, 266.4)

Fish consumption, oz/day 0.8 (0.5,1.0) 0.7 (0.6, 0.8)

Fruits and vegetables, cups/day 1.8(1.6,1.9) 2.0(1.9,2.2)

Whole grain, oz/day 12(1.1,1.4) 11(11,12)

Body mass index, kg/m?

27.6 (26.8, 28.4)

29.3 (28.9, 29.7)

Total cholesterol, mg/dl

185.2 (181.3, 189.1)

193.6 (190.9, 196.4)

Fasting plasma glucose, mg/d|

118.1 (111.0, 125.2)

112.7 (109.7, 115.8)

Systolic blood pressure, mmHg

133.7 (131.3, 136.2)

132.1 (131.0, 133.2)

Diastolic blood pressure, mmHg

65.6 (64.1, 67.0)

68.6 (67.5, 69.6)

Coronary heart disease, n (%)

109 (13.3)

222 (9.0)

Cognitive function

Digit Symbol score

43.8 (41.9, 45.6)

53.2 (52.0, 54.3)

Delayed Recall score

5.4 (5.1, 5.6)

6.3 (6.1, 6.5)

Immediate Recall score

17.9 (17.3,18.6)

19.8 (19.3, 20.2)

Animal Fluency test score

15.7 (15.0, 16.3)

18.3 (17.9, 18.7)




Table S3. Multivariable linear regression for the associations of total Life’s Simple 7 score with domain-specific and global cognition by sex".

Men (n=1,266)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=285) (n=263) (n=223) (n=196) (n=299)
B B P B P value B P B P B P
(95% CI)t (95% CI) value (95% CI) (95% CI) value (95% CI) value (95% CI) value
Global cognition Reference 0.07 0.5563 0.21 0.0549 0.12 0.3459 0.26 0.0520 0.04 0.0298
(-0.18, 0.33) (-0.004, 0.42) (-0.13, 0.36) (-0.002, 0.51) (0.005, 0.08)
DSST Reference 0.06 0.5709 0.19 0.0994 0.22 0.0234 0.29 0.0077 0.05 0.0017
(-0.15, 0.26) (-0.04, 0.42) (0.03,0.41) (0.08, 0.49) (0.02, 0.08)
CERAD WL delayed memory Reference 0.10 0.4112 0.13 0.2494 -0.07 0.6524 0.06 0.6018 0.01 0.6525
(-0.14, 0.34) (-0.10, 0.36) (-0.37,0.24) (-0.17,0.28) (-0.03, 0.04)
CERAD WL immediate memory Reference 0.07 0.5932 0.05 0.5711 -0.02 0.8681 0.11 0.2269 0.02 0.1843
(-0.19,0.33) (-0.12,0.22) (-0.28, 0.24) (-0.07, 0.30) (-0.01, 0.05)
AFT Reference 0.03 0.8058 0.26 0.0365 0.18 0.1576 0.34 0.0201 0.06 0.0058
(-0.22, 0.28) (0.02, 0.50) (-0.07, 0.42) (0.06, 0.63) (0.02,0.11)
Women (n=1,319)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=324) (n=249) (n=250) (n=229) (n=267)
B B P B P value B P B P B P
(95% CI)° (95% CI) value (95% CI) (95% CI) value (95% CI) value (95% CI) value
Global cognition Reference 0.19 0.0538 0.10 0.2791 0.13 0.2212 0.31 0.0005 0.05 0.0023
(-0.003, 0.39) (-0.09, 0.29) (-0.08, 0.33) (0.15, 0.48) (0.02, 0.08)
DSST Reference 0.12 0.1993 0.12 0.1684 0.28 0.0065 0.27 0.0035 0.05 0.0021
(-0.07,0.32) (-0.05, 0.30) (0.08, 0.48) (0.10, 0.45) (0.02, 0.08)
CERAD WL delayed memory Reference 0.10 0.3021 0.05 0.5280 0.01 0.9483 0.20 0.0429 0.03 0.0696
(-0.10, 0.30) (-0.11, 0.22) (-0.21, 0.22) (0.01, 0.39) (-0.003, 0.06)
CERAD WL immediate memory Reference 0.21 0.0131 0.03 0.7257 0.06 0.5987 0.19 0.0510 0.03 0.0941
(0.05, 0.37) (-0.14, 0.20) (-0.16,0.27) (-0.001, 0.38) (-0.01, 0.06)
AFT Reference 0.14 0.1691 0.07 0.5560 0.002 0.9855 0.19 0.0332 0.03 0.0800
(-0.06, 0.34) (-0.18, 0.32) (-0.20, 0.20) (0.02, 0.36) (-0.004, 0.06)

*Models were adjusted for age, sex, race/ethnicity, education, other Life’s Simple 7 components, coronary heart disease.
T B: beta; CI: confidence interval; DSST: the Digit Symbol Substitution Test; CERAD WL.: the Consortium to establish a registry for Alzheimer's disease Word
Learning subtest; AFT: the Animal Fluency test.



Table S4. Multivariable linear regression for the associations of total Life’s Simple 7 score with domain-specific and global cognition by race/ethnicity”.

Mexican Americans (n=241)

Total score<6

Total score=6

Total score=7

Total score=8

Total score>8

Continuous score

(n=75) (n=42) (n=43) (n=41) (n=40)
B (95% CDf B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value
Global cognition Reference 0.01 (-0.33, 0.35) 0.9602 0.11 (-0.21, 0.43) 0.4702 0.14 (-0.17, 0.45) 0.3545 0.13 (-0.06, 0.32) 0.1705 0.03 (-0.01, 0.06) 0.1186
DSST Reference -0.17 (-0.40, 0.06) 0.1361 0.27 (-0.01, 0.56) 0.0593 0.15 (-0.22, 0.53) 0.4172 0.08 (-0.11, 0.27) 0.3706 0.03 (-0.01, 0.07) 0.1373
CERAD WL delayed memory Reference -0.07 (-0.56, 0.42) 0.7633 -0.07 (-0.38, 0.25) 0.6696 -0.15 (-0.65, 0.35) 0.5411 0.13 (-0.15, 0.42) 0.3471 -0.01 (-0.07, 0.05) 0.7495
CERAD WL immediate memory Reference -0.01 (-0.40, 0.37) 0.9439 0.03 (-0.35, 0.40) 0.8824 0.07 (-0.33, 0.47) 0.7202 0.25 (-0.01, 0.52) 0.0611 0.04 (-0.01, 0.08) 0.0808
AFT Reference 0.20 (-0.22, 0.62) 0.3437 0.16 (-0.20, 0.51) 0.3727 0.19 (-0.14, 0.53) 0.2453 -0.01 (-0.28, 0.26) 0.9392 0.01 (-0.03, 0.06) 0.5634
Other Hispanics (n=277)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=78) (n=56) (n=56) (n=43) (n=44)
B (95% CDHf B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value
Global cognition Reference 0.11 (-0.17, 0.40) 0.4254 -0.14 (-0.42, 0.13) 0.2977 0.18 (-0.12, 0.47) 0.2388 0.07 (-0.30, 0.45) 0.6894 0.03 (-0.03, 0.08) 0.3322
DSST Reference 0.19 (-0.10, 0.48) 0.1989 -0.19 (-0.45, 0.07) 0.1477 0.17 (-0.16, 0.50) 0.3094 0.15 (-0.18, 0.49) 0.3665 0.03 (-0.03, 0.08) 0.3306
CERAD WL delayed memory Reference 0.22 (-0.10, 0.54) 0.1766 -0.16 (-0.50, 0.17) 0.3282 0.16 (-0.18, 0.49) 0.3529 0.03 (-0.39, 0.45) 0.8887 0.02 (-0.05, 0.09) 0.5625
CERAD WL immediate memory Reference 0.19 (-0.13, 0.50) 0.2353 -0.04 (-0.36, 0.29) 0.8106 0.02 (-0.27, 0.31) 0.8860 -0.11 (-0.49, 0.27) 0.5661 -0.01 (-0.07, 0.06) 0.8289
AFT Reference -0.07 (-0.35, 0.20) 0.5932 -0.04 (-0.37, 0.29) 0.8176 0.21 (-0.21, 0.63) 0.3189 0.05 (-0.35, 0.45) 0.8062 0.03 (-0.04, 0.10) 0.3981
Non-Hispanic White (n=1,216)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=263) (n=244) (n=212) (n=210) (n=287)
B (95% CDf B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value
Global cognition Reference 0.16 (-0.05, 0.37) 0.1307 0.18 (0.04, 0.32) 0.0126 0.13 (-0.04, 0.30) 0.1278 0.34 (0.18, 0.50) 0.0001 0.05 (0.03, 0.08) <0.0001
DSST Reference 0.12 (-0.07, 0.30) 0.2007 0.19 (0.01, 0.37) 0.0432 0.30 (0.13, 0.48) 0.0014 0.33 (0.16, 0.50) 0.0004 0.06 (0.03, 0.08) <0.0001
CERAD WL delayed memory Reference 0.11 (-0.09, 0.30) 0.2616 0.12 (-0.02, 0.26) 0.0959 -0.04 (-0.23, 0.14) 0.6466 0.14 (-0.01, 0.29) 0.0636 0.02 (-0.004, 0.04) 0.1034
CERAD WL immediate memory Reference 0.16 (-0.04, 0.36) 0.1147 0.06 (-0.07, 0.18) 0.3556 0.02 (-0.18, 0.22) 0.8470 0.19 (0.04, 0.33) 0.0137 0.03 (0.01, 0.05) 0.0136
AFT Reference 0.12 (-0.10, 0.35) 0.2820 | 0.19 (-0.005, 0.39) | 0.0556 0.11 (-0.09, 0.31) 0.2710 0.35 (0.16, 0.53) 0.0005 0.06 (0.03, 0.09) 0.0002
Non-Hispanic Black (n=621)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=171) (n=140) (n=129) (n=77) (n=104)
B (95% CDf B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value
Global cognition Reference 0.14 (-0.05, 0.34) 0.1487 0.06 (-0.12, 0.24) 0.5169 -0.002 (-0.23, 0.23) 0.9831 0.11 (-0.11, 0.32) 0.3158 0.01 (-0.02, 0.05) 0.4658
DSST Reference 0.11 (-0.10, 0.33) 0.2936 0.14 (0.02, 0.26) 0.0274 0.11 (-0.10, 0.32) 0.3120 0.16 (-0.06, 0.38) 0.1455 0.03 (-0.01, 0.06) 0.1635
CERAD WL delayed memory Reference 0.07 (-0.16, 0.31) 0.5400 -0.11 (-0.37, 0.16) 0.4149 0.02 (-0.29, 0.32) 0.9185 0.01 (-0.28, 0.30) 0.9224 0.001 (-0.05, 0.05) 0.9520
CERAD WL immediate memory Reference 0.16 (-0.05, 0.37) 0.1313 -0.01 (-0.21, 0.20) 0.9457 -0.07 (-0.39, 0.24) 0.6474 0.02 (-0.23, 0.26) 0.8941 -0.004 (-0.05, 0.04) 0.8474
AFT Reference 0.05 (-0.17,0.27) 0.6514 0.03 (-0.14, 0.21) 0.6932 -0.12 (-0.27, 0.03) 0.1153 0.15 (-0.09, 0.38) 0.2096 0.01 (-0.02, 0.05) 0.4164
Other (n=230)
Total score<6 Total score=6 Total score=7 Total score=8 Total score>8 Continuous score
(n=22) (n=30) (n=33) (n=54) (n=91)
B (95% CDf B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value
Global cognition Reference 0.29 (-0.21, 0.79) 0.2450 0.34 (-0.04, 0.72) 0.0758 0.27 (-0.10, 0.63) 0.1435 0.14 (-0.19, 0.46) 0.3964 0.004 (-0.06, 0.07) 0.9092
DSST Reference 0.18 (-0.23, 0.58) 0.3751 0.06 (-0.23, 0.35) 0.6801 0.10 (-0.19, 0.40) 0.4757 0.19 (-0.09, 0.47) 0.1721 0.02 (-0.02, 0.06) 0.2821
CERAD WL delayed memory Reference 0.52 (-0.17,1.21) 0.1353 0.64 (-0.09, 1.37) 0.0815 0.40 (-0.31,1.11) 0.2608 0.52 (-0.25, 1.29) 0.1766 0.07 (-0.05, 0.19) 0.2361
CERAD WL immediate memory Reference 0.22 (-0.22, 0.66) 0.3152 0.02 (-0.62, 0.65) 0.9500 0.19 (-0.29, 0.67) 0.4240 0.03 (-0.39, 0.45) 0.8975 0.01 (-0.07, 0.08) 0.8494
AFT Reference -0.20 (-0.89, 0.48) 0.5532 0.10 (-0.43, 0.63) 0.7047 -0.26 (-0.68, 0.16) 0.2129 -0.51 (-0.97, -0.04) 0.0333 -0.11 (-0.17, -0.05) 0.0014

*Models were adjusted for age, sex, race/ethnicity, education, other Life’s Simple 7 components, coronary heart disease.

1 B: beta; Cl: confidence interval; DSST: the Digit Symbol Substitution Test; CERAD WL.: the Consortium to establish a registry for Alzheimer's disease Word Learning subtest; AFT: the Animal Fluency test.




Table S5. The associations of numbers of ideal and poor items in Life’s Simple 7 with cognitive function”.

Per increment in ideal items Per increment in poor items

B (95% CI)t P value B (95% CI) P value
Global cognition 0.07 (0.02, 0.11) 0.0052 -0.07 (-0.11, -0.04) 0.0001
DSST 0.06 (0.02, 0.10) 0.0069 -0.09 (-0.13, -0.06) <0.0001
CERAD WL delayed memory 0.04 (-0.01, 0.08) 0.1290 -0.02 (-0.06, 0.02) 0.3038
CERAD WL immediate memory 0.03 (-0.003, 0.07) 0.0681 -0.04 (-0.08, -0.01) 0.0273
Language 0.07 (0.02, 0.11) 0.0041 -0.07 (-0.10, -0.03) 0.0010

*Models were adjusted for age, sex, race/ethnicity, education, other Life’s Simple 7 components, coronary heart disease.
+ PB: beta; CI: confidence interval; DSST: the Digit Symbol Substitution Test; CERAD WL.: the Consortium to establish a
registry for Alzheimer's disease Word Learning subtest; AFT: the Animal Fluency test.




Table S6. The associations of levels in behavioral factors and cognitive function among older adults >60
years, NHANES 2011-14",

Global cognition DSST CERAD WL delayed CERAD WL immediate AFT
memory memory
pt P B P B P B P B P
(95% CI) value (95% CI) value (95% CI) value (95% CI) value (95% CI) value
Reference Reference Reference Reference Reference
-0.53 0.1556 -0.48 0.1078 -0.06 0.9143 -0.28 0.2519 -0.23 0.1851
(-1.28,0.21) (-1.06, 0.11) (-1.11, 1.00) (-0.78,0.21) (-0.58,0.12)
0.61 0.1305 0.34 0.3971 0.41 0.2577 0.40 0.1969 0.94 0.0104
(-0.19, 1.40) (-0.47,1.16) (-0.31, 1.13) (-0.22,1.02) (0.24, 1.64)
0.03 0.8935 0.08 0.6589 0.08 0.7421 -0.04 0.8626 0.23 0.3337
(-0.40, 0.46) (-0.28, 0.43) (-0.41, 0.57) (-0.53, 0.45) (-0.25, 0.71)
0.43 0.0568 0.18 0.1953 -0.08 0.7535 0.29 0.2765 1.10 <0.00
(-0.01, 0.87) (-0.10, 0.46) (-0.58, 0.43) (-0.25, 0.83) (0.80, 1.39) 01
0.05 0.8103 0.35 0.2373 -0.22 0.5188 0.40 0.0326 -0.07 0.8326
(-0.37,0.47) (-0.24, 0.94) (-0.90, 0.47) (0.04, 0.76) (-0.75, 0.61)
-0.02 0.9477 0.29 0.3788 -0.19 0.6075 -0.03 0.9419 0.14 0.4975
(-0.66, 0.62) (-0.37,0.95) (-0.96, 0.57) (-0.75, 0.70) (-0.28, 0.57)
-0.09 0.8700 -0.09 0.8486 -0.07 0.8813 -0.12 0.7696 0.34 0.5458
(-1.24, 1.05) (-1.04, 0.86) (-1.09, 0.94) (-0.98, 0.73) (-0.79, 1.46)
0.09 0.6415 0.24 0.0316 0.004 0.9869 0.0002 0.9994 0.25 0.0983
(-0.29, 0.46) (0.02, 0.46) (-0.43, 0.43) (-0.48, 0.48) (-0.05, 0.55)
-0.14 0.4278 -0.13 0.2906 -0.16 0.5527 -0.09 0.7038 0.23 0.2299
(-0.48,0.21) (-0.38,0.12) (-0.70, 0.38) (-0.58, 0.39) (-0.15, 0.61)
0.15 0.4343 0.25 0.0147 -0.02 0.9351 -0.03 0.9098 0.51 0.0061
(-0.23, 0.53) (0.05, 0.46) (-0.51, 0.47) (-0.52,0.47) (0.16, 0.86)
-0.03 0.8688 0.21 0.0662 -0.09 0.6968 -0.10 0.7021 0.14 0.4020
(-0.37,0.32) (-0.01, 0.43) (-0.57,0.38) (-0.65, 0.44) (-0.19, 0.47)
0.07 0.7806 -0.23 0.4012 0.19 0.5683 0.25 0.3532 0.24 0.1564
(-0.46, 0.61) (-0.79,0.32) (-0.48, 0.86) (-0.29,0.79) (-0.10, 0.57)
0.22 0.2825 0.30 0.0045 0.12 0.6378 0.18 0.5059 0.30 0.0873
(-0.19, 0.63) (0.10, 0.51) (-0.38,0.61) (-0.37,0.74) (-0.05, 0.64)
-0.25 0.3330 021 0.3767 -0.60 0.1521 -0.32 0.3227 0.25 0.3313
(-0.76, 0.26) (-0.27,0.70) (-1.43,0.23) (-0.97,0.33) (-0.27,0.76)
0.63 0.0106 0.68 0.0154 0.32 0.2416 0.47 0.2412 0.72 0.0064
(0.16, 1.10) (0.14,1.23) (-0.22, 0.86) (-0.33, 1.26) (0.22,1.23)
-0.06 0.7662 0.11 0.2946 -0.13 0.5744 -0.05 0.8265 0.15 0.1865
(-0.44, 0.33) (-0.10, 0.33) (-0.61, 0.35) (-0.55, 0.44) (-0.08, 0.38)
0.39 0.3355 0.37 0.3776 0.004 0.9909 0.01 0.9651 1.02 0.0135
(-0.42, 1.20) (-0.47, 1.20) (-0.70, 0.70) (-0.63, 0.66) (0.23,1.81)
-0.56 0.0048 -0.11 0.6294 -1.30 0.0001 -0.19 0.5072 0.19 0.2063
(-0.93, -0.18) (-0.56, 0.35) (-1.91, -0.69) (-0.75, 0.38) (-0.11, 0.48)
0.24 0.1570 0.36 0.0055 -0.01 0.9526 -0.07 0.7678 0.54 0.0028
(-0.10, 0.59) (0.11, 0.61) (-0.48, 0.45) (-0.57,0.43) (0.20, 0.87)
-0.23 0.2653 0.05 0.6241 -0.73 0.0039 -0.30 0.2474 0.55 0.0005
(-0.65, 0.18) (-0.15, 0.25) (-1.21, -0.25) (-0.82,0.22) (0.26, 0.84)
0.22 0.3066 051 0.0003 0.02 0.9317 0.10 0.7105 0.35 0.0303
(-0.21, 0.64) (0.25, 0.76) (-0.56, 0.61) (-0.44, 0.64) (0.03, 0.66)
-0.09 0.7177 -0.28 0.0230 -1.20 0.0004 0.84 0.0095 0.58 0.0059
(-0.57, 0.39) (-0.52, -0.04) (-1.81, -0.58) (0.22, 1.46) (0.18,0.98)
0.29 0.2153 0.27 0.0646 0.10 0.6969 0.07 0.8125 0.55 0.0124
(-0.18, 0.76) (-0.02, 0.55) (-0.43, 0.63) (-0.54, 0.68) (0.13,0.98)
-0.02 0.9249 0.42 0.0369 0.54 0.0339 0.20 0.4357 -0.84 0.3266
(-0.54, 0.49) (0.03, 0.81) (0.04,1.04) (-0.31, 0.70) (-2.57,0.88)
0.22 0.2633 0.45 0.0004 -0.06 0.7916 -0.04 0.8833 0.56 0.0006
(-0.17,0.62) (0.22, 0.69) (-0.55, 0.42) (-0.54, 0.46) (0.26, 0.87)
-0.32 0.4287 0.02 0.9683 -0.85 0.0025 -0.47 0.1095 0.57 0.2769
(-1.14, 0.50) (-0.80, 0.84) (-1.37,-0.32) (-1.04, 0.11) (-0.48, 1.62)
0.80 0.0032 0.05 0.8307 0.55 0.2389 0.37 0.2660 1.77 0.0209
(0.29, 1.32) (-0.42, 0.52) (-0.38, 1.48) (-0.29, 1.02) (0.29, 3.25)
0.63 0.0062 0.95 0.0024 0.05 0.8953 0.23 0.4148 0.96 0.0102
(0.19,1.07) (0.36, 1.54) (-0.73, 0.83) (-0.34, 0.80) (0.24, 1.67)
-0.17 0.5437 0.43 0.1308 -0.44 0.1888 -0.34 0.4172 0.16 0.6264
(-0.71, 0.38) (-0.14, 1.00) (-1.10, 0.23) (-1.19, 0.50) (-0.51, 0.83)
-0.62 0.0020 0.63 <0.00 0.93 0.0002 -3.39 <0.000 0.32 0.0254
(-1.00, -0.25) (0.43, 0.84) 01 (0.48, 1.39) (-3.93, -2.84) 1 (0.04, 0.59)
-1.44 <0.00 -0.73 0.0148 -1.09 0.0016 -1.73 <0.000 -0.58 0.0176
(-1.98, -0.90) 01 (-1.31, -0.15) (-1.73, -0.45) (-2.27,-1.18) 1 (-1.05, -0.11)
0.45 0.1736 0.29 0.0154 0.44 0.2993 0.23 0.5440 0.66 0.1789
(-0.21,1.11) (0.06, 0.52) (-0.41, 1.30) (-0.54, 1.00) (-0.32, 1.64)
0.12 0.6278 0.31 0.0282 0.08 0.7810 -0.06 0.8522 0.23 0.2031
(-0.38, 0.61) (0.04, 0.59) (-0.49, 0.65) (-0.66, 0.55) (-0.13, 0.59)
-0.71 0.0526 -0.25 0.3853 -0.63 0.1428 -0.50 0.2061 -0.49 0.1721
(-1.42,0.01) (-0.83,0.33) (-1.48,0.22) (-1.29, 0.29) (-1.20, 0.22)
0.25 0.1587 0.62 0.0002 -0.10 0.6851 -0.03 0.9136 0.50 0.0121




(-0.10, 0.60) (0.32,0.93) (-0.58, 0.39) (:0.49, 0.44) (0.12, 0.88)
0.14 0.4213 -0.0002 0.9991 0.20 0.3859 0.14 0.4247 0.18 0.2633
(-0.49, 0.21) (-0.32,0.32) (-0.65, 0.26) (-0.50, 0.22) (-0.14, 0.51)
0.42 0.1555 0.02 0.9601 0.76 0.0103 0.21 0.4377 057 0.0018
(-0.17,1.02) (-0.99, 0.94) (0.13, 1.39) (-0.34,0.77) (0.23,0.92)
0.03 0.8985 0.22 0.3300 -0.07 0.7452 -0.02 0.9368 0.28 0.0467
(-0.38,0.43) (-0.23,0.67) (-051,0.37) (-0.60, 0.55) (0.004, 0.55)
087 0.0002 1.68 <0.00 0.73 0.0141 -0.35 0.2008 0.92 <0.00
(0.46, 1.28) (1.44,1.93) 01 (0.16, 1.31) (-0.91, 0.20) (0.58, 1.25) 01
0.40 0.0768 1.14 0.0285 -0.26 0.4005 0.11 0.7025 055 0.0228
(-0.05, 0.84) (0.13, 2.15) (-0.88, 0.36) (-0.49, 0.71) (0.08, 1.01)
0.12 0.6302 0.32 0.0206 -0.07 08123 0.01 0.9713 0.12 05625
(-0.38, 0.62) (0.05, 0.58) (-0.69, 0.54) (-0.60, 0.62) (-0.30, 0.53)
0.42 0.0591 0.29 0.1294 0.50 0.2194 0.28 0.3576 0.44 0.0254
(-0.02, 0.85) (-0.09, 0.67) (-0.31,1.31) (-0.33, 0.89) (0.0, 0.83)
017 0.3631 0.22 0.0737 -0.40 0.1134 -1.35 <0.000 1.27 <0.00
(-0.56, 0.21) (-0.02, 0.45) (-0.91, 0.10) (-1.84, -0.86) 1 (0.90, 1.64) 01
0.40 0.0688 041 0.0039 0.25 0.3795 0.44 0.1483 0.39 0.0081
(-0.03, 0.84) (0.14, 0.68) (-0.32, 0.81) (-0.17, 1.05) (0.11, 0.67)
0.23 0.4297 041 0.0263 0.02 0.9557 0.28 0.3799 -0.06 0.8177
(-0.36,0.82) (0.05, 0.78) (-0.63, 0.67) (-0.36, 0.91) (-0.56, 0.45)
-0.05 0.8740 0.004 0.9844 027 0.4152 0.03 0.9313 0.32 0.0905
(-0.69, 0.59) (-0.45, 0.46) (-0.95, 0.40) (-0.72,0.78) (-0.05, 0.70)
0.18 0.3069 0.46 0.0029 -0.01 0.9598 0.02 0.9334 031 0.0825
(-0.17, 0.54) (0.17, 0.75) (-0.39, 0.37) (-0.51, 0.55) (-0.04, 0.67)
-0.86 0.0591 0.19 0.2782 0.44 0.5550 117 0.1371 053 0.0131
(-1.76, 0.04) (-0.55, 0.16) (-1.92, 1.05) (-2.74,0.39) (-0.94, -0.12)
- - 0.76 <0.00 0.82 0.0023 - : 161 <0.00
(0.50, 1.02) 01 (0.32, 1.33) (1.31, 1.90) 01
0.07 0.7572 0.72 0.0002 0.07 0.7672 -0.02 0.9386 057 0.0650
(-0.54, 0.40) (0.37, 1.07) (-0.54, 0.40) (-0.65, 0.61) (-1.18, 0.04)
0.65 0.0032 007 0.4535 0.16 0.4918 -0.05 0.8526 2.22 <0.00
(0.24, 1.07) (-0.27,0.12) (-0.32, 0.64) (-0.57, 0.48) (1.93, 2.51) 01
0.38 0.1767 1.06 <0.00 0.39 0.4920 0.11 0.8420 013 0.8702
(-0.18, 0.94) (0.64, 1.47) 01 (-0.75,1.52) (-1.93, 1.26) (-1.75,1.49)
057 0.0117 0.83 <0.00 0.01 0.9744 0.33 0.2708 0.84 <0.00
(0.14, 1.00) (0.60, 1.07) 01 (-0.54, 0.56) (-0.27,0.94) (0.54, 1.13) 01
-0.49 0.0111 0.06 0.5699 015 0.4801 -0.64 0.0115 0.38 0.0098
(-0.85, -0.12) (-0.16, 0.28) (-0.59, 0.28) (-1.12, -0.15) (-0.67, -0.10)

Red: poor; yellow: intermediate; green: ideal.

*Models were adjusted for age, sex, race/ethnicity, education, other Life’s Simple 7 components, coronary heart disease.
T B: beta; CI: confidence interval; PA: physical activity; SMK: smoking; BMI: body mass index; DSST: the Digit Symbol Substitution Test; CERAD
WL: the Consortium to establish a registry for Alzheimer's disease Word Learning subtest; AFT: the Animal Fluency test.



Table S7. The associations of levels in biological factors and cognitive function among older adults >60
years, NHANES 2011-14",

Red: poor; yellow: intermediate; green: ideal.

Global cognition DSST CERAD WL delayed CERAD WL immediate AFT
memory memory
BP | FPG | TC pf P B P B P B P B P
(95% CI) value (95% CI) value (95% CI) value (95% CI) value (95% CI) value
Reference Reference Reference Reference Reference
0.13 0.5219 0.37 0.3449 -0.24 0.2435 0.18 0.5649 -0.10 0.8707
(-0.28, 0.53) (-0.42,1.17) (-0.64, 0.17) (-0.45, 0.81) (-1.35, 1.15)
0.38 0.0522 0.48 0.2915 0.16 0.3622 0.60 0.0368 -0.05 0.9387
(-0.004, 0.77) (-0.44, 1.40) (-0.19, 0.51) (0.04, 1.16) (-1.25, 1.16)
0.08 0.6538 0.30 0.5089 -0.20 0.2628 0.16 0.5773 -0.08 0.8847
(-0.29, 0.45) (-0.62, 1.22) (-0.57, 0.16) (-0.43, 0.76) (-1.25, 1.08)
0.02 0.9240 0.29 0.5701 0.004 0.9892 0.20 0.5372 -0.42 0.4889
(-0.47, 0.52) (-0.74, 1.32) (-0.57, 0.57) (-0.45, 0.85) (-1.65, 0.81)
0.24 0.2465 0.48 0.2807 -0.15 0.4607 0.26 0.3883 0.16 0.7936
(-0.18, 0.66) (-0.41, 1.36) (-0.56, 0.26) (-0.34, 0.86) (-1.04, 1.35)
0.08 0.6445 0.42 0.3399 -0.17 0.4492 0.17 0.5033 -0.19 0.7403
(-0.27, 0.43) (-0.47,1.31) (-0.61, 0.28) (-0.34, 0.68) (-1.32, 0.95)
0.41 0.0630 0.61 0.1822 -0.03 0.8882 0.42 0.2511 0.28 0.6471
(-0.02, 0.85) (-0.30, 1.51) (-0.49, 0.43) (-0.32,1.17) (-0.97, 1.54)
0.20 0.1954 0.54 0.1762 -0.20 0.1973 0.13 0.6274 -0.003 0.9954
(-0.11, 0.52) (-0.26, 1.35) (-0.51, 0.11) (-0.41, 0.66) (-1.21, 1.20)
0.23 0.4281 0.21 0.4371 -0.41 0.0530 0.75 0.0073 0.14 0.8306
(-0.35, 0.81) (-0.34,0.77) (-0.82, 0.01) (0.22, 1.29) (-1.16, 1.44)
0.07 0.7418 0.29 0.4628 -0.21 0.3656 0.21 0.4774 -0.11 0.8602
(-0.34, 0.47) (-0.51, 1.09) (-0.67, 0.25) (-0.39, 0.82) (-1.33,1.12)
0.01 0.9716 0.38 0.4305 -0.36 0.1348 0.16 0.5838 -0.14 0.8204
(-0.55, 0.57) (-0.59, 1.36) (-0.85, 0.12) (-0.42, 0.73) (-1.39, 1.11)
0.27 0.1173 0.48 0.2474 -0.06 0.7232 0.30 0.2853 0.07 0.9017
(-0.07, 0.61) (-0.35, 1.31) (-0.37, 0.26) (-0.26, 0.87) (-1.08, 1.22)
0.34 0.0217 0.50 0.3240 0.14 0.5560 0.67 0.0785 -0.19 0.7233
(0.05, 0.63) (-0.52, 1.52) (-0.35, 0.64) (-0.08, 1.42) (-1.25, 0.88)
0.46 0.0077 0.63 0.1739 0.07 0.7524 0.44 0.0645 0.24 0.6635
(0.13,0.79) (-0.29, 1.55) (-0.37, 0.50) (-0.03, 0.90) (-0.88, 1.36)
0.34 0.0263 0.54 0.2317 0.07 0.6785 0.37 0.1793 0.04 0.9479
(0.04, 0.64) (-0.36, 1.45) (-0.26, 0.40) (-0.18, 0.91) (-1.13, 1.20)
0.37 0.0646 0.56 0.2171 -0.02 0.8893 0.45 0.1492 0.10 0.8759
(-0.02, 0.77) (-0.34, 1.45) (-0.37,0.32) (-0.17, 1.08) (-1.15, 1.34)
0.27 0.0700 0.57 0.1788 -0.14 0.3592 0.30 0.2489 0.02 0.9747
(-0.02, 0.56) (-0.27,1.42) (-0.43, 0.16) (-0.22, 0.81) (-1.15,1.19)
0.75 0.0137 0.85 0.0615 0.52 0.3493 0.83 0.0623 0.17 0.8150
(0.16, 1.33) (-0.04, 1.74) (-0.59, 1.63) (-0.05, 1.71) (-1.26, 1.59)
0.15 0.7257 0.28 0.4894 -0.17 0.5926 0.46 0.2676 -0.13 0.8759
(-0.69, 0.99) (-0.53, 1.09) (-0.81, 0.47) (-0.37, 1.30) (-1.75, 1.50)
0.83 0.0002 1.03 0.0364 0.38 0.0982 0.81 0.0060 0.30 0.6419
(0.43,1.24) (0.07, 2.00) (-0.07, 0.84) (0.25, 1.37) (-1.01, 1.62)
0.26 0.1017 0.66 0.1449 -0.06 0.7489 0.26 0.2931 -0.07 0.9088
(-0.06, 0.58) (-0.24, 1.56) (-0.44,0.32) (-0.24,1.37) (-1.30, 1.16)
0.19 0.2217 -0.46 0.3214 -0.05 0.8239 0.30 0.3278 0.51 0.4011
(-0.12, 0.51) (-1.40, 0.47) (-0.50, 0.40) (-0.31, 0.91) (-0.71, 1.72)
0.31 0.1185 0.55 0.2841 -0.01 0.9591 0.36 0.1213 0.06 0.9088
(-0.08, 0.71) (-0.48, 1.58) (-0.44, 0.42) (-0.10, 0.83) (-1.08, 1.21)
0.40 0.0296 0.43 0.3125 0.07 0.6453 0.50 0.0888 0.20 0.7386
(0.04, 0.76) (-0.42,1.27) (-0.23, 0.37) (-0.08, 1.09) (-0.99, 1.38)
-0.02 0.9232 0.30 0.5067 -0.42 0.0813 0.25 0.4767 -0.19 0.7453
(-0.45, 0.40) (-0.61, 1.21) (-0.89, 0.06) (-0.46, 0.96) (-1.37, 0.99)
0.46 0.0105 0.72 0.0945 -0.01 0.9453 0.44 0.0909 0.25 0.6828
(0.12,0.81) (-0.13, 1.56) (-0.33, 0.31) (-0.07, 0.95) (-0.99, 1.49)

*Models were adjusted for age, sex, race/ethnicity, education, other Life’s Simple 7 components, coronary heart disease.
T B: beta; CI: confidence interval; PA: physical activity; SMK: smoking; BMI: body mass index; DSST: the Digit Symbol Substitution Test; CERAD
WL: the Consortium to establish a registry for Alzheimer's disease Word Learning subtest; AFT: the Animal Fluency test.




Figure S1. Prevalence of number of components in ideal or poor levels among U.S. older adults >60 years,
NHANES 2011-14.
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