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ABSTRACT

Background: Cardiovascular risk factors, such as high blood pressure, adverse serum lipids,
and elevated body mass index in midlife may harm cognitive performance. Importantly,
longitudinal accumulation of cardiovascular risk factors since childhood may associate with
cognitive performance already since childhood, but the prior evidence is scarce. We studied
the associations of cardiovascular risk factors from childhood to midlife, their accumulation,
and midlife cognitive performance.

Methods: From 1980, a population-based cohort of 3596 children (age 3-18 years) have been
repeatedly followed-up for 31 years. Blood pressure, serum lipids, and body mass index were
assessed in all follow-ups. Cardiovascular risk factor trajectories from childhood to midlife
were identified using latent class growth mixture modeling. Cognitive testing was performed
in 2026 participants aged 34-49 years using a computerized test. The associations of the
cardiovascular risk factor trajectories and cognitive performance were studied for individual
cardiovascular risk factors and cardiovascular risk factor accumulation.

Results: Consistently high systolic blood pressure (B=-0.262 SD, 95% confidence interval (CI)
-0.520—0.005) or serum total cholesterol (f=-0.214 SD, 95%CI -0.365—-0.064) associated with
worse midlife episodic memory and associative learning compared to consistently low values.
Obesity since childhood associated with worse visual processing and sustained attention (B=-
0.407 SD, 95%CI1 -0.708—-0.105) compared to normal weight. An inverse trend association was
observed for the cardiovascular risk factor accumulation with episodic memory and associative
learning (p for trend 0.008; three cardiovascular risk factors: p=-0.390 SD, 95%CI -0.691—-
0.088), with visual processing and sustained attention (p for trend <0.0001; three
cardiovascular risk factors: p=-0.443 SD, 95%Cl -0.730—0.157), and with reaction and
movement time (p for trend 0.048; two cardiovascular risk factors: p=-0.164 SD, 95%CI -

0.318—-0.010).



Conclusions: Longitudinal elevated systolic blood pressure, high serum total cholesterol, and
obesity from childhood to midlife were inversely associated with midlife cognitive
performance. Importantly, the higher the number of cardiovascular risk factors was, the worse
cognitive performance was observed. Therefore, launching preventive strategies against
cardiovascular risk factors beginning from childhood might benefit primordial promotion of

cognitive health in adulthood.

Key words: cognitive performance, cardiovascular risk, trajectories, childhood, adulthood,

midlife, longitudinal, population-based



Clinical Perspective

What Is New?

This study provides a novel long-term and comprehensive outlook on blood pressure,
serum lipids, and body mass index trajectories from childhood to midlife and on their
associations with cognitive performance in midlife.

This is the first study to highlight the link between longitudinal cardiovascular risk
factor accumulation from childhood to midlife and poor cognitive performance in

midlife.

What Are the Clinical Implications?

This study highlights the inverse association of longitudinal accumulation of
cardiovascular risk factors from childhood to midlife on cognitive performance in
midlife.

The results give support to active monitoring of systolic blood pressure, serum total
cholesterol, and obesity already since childhood in order to promote adulthood
cognitive health. Additionally, emphasis on reducing the number of risk factors may be
beneficial.

The findings from the current study elucidate possibilities to move the focus of
cognitive decline prevention from secondary and tertiary prevention to primary and
even primordial prevention through controlling cardiovascular risk factors already from

childhood.



INTRODUCTION

The aging population highlights the need for primordial prevention of cognitive deficits®.
Subclinical deficiencies, for example, in memory, learning, and decision making, precede
cognitive deficits plausibly even decades before they become clinically detectable?. Incidence
of cognitive deficits is influenced by well-established risk factors including, for example, low
education, hypertension, obesity, type 2 diabetes, smoking, physical inactivity, poor diet, and
depression!. Results from previous observational studies on cardiovascular risk factors
(CVRFs) have been focused on late-life> or middle age*°, whereas there are only a few
studies from earlier adulthood>%2, These studies have reported inverse associations of
hypertension or high blood pressure (BP)3®71%12 adverse serum lipids®'®*? and

obesity®"10.1213 on cognitive performance.

It is notable that even if CVRFs often tend to accumulate!®, previous studies have mainly
focused on the effects of individual CVRF exposures,*'** whereas few studies have focused on
the association between CVRF accumulation and cognitive performance®>7-1%12 or the risk of
dementia®. It is important to note that instead of using data from a single measurement point,
only a few previous studies with data from adulthood have focused on the associations between
longitudinally measured adulthood CVRF accumulation®*%*2 and cognitive performance. To
our knowledge, CARDIA (Coronary Artery Risk Development in Young Adults) is the only
previous study with data from young adulthood to midlife (baseline, 18-30 years of age) and
with results suggesting an adverse association between longitudinally assessed CVRF
accumulation and cognitive performance?. Moreover, no previous study has been able to

demonstrate these associations since childhood.



Leveraging the data from the YFS (Cardiovascular Risk in Young Finns Study), we have
previously shown that elevated systolic BP (SBP), high serum total cholesterol, and smoking
from childhood to early adulthood may exert their influence on midlife cognitive performance
independent of the same risk factor levels in adulthood®®. Therefore, this study aimed to close
the existing knowledge gap on the associations of CVRFs from childhood to midlife and CVRF

accumulation with cognitive performance measured in midlife.

METHODS

Participants

Anonymized data are available on request from the YFS research group
(https:/lyoungfinnsstudy.utu.fi/). The YFS is a national, longitudinal, population-based study
that focuses on CVRFs from childhood to adulthood. The baseline study was conducted in
1980, when 3596 randomly selected individuals (boys and girls, all White) 3, 6, 9, 12, 15, and
18 years of age participated in clinical examinations. Follow-up studies were conducted for the
whole study population in 1983, 1986, 2001, 2007, and 2011 and for a subsample also in 1989
and 1992. The study was approved by local ethics committees. All participants provided written
informed consent. The design, population, and protocol of the YFS have been thoroughly

reported elsewhere?®.

Cognitive Performance

Cognitive performance was assessed in 2026 participants 34-49 years of age (in 2011) with the
Cambridge Neuropsychological Test Automated Battery (CANTAB®, Cambridge Cognition,
Cambridge, United Kingdom). The test battery included 4 tests that reflect different cognitive
domains: (1) the Paired Associates Learning (PAL) test assessed episodic memory and

associative learning, (2) the Spatial Working Memory (SWM) test measured short-term



working memory, (3) the Reaction Time (RTI) test measured reaction and movement time, and
(4) Rapid Visual Information Processing (RVP) test assessed visual processing and sustained
attention. Each of the 4 tests produced several variables. Test-specific principal component
analyses were conducted, and the first components resulting from these analyses were
considered to represent performance in each studied cognitive domain. The principal
components were normalized using a rank-order normalization procedure, resulting in 4
normally distributed components (mean=0 and SD=1) and transformed so that a greater value
in the component indicates better cognitive performance. All available data for each cognitive
test were used. Therefore, the number of participants varies between the components (177 were
excluded because of technical reasons; 51 refused to participate in all or some of the tests). A
detailed description of the cognitive testing is presented in the expanded Methods in the Data

Supplement. The validation of the cognitive data is presented elsewhere!’.

Cardiovascular Risk Factors

In all study phases, standard methods were used for measuring SBP and diastolic BP (DBP)®,
Venous blood samples were taken after an overnight fast. Serum total cholesterol and
triglyceride concentration were determined enzymatically with standard methods®®. High-
density lipoprotein (HDL) cholesterol was analyzed after precipitation of very-low-density
lipoprotein cholesterol and low-density lipoprotein (LDL) cholesterol. The concentration of
LDL cholesterol was calculated using the Friedewald formula for participants with
triglycerides <4mmol/Il. Data on antihypertensive and dyslipidemia medications were obtained
from the questionnaires in all adulthood follow-up studies (in 2001, 2007 and 2011). Weight
(kg) and height (m) were measured, and body mass index (BMI) was calculated as weight

(kg)/height (m?)e.



Covariates

Age was defined in full years at the end of 2011. Genotyping was performed for 2443 samples
using a custom-built Illumina Human 670k BeadChip at the Welcome Trust Sanger Institute.
Genotypes were called using an Illuminus clustering algorithm?®®. Genotype imputation was
performed using Beagle software?® and The Sequencing Initiative Suomi (SISu) as reference
data. A polygenic risk score for cognitive performance (hereafter “polygenic risk score”) was
calculated using LDpred, a Bayesian method that estimates posterior mean causal effect sizes
from genome-wide association study (GWAS) summary statistics by assuming a prior for the
genetic architecture and linkage disequilibrium (LD) information from a reference panel?’: an
infinitesimal fraction of causal variants were assumed, and summary statistics from Savage et
al.?? GWAS for intelligence were used. The LD between markers was estimated from the SISu
data. The polygenic risk score was used as a proxy for childhood cognitive performance. The
analyses for individual CVRF trajectories were adjusted for other adulthood CVRFs. Serum
glucose concentrations were analyzed using standard enzymatic methods®®. Smoking was
queried, and smoking status was dichotomized into daily smokers (daily smoking in any of the
adulthood follow-up studies) and nonsmokers. Physical activity was assessed with a
standardized questionnaire in all study phases, and a physical activity index was calculated as
performed previously?3. A diet score in adulthood was calculated? on the basis of the American
Heart Association’s definition,?® which included recommended ideal intake levels of fruits and
vegetables, fish, whole grains, sodium, and sugar-sweetened beverages. The mean values of
the CVRF measurements, physical activity indices, and diet scores in adulthood follow-up
studies were calculated. Childhood school performance expressed as grade point average (i.e.
mean of grades in all individual school subjects at baseline or either of the 2 subsequent follow-
ups for those participants who were not of school age at baseline) was queried. The maximum

years of education until the cognitive testing was queried. Socioeconomic status (SES) in



childhood was determined as an annual income of the family in 19802¢. Four annual family
income strata at the time of baseline were determined: (1) <17000 euros, (2) 17000-27000
euros, (3) 27001-34000 euros, and (4) >34000 euros. A detailed description of the covariates

is presented in the expanded Methods in the Data Supplement.

Statistical Analysis

Heterogeneity in the longitudinal development of SBP, DBP, serum lipids, and BMI was
investigated using group-based trajectory modeling performed with the SAS PROC TRAJ
procedure?’ to identify subgroups of YFS participants who shared similar underlying
trajectories between 9 and 49 years of age. Participants who used antihypertensive (N=273) or
dyslipidemia medication (N=100) in adulthood follow-ups were excluded from the CVRF-
specific trajectory modeling analyses. The BMI measurements obtained during the
participants’ pregnancies were excluded from the BMI trajectory modeling analyses. All other
participants were included in trajectory analyses, but for reliability, a minimum of 3
measurements was required with at least 1 being from childhood and adolescence (9-18 years
of age) and at least 1 from adulthood (21-49 years of age). For each CVRF, the decision on the
number and shape of the trajectory groups (Tables I-V1II in the Data Supplement) was based
on clinical plausibility and standard criteria,?®?® which are The Bayesian information criterion
indicating the goodness of fit of the models and the posterior probability indicating internal
reliability of each participant belonging to a specific trajectory group. Participants were
assigned to the trajectory group where they had the highest posterior probability to belong
(Tables IX-XV in the Data Supplement). For meaningful statistical analyses linking CVRF
trajectories and cognitive performance, a frequency of >5% was preferred for the trajectory
groups (not applicable for BMI because of clinical and statistical aspects). Last, 7 individual

trajectory models for SBP, DBP, serum lipids, and BMI were formed (Figure 1 for SBP, serum



total cholesterol, and BMI; and Figures I-1V in the Data Supplement for DBP, LDL cholesterol,
HDL cholesterol, and serum triglycerides) with adequate fit to data, good classification
accuracy and a strong clinical interpretability (Tables XVI-XXII in the Data Supplement). For
DBP, LDL cholesterol, HDL cholesterol, and triglycerides, a detailed description of creation
of the trajectory groups is presented in expanded Methods in the Data Supplement. Sex-specific
trajectory modeling was performed for each CVRF (Figures I-V in the Data Supplement), and
the results were similar to the analyses for all participants. Therefore, to increase the statistical

power the analyses for cognitive performance were conducted among all participants.

For SBP (N=2361), a 5-group trajectory solution was considered optimal (Figure 1/Panel A):
(1) low-stable SBP (N=415, 17.6%) with a consistently low SBP level; (2) normal-stable SBP
(N=935, 39.6%) with consistently normal (<120mmHg) SBP level; (3) moderate-stable SBP
(N=399, 16.9%) with SBP level consistently close to ideal (120mmHg)?®; (4) moderate-
increasing SBP (N=471, 20.0%) with normal SBP in childhood but continuously increasing
BP level from youth to midlife; (5) elevated-increasing SBP (N=141, 6.0%) with elevated SBP
in childhood and continuously increasing BP level throughout the adulthood. For serum total
cholesterol (N=2562), a 3-group trajectory solution was considered optimal (Figure 1/Panel
B): (1) low-stable total cholesterol (N=690, 26.9%) with consistently low serum total
cholesterol; (2) elevated-stable total cholesterol (N=1409, 55.0%) with serum total cholesterol
levels consistently close to ideal (<5.172mmol/l)?; (3) high-stable total cholesterol (N=463,
18.1%) with consistently high serum total cholesterol. For BMI (N=2588), a 4-group trajectory
solution was considered optimal (Figure 1/Panel C): (1) stable slim (N=994, 38.4%) with
consistently low body weight; (2) stable normal weight (N=1104, 42.7%) with body weight
consistently close to normal (25kg/m?); (3) progressively overweight (N=412, 15.9%) reaching

overweight in childhood or adolescence and gaining weight throughout the adulthood; (4)



persistently increasing obese (N=78, 3.0%), reaching obesity in childhood or adolescence and
gaining weight throughout the adulthood. A detailed description of the creation of the CVRF

trajectories is presented in the expanded Methods in the Data Supplement.

Linear regression analyses were conducted to investigate the associations of CVRF trajectory
groups and midlife cognitive performance. All regression analyses were conducted as
multivariable models using the standardized principal components for cognitive performance
as outcome variables and adjusting for age, sex, and polygenic risk score. Furthermore, a fully
adjusted model additionally included other adulthood CVRFs (SBP, serum total cholesterol,
BMI, fasting serum glucose, smoking, physical activity, and diet). In addition, all analyses were
further adjusted for childhood school performance, childhood SES, and adulthood education.
P<0.05 was considered as the level of statistical significance. All statistical analyses were

performed using SAS 9.4 (SAS Institute Inc. Cary, North Carolina, USA).

RESULTS

Characteristics and Representativeness of the Study Population

The background characteristics of the study population and number of participants in the
cognitive tests are presented in the Table 1. This study leveraged the data on the YFS
participants with cognitive data (1104 women and 922 men; age 10.8 years at baseline and 41.8
years at cognitive testing). The descriptive characteristics individually for each SBP, serum
total cholesterol, and BMI trajectory groups in the 21- and 31-year follow-ups are presented in
Table 2. For DBP, LDL cholesterol, HDL cholesterol, and triglyceride trajectory groups, the
descriptive characteristics are presented in the Table XXIII in the Data Supplement.

Representativeness of the study population participating in the cognitive testing was examined

10



by comparing the baseline and 21-year-follow-up data between the participants and non-

participants (Table XXIV in the Data Supplement).

Cardiovascular Risk Factor Trajectories from Childhood to Midlife and Cognitive
Performance

SBP was inversely associated with episodic memory and associative learning; the ‘elevated-
increased SBP’ group had worse episodic memory and associative learning compared with the
‘normal-stable SBP’ group (PAL-test; p=-0.256 SD, 95% confidence interval (CI) -0.510—
0.002; age, sex, and polygenic risk score adjusted). In addition, the ‘moderate-increasing SBP’
group had worse visual processing and sustained attention compared with the ‘normal-stable
SBP’ group (RVP-test; =-0.201 SD, 95%CI -0.343—-0.060; age, sex, and polygenic risk score
adjusted). After adding adulthood CVRFs (BMI, serum total cholesterol, fasting serum
glucose, smoking, physical activity, and diet) into the multivariable model, the associations for
SBP remained essentially similar (Table 3/Panel A for episodic memory and associative
learning, Panel B for visual processing and sustained attention). In addition, in the fully
adjusted model, a better performance in the reaction and movement time test was observed for
the ‘moderate-stable SBP’ group compared with the ‘normal-stable SBP’ group (RTI-test;
Table 3/Panel C). No associations were found between SBP trajectory groups and short-term
working memory (SWM-test; Table 3/Panel D). Furthermore, no associations were found
between DBP trajectory groups and any cognitive domains (Table XXV/Panel A in the Data

Supplement).

Serum total cholesterol was inversely associated with episodic memory and associative
learning; the ‘high-stable total cholesterol’ group had worse episodic memory and associative

learning compared with the ‘low-stable total cholesterol’ group (PAL-test; p=-0.238 SD,

11



95%CI -0.386—-0.090; age, sex, and polygenic risk score adjusted). Furthermore, a weak
inverse association was observed for the ‘elevated-stable total cholesterol’ group on short-term
working memory (SWM-test; p=-0.099 SD, 95%CI -0.207-0.010; age, sex, and polygenic risk
score adjusted). After additional adjustments for adulthood CVRFs (SBP, BMI, fasting serum
glucose, smoking, physical activity, and diet), the association for episodic memory and
associative learning remained essentially similar (Table 3/Panel A), whereas the associations
for short-term working memory was diluted (Table 3/Panel D). No associations were found for
serum total cholesterol trajectories on other cognitive domains (Table 3/Panels B and C). For
serum LDL cholesterol trajectories, a similar inverse association was found for episodic
memory and associative learning compared with serum total cholesterol trajectory analysis
(Table XXV/Panel B in the Data Supplement). Furthermore, no associations were found for
HDL cholesterol or triglyceride trajectory groups and any cognitive domain (Table

XXV/Panels C and D in the Data Supplement).

BMI showed an inverse graded association with visual processing and sustained attention; the
‘progressively overweight’ (8=-0.213 SD, 95%CI -0.350—0.075) and ‘persistently increasing
obese’ (p=-0.540 SD, 95%CI -0.835—-0.246) groups had worse visual processing and sustained
attention (RVP-test) compared with the ‘stable normal weight’ group after adjusting for age,
sex, and polygenic risk score. After adding adulthood CVRFs (SBP, serum total cholesterol,
fasting serum glucose, smoking, physical activity, and diet) into the multivariable model, the
associations remained essentially similar (Table 3/Panel B). No associations were found for

the BMI trajectory groups for other cognitive domains (Table 3/Panels A, C, and D).

Cardiovascular Risk Factor Accumulation from Childhood to Midlife and Cognitive

Performance

12



To study the possible association of the CVRF accumulation since childhood, a risk score was
calculated on the basis of the CVRF trajectories (Table XXVI in the Data Supplement). Risk
points were given to participants belonging to 1) ‘moderate-increasing SBP’ or ‘clevated-
increasing SBP’ groups, 2) ‘high-stable total cholesterol’ group, 3) ‘progressively overweight’
or ‘persistently increasing obese’ groups, and 4) those having antihypertensive or dyslipidemia
medication in adulthood. The risk points were summed to form the risk score indicating the
longitudinal CVRF accumulation. The descriptive characteristics for the risk score groups are

presented in the Table 4.

For the CVRF score, inverse linear trends were found for episodic memory and associative
learning (PAL-test; p=-0.068, p=0.026 for trend), visual processing and sustained attention
(RVP-test; p=-0.139, p<0.0001 for trend), and reaction and movement time (RTI-test; p=-
0.078, p=0.015 for trend) in the age, sex, and polygenic risk score-adjusted analyses. After
additional adjustments for fasting serum glucose, smoking, physical activity, and diet score,
the association remained essentially similar (Table 5). In the multivariable model analyses for
the increasing number of CVRFs, the group without any CVRFs was used as the reference
group. An inverse association was found on episodic memory and associative learning for 3
CVRFs, on visual processing and sustained attention for 2 CVRFs and with 3 CVRFs, and with
2 CVRFs on reaction and movement time (Table 5); adjusted for age, sex, and polygenic risk
score. After additional adjustments for fasting serum glucose, smoking, physical activity, and
diet, the association diluted only marginally (Table 5). No associations were found for short-

term working memory (SWM-test).

To increase the clinical interpretability of our findings, we transformed the association of

longitudinal CVRF accumulation to correspond with ‘cognitive aging’; we compared the 3

13



estimates of the CVRF score with the B estimates of age in the test-specific fully adjusted
multivariable models (estimates for age: PAL-test p=-0.056 SD; RVP-test p=-0.022 SD; RTI-
test f=-0.009 SD) (Table 5). For example, for episodic memory and associative learning, the 8
estimate for the participants having 3 CVRFs corresponded with a 6.9-year difference in
‘cognitive age’. For visual processing and sustained attention, the 3 estimate for those with 3
CVRFs corresponded with a 20.6-year effect of ‘cognitive aging’, whereas the  estimate for
those with 2 CVRFs corresponded with a 17.9-year difference in cognitive age for reaction and

movement time.

Additional Analyses

We conducted additional multivariable analyses where the fully adjusted models (age, sex,
polygenic risk score, adulthood SBP, serum total cholesterol, BMI, fasting serum glucose,
smoking, physical activity, and diet) were further adjusted with childhood school performance,
adulthood education, and childhood SES (Table XXVII and XXVIII in the Data Supplement).
Because of missing data on the additional covariates, the number of participants was lower in
these additional models. The analyses for SBP and episodic memory and associative learning
showed, that the 3 estimate for the ‘elevated-increasing SBP’ group remained similar after the
additional adjustments, but the p-value was slightly diluted (model without additional
adjustments: f=-0.262 SD, p=0.046 vs. model with additional adjustments: p=-0.221 SD,
p=0.127). For visual processing and sustained attention, the association for the ‘moderate-
increasing SBP’ group remained substantially similar as in the model without the additional
adjustments (B=-0.185 SD, p=0.011 vs. f=0.179 SD, p=0.020). In the analyses for serum total
cholesterol and episodic memory and associative learning, the B estimate for the ‘high-stable
total cholesterol’ strengthened after the additional adjustments (f=-0.214 SD, p=0.005 vs. p=-

0.259 SD, p=0.002). In relation to the association between BMI and visual processing and

14



sustained attention, an inverse graded association was observed similarly to the analyses
without the additional adjustments (‘progressively overweight’: B=-0.165 SD, p=0.021 vs. p=-
0.170 SD, p=0.022 and ‘persistently increasing obese’: f=-0.407 SD, p=0.008 vs. =-0.377
SD, p=0.018). Furthermore, for the CVRF score, an inverse association for episodic memory
and associative learning was observed similarly to the analyses without the additional
adjustments (3 CVRFs: f=-0.390 SD, p=0.011 vs. p=-0.345 SD, p=0.041). For visual
processing and sustained attention, B estimates were marginally lower in the analyses with the
additional adjustments (2 CVRFs: p=-0.241 SD, p=0.001 vs. =-0.213 SD, p=0.007; 3 CVREFs:
=-0.443 SD, p=0.003 vs. p=-0.404 SD, p=0.008). For reaction and movement time, the
estimate was similar but the p value was diluted in the analyses with the additional adjustments

(two CVRFs: =-0.164 SD, p=0.037 vs. p=-0.167 SD, p=0.059).

DISCUSSION

We observed that longitudinal exposure to high SBP and serum total cholesterol since
childhood are associated with poorer midlife episodic memory and associative learning and
that overweight and obesity from childhood to midlife associate with worse visual processing
and sustained attention in midlife. It is important to note that we found that longitudinal
accumulation of CVRFs since childhood associates with poorer episodic memory and
associative learning, longer reaction and movement time, as well as worse visual processing

and sustained attention in an additive graded manner.

Our present results complement the previous findings from the YFS*®, where SBP, serum total
and LDL-cholesterol, and smoking in childhood and adolescence were associated with poorer
episodic memory and associative learning independent of the adulthood CVRFs. In the present

study, similar associations were observed for SBP, serum total cholesterol, and serum LDL-
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cholesterol in relation to episodic memory and associative learning, because the trajectory
groups with consistently elevated SBP, high serum total cholesterol, and high serum LDL-
cholesterol level had worse performance in the PAL-test. Adverse association for serum total
cholesterol might mainly be mediated via serum LDL cholesterol, because there were no
associations for serum HDL cholesterol or serum triglycerides. Furthermore, our previous
study indicated weak adverse associations of BMI, serum lipids and smoking for visual
processing and sustained attention, i.e. cognitive domains localized in the frontal areas of the
brain. In the present study, the longitudinal approach was gained through applying the CVRF
trajectories which brought up the clear inverse association between obesity since childhood
and visual processing and sustained attention in midlife. These observations are supported by
previous findings on the associations between CVRFs and frontal lobe-related cognitive
domains®-13, The present study also brings new evidence on the graded association of CVRF
accumulation on visual processing and sustained attention, on reaction and movement time,
and on episodic memory and associative learning. These novel findings underline the
importance of early identification of CVRFs already beginning from childhood. Primary
prevention of cognitive deficits and dementia by treating CVRFs in midlife is acknowledged
by the Lancet Commission®. Noticeably, the only early life (<45 years of age) risk factor
pointed out in the Commission’s statement is low education. Together with our previous
findings on the independent role of childhood CVRFs on adulthood cognitive performance?®,
the present findings support the view that CVRFs are potentially relevant in dementia risk
prevention already earlier than believed. In addition, our findings indicate that the guidelines
on the CVRF levels established for cardiovascular disease prevention? could also be applied

in relation to cognitive performance outcomes.
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To our knowledge, this is the first longitudinal population-based study examining the
association between CVRF accumulation from childhood to midlife and cognitive performance
in midlife. Previous evidence on the effects of CVRF accumulation is mainly based on elderly
cohorts in which the CVRFs and cognitive performance have been assessed among participants
>50°810.12 6035 or even 70 years*>’of age. The neuropathological processes causing cognitive
deficits are known to be ongoing already years or decades before manifesting as clinical
cognitive deficits?. Therefore, middle-aged or elderly cohorts are not necessarily the optimal
target populations when aiming to find means for primary or primordial prevention for
cognitive deficits. Furthermore, in the previous longitudinal studies on CVRF accumulation,
the CVRF measurements have usually been performed only at a single time point>"2°,
Nevertheless, our findings are supported by previous longitudinal studies on older cohorts. The
CARDIA study has shown adverse associations of longitudinally measured systolic and
diastolic BP, fasting blood glucose and serum total cholesterol with executive function,
processing speed and verbal memory measured in adulthood/midlife!!. The CARDIA study
also found that the number of ideal cardiovascular health components, defined by the American
Heart Association®, was longitudinally and directly associated with all studied cognitive
domains®?. Further supporting our results, the PATH (Personality and Total Health) Through
Life Project has pointed out that CVRF accumulation may be associated with decline in
reaction time during 8 years of follow-up in participants aged 43 years at baseline®. In addition,
in the English Longitudinal Study of Ageing (ELSA) cohort, midlife accumulation of CVRFs
(e.g. diabetes, hypertension, smoking, physical inactivity, and obesity) was associated with
accelerated memory decline during 10 years of follow-up?, whereas in the Framingham Heart
Study, longitudinal exposure to both obesity and hypertension in midlife has been found to

inversely associate with memory in men?®.
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There are some previous studies applying the latent class growth mixture modeling for
longitudinally measured CVRFs. A previous study on the YFS cohort reported a model with 6
trajectory groups for BMI®. The differences between the previous and the present BMI
trajectory models were mainly in the separate trajectories for overweight and obese participants
in the previous study, and for consistently slim and normal weight participants in the present
study. Eventually, the aim of the present study was to examine the association of longitudinal
trajectories since childhood with effective clinical classification accuracy and cognitive
performance. Therefore, a model with fewer BMI groups was selected to ensure reliable
classification accuracy for meaningful analyses on cognitive performance. In relation to SBP,
the trajectory model in the present study is in line with the BP trajectory model reported from
the CARDIA study®. Furthermore, similarly to our trajectory model for serum total
cholesterol, 3 trajectory groups were identified for non-HDL-cholesterol between young
adulthood and midlife in the Framingham Offspring study®, and three trajectory groups for
HDL-cholesterol on a subsample of the YFS cohort using cholesterol measurements until
young adulthood (24 years of age)®. Therefore, these previous findings support our

longitudinal CVRF trajectory models.

To date, there are no studies in animal models examining the association between accumulation
of the applied CVRFs and cognitive performance. Nevertheless, the animal data have shown
inverse associations of hypercholesterolemia and obesity on cognitive performance, mainly
learning and long-term memory, via neuroinflammatory changes®*, cholinergic dysfunction,
enhanced cortical beta-amyloid and tau, and microbleedings®®, as well as via regulation of
cerebral blood flow by causing progressive dysfunction of the vascular endothelium-dependent
relaxation®. Furthermore, the harmful association of hypertension for brain structures has been

observed in rodents, because high BP has been linked to the leakage of serum components from
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small vessels into hippocampus through impaired blood-brain barrier possibly leading to
neuronal and glial damage®. Furthermore, in human studies applying imaging methods,
midlife hypertension has been suggested to accelerate the occurrence of white matter lesions,
whereas increased midlife waist-hip ratio may associate with decreased total brain volume®2,
Furthermore, hypertension®® has been suggested to associate with the disturbances in white
matter perfusion and ischemia, which at the same time, often manifests as deep white matter
lesions®. In addition, periventricular white matter lesions in old age may originate from blood-
brain barrier dysfunction or disturbance in cerebrospinal fluid production®, and interestingly,

to associate with reduced processing speed*°.

Limitations and Strengths

Some limitations need to be addressed. First, cognitive performance was measured once in
midlife. Therefore, there were no data on baseline cognitive performance, and thus, we were
unable to study the role of CVRFs on the changes in cognitive performance. However, we
adjusted all analyses for polygenic risk score indicating genetic cognitive capacity. In addition
to polygenic risk score, the analyses were adjusted for childhood school performance as a proxy
for childhood cognitive performance and for childhood SES and adulthood education as an
indicators of life-course SES. Second, acknowledging the lack of data after midlife, we were
unable to study the role of CVRFs on cognitive performance with a whole life-course
perspective. Third, with respect to the establishment of causality, all observational studies are
prone to bias caused by reverse causation. Therefore, we are not able to draw firm conclusions
on the causal relations between CVRFs and cognitive performance. Nevertheless, because it is
impossible to perform randomized control trials to test life-course causal relations between
CVRFs and cognitive performance in humans, the use of existing population cohorts with

follow-up data from childhood to adulthood is the only realistic approach to study this topic.
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Fourth, several statistical tests were conducted, which increase the probability for false positive
findings. However, because the main analyses were based on strict a priori hypotheses, we did
not apply multiple testing correction. Fifth, in observational studies such as the YFS, residual
confounding might interrupt the interpretation of the results. For example, because of the lack
of longitudinal childhood data on serum glucose levels, we were unable to conduct the
trajectory analyses for serum glucose similarly as for other CVRFs. Nonetheless, our results
remained robust to adjustment for a wide array of possible confounding factors including
adulthood glucose levels. It remains possible, however, that some unmeasured factors
contribute to the associations between CVRFs and cognitive performance. Sixth, the
participants using antihypertensive and dyslipidemia medications were excluded from the
CVRF trajectory analyses, and therefore, the results for SBP and serum lipids may be
underestimations of the true associations. However, in the analyses for the CVRF accumulation
the participants using these medications were given risk points, which means that
underestimation is not plausible considering our results for the CVRF accumulation. Last,
latent class growth analysis offers a data-driven longitudinal method to model CVRFs. Because
the method bases merely on the data and applies no a priori hypothesis for the groups, it allows
for analysis of the lifelong natural history of CVRFs. Because of the lack of a priori hypothesis,
the criticisms may point out that latent class growth analyses result in groups that do not exist
or produce an over-simplification of the true variability of the CVRFs. However, taken that the
diagnostic criteria related to the analyses are amply followed, as in our study, latent class
growth analysis comprises an adequate method to model longitudinally measured CVRFs and

to effectively differentiate participants into clinically meaningful groups.

The key strength of our study is the unique, large, randomly selected population-based cohort,

which is representative of the general Finnish population. With a follow-up time over 30 years,
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it allows us to study the longitudinal associations between multiple CVRFs since childhood in
healthy adults. We used computerized cognitive test with, for example, better accuracy,
standardization and reliability compared with traditional non-computerized tests. Hence, even
if not applied in clinical practice, the YFS cognitive test is adequate and accurate in assessing

different cognitive domains, and importantly, sensitive to detect differences in healthy adults.

Conclusions

Our results show that SBP, serum total cholesterol, and BMI measured longitudinally from
childhood to midlife associate with cognitive performance in midlife. It is important to note
that the more adverse CVRFs were accumulated from childhood to midlife, the worse
association for cognitive performance was observed in midlife. Given the current lack of cure
for the major causes of dementia, delaying the onset of clinical cognitive deficits should be in
the key focus of cognitive health promotion. If the associations found in the present study are
causal, early interventions on CVRFs could offer an opportunity for primordial promotion of

cognitive health.

21



Acknowledgements

Expert technical assistance in data management and statistical analyses by Johanna Ikonen and
Irina Lisinen is gratefully acknowledged.

Sources of Funding

This work was supported by the Academy of Finland: grants 286284, 134309 (Eye), 126925,
121584, 124282, 129378 (Salve), 117787 (Gendi), 41071 (Skidi) and 322098 (T.L); the Social
Insurance Institution of Finland; Competitive State Research Financing of the Expert
Responsibility area of Kuopio, Tampere and Turku University Hospitals (grant X51001); Juho
Vainio Foundation; Paavo Nurmi Foundation; Finnish Foundation for Cardiovascular
Research; Finnish Cultural Foundation; The Sigrid Juselius Foundation; Tampere Tuberculosis
Foundation; Emil Aaltonen Foundation; Yrjo Jahnsson Foundation; Signe and Ane Gyllenberg
Foundation; Diabetes Research Foundation of Finnish Diabetes Association; and EU Horizon
2020 (grant 755320 for TAXINOMISIS and grant 848146 for TO-AITION); and European
Research Council (grant 742927 for MULTIEPIGEN project); Tampere University Hospital
Supporting Foundation. KP is supported by Academy of Finland research fellowship (322112).
Disclosures

None.

Supplemental Materials

Expanded Methods

Expanded Results

Data Supplement Figures I-V

Data Supplement Tables I-XXVIII

References 40-41

22



REFERENCES

1.

Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, Brayne C,
Burns A, Cohen-Mansfield J, Cooper C, et al. Dementia prevention, intervention, and
care: 2020 report of the Lancet Commission. Lancet. 2020;396:413-446.

Scheltens P, Blennow K, Breteler MMB, de Strooper B, Frisoni GB, Salloway S, Van
der Flier WM. Alzheimer’s disease. Lancet. 2016;388:505-517. Awvailable from:
http://dx.doi.org/10.1016/S0140-6736(15)01124-1

Elias MF, Elias PK, Sullivan LM, Wolf PA, D’Agostino RB. Lower cognitive function
in the presence of obesity and hypertension: The Framingham heart study. Int J Obes.
2003;27:260-268.

Olaya B, Moneta MV, Bobak M, Haro JM, Demakakos P. Cardiovascular risk factors
and memory decline in middle-aged and older adults: The English Longitudinal Study
of Ageing. BMC Geriatr. 2019;19:1-10.

van Eersel MEA, Joosten H, Gansevoort RT, Slaets JPJ, Izaks GJ. Treatable Vascular
Risk and Cognitive Performance in Persons Aged 35 Years or Older: Longitudinal Study
of Six Years. J Prev Alzheimer’s Dis. 2019;6:42-49.

Whitmer RA, Sidney S, Selby J, Claiborne Johnston S, Yaffe K. Midlife cardiovascular
risk factors and risk of dementia in late life. Neurology. 2005;64:277-281.

Virta JJ, Heikkilad K, Perola M, Koskenvuo M, Raiha I, Rinne JO, Kaprio J. Midlife
cardiovascular risk factors and late cognitive impairment. Eur J Epidemiol.
2013;28:405-416.

Kaffashian S, Dugravot A, Brunner EJ, Sabia S, Ankri J, Kivimaki M, Singh-Manoux
A. Midlife stroke risk and cognitive decline: A 10-year follow-up of the Whitehall 11
cohort study. Alzheimer’s Dement. 2013;9:572-579.

Anstey KJ, Sargent-Cox K, Garde E, Cherbuin N, Butterworth P. Cognitive

23



10.

11.

12.

13.

14.

15.

16.

development over 8 years in midlife and its association with cardiovascular risk factors.
Neuropsychology. 2014;28:653-665.

Gonzalez HM, Tarraf W, Harrison K, Windham BG, Tingle J, Alonso A, Griswold M,
Heiss G, Knopman D, Mosley TH. Midlife cardiovascular health and 20-year cognitive
decline: Atherosclerosis Risk in Communities Study results. Alzheimer’s Dement.
2018;14:579-589.

Yaffe K, Vittinghoff E, Pletcher MJ, Hoang TD, Launer LJ, Whitmer R, Coker LH,
Sidney S. Early adult to midlife cardiovascular risk factors and cognitive function.
Circulation. 2014;129:1560-1567.

Reis JP, Loria CM, Launer LJ, Sidney S, Liu K, Jacobs DR, Zhu N, Lloyd-Jones DM,
He K, Yaffe K. Cardiovascular health through young adulthood and cognitive
functioning in midlife. Ann Neurol. 2013;73:170-179.

Debette S, Seshadri S, Beiser A, Au R, Himali JJ, Palumbo C, Wolf PA, DeCarli C.
Midlife vascular risk factor exposure accelerates structural brain aging and cognitive
decline. Neurology. 2011;77:461-468.

D’Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, Kannel WB.
General cardiovascular risk profile for use in primary care: The Framingham heart study.
Circulation. 2008;117:743-753.

Rovio SP, Pahkala K, Nevalainen J, Juonala M, Salo P, K&honen M, Hutri-K&honen N,
Lehtimaki T, Jokinen E, Laitinen T, et al. Cardiovascular Risk Factors From Childhood
and Midlife Cognitive Performance: The Young Finns Study. J Am Coll Cardiol.
2017;69:2279-2289.

Raitakari OT, Juonala M, Ronnemaa T, Keltikangas-Jarvinen L, R&sé&nen L, Pietikdinen
M, Hutri-K&honen N, Taittonen L, Jokinen E, Marniemi J, et al. Cohort profile: The

cardiovascular risk in young Finns study. Int J Epidemiol. 2008;37:1220-1226.

24



17.

18.

19.

20.

21.

22.

23.

24,

Rovio SP, Pahkala K, Nevalainen J, Juonala M, Salo P, Kéhonen M, Hutri-K&honen N,
Lehtimaki T, Jokinen E, Laitinen T, et al. Cognitive performance in young adulthood
and midlife: Relations with age, sex, and education—The Cardiovascular Risk in Young
Finns Study. Neuropsychology. 2016;30:532-542.

Nuotio J, Oikonen M, Magnussen CG, Jokinen E, Laitinen T, Hutri K&honen N,
Kahonen M, Lehtimé&ki T, Taittonen L, Tossavainen P, et al. Cardiovascular risk factors
in 2011 and secular trends since 2007: The Cardiovascular Risk in Young Finns Study.
Scand J Public Health. 2014;42:563-571.

Teo YY, Inouye M, Small KS, Gwilliam R, Deloukas P, Kwiatkowski DP, Clark TG. A
genotype calling algorithm for the Illlumina BeadArray platform. Bioinformatics.
2007;23:2741-2746.

Browning BL, Browning SR. A unified approach to genotype imputation and haplotype-
phase inference for large data sets of trios and unrelated individuals. Am J Hum Genet.
2008;84:210-223.

Vilhjalmsson BJ, Yang J, Finucane HK, Gusev A, Lindstrom S, Ripke S, Genovese G,
Loh PR, Bhatia G, Do R, et al. Modeling Linkage Disequilibrium Increases Accuracy
of Polygenic Risk Scores. Am J Hum Genet. 2015;97:576-592.

Savage JE, Jansen PR, Stringer S, Watanabe K, Bryois J, De Leeuw CA, Nagel M,
Awasthi S, Barr PB, Coleman JRI, et al. Genome-wide association meta-analysis in
269,867 individuals identifies new genetic and functional links to intelligence. Nat
Genet. 2018;50:912-9109.

Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari O. Physical Activity from
Childhood to Adulthood A 21-Year Tracking Study. Am J Prev Med. 2005;28:267-273.
Laitinen TT, Pahkala K, Magnussen CG, Oikonen M, Viikari JSA, Sabin MA, Daniels

SR, Heinonen OJ, Taittonen L, Hartiala O, et al. Lifetime measures of ideal

25



25.

26.

27.

28.

29.

30.

31.

32.

cardiovascular health and their association with subclinical atherosclerosis: The
Cardiovascular Risk in Young Finns Study. Int J Cardiol. 2015;185:186-191.
Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L,
Greenlund K, Daniels S, Nichol G, Tomaselli GF, et al. Defining and setting national
goals for cardiovascular health promotion and disease reduction: The american heart
association’s strategic impact goal through 2020 and beyond. Circulation.
2010;121:586—-613.

Liu RS, Burgner DP, Sabin MA, Magnussen CG, Cheung M, Hutri-Kahonen N,
Kahonen M, Lehtimaki T, Jokinen E, Laitinen T, et al. Childhood Infections,
Socioeconomic Status, and Adult Cardiometabolic Risk. Pediatrics. 2016;137:934-942.
Jones BL, Nagin DS. Advances in group-based trajectory modeling and an SAS
procedure for estimating them. Sociol Methods Res. 2007;35:542-571.

Nagin D. Group-based modeling of development. Harvard University Press; 2005.
Nagin DS, Odgers CL. Group-based trajectory modeling in clinical research. Annu Rev
Clin Psychol. 2010;6:109-138.

Buscot M-J, Thomson RJ, Juonala M, Sabin MA, Burgner DP, Lehtimaki T, Hutri-
Kéhonen N, Viikari JSA, Raitakari OT, Magnussen CG. Distinct child-to-adult body
mass index trajectories are associated with different levels of adult cardiometabolic risk.
Eur Heart J. 2018;39:2263-2270.

Allen NB, Siddique J, Wilkins JT, Shay C, Lewis CE, Goff DC, Jacobs DR, Liu K,
Lloyd-Jones D. Blood pressure trajectories in early adulthood and subclinical
atherosclerosis in middle age. JAMA - J Am Med Assoc. 2014;311:490-497.

Pencina KM, Thanassoulis G, Wilkins JT, Vasan RS, Navar AM, Peterson ED, Pencina
MJ, Sniderman AD. Trajectories of Non—-HDL Cholesterol Across Midlife: Implications

for Cardiovascular Prevention. J Am Coll Cardiol. 2019;74:70-79.

26



33.

34.

35.

36.

37.

38.

39.

40.

Elovainio M, Pulkki-Raback L, Kivimaki M, Jokela M, Viikari J, Raitakari OT, Telama
R, Keltikangas-Jéarvinen L. Lipid Trajectories as Predictors of Depressive Symptoms:
The Young Finns Study. Health Psychol. 2010;29:237-245.

Thirumangalakudi L, Prakasam A, Zhang R, Bimonte-Nelson H, Sambamurti K, Kindy
MS, Bhat NR. High cholesterol-induced neuroinflammation and amyloid precursor
protein processing correlate with loss of working memory in mice. J Neurochem,
2008;106:475-485.

Ullrich C, Pirchl M, Humpel C. Hypercholesterolemia in rats impairs the cholinergic
system and leads to memory deficits. Mol Cell Neurosci . 2010;45:408-417.

Pétrault O, Pétrault M, Ouk T, Bordet R, Bérézowski V, Bastide M. Visceral adiposity
links cerebrovascular dysfunction to cognitive impairment in middle-aged mice.
Neurobiol Dis. 2019;130:104536.

Ueno M, Sakamoto H, Tomimoto H, Akiguchi I, Onodera M, Huang CL, Kanenishi K.
Blood-brain barrier is impaired in the hippocampus of young adult spontaneously
hypertensive rats. Acta Neuropathol. 2004;107:532-538.

Schmidt R, Schmidt H, Haybaeck J, Loitfelder M, Weis S, Cavalieri M, Seiler S,
Enzinger C, Ropele S, Erkinjuntti T, Pantoni L, Scheltens P, Fazekas F, Jellinger K.
Heterogeneity in age-related white matter changes. Acta Neuropathol. 2011;122:171—
185.

Van Den Heuvel DMJ, Ten Dam VH, De Craen AJM, Admiraal-Behloul F, Olofsen H,
Bollen ELEM, Jolles J, Murray HM, Blauw GJ, Westendorp RGJ, Van Buchem MA.
Increase in periventricular white matter hyperintensities parallels decline in mental
processing speed in a non-demented elderly population. J Neurol Neurosurg Psychiatry.
2006;77:149-153.

De Luca CR, Wood SJ, Anderson V, Buchanan J-A, Proffitt TM, Mahony K, Pantelis

27



41.

C. Normative data from the CANTAB. I: development of executive function over the
lifespan. J Clin Exp Neuropsychol. 2003;25:242-54.

Robbins TW, James M, Owen AM, Sahakian BJ, Mclnnes L, Rabbitt P. Cambridge
Neuropsychological Test Automated Battery (CANTAB): a factor analytic study of a

large sample of normal elderly volunteers. Dementia. 1994;5:266-81.

28



170

Blevated-increasing SBP

A - Low-stable SBP
Moderate-increasing SBP)
Moderate-stable SBP
- Normal-stable SBP
,g
a
o
L
°
172
2
0
9 12 15 18 21 24 27 30 33 36 39 42 45 49
Age (years)
7
Hevated-stable total cholesterol
B High-stable total cholesterol
I --—-----_Low-stable total cholesterol
E e
B
8
o
=
o
®
s
1S
B °
T I
I IIIIII ””” I
4 T e
T T T il T T T T T T T T T
9 12 15 18 21 24 27 30 33 36 39 42 45 49
Age (years)
50 : . }
——— Persistently increasing obese
C — Progressively overweight
45| - Stable normal weight
ffffffff Stable slim
£
2
=
o

10

29



Figure 1. Trajectories from Childhood to Midlife for Systolic Blood Pressure (SBP) (A),

Serum Total Cholesterol (B), and Body Mass Index (BMI) (C).

Cardiovascular risk factor trajectories since childhood were identified using latent class growth
mixture modeling. Values are means and 95% Cls for each cardiovascular risk factor. Five
trajectory groups for SBP (A), 3 trajectory groups for serum total cholesterol (B), and 4
trajectory groups for BMI (C) were identified. Participants who had antihypertensive
medication in any adulthood follow-up year (2001, 2007, or 2011) were excluded from the
SBP trajectory modeling. Participants who had dyslipidemia medication in any adulthood
follow-up year were excluded from the serum total cholesterol trajectory modeling. BMI
measurements obtained during participants’ pregnancies were excluded from the BMI

trajectory modeling. BMI indicates body mass index; and SBP, systolic blood pressure.
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Table 1. Background Characteristics of the Study Population.

Background characteristics

Sex
Women, N (%) 1104 (54.5)
Men, N (%) 922 (45.5)

Age, years (N=2026)

At baseline 10.8 (5.0)
At cognitive testing 41.8 (5.0)
Years of education (N=1928) 14.9 (2.8)
Adulthood smoking, N (%) yes (N=2017) 494 (24.4)

Antihypertensive medication, N (%) yes (N=2018) 221 (11.0)

Dyslipidemia medication, N (%) yes (N= 2018) 87 (4.3)

Cognitive components, mean (SD) Women Men

PAL-test (N=1848) Cognitive 0.05 (0.99) -0.06 (1.01)

RVP-test (N=1975) components -0.06 (0.97) 0.07 (1.03)

RTI-test (N=1822) were -0.18 (0.94) 0.22 (1.03)

SWNM-test (N=2011) standardized; -0.16 (0.96) -0.20 (1.01)
mean 0, SD 1

Values are mean (SD) for continuous variables and n (%) for categorical variables. Adulthood
smoking status was dichotomized into smokers and nonsmokers where “active smoking” was
defined if the participant reported smoking daily in any of the adulthood follow-up time points
(2001, 2007, or 2011). The use of antihypertensive medication in any adulthood follow-up
survey was defined as “antihypertensive medication use.” The use of dyslipidemia medication

in any adulthood follow-up survey was defined as “dyslipidemia medication use.” For
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cognitive components, we used a principal component analysis to calculate components
indicating episodic memory and associative learning (Paired Associates Learning test), visual
processing and sustained attention (Rapid Visual Information Processing test), reaction and
movement time (Reaction Time test), and short-term working memory (Spatial Working
Memory test) in the Cambridge Neuropsychological Test Automated Battery.

*Cognitive components were standardized; mean=0, SD=1.

32



Table 2. Descriptive Characteristics for the Cardiovascular Risk Factor Trajectory Groups.

N (%) N women SBPin SBPin Total Total BMI in BMI in year
(%) year 2001 year 2011 cholesterol  cholesterol year 2001 2011
in year in year
2001 2011
mmHg (SD) mmHg (SD) mmol/l (SD) mmol/l (SD) kg/m2 (SD) kg/m2 (SD)

Systolic blood pressure (SBP) (N=2634)
Low-stable SBP 415 (15.8) 314 (75.7) 10256 (7.47) 10523 (8.16) 4.95(0.92) 4.99 (0.95) 22.82(3.41) 24.16 (3.90)
Normal-stable SBP 935(35.5) 621 (66.4) 110.44 (7.17) 113.41(9.06) 5.07(0.91) 5.13(0.89) 24.36(3.84) 25.70 (4.61)
Moderate-stable SBP 399 (15.0)  155(38.8) 122.01(7.85) 122.17(8.06) 5.22(0.92) 5.22(1.00) 25.88(4.04) 27.13 (4.62)
Moderate-increasing SBP 471 (17.9) 150 (31.8) 124.30(7.95) 130.20 (11.25) 5.28 (1.05) 5.33(0.99) 25.53(3.98) 27.21 (4.76)
Elevated-increasing SBP 141 (5.4)  36(25.5) 137.97(11.31) 143.07(12.71) 554(0.98) 5.50(0.95) 27.69 (4.82) 27.77 (4.27)
Antihypertensive medication® 273 (10.4)  145(53.1) 127.96 (14.30) 12556 (14.74) 5.43(1.11) 5.20(0.93) 28.11(5.82) 30.16 (6.56)
Total cholesterol (N=2662)
Low-stable total cholesterol 690 (25.9) 362 (52.5) 114.47 (12.62) 116.21(12.95) 4.23(0.55) 4.29 (0.54) 24.27 (3.96) 25.80 (4.81)
Elevated-stable total cholesterol ~ 1409 (52.9) 788 (55.9) 116.32(12.85) 118.80 (14.04) 5.17(0.64) 5.23(0.65) 25.00 (4.45) 26.35 (4.88)
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High-stable total cholesterol

Dyslipidemia medication*

463 (17.4)

100 (3.8)

Body mass index (BMI) (N=2588)

Stable slim

Stable normal weight
Progressively overweight

Persistently increasing obese

994 (38.4)
1104 (42.7)
412 (15.9)

78 (3.0)

253 (54.6)

32 (32.0)

611 (61.5)
530 (48.0)
214 (51.9)

41 (52.6)

118.15 (12.78)

127.89 (15.40)

113.39 (12.09)
116.82 (12.49)
121.76 (14.07)

128.55 (15.57)

122.81 (14.91)

123.84 (13.46)

116.16 (14.23)
119.32 (13.29)
124.30 (13.87)

126.69 (15.04)

6.25 (0.81)

6.32 (1.30)

5.02 (0.93)
5.23 (1.01)
5.34 (0.98)

5.37 (1.01)

6.31 (0.84)

5.23 (1.22)

5.07 (0.94)
5.27 (0.95)
5.21 (0.95)

5.06 (0.98)

25.96 (4.51)

27.64 (4.80)

21.62 (1.99)
25.61 (2.46)
30.06 (3.31)

37.52 (4.67)

27.14 (4.99)

30.46 (6.57)

22.64 (2.31)
27.01 (2.86)
32.64 (3.92)

39.70 (7.23)

Values are mean (SD) for continuous variables and n (%) for categorical variables. Year 2001 indicates follow-up year 21 and year 2011 indicates

follow-up year 31. SBP indicates systolic blood pressure.

*Percentages are calculated against the total population.

tPercentages are calculated against the participants within each trajectory group.

1If participants had antihypertensive or dyslipidemia medication in any adulthood follow-up year 2001, 2007, or 2011, they were defined to belong

to medication group and were excluded from the trajectory modeling.
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Table 3. Associations Between Cardiovascular Risk Factor Trajectories from Childhood to Midlife and Cognitive Performance in Midlife.

B estimate 95% CI p-value B estimate 95% CI p-value
A. PAL-test C. RTI-test

Systolic blood pressure (N=1389) Systolic blood pressure (N=1369)
Normal-stable SBP Reference Normal-stable SBP Reference
Low-stable SBP 0.075 -0.070 - 0.220 0.309 | Low-stable SBP 0.021 -0.126 - 0.168  0.780
Moderate-stable SBP -0.047 -0.196 - 0.102  0.535| Moderate-stable SBP 0.155 0.003-0.306  0.045
Moderate-increasing SBP -0.063 -0.211 - 0.084 0.399 | Moderate-increasing SBP -0.020 -0.169-0.129  0.795
Elevated-increasing SBP -0.262 -0.520 —-0.005 0.046 | Elevated-increasing SBP 0.197 -0.064 -0.459 0.139
Serum total cholesterol (N=1489) Serum total cholesterol (N=1466)
Low-stable total cholesterol Reference Low-stable total cholesterol Reference
Elevated-stable total cholesterol -0.040 -0.153-0.074  0.494 | Elevated-stable total cholesterol -0.026 -0.143-0.090 0.658
High-stable total cholesterol -0.214 -0.365--0.064  0.005 | High-stable total cholesterol -0.065 -0.221-0.092 0.418
Body mass index (N=1557) Body mass index (N=1533)
Stable normal weight Reference Stable normal weight Reference
Stable slim -0.055 -0.162 - 0.052 0.311 | Stable slim -0.020 -0.130-0.090 0.717
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Progressively overweight 0.027 -0.116 - 0.170 0.712 | Progressively overweight -0.016 -0.164 -0.132  0.836

Persistently increasing obese -0.207 -0.520 - 0.107 0.197 | Persistently increasing obese -0.305 -0.630-0.020 0.065
B. RVP-test D. SWM-test

Systolic blood pressure (N=1476) Systolic blood pressure (N=1502)

Normal-stable SBP Reference Normal-stable SBP Reference

Low-stable SBP -0.115 -0.260 — 0.029 0.118 | Low-stable SBP 0.030 -0.112-0.171  0.679

Moderate-stable SBP -0.003 -0.148 - 0.143  0.970 | Moderate-stable SBP -0.085 -0.229 -0.058  0.245

Moderate-increasing SBP -0.185 -0.327 —-0.043  0.011 | Moderate-increasing SBP -0.061 -0.201-0.079  0.396

Elevated-increasing SBP -0.157 -0.396 - 0.082 0.197 | Elevated-increasing SBP -0.165 -0.401-0.071 0.170

Serum total cholesterol (N=1585) Serum total cholesterol (N=1613)

Low-stable total cholesterol Reference Low-stable total cholesterol Reference

Elevated-stable total cholesterol 0.011 -0.098 - 0.121  0.838 | Elevated-stable total cholesterol -0.091 -0.200-0.019 0.104

High-stable total cholesterol -0.049 -0.195 - 0.097 0.513 | High-stable total cholesterol -0.068 -0.213-0.077 0.358

Body mass index (N=1662) Body mass index (N=1693)

Stable normal weight Reference Stable normal weight Reference

Stable slim -0.067 -0.171-0.038 0.210 | Stable slim -0.064 -0.167-0.039 0.224
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Progressively overweight -0.165 -0.304 —-0.025  0.021 | Progressively overweight 0.029 -0.109-0.166  0.683

Persistently increasing obese -0.407 -0.708 —-0.105  0.008 | Persistently increasing obese 0.151 -0.146 - 0.448 0.318

Values are B estimates, 95% Cls, and P values from linear regression models. All models were adjusted for age, sex, polygenic risk score, and
adulthood cardiovascular risk factors (fasting serum glucose, smoking, physical activity, and diet). For systolic blood pressure, models were further
adjusted with adulthood body mass index and adulthood serum total cholesterol. For serum total cholesterol, models were further adjusted with
adulthood body mass index and adulthood systolic blood pressure. For body mass index, models were further adjusted with adulthood systolic
blood pressure and adulthood serum total cholesterol. Cognitive tests measured episodic memory and associative learning (Paired Associates
Learning test), visual processing and sustained attention (Rapid Visual Information Processing test), reaction and movement time (Reaction Time
test), and short-term working memory (Spatial Working Memory test); and the Cambridge Neuropsychological Test Automated Battery was used
for cognitive testing. SBP indicates systolic blood pressure.

*Data are significant.
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Table 4. Descriptive Characteristics for Cardiovascular Risk Factor (CVRF) Score Groups.

Score N (%) N women  SBP Total BMI in year
(%) in year 2011 cholesterol 2011

mmHg (SD) inyear 2011 kg/m? (SD)

mmol/l (SD)
0 826 (48.1) 523(63.3) 112.24(10.12) 4.89(0.75)  24.36 (3.30)
1 598 (34.8) 303 (50.7) 122.87 (13.41) 5.29(0.98)  27.01 (4.66)
2 244 (14.2) 98(40.2)  129.74 (13.75) 5.64 (1.00)  30.68 (5.71)
3 50 (2.9)  17(34.0) 134.35(16.56) 5.66 (1.27)  34.98 (5.64)

Values are means (SDs) for continuous variables and n (%) for categorical variables. Year 2011
indicates 31-year follow-up study. Risk points were given to participants belonging to adverse
trajectory groups: (1) in systolic blood pressure, moderate-increasing systolic blood pressure
or elevated-increasing systolic blood pressure groups; (2) in serum total cholesterol, high-stable
total cholesterol group; (3) in body mass index, progressively overweight or persistently
increasing obese groups; and (4) if participants had antihypertensive or dyslipidemia
medication in any adulthood follow-up year (2001, 2007, or 2011), they were given a risk point
for that specific risk factor. The analyses were conducted among Cardiovascular Risk in Young
Finns Study participants with data on cognitive performance and polygenic risk score for
cognitive performance (N=1718).

*Percentages are calculated against the total population.

tPercentages are calculated against the participants within each trajectory group.
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Table 5. Association between Cardiovascular Risk Factor (CVRF) Score and Cognitive

Performance in Midlife.

Model 1
Cardiovascular p 95% ClI p-value
risk factor estimate
score

Model 2

B estimate 95% ClI p-value Difference
in cognitive
aging*

Episodic memory and associative learning (PAL-test; N=1551)

0 Reference group

1 -0.062 -0.169 -0.045 0.256
2 -0.104 -0.250 - 0.043 0.166
3 -0.305 -0.600 —-0.010 0.043

Reference group

-0.069 -0.176 - 0.038  0.207
-0.128 -0.277-0.020 0.090
-0.390 -0.691--0.088 0.011 6.9

Visual processing and sustained attention (RVP-test; N=1656)

0 Reference group
1 -0.104 -0.208 -0.001  0.051
2 -0.271 -0.414 —--0.127 0.0002

3 -0.488 -0.768 —-0.208 0.001

Reaction and movement time (RTI-test; N=1527)

0 Reference group
1 -0.053 -0.163-0.058 0.351
2 -0.199 -0.353--0.046 0.011

3 -0.152 -0.459-0.154 0.331

Short-term working memory (SWM-test; N=1687)
0 Reference group
-0.035-0.170

1 0.067 0.198

Reference group

-0.097 -0.202 -0.007 0.068
-0.241 -0.386 —-0.095 0.001 11.2
-0.443 -0.730--0.157 0.003 20.6

Reference group

-0.046 -0.156 -0.064 0.411
-0.164 -0.318 - -0.010 0.037 17.9
-0.122 -0.434-0.190 0.442

Reference group

0.066 -0.036 -0.169 0.205
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-0.016 -0.156 - 0.125 0.827 -0.014 -0.156 - 0.128 0.846

0.082 -0.195-0.359 0.560 0.081 -0.204-0.365 0.578

Values are f§ estimates, and 95% Cls and P values are from linear regression models. Model 1
was adjusted for age, sex, and polygenic risk score. Model 2 was also adjusted for adulthood
cardiovascular risk factors (fasting serum glucose, smoking, physical activity, and diet). The
Cambridge Neuropsychological Test Automated Battery for (1) episodic memory visuospatial
associative learning (Paired Associates Learning test), (2) visual processing and sustained
attention (Rapid Visual Information Processing test), (3) reaction and movement time
(Reaction Time test), and (4) short-term working memory (Spatial Working Memory test) was
used for cognitive testing. A significant inverse trend between increasing number of
cardiovascular risk factors and cognitive performance was found for (1) episodic memory and
associative learning (P value for trend: P=0.026 in model 1 and P=0.008 in model 2), (2) visual
processing and sustained attention (P value for trend: P<0.0001 in models 1 and 2), and (3)
reaction and movement time (P value for trend: P=0.015 in model 1 and P=0.048 in model 2),
whereas the trend was nonsignificant for short-term working memory (P value for trend:
P=0.638 in model 1 and P=0.636 in model 2).

*For the statistically significant results, the association of the cardiovascular risk factor
accumulation was compared with the effect of age on the same cognitive domain to increase
the clinical interpretation of the findings. For that, the difference in cognitive aging was
estimated dividing the B estimates for the cardiovascular risk factor accumulation score by the
B estimate for age from the same statistical model (B estimates for age for the separate cognitive
domains: Paired Associates Learning test B=—0.056 SD; Rapid Visual Information Processing
test B=0.022 SD; Reaction Time test f=0.009 SD).

tData are significant.
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SUPPLEMENTAL MATERIAL

CARDIOVASCULAR RISK FACTOR TRAJECTORIES SINCE CHILDHOOD AND

COGNITIVE PERFORMANCE IN MIDLIFE

THE CARDIOVASCULAR RISK IN YOUNG FINNS STUDY

by Hakala JO et al. 2021

EXPANDED METHODS

Participants

The Cardiovascular Risk in Young Finns Study (YFS) is a national ongoing longitudinal
population-based study focusing on cardiovascular risk factors from childhood to adulthood.
The first cross-sectional study was conducted in five Finnish university cities and their rural
surroundings in 1980, when 3596 randomly selected individuals (boys and girls) aged 3, 6, 9,
12, 15, and 18 years participated in clinical examinations. All participants were white
Caucasian. Follow-up studies were conducted for the whole study population in 1983, 1986,
2001, 2007 and 2011, and for a subsample also in 1989 and 1992. The design, population, and

protocol of the YFS have been thoroughly reported elsewhere®®.



Ethics approval and consent to participate

The study protocol was reviewed and approved by Ethics Committees of each of the five
participating universities (medical schools of Helsinki, Turku, Tampere, Kuopio, and Oulu).
The written informed consent was obtained from all participants in accordance with the

Helsinki Declaration®®.

Cognitive performance

Detailed description and validation of the cognitive data in YFS population have been reported
previously!’. During the latest follow-up examination in 2011, the Cambridge
Neuropsychological Test Automated Battery (CANTAB®, Cambridge Cognition, Cambridge,
UK) was used to assess cognitive performance among the participants aged 34-49 years,
N=2026. The CANTAB® is a computerized, predominantly nonlinguistic, and culturally
neutral test focusing on a wide range of cognitive domains. The test is performed using a
validated touchscreen computer system. The full test battery includes 24 individual tests from
which a suitable test battery for each particular study may be selected. In the YFS, the test
battery was selected so that it could be accomplished in 20-30 minutes and included tests that
are sensitive to aging*®*L. The tests in YFS measured several cognitive domains: (a) short-term
memory, (b) spatial working memory, (c) problem solving, (d) reaction time, (e) attention, (f)

rapid visual processing, (g) visual memory, (h) episodic memory, and (i) visuospatial learning.

Cognitive testing was performed during clinical examination. Due to the blood sampling
included in the study protocol, the subjects came to the examinations after fasting at least 12
hours. They were instructed to avoid smoking and heavy physical activity as well as to avoid
drinking alcohol and coffee during the previous evening and the morning before the

examinations. Before the cognitive testing, the subjects were provided with a light snack,



including a whole grain oat-based snack biscuit, a small portion of fruit or berry oatmeal, and

weak fruit or berry juice.

During cognitive testing, the participants first conducted a motor screening test (MOT)
measuring psychomotor speed and accuracy. In this study, the MOT was considered a training
procedure where the participants were introduced to the equipment used in the testing and a
screening tool to point out any difficulties in vision, movement, comprehension, or ability to
follow simple instructions. During the MOT, a series of red crosses were shown in different
locations on the screen, and the participants were advised to touch, as quickly as possible, the
center of the cross every time it appeared. Paired Associates Learning (PAL) test was used
to assess visual and episodic memory as well as visuospatial associative learning, containing
aspects of both delayed-response procedure and conditional learning. During the PAL-test, one,
two, three, six, or eight patterns were displayed sequentially in boxes placed on the screen.
After that, the patterns were presented in the center of the screen, and the participants were
supposed to point to the box in which the particular pattern was previously seen. The test moves
on to the next stage if all the patterns are placed to the right boxes. In the case of an incorrect
response, all the patterns are redisplayed in their original locations and another recall phase is
followed. The test terminated if the patterns were still incorrectly placed after 10 presentation
and recall phases. Spatial Working Memory (SWM) test was used to measure ability to retain
spatial information and to manipulate items stored in the working memory, problem solving,
and the ability to conduct a self-organized search strategy. During this test, the participants
were presented with randomly distributed colored boxes ranging in number from four to eight.
After that, the participants were supposed to search for tokens hidden in the boxes. When a
token was found, it was supposed to be moved to fill an empty panel on the right-hand side of

the screen. Once the token had been moved from the box, the participant had to recall that the



computer would never hide a new token in a box that previously contained one; therefore, the
participants were not supposed to revisit the same boxes again. Reaction Time (RTI) test
assessed speed of response and movement on tasks where the stimulus was either predictable
(simple location task) or unpredictable (five-choice location task). In the first part of this test,
a large circle was presented in the center of the screen. The participant was supposed to press
a button on a press pad until a small yellow spot appeared in the large circle. When the yellow
spot appeared, the participant was supposed to touch the spot as soon as possible with the same
hand that was pressing the button on the press pad. In the second part of the test, the same task
was performed, except that in this part, five large circles were presented on the screen, and the
small yellow spot could appear in any of the five circles. Again, the participant was supposed
to touch, as soon as possible, the yellow spot with the hand pressing the button on the press
pad. Rapid Visual Information (RVP) test was used to assess visual processing, recognition,
and sustained attention. In this test, the participant was presented with a number sequence (e.g.
3,5, 7) next to a large box where numbers appeared in a random order. Whenever the particular
sequence was presented, the participant was supposed to press a button on a press pad. At the
beginning, the participant was given visual cues (i.e. colored or underlined numbers) to help
the participant recognize the particular sequence. When the test proceeded, the cues were

removed.

Each of the CANTAB® tests produced several variables. Principal component analysis was
conducted to reduce the number of variables and to identify components accounting for the
majority of the variation within the cognition dataset. Principal component analysis was
selected since it allows the identification of the main sources of variation in multidimensional
data without losing important information and without introducing inherent bias due to

subjectivity. Principal component analyses were performed separately for all individual tests.



The first components resulting from these analyses were considered to represent cognitive
performance related to the particular domain. After creating the overall and testwise principal
components, their distributions were analyzed. The component for the motor screening test was
excluded from further analyses because it did not discriminate the subjects, indicating a ceiling
effect. All other components were normalized based on the rank order normalization procedure,
resulting in four separate variables, each with a mean value of 0 and a standard deviation of 1.
After that, the principal components were transformed so that a greater value in the principal
component indicates better cognitive performance (for example, higher value in the component
for reaction time indicates better performance, not a longer reaction time). All available data
for each cognitive test were used in the analyses, and therefore, the number of participants
varies between the models (N=177 excluded due to technical reasons; N=51 refused to

participate in all or some of the tests).

Cardiovascular risk factors

Blood pressure was measured from the right-side brachial artery with a standard mercury
sphygmomanometer in 1980, and 1983 and a random zero sphygmomanometer (Hawksley &
Sons Ltd.; Lancing, U.K.) in 1986, 2001, 2007, and 2011 follow-ups in sitting position after 5
minutes rest. Korotkoff's fifth phase was used as the sign of diastolic blood pressure (DBP) and
first phase as the sign of systolic blood pressure (SBP). Readings to the nearest even number
of millimeters of mercury were performed at least three times on each subject. Average of these
measurements was used in the analysis'®. Venous samples were drawn from the right
antecubital vein after a 12-h overnight fast. Serum total cholesterol and triglyceride
concentrations were determined enzymatically (Olympus System Reagent; Olympus
Diagnostica GmbH, Hamburg, Germany) in a clinical chemistry analyzer (AU400; Olympus

Optical Ltd, Mishima, Japan)*8. High-density lipoprotein (HDL) cholesterol was analyzed after



precipitation of very low-density lipoprotein (VLDL) cholesterol and low-density lipoprotein
(LDL) cholesterol with dextrane sulphate-Mg?*. The concentration of LDL-cholesterol was
calculated using the Friedewald-formula for participants with triglycerides < 4mmol/l. Height
and weight were measured at all examinations®. Weight was measured in light clothes without
shoes with a digital scale, with an accuracy of 0.1 kg, and height was measured by a wall-
mounted stadiometer (Karhu, Finland) with 0.5 cm accuracy. Body mass index (BMI) was
calculated as weight (kg)/height (m?)*®. Data on antihypertensive and dyslipidemia medications
were obtained from the questionnaires in the follow-up studies in 2001, 2007, and 2011. There
were no participants using antihypertensive or dyslipidemia medications in childhood but not

in adulthood.

Covariates

Age was defined in full years at the end of 2011. Genotyping was performed for 2443 samples
using custom build Ilumina Human 670k BeadChip at Welcome Trust Sanger Institute.
Genotypes were called using llluminus clustering algorithm'®. Genotype imputation was done
using Beagle software?® and The Sequencing Initiative Suomi (SISu) as reference data. A
polygenic risk score for cognitive performance (hereafter polygenic risk score) was calculated
using LDpred, a Bayesian method that estimates posterior mean causal effect sizes from
genome wide association study (GWAS) summary statistics by assuming a prior for the genetic
architecture and linkage disequilibrium (LD) information from a reference panel®’: an
infinitesimal fraction of causal variants was assumed and summary statistics from Savage et
al.?2 GWAS for intelligence were used. The LD between markers was estimated from the SISu
data. The polygenic risk score was used as a proxy for childhood cognitive performance. Serum
glucose concentrations were determined by the enzymatic hexokinase method (Glucose System

Reagent, Beckman Coulter Biomedical O’Callaghan’s Mills, Ireland) on an automatic analyzer



(AU400, Olympus, Tokyo, Japan)!®. Cigarette smoking was ascertained as a part of a self-
administered questionnaire throughout the follow-up studies among participants aged 12 years
and older. Adulthood smoking status was dichotomized into smokers and nonsmokers where
active smoking was defined if participant reported smoking daily in any of the adulthood
follow-up studies (2001, 2007 or 2011). Furthermore, subjects who reported current smoking
at any of the follow-up phases at the ages between 12 and 24 years were classified as early-life
smokers. The analyses for individual cardiovascular risk factor (CVRF) trajectories were
adjusted for other CVRFs, and therefore a mean value of the measurements in adulthood
follow-up studies (follow-up years 2001, 2007, and 2011) was calculated for cardiovascular
risk covariates to indicate longitudinal exposure to SBP, serum total cholesterol, BMI, and
serum glucose. Physical activity was assessed with a standardized self-administered
questionnaire in all study phases and a physical activity index was calculated as previously?3.
The index (range 5-15 points) combines information on frequency and intensity of leisure-time
physical activity, participation in sports club training, participation in competitive sport events,
and the habitual way of spending leisure time. To evaluate physical activity exposure in
adulthood, an average value of the physical activity index was calculated over the adulthood
follow-up period. Dietary habit was assessed in adulthood follow-up studies with detailed
quantitative food frequency questionnaire that provided an estimate of food consumption in
grams per day?*. Intake goals defined by the AHA?® was used and are expressed for a 2000-
kcal diet. Therefore, the intake goals according to subjects’ total energy intake was scaled.
Then, achievement of the 5 AHA ideal dietary goals was dichotomized: >4.5 cups per day of
fruits and vegetables (approximated as 450 g/d), >two 3.5-0z servings per week of fish
(approximated as 1 oz/d), >three 1-0z servings per day of whole grains (approximated as 3
oz/d), sodium <1500 mg/d, and <450 kcal (36 oz) of sugar-sweetened beverages per week

(approximated as 5 oz/d). A diet score (range 0-5 points) was calculated based on number of



ideal dietary goal achieved. A mean value of the diet scores was calculated from the
measurements in adulthood follow-up studies. Childhood school performance expressed as
grade point average (i.e. mean of grades in all individual school subjects at baseline or either
of the two subsequent follow-ups for those participants who were not of school age at baseline)
was queried. Adulthood education was queried in follow-up studies in 2001, 2007, and 2011.
Maximum years of education was determined as a continuous variable from self-reported data
concerning total years of education attained until the year 2011. Socioeconomic status (SES)
in childhood was determined as an annual income of the family in 19802, Four annual family
income strata at the time of baseline were determined: 1) <17000 Euros; 2) 17000-27000

Euros; 3) 27001-34000 Euros; 4) >34000 Euros.

Statistical Analysis

Heterogeneity in the longitudinal development of SBP, DBP, serum lipids, and BMI were
investigated using group-based trajectory modeling performed with SAS PROC TRAJ
procedure?’ to identify subgroups of YFS participants who shared similar underlying
trajectories between ages 9 and 49 years. The PROC TRAJ procedure uses maximum
likelihood estimation method, which handles incomplete data without listwise deletion.
Diagnostics of model accuracy for each CVRF was based on standard criteria?®2° which are
the Bayesian Information Criteria (BIC) indicating goodness-of-fit of the models and the
posterior probability indicating internal reliability. The BIC values were compared to preceding
simpler models (fewer amount of trajectory groups or lower term) and 2*ABIC > 10 was
considered as a significant change indicating better goodness-of-fit. Trajectory analysis
produces each participant a posterior probability (from 0 to 1) of belonging to a specific
trajectory group. Based on posterior probabilities, the participants were assigned to the

trajectory group where they had the highest posterior probability to belong. Mean average



posterior probability of 0.70 has been set as a cut-off point to indicate that the trajectory
encompasses participants with similar CVRF patterns and discriminates the participants with

different pattern®2°,

For reliability, minimum of three measurements were required with at least one being from
childhood/adolescence (ages 9-18 years) and at least one from adulthood (ages 21-49 years).
None of the three CVRF were normally distributed within the age group, and therefore the
CVRFs were first normalized using rank order normalization procedure within the age groups
resulting in normally distributed components each with mean 0 and SD 1. At first step in
trajectory modeling, the number of trajectories was decided by using quadratic model
(Supplemental Table I). The choice of the number of trajectory groups were based on goodness-
of-fit (2*ABIC), proportion of subjects classified in each group with a posterior probability
>0.70 (Supplemental Tables I1X-XV), and values of mean posterior class membership
probabilities as well as clinical plausibility. For meaningful statistical analyses linking CVRF
trajectories and cognitive performance, frequency of >5% was preferred for the trajectory
groups (not applicable for BMI due to clinical and statistical aspects). Finally, the shape of
each trajectory group was decided by comparing goodness-of-fit (2*ABIC) between quadratic
and cubic order term (Supplemental Tables 11-V1I1). These steps resulted in seven individual
trajectory models for SBP, DBP serum lipids, and BMI (Figure 1 for SBP, serum total
cholesterol, and BMI and Supplemental Figures I-1V for DBP, LDL-cholesterol, HDL-
cholesterol, and serum triglycerides) with adequate fit to data, good classification accuracy and
a strong clinical interpretability (Supplemental Tables XVI-XXII). Sex specific trajectory
modeling was performed for each CVRF (Supplemental Figures I-V), and the results were
similar to the analyses for all participants. Therefore, to increase the statistical power the

analyses for cognitive performance were conducted among all participants.



After excluding participants using antihypertensive medication in 2001, 2007 or 2011 (N=273)
from the trajectory modeling analyses, N=2361 participants had at least three and 84.8%
participants had at least four SBP measurements (median 5 measurements) with at least one
being from childhood and at least one from adulthood. In trajectory modeling, indicator for
better goodness-of-fit, 2*ABIC >10, was significant for the highest amount of trajectory groups
(Supplemental Table I). Also, posterior probabilities were above the 0.70 limit in every solution
(Supplemental Table IX), but in addition, group sizes were >5% for five-group or less
trajectory solutions. Therefore, five-trajectory solution was considered optimal number for
trajectory groups. After assessing goodness-of-fit (2*ABIC >10) for five-trajectory solution
shapes (Supplemental Table Il), a final trajectory solution was chosen (Supplemental Table
XVI): (1) low-stable SBP (N=415, 17.6%) with consistently low SBP level; (2) normal-stable
SBP (N=935, 39.6%) with consistently normal (<120mmHg) SBP level; (3) moderate-stable
SBP (N=399, 16.9%) with SBP level consistently close to ideal (120mmHg)?®; (4) moderate-
increasing SBP (N=471, 20.0%) with normal SBP in childhood but continuously increasing
BP level from youth to midlife; (5) elevated-increasing SBP (N=141, 6.0%) persons had
elevated SBP in childhood and the BP level increased throughout the adulthood (Figure 1/Panel
A). Sex specific trajectory modeling was performed for DBP, and the results were similar

compared to the analyses for all participants (Supplemental Figure VV/Panels A and D).

After excluding participants using antihypertensive medication in 2001, 2007 or 2011 (N=273)
from the trajectory modeling analyses, N=2339 participants had at least three and 84.9%
participants had at least four DBP measurements (median 5 measurements) with at least one
being from childhood and at least one from adulthood. In trajectory modeling, indicator for

better goodness-of-fit, 2* ABIC >10, was significant for the highest amount of trajectory groups
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(Supplemental Table I). Posterior probabilities were above the 0.70 limit only for three or less
trajectory solutions (Supplemental Table X). Therefore, three-group trajectory solution was
considered optimal. After assessing goodness-of-fit (2*ABIC >10) for three-trajectory solution
shapes (Supplemental Table I11), a final trajectory solution was chosen (Supplemental Table
XVII): (1) low-stable DBP (N=326, 13.9%) with consistently low DBP level; (2) normal-
stable DBP (N=1517, 64.9%) with consistently close to ideal (<80mmHg) DBP level; (3)
moderate-increasing DBP (N=496, 21.2%) with normal DBP in childhood but continuously
increasing DBP level from youth to midlife (Supplemental Figure I/Panel A). Sex specific
trajectory modeling was performed for DBP, and the results were similar compared to the

analyses for all participants (Supplemental Figure I/Panel B and C).

After excluding the participants using dyslipidemia medication in 2001, 2007 or 2011 (N=100)
from the serum total cholesterol trajectory modeling analyses, N=2562 participants had at least
three and 85.3% participants had at least four serum total cholesterol measurements (median 5
measurements) of which at least one measurement was from childhood and at least one from
adulthood. In trajectory modeling, indicator for better goodness-of-fit, 2¥*ABIC >10, was
significant for the highest amount of trajectory groups (Supplemental Table ). Posterior
probabilities were above the 0.70 limit only for six or less trajectory solutions (Supplemental
Table XIl), but in addition, group sizes were >5% for three-group or two-group trajectory
solutions. Therefore, three-group trajectory solution was considered optimal number for
trajectory groups. After assessing goodness-of-fit (2*ABIC >10) for three-trajectory solution
shapes (Supplemental Table 1V), a final trajectory solution was chosen (Supplemental Table
XVIID: (1) low-stable total cholesterol (N=690, 26.9%) with consistently low serum total
cholesterol; (2) elevated-stable total cholesterol (N=1409, 55.0%) with serum total cholesterol

levels consistently close to ideal (<5.172mmol/I)?%; (3) high-stable total cholesterol (N=463,
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18.1%) with consistently high serum total cholesterol (Figure 1/Panel B). Sex specific
trajectory modeling was performed for serum total cholesterol, and the results were similar

compared to the analyses for all participants (Supplemental Figure V/Panels B and E).

After excluding the participants using dyslipidemia medication in 2001, 2007 or 2011 (N=100)
from the serum LDL-cholesterol trajectory modeling analyses, N=2541 participants had at least
three and 84.8% participants had at least four serum LDL-cholesterol measurements (median
5 measurements) of which at least one measurement was from childhood and at least one from
adulthood. In trajectory modeling, indicator for better goodness-of-fit, 2*ABIC >10, was
significant for the highest amount of trajectory groups (Supplemental Table ). Posterior
probabilities were above the 0.70 limit for six or less trajectory solutions (Supplemental Table
XI1), but in addition, group sizes were >5% for three-group or two-group trajectory solutions.
Therefore, three-group trajectory solution was considered optimal. After assessing goodness-
of-fit (2*ABIC >10) for three-trajectory solution shapes (Supplemental Table V), a final
trajectory solution was chosen (Supplemental Table XIX): (1) low-stable LDL-cholesterol
(N=977, 38.4%) with consistently low serum LDL-cholesterol; (2) elevated-stable LDL-
cholesterol (N=1259, 49.6%) with serum LDL-cholesterol levels consistently close to
3.5mmol/l; (3) high-stable LDL-cholesterol (N=305, 12.0%) with consistently high serum
LDL-cholesterol (Supplemental Figure Il/Panel A). Sex specific trajectory modeling was
performed for serum LDL-cholesterol, and the results were similar compared to the analyses

for all participants (Supplemental Figure 11/Panel B and C).

After excluding the participants using dyslipidemia medication in 2001, 2007 or 2011 (N=100)
from the serum HDL-cholesterol trajectory modeling analyses, N=2561 participants had at

least three and 85.3% participants had at least four serum HDL-cholesterol measurements
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(median 5 measurements) of which at least one measurement was from childhood and at least
one from adulthood. In trajectory modeling, indicator for better goodness-of-fit, 2* ABIC >10,
was significant for the highest amount of trajectory groups (Supplemental Table I). Posterior
probabilities were above the 0.70 limit for seven or less trajectory solutions (Supplemental
Table XIII). The group sizes were >5% for five or less trajectory solutions. In addition, in five-
group trajectory solutions, average posterior probability in one group was 0.71 as in four-group
trajectory solutions all average posterior probabilities were above 0.84. Furthermore, the lowest
minimum posterior probabilities were in five-group trajectory solution only 0.35 in two groups
as in four-group trajectory solution all minimum posterior probabilities were above 0.50.
Therefore, lower average and minimum posterior probabilities as well as clinically less
meaningful analyses linking HDL-cholesterol and cognitive performance, five-trajectory
solution was abandoned, and four-group trajectory solution was considered optimal. After
assessing goodness-of-fit (2*ABIC >10) for four-trajectory solution shapes (Supplemental
Table VI), a final trajectory solution was chosen (Supplemental Table XX): (1) low-stable
HDL-cholesterol (N=531, 20.7%) with consistently low serum HDL-cholesterol; (2) normal-
stable HDL-cholesterol (N=1169, 45.7%) with serum HDL-cholesterol levels consistently
close to ideal (>1.2mmol/1)?*; (3) elevated-stable HDL-cholesterol (N=690, 26.9%) with
consistently elevated serum total cholesterol; (4) high-stable HDL-cholesterol (171, 6.7%)
with consistently high serum HDL-cholesterol levels (close to 2mmol/l) (Supplemental Figure
I11/Panel A). Sex specific trajectory modeling was performed for serum HDL-cholesterol, and
the results were similar compared to the analyses for all participants (Supplemental Figure

[11/Panel B and C).

After excluding the participants using dyslipidemia medication in 2001, 2007 or 2011 (N=100)

and triglyceride measurements above 10mmol/l from the serum triglyceride trajectory
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modeling analyses, N=2561 participants had at least three and 85.2% participants had at least
four serum total cholesterol measurements (median 5 measurements) of which at least one
measurement was from childhood and at least one from adulthood. In trajectory modeling,
indicator for better goodness-of-fit, 2¥* ABIC >10, was significant for the highest amount of
trajectory groups (Supplemental Table I). Posterior probabilities were above the 0.70 limit in
all trajectory solutions (Supplemental Table XIV), but in addition, group sizes were >5% for
three-group or two-group trajectory solutions. Therefore, three-group trajectory solution was
considered optimal. After assessing goodness-of-fit (2*ABIC >10) for three-trajectory solution
shapes (Supplemental Table VI1), a final trajectory solution was chosen (Supplemental Table
XXI1): (1) low-stable triglycerides (N=2076, 81.1%) with consistently low serum triglycerides;
(2) normal-increasing triglycerides (N=349, 13.6%) with normal serum triglyceride levels in
childhood but increasing triglyceride levels in midlife; (3) normal-rapidly increasing
triglycerides (N=136, 5.3%) with normal triglyceride levels in childhood but rapidly increasing
triglyceride levels from youth to midlife (Supplemental Figure 1\VV/Panel A). Sex specific
trajectory modeling was performed for serum triglycerides, and the amount of trajectory groups

lowered in two in both women and men (Supplemental Figure 1\VV/Panel B and C).

In total, 2588 participants had at least three and 83.8% participants had at least four BMI
measurements (median 5 measurements) including at least one measurement from childhood
and at least one from adulthood. The BMI measurements obtained during the participant’s
pregnancy were excluded from the BMI trajectory modeling analyses. In trajectory modeling,
indicator for better goodness-of-fit, 2¥* ABIC >10, was significant for the highest amount of
trajectory groups (Supplemental Table 1). Also, posterior probabilities were above the 0.70
limit in every solution (Supplemental Table XV), but trajectory group size was already in three-

trajectory solution 6.14% for group 3 and in four-trajectory solution 3.05% for group four.
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Three-trajectory solution was not considered clinically appropriated. Therefore, four-group
trajectory solution was considered optimal number for trajectory groups. After assessing
goodness-of-fit (2*ABIC >10) for four-trajectory solution shapes (Supplemental Table VIII),
a final trajectory solution was chosen (Supplemental Table XXII): (1) stable slim (N=994,
38.4) with consistently low body weight; (2) stable normal weight (N=1104, 42.7%) with body
weight consistently close to normal (25kg/m?); (3) progressively overweight (N=412, 15.9%)
reached overweight in childhood/adolescence and gained weight throughout the adulthood; (4)
persistently increasing obese (N=78, 3.0%) reached obesity in childhood/adolescence and
gained weight throughout the adulthood (Figure 1/Panel C). Sex specific trajectory modeling
was performed for BMI, and the results were similar compared to the analyses for all

participants (Supplemental Figure V/Panels C and F).

Student’s t-test or the Wilcoxon rank sum test was applied for analyses for continuous
variables. Associations between categorical variables were studied with the chi-square test.
Linear regression analyses were conducted to investigate the associations for CVRF trajectory
groups and midlife cognitive performance. All regression analyses were conducted as
multivariable models using the standardized principal components for cognitive performance
as outcome variables and adjusting for age, sex, and polygenic risk score. Furthermore, fully
adjusted model included additionally other adulthood CVRFs (SBP, serum total cholesterol,
BMI, fasting serum glucose, smoking, physical activity, and diet). Additionally, all analyses
were further adjusted for childhood school performance, childhood SES, and adulthood
education. P<0.05 was considered as the level of statistical significance. All statistical analyses

were performed using SAS 9.4 (SAS Institute Inc. Cary, North Carolina, USA).
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Supplemental Table I: Characteristics for Trajectory Modeling for Each Cardiovascular
Risk Factor Trajectory on Systolic Blood Pressure (SBP), Diastolic Blood Pressure
(DBP), Serum Total Cholesterol, Serum LDL-cholesterol, Serum HDL-cholesterol,

Serum Triglycerides, and Body Mass Index (BMI).

SBP LOGLIK BIC AlC 2*ABIC
2 traj — x? -15385.54 -15416.60 -15393.54 .
3 traj — x? -15062.77 -15109.37 -15074.77 614.47
4 traj — x? -14933.32 -14995.34 -14949.32 227.83
5 traj — x? -14831.74 -14909.40 -14851.74 172.11
6 traj — x> -14765.39 -14858.59 -14789.40 101.62
7 traj — NG -14724.38 -14833.12 -14752.38 50.96
DBP LOGLIK BIC AlC 2* ABIC
2 traj — x? -15566.14  -15597.17  -15574.14 :
3 traj — x? -15419.42  -15465.96 -15431.42  262.41
4 traj — x? -15304.20 -15381.77 -15324.20  168.38
5 traj — x? -15236.17 -15313.75 -15256.17  136.05
6 traj — x> -15197.42  -15290.51 -15221.42 46.47
7 traj — x? -15174.23  -15282.83  -15202.23 15.36
Serum total cholesterol LOGLIK BIC AIC 2*ABIC
2 traj — x? -16552.53 -16583.93 -16560.53 .
3 traj — x? -16025.89 -16072.98 -16037.89 1021.90
4 traj — x? -15737.14 -15799.93 -15753.14 546.09
5 traj — x? -15608.78 -15687.26 -15628.78 225.34
6 traj — NG -15474.23 -15568.41 -15498.23 237.71
7 traj — NG -15434.57 -15544.45 -15462.57  47.92
Serum LDL-cholesterol LOGLIK BIC AlC 2*ABIC
2 traj — x? -16229.46  -16260.82 -16237.46 .
3 traj — x? -15602.62 -15649.66 -15614.62  1222.32
4 traj — x? -15288.00 -15350.72 -15304.00  597.88
5 traj — x2 -15156.35 -15234.75 -15176.35  231.94
6 traj — x? -15033.52  -15127.61 -15057.52  214.30
7 traj — x? -14966.05 -15075.82 -14994.05  103.58
Serum HDL-cholesterol LOGLIK BIC AlC 2*ABIC
2 traj — NG -16457.78 -16489.17 -16465.78 .
3 traj — x? -15828.42 -15875.50 -15840.42 1227.33
4 traj — x? -15614.39 -15677.18 -15630.39 396.65
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5 traj — x? -15501.82 -15580.30 -15521.82 193.75
6 traj — x? -15392.91 -15487.09 -15416.91 186.42
7 traj — x2 -15312.72 -15422.60 -15340.72 128.99
Serum triglycerides LOGLIK BIC AIC 2*ABIC
2 traj — x2 -17035.42 -17066.81 -17043.42 :
3 traj — x2 -16654.60 -16701.68 -16666.60 730.26
4 traj — x2 -16407.29 -16470.08 -16423.29 463.22
5 traj — x? -16230.50 -16308.98 -16250.50 322.19
6 traj — x? -16118.05 -16212.23 -16142.05 193.51
7 traj — x2 -16069.05 -16178.92 -16097.05 66.61
BMI LOGLIK BIC AlC 2*ABIC
2 traj — x2 -15114.08 -15145.51 -15122.08 :
3 traj — x2 -14129.14 -14176.30 -14141.14 1938.44
4 traj — x2 -13614.06 -13676.93 -13630.06 998.73
5 traj — x? -13278.72 -13357.31 -13298.72 639.25
6 traj — x? -13035.34 -13129.64 -13059.34 455.32
7 traj — x2 -12823.59 -12933.61 -12851.59 392.06

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike
Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2*A BIC).
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Supplemental Table I1: Comparison of Five Group Trajectory Model Shapes in Systolic

Blood Pressure.

LOGLIK  BIC AIC  2*ABIC
Straj— (2,2,2,2,2) -14831.7 -14909.4 -14851.7  Ref.
Straj— (2,2,2,2,3) -14828.2 -14909.8 -14849.2 0.8
Straj— (2,2,2,3,2) -14829.1 -14910.7 -14850.1 25
Straj— (2,2,3,2,2) -14831.7 -149133 -148527 7.8
Straj— (2,3,2,2,2) -14831.7 -14913.3 -14852.7 7.8
Straj— (3,2,2,22) -14827.5 -14909.1 -148485 0.7
Straj— (2,2,2,3,3) -148282 -14913.7 -14850.2 85
Straj— (2,2,3,3,2) -14829.1 -149145 -14851.1  10.2
Straj— (2,3,3,2,2) -14831.7 -14917.2 -14853.7 155
Straj— (3,32,2,2) -14825.2 -14910.6 -14847.2 2.4
Straj - (2,2,3,2,3) -148282 -14913.7 -14850.2 85
Straj - (2,3,2,2,3) -14828.2 -14913.7 -14850.2 85
Straj — (3,2,2,2,3) -14824.0 -14909.4 -14846.0  0.04
Straj— (3,3,3,2,2) -14827.5 -14916.8 -14850.5  14.9
5traj— (3,32,2,3) -14824.0 -14913.3 -14847.0 7.8
Straj— (3,2,2,3,3) -14821.7 -14911.0 -14844.7 3.
Straj - (2,2,3,3,3) -148282 -14917.5 -14851.2  16.3
Straj - (3,3,2,3,2) -148252 -149145 -148482  10.1
5traj - (3,2,3,3,2) -14827.5 -14916.8 -14850.5  14.9
Straj— (2,3,3,3,2) -14829.0 -14918.3 -14852.0  17.9
Straj— (3,3,3,3,2) -14825.1 -14918.3 -14849.1 178
Straj— (3,3,3,2,3) -14821.5 -14914.8 -148456  10.8
Straj - (3,3,2,3,3) -148216 -14914.8 -148456 108
5traj— (3,2,3,3,3) -148216 -14914.8 -148456 108
5traj—(2,3,3,3,3) -148255 -14918.7 -14849.5 185
5traj— (3,3,3,3,3) -14821.5 -14918.6 -148465  18.4

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike

Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).
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Supplemental Table I1l1: Comparison of Three Group Trajectory Model Shapes in

Diastolic Blood Pressure.

LOGLIK  BIC AIC  2*ABIC
3traj— (2,2,2) -15419.4 -15466.0 -15431.4 .

3traj - (2,2,3) -15419.4 -15469.8 -15432.4 7.7
3traj— (2,3,2) -15419.4 -15469.8 -15432.4 7.8
3traj - (3,2,2) -15418.7 -15469.1 -15431.7 6.2
3traj — (2,3,3) -15419.4 -15473.7 -15433.4 155
3traj - (3,3,2) -15418.6 -15472.9 -15432.6  13.9
3traj - (3,2,3) -15418.6 -15472.9 -15432.6  14.0
3traj-(3,3,3) -15418.6 -15476.8 -15433.6 21.7

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike
Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).

Supplemental Table IV: Comparison of Three Group Trajectory Model Shapes in Serum

Total Cholesterol.

LOGLIK  BIC AIC  2*ABIC
3traj—(22,2) -16025.9 -16073.0 -16037.9 .

3traj— (2,2,3) -16022.8 -16073.8 -160358 1.6
3traj— (2,3,2) -16019.7 -16070.7 -16032.7 4.5
3traj— (3,2,2) -160235 -16074.6 -160365 3.2
3traj— (2,3,3) -16016.7 -16071.6 -16030.7 2.8
3traj—(3,32) -16017.3 -16072.3 -160313 14
3traj— (3,23) -160204 -16075.3 -16034.4 4.7
3traj— (3,3,3) -16014.2 -16073.1 -16029.2 0.2

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike
Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).
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Supplemental Table V: Comparison of Three Group Trajectory Model Shapes in LDL-

cholesterol.
LOGLIK BIC AlC 2*ABIC

3tra)—(2,2,2) -15602.6 -15649.7 -15614.6 .

3traj—(2,2,3) -15599.0 -15650.0 -15612.0 0.6
3traj—(2,3,2) -15593.0 -15644.0 -15606.0 11.4
3traj—(3,2,2) -15599.5 -15650.5 -15612.5 1.6
3traj—(2,3,3) -15589.0 -15643.9 15603.0 115
3tra)—(3,3,2) -15589.8 -15644.6 -15603.8 10.1
3tra)—(3,2,3) -15595.8 -15650.7 -15609.8 2.1
3traj—(3,3,3) -15585.7 -15644.5 -15600.7 10.3

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike

Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).

Supplemental Table VI: Comparison of Four Group Trajectory Model Shapes in HDL-

cholesterol.
LOGLIK BIC AIC  2*ABIC
4traj - (2,2,2,2) -15614.4 -15677.2 -15630.4 0.0
4traj - (2,2,2,3) -15612.6 -15679.3 -15629.6 4.3
4traj - (2,2,3,2) -15600.1 -15666.8 -15617.1  20.7
4traj - (2,3,2,2) -15600.1 -15666.8 -15617.1  20.7
4 traj - (3,2,2,2) -15606.4 -15673.1 -15623.4 8.2
4traj - (2,2,3,3) -15611.5 -15682.2 -15629.6  10.0
4 traj - (2,3,3,2) -15599.5 -15670.1 -15617.5 14.2
4traj —(3,3,2,2) -15592.8 -15663.5 -15610.8 27.4
4traj - (3,2,2,3) -15604.6 -15675.2 -15622.6 3.9
Atraj—(2,3,3,2) -15599.5 -15670.1 -15617.5  14.2
4 traj - (3,2,3,2) -15605.3 -15675.9 -15623.3 2.5
4traj - (2,3,2,3) -15611.6 -15682.2 -15629.6  10.0
4 traj - (2,3,3,3) -15597.6 -15672.1 -15616.6  10.1
4 traj —(3,3,3,2) -15592.1 -15666.7 -15611.1  21.0
4 traj - (3,2,3,3) -15603.5 -15678.1 -15622.5 1.7
4 traj - (3,3,2,3) -15603.5 -15678.1 -15622.5 1.7
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4 traj — (3,3,3,3)

-15590.2

-15668.7

-15610.2

16.9

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike

Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).

Supplemental Table VII: Comparison of Three Group Trajectory Model Shapes in

Triglycerides.

LOGLIK BIC AIC  2*ABIC
3traj— (2,2,2) -16654.6 -16701.7 -16666.6 O
3traj - (2,2,3) -166545 -167055 -16667.5 7.7
3traj—(2,3,2) -16623.8 -16674.8 -16636.8  53.8
3traj— (3,2,2) -16654.4 -16705.4 -16667.4 7.4
3traj— (2,3,3) -16622.3 -16677.2 -16636.3 49
3traj— (3,3,2) -16623.7 -16678.7 -16637.7 46
3traj— (3,2,3) -16654.3 -16709.2 -16668.3 15
3traj— (3,3,3) -166222 -16681.1 -16637.2 412

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike

Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).

Supplemental Table VIII: Comparison of Four Group Trajectory Model Shapes in

Body Mass Index.

BMI LOGLIK  BIC AIC  2*ABIC
Atraj — (2,2,2,2) -13614.1 -13676.9 -13630.1  Ref.
4traj— (2,2,2,3) -13608.2 -13675.0 -136252 3.9
4traj— (2,2,3,2) -13613.4 -13680.2 -136304 6.6
4traj— (2,32,2) -13613.4 -13680.2 -136304 6.6
Atraj - (3,2,2,2) -13612.2 -13679.0 -13629.2 4.2
4traj - (2,2,3,3) -13607.4 -13678.1 -136254 2.4
4traj - (2,3,3,2) -13611.9 -13682.6 -13629.9 113
4traj—(3,32,2) -13611.6 -13682.3 -13629.6  10.8
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Atraj— (3,2,2,3) -13606.4 -13677.1 -13624.4 0.4
Atraj— (2,33.2) -13611.9 -13682.6 -13629.9 113
Atraj— (3,232) -13611.6 -13682.3 -13629.6  10.8
Atraj— (2,32,3) -13606.7 -13677.4 -136247 0.9
4traj— (2,3,3,3) -136058 -13680.5 -13624.8 7.1
4traj—(3,3,32) -13609.9 -13684.6 -13628.9  15.3
Atraj— (3,2,3,3) -13605.6 -13680.2 -136246 6.6
Atraj— (3,32,3) -13605.6 -13680.2 -13624.6 6.6
Atraj— (3,33,3) -13603.9 -136825 -13623.9 11.1

Values are log-likelihood (LOGLIK), the Bayesian Information Criteria (BIC), the Akaike
Information Criteria (AIC), and the change of the BIC (compared to the preceding BIC)

multiplied two (2A* BIC).

Supplemental Table IX: Comparison of Systolic Blood Pressure Trajectory Model

Posterior Probabilities.

N (%) Mean (SD) Min Max
Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 1360 (57.60) 0.92 (0.12) 0.50 1.00
Group 2 1001 (42.40) 0.90 (0.14) 0.50 1.00
Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 889 (37.65) 0.87 (0.15) 0.50 1.00
Group 2 1235 (52.31) 0.87 (0.14) 0.50 1.00
Group 3 237 (10.04) 0.87 (0.15) 0.51 1.00
Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 777 (32.91) 0.85 (0.17) 0.34 1.00
Group 2 510 (21.60) 0.75 (0.17 0.34 1.00
Group 3 845 (35.79) 0.76 (0.16) 0.35 1.00
Group 4 229 (9.70) 0.86 (0.16) 0.38 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 408 (17.28) 0.83 (0.16) 0.40 1.00
Group 2 475 (20.12) 0.74 (0.18) 0.35 1.00
Group 3 406 (17.20) 0.73 (0.18) 0.36 1.00
Group 4 935 (39.60) 0.76 (0.16) 0.36 1.00
Group 5 137 (5.80) 0.87 (0.17) 0.34 1.00

Posterior probabilities using six trajectory model (x2-term for each trajectory)
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Group 1 403 (17.07) 0.83 (0.16) 0.41 1.00
Group 2 176 (7.45) 0.74 (0.20) 0.32 1.00
Group 3 504 (21.35) 0.72 (0.18) 0.35 1.00
Group 4 398 (16.86) 0.72 (0.19) 0.33 1.00
Group 5 833 (35.28) 0.75 (0.16) 0.34 1.00
Group 6 47 (1.99) 0.86 (0.18) 0.43 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 347 (14.70) 0.82 (0.16) 0.37 1.00
Group 2 470 (19.91) 0.71 (0.18) 0.33 1.00
Group 3 152 (6.44) 0.73 (0.19) 0.32 1.00
Group 4 740 (31.34) 0.72 (0.16) 0.34 1.00
Group 5 510 (21.60) 0.70 (0.17) 0.34 0.99
Group 6 122 (5.17) 0.76 (0.17) 0.41 1.00
Group 7 20 (0.85) 0.86 (0.18) 0.47 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table X: Comparison of Diastolic Blood Pressure Trajectory Model

Posterior Probabilities.

N (%) Mean (SD) Min Max
Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 1533 (65.54) 0.91(0.13) 0.50 1.00
Group 2 806 (34.46) 0.86 (0.15) 0.50 1.00
Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 341 (14.58) 0.79 (0.16) 0.50 1.00
Group 2 1517 (64.86) 0.83(0.13) 0.50 1.00
Group 3 481 (20.56) 0.84 (0.16) 0.50 1.00
Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 401 (17.14) 0.77(0.19) 0.34 1.00
Group 2 569 (24.33) 0.68 (0.16) 0.36 1.00
Group 3 954 (40.79) 0.74 (0.18) 0.36 1.00
Group 4 415 (17.74) 0.82(0.18) 0.37 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 223 (9.53) 0.78 (0.18) 0.37 1.00
Group 2 597 (25.52) 0.69 (0.17) 0.34 1.00
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Group 3 423 (18.09) 0.69 (0.18) 0.33 0.99

Group 4 922 (39.42) 0.74(0.17) 0.36 1.00
Group 5 174 (7.44) 0.8 (0.18) 0.38 1.00
Posterior probabilities using six trajectory model (x?-term for each trajectory)
Group 1 214 (9.15) 0.76 (0.19) 0.39 1.00
Group 2 255 (10.90) 0.72(0.18) 0.34 1.00
Group 3 667 (28.52) 0.68 (0.17) 0.30 1.00
Group 4 790 (33.78) 0.73(0.17) 0.29 1.00
Group 5 381 (16.29) 0.68 (0.18) 0.27 0.99
Group 6 32(1.37) 0.82(0.17) 0.53 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 210 (8.98) 0.77 (0.19) 0.33 1.00
Group 2 69 (2.95) 0.68 (0.18) 0.38 0.99
Group 3 58 (2.48) 0.82(0.17) 0.37 1.00
Group 4 920 (39.33) 0.67 (0.15) 0.28 0.95
Group 5 450 (19.24) 0.69 (0.17) 0.32 1.00
Group 6 270 (11.54) 0.64 (0.18) 0.27 0.99
Group 7 362 (15.48) 0.66 (0.17) 0.27 0.98

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XI: Comparison of Serum Total Cholesterol Trajectory Model

Posterior Probabilities.

N (%) Mean (SD) Min Max

Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 1601 (62.49) 0.94 (0.11) 0.50 1.00
Group 2 961 (37.51) 0.92 (0.13) 0.50 1.00

Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 690 (26.93) 0.89 (0.14) 0.51 1.00
Group 2 1409 (55.00) 0.88 (0.13) 0.50 1.00
Group 3 463 (18.07) 0.91 (0.13) 0.50 1.00

Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 524 (20.45) 0.89 (0.13) 0.51 1.00
Group 2 1316 (51.37) 0.87 (0.14) 0.50 1.00
Group 3 667 (26.03) 0.89 (0.14) 0.50 1.00
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Group 4 55 (2.15) 0.91 (0.15) 0.56 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 527 (20.57) 0.89 (0.13) 0.50 1.00
Group 2 287 (11.20) 0.76 (0.18) 0.37 1.00
Group 3 1304 (50.90) 0.86 (0.14) 0.34 1.00
Group 4 402 (15.69) 0.81 (0.17) 0.35 1.00
Group 5 42 (1.64) 0.94 (0.13) 0.48 1.00
Posterior probabilities using six trajectory model (x?>-term for each trajectory)
Group 1 494 (19.28) 0.88 (0.14) 0.50 1.00
Group 2 1243 (48.52) 0.85 (0.15) 0.36 1.00
Group 3 317 (12.37) 0.75(0.17) 0.38 1.00
Group 4 100 (3.90) 0.86 (0.16) 0.45 1.00
Group 5 403 (15.73) 0.79 (0.18) 0.36 1.00
Group 6 5 (0.20) 0.99 (0.02) 0.95 1.00
Posterior probabilities using seven trajectory model (x>-term for each trajectory)
Group 1 356 (13.90) 0.84 (0.16) 0.47 1.00
Group 2 1007 (39.31) 0.79 (0.15) 0.37 1.00
Group 3 376 (14.68) 0.72 (0.19) 0.35 1.00
Group 4 430 (16.78) 0.66 (0.16) 0.35 0.99
Group 5 91 (3.55) 0.80 (0.18) 0.34 1.00
Group 6 288 (11.24) 0.80 (0.18) 0.36 1.00
Group 7 14 (0.55) 0.96 (0.07) 0.79 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XI1: Comparison of LDL-cholesterol Trajectory Model Posterior

Probabilities.

N (%) Mean (SD) Min Max

Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 1630 (64.15) 0.95 (0.10) 0.51 1.00
Group 2 911 (35.85) 0.92 (0.13) 0.50 1.00

Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 949 (37.35) 0.90 (0.14) 0.50 1.00
Group 2 1270 (49.98) 0.89 (0.14) 0.50 1.00
Group 3 322 (12.67) 0.90 (0.14) 0.50 1.00
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Posterior probabilities using four trajectory model (x?-term for each trajectory)

Group 1 635 (24.99) 0.89 (0.14) 0.50 1.00
Group 2 1309 (51.52)  0.87(0.14) 0.50 1.00
Group 3 553 (21.76) 0.90 (0.13) 0.50 1.00
Group 4 44 (1.73) 0.94 (0.10) 0.62 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 413 (16.25) 0.85 (0.16) 0.50 1.00
Group 2 1120 (44.08)  0.83(0.13) 0.50 1.00
Group 3 740 (29.12) 0.82 (0.14) 0.50 1.00
Group 4 244 (9.60) 0.86 (0.16) 0.50 1.00
Group 5 24 (0.94) 0.97 (0.09) 0.56 1.00
Posterior probabilities using six trajectory model (x?-term for each trajectory)
Group 1 228 (8.97) 0.84 (0.16) 0.50 1.00
Group 2 951 (37.43) 0.82 (0.13) 0.50 0.99
Group 3 223 (8.78) 0.80 (0.17) 0.37 1.00
Group 4 902 (35.50) 0.80 (0.15) 0.36 1.00
Group 5 207 (8.15) 0.82 (0.18) 0.37 1.00
Group 6 30 (1.18) 0.98 (0.06) 0.78 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 209 (8.23) 0.85 (0.15) 0.50 1.00
Group 2 908 (35.73) 0.79 (0.14) 0.37 0.99
Group 3 473 (18.61) 0.66 (0.17) 0.34 0.99
Group 4 506 (19.91) 0.70 (0.18) 0.32 1.00
Group 5 264 (10.39) 0.79 (0.19) 0.34 1.00
Group 6 151 (5.94) 0.82 (0.19) 0.32 1.00
Group 7 30 (1.18) 0.96 (0.09) 0.64 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XII1: Comparison of HDL-cholesterol Trajectory Model Posterior

Probabilities.
N (%) Mean (SD) Min Max
Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 1626 (63.49) 0.95 (0.11) 0.50 1.00
Group 2 935 (36.51) 0.92 (0.13) 0.50 1.00
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Posterior probabilities using three trajectory model (x?-term for each trajectory)

Group 1 942 (36.78) 0.91 (0.13) 0.50 1.00
Group 2 1287 (50.25) 0.89 (0.13) 0.50 1.00
Group 3 332 (12.96) 0.91 (0.15) 0.50 1.00
Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 546 (21.32) 0.86 (0.15) 0.50 1.00
Group 2 1186 (46.31) 0.84 (0.13) 0.50 1.00
Group 3 665 (25.97) 0.85 (0.15) 0.50 1.00
Group 4 164 (6.40) 0.89 (0.15) 0.50 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 589 (23.00) 0.86 (0.17) 0.39 1.00
Group 2 369 (14.41) 0.71 (0.18) 0.35 1.00
Group 3 587 (22.92) 0.82 (0.16) 0.37 1.00
Group 4 873 (34.09) 0.76 (0.16) 0.35 1.00
Group 5 143 (5.58) 0.89 (0.14) 0.51 1.00
Posterior probabilities using six trajectory model (x2-term for each trajectory)
Group 1 483 (18.86) 0.85 (0.16) 0.37 1.00
Group 2 411 (16.05) 0.73 (0.17) 0.34 1.00
Group 3 245 (9.57) 0.8 (0.16) 0.38 1.00
Group 4 880 (34.36) 0.78 (0.15) 0.37 1.00
Group 5 462 (18.04) 0.73 (0.18) 0.35 1.00
Group 6 80 (3.12) 0.89 (0.16) 0.49 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 422 (16.48) 0.85 (0.16) 0.43 1.00
Group 2 336 (13.12) 0.72 (0.18) 0.33 1.00
Group 3 878 (34.28) 0.77 (0.16) 0.35 1.00
Group 4 251 (9.80) 0.78 (0.17) 0.38 1.00
Group 5 117 (4.57) 0.79 (0.18) 0.40 1.00
Group 6 509 (19.88) 0.73 (0.17) 0.31 1.00
Group 7 48 (1.87) 0.89 (0.16) 0.42 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.



Supplemental Table X1V: Comparison of Triglyceride Trajectory Model Posterior

Probabilities.
N (%) Mean (SD) Min Max
Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 2319 (90.55) 0.99 (0.06) 0.50 1.00
Group 2 242 (9.45) 0.93(0.12) 0.51 1.00
Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 2020 (78.88) 0.95 (0.10) 0.50 1.00
Group 2 402 (15.70) 0.83 (0.15) 0.45 1.00
Group 3 139 (5.43) 0.92 (0.13) 0.43 1.00
Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 1995 (77.90) 0.95 (0.11) 0.39 1.00
Group 2 250 (9.76) 0.84 (0.16) 0.38 1.00
Group 3 249 (9.72) 0.83 (0.17) 0.37 1.00
Group 4 67 (2.62) 0.93 (0.13) 0.43 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 1883 (73.53) 0.93(0.12) 0.35 1.00
Group 2 292 (11.40) 0.76 (0.18) 0.36 1.00
Group 3 117 (4.57) 0.91 (0.14) 0.44 1.00
Group 4 252 (9.84) 0.82 (0.18) 0.35 1.00
Group 5 17 (0.66) 0.97 (0.06) 0.76 1.00
Posterior probabilities using six trajectory model (x?-term for each trajectory)
Group 1 1806 (70.52) 0.92 (0.12) 0.39 1.00
Group 2 341 (13.32) 0.79 (0.17) 0.41 1.00
Group 3 244 (9.53) 0.76 (0.18) 0.35 1.00
Group 4 115 (4.49) 0.89 (0.16) 0.44 1.00
Group 5 37 (1.44) 0.88 (0.16) 0.49 1.00
Group 6 18 (0.70) 0.95 (0.11) 0.56 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 1813 (70.79) 0.91 (0.14) 0.34 1.00
Group 2 156 (6.09) 0.77 (0.19) 0.38 1.00
Group 3 314 (12.26) 0.65 (0.17) 0.32 1.00
Group 4 107 (4.18) 0.78 (0.19) 0.40 1.00
Group 5 111 (4.33) 0.90 (0.14) 0.47 1.00
Group 6 46 (1.80) 0.86 (0.16) 0.49 1.00

Group 7 14 (0.55) 0.99 (0.03) 0.92 1.00




Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XV: Comparison of Body Mass Index Trajectory Model Posterior

Probabilities.

N (%) Mean (SD) Min Max
Posterior probabilities using two trajectory model (x>-term for each trajectory)
Group 1 2051 (79.25) 0.98 (0.07) 0.50 1.00
Group 2 537 (20.75) 0.94 (0.12) 0.51 1.00
Posterior probabilities using three trajectory model (x?-term for each trajectory)
Group 1 1511 (58.38) 0.95 (0.11) 0.51 1.00
Group 2 918 (35.47) 0.92 (0.13) 0.50 1.00
Group 3 159 (6.14) 0.95 (0.12) 0.52 1.00
Posterior probabilities using four trajectory model (x?-term for each trajectory)
Group 1 993 (38.37) 0.90 (0.13) 0.50 1.00
Group 2 1103 (42.62) 0.89 (0.13) 0.50 1.00
Group 3 413 (15.96) 0.92 (0.13) 0.51 1.00
Group 4 79 (3.05) 0.97 (0.08) 0.53 1.00
Posterior probabilities using five trajectory model (x>-term for each trajectory)
Group 1 928 (35.86) 0.90 (0.13) 0.50 1.00
Group 2 286 (11.05) 0.86 (0.17) 0.40 1.00
Group 3 1086 (41.96) 0.88 (0.14) 0.43 1.00
Group 4 214 (8.27) 0.86 (0.16) 0.40 1.00
Group 5 74 (2.86) 0.97 (0.07) 0.71 1.00
Posterior probabilities using six trajectory model (x?-term for each trajectory)
Group 1 820 (31.68) 0.89 (0.14) 0.43 1.00
Group 2 324 (12.52) 0.86 (0.16) 0.40 1.00
Group 3 133 (5.14) 0.91 (0.14) 0.46 1.00
Group 4 1026 (39.64) 0.85 (0.14) 0.35 1.00
Group 5 242 (9.35) 0.83 (0.18) 0.42 1.00
Group 6 43 (1.66) 0.96 (0.10) 0.54 1.00
Posterior probabilities using seven trajectory model (x?-term for each trajectory)
Group 1 552 (21.33) 0.88 (0.14) 0.50 1.00
Group 2 479 (18.51) 0.83 (0.16) 0.41 1.00
Group 3 1016 (39.26) 0.83 (0.14) 0.40 1.00
Group 4 131 (5.06) 0.86 (0.17) 0.38 1.00
Group 5 131 (5.06) 0.90 (0.14) 0.50 1.00
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Group 6 240 (9.27) 0.82 (0.18) 0.38
Group 7 39 (1.51) 0.98 (0.07) 0.62

1.00
1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XVI: Posterior Probabilities for Systolic Blood Pressure (SBP)

Trajectories Using Five Trajectory Model (“2,3,3,3,3” model).

N (%) Mean (SD) Min Max
Group 1 = Low-stable SBP 415 (17.58) 0.83(0.16) 0.36 1.00
Group 2 = Normal-stable SBP 935 (39.60) 0.76 (0.16) 0.36 1.00
Group 3 = Moderate-stable SBP 399 (16.90) 0.73(0.18) 0.35 1.00
Group 4 = Moderate-increasing SBP 471 (19.95) 0.74(0.18) 0.36 1.00
Group 5 = Elevated-increasing SBP 141 (5.97) 0.870.17) 0.40 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XVII: Posterior Probabilities for Diastolic Blood Pressure (DBP)

Trajectories Using Three Trajectory Model (“3,3,3” model).

N (%) Mean (SD) Min Max
Group 1 = Low-stable DBP 326 (13.94) 0.79(0.16) 0.50 1.00
Group 2 = Normal-stable DBP 1517 (64.86) 0.83(0.13) 0.50 1.00

Group 3 = Moderate-increasing DBP 496 (21.21) 0.84 (0.16) 0.50

1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.
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Supplemental Table XVIII: Posterior Probabilities for Serum Total Cholesterol

Trajectories Using Three Trajectory Model (“2,2,2” model).

N (%) Mean (SD) Min Max
Group 1 = Low-stable total cholesterol 690 (26.93) 0.89(0.14) 0.51 1.00
Group 2 = Elevated-stable total cholesterol 1409 (55.00) 0.88 (0.13) 0.50 1.00
Group 3 = High-stable total cholesterol 463 (18.07) 0.91(0.13) 0.50 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XIX: Posterior Probabilities for LDL-cholesterol Trajectories Using

Three Trajectory Model (“3,3,3” model).

N (%) Mean (SD) Min  Max
Group 1 = Low-stable LDL-cholesterol 977 (38.44) 0.90(0.14) 0.50€ 1.00€
Group 2 = Elevated-stable LDL-cholesterol 1259 (49.55) 0.90 (0.13) 0.50€ 1.00€

Group 3 = High-stable LDL-cholesterol 305 (12.00) 0.91(0.13) 0.50€ 1.00€

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XX: Posterior Probabilities for HDL-cholesterol Trajectories Using

Four Trajectory Model (“3,3,2,2” model).

N (%) Mean (SD) Min Max
Group 1 = Low-stable HDL-cholesterol 531 (20.73) 0.86(0.15) 0.50 1.00
Group 2 = Normal-stable HDL-cholesterol 1169 (45.65) 0.84 (0.14) 0.50 1.00
Group 3 = Elevated-stable HDL-cholesterol 690 (26.94) 0.85(0.15) 0.50 1.00
Group 4 = High-stable HDL-cholesterol 171 (6.68) 0.90(0.14) 0.50 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.
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Supplemental Table XXI: Posterior Probabilities for Triglyceride Trajectories Using

Three Trajectory Model (“2,3,2” model).

N (%) Mean (SD) Min Max
Group 1 = Low-stable triglycerides 2076 (81.06) 0.95(0.10) 0.49 1.00
Group 2 = Normal-increasing triglycerides 349 (13.63) 0.84(0.16) 0.48 1.00
Group 3 = Normal-rapidly increasing triglycerides 136 (5.31) 0.94 (0.12) 0.41 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.

Supplemental Table XXII: Posterior probabilities for Body Mass Index Trajectories

Using Four Trajectory Model (“3,3,3,2” model).

N (%) Mean (SD) Min Max
Group 1 = Stable slim 994 (38.41) 0.90(0.13) 0.50 1.00
Group 2 = Stable normal weight 1104 (42.66) 0.89(0.13) 0.50 1.00
Group 3 = Progressively overweight 412 (15.92) 0.92 (0.13) 0.50 1.00
Group 4 = Persistently increasing obese 78 (3.01) 0.98 (0.06) 0.72 1.00

Values are means (standard deviations) for posterior probabilities, minimum and maximum

posterior probabilities, and numbers (percentages) for categorical variables.
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Supplemental Figure I: Trajectories from Childhood to Midlife for Diastolic Blood

Pressure (DBP) for Both Sexes (A), and Sex Specific Trajectories for Women (B) and Men

(©).

DBP trajectories since childhood were identified using latent class growth mixture modeling.
Values are means and 95% confidence intervals. Three trajectory groups for DBP were
identified. Participants who had antihypertensive medication in any adulthood follow-up year

(2001, 2007 or 2011) were excluded from the DBP trajectory modeling.
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Supplemental Figure Il: Trajectories from Childhood to Midlife for Serum LDL-

cholesterol for Both Sexes (A), and Sex Specific Trajectories for Women (B) and Men (C).

LDL-cholesterol trajectories since childhood were identified using latent class growth mixture
modeling. Values are means and 95% confidence intervals. Three trajectory groups for LDL-
cholesterol were identified. Participants who had dyslipidemia medication in any adulthood
follow-up year (2001, 2007 or 2011) were excluded from the LDL-cholesterol trajectory

modeling.
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Supplemental Figure Il11: Trajectories from Childhood to Midlife for Serum HDL-

cholesterol for Both Sexes (A), and Sex Specific Trajectories for Women (B) and Men (C).

HDL-cholesterol trajectories since childhood were identified using latent class growth mixture
modeling. Values are means and 95% confidence intervals. Four trajectory groups for HDL-
cholesterol were identified. Participants who had dyslipidemia medication in any adulthood
follow-up year (2001, 2007 or 2011) were excluded from the HDL-cholesterol trajectory

modeling.
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Supplemental Figure 1V: Trajectories from Childhood to Midlife for Serum

Triglycerides for Both Sexes (A), and Sex Specific Trajectories for Women (B) and Men

(©).

Trajectories since childhood for triglycerides were identified using latent class growth mixture
modeling. Values are means and 95% confidence intervals. Three trajectory groups were
identified for triglycerides in the model with both sexes. Two trajectory groups were identified
for triglycerides in the sex specific models. Participants who had dyslipidemia medication in
any adulthood follow-up year (2001, 2007 or 2011) were excluded from the triglyceride
trajectory modeling. Serum triglyceride measurements above 10mmol/l were excluded from

the triglyceride trajectory modeling.
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Supplemental Figure V: Sex Specific Trajectories for Women in Systolic Blood Pressure
(SBP) (A), Serum Total Cholesterol (B), and Body Mass Index (BMI) (C); for Men in SBP

(D), Serum Total Cholesterol (E), and BMI (F).

Sex specific cardiovascular risk factor trajectories since childhood were identified using latent
class growth mixture modeling. Values are means and 95% confidence intervals for each
cardiovascular risk factor. Five trajectory groups for SBP (A and C), three trajectory groups
for serum total cholesterol (B and D), and four trajectory groups for BMI (E and F) were
identified. Participants who had antihypertensive medication in any adulthood follow-up year
(2001, 2007 or 2011) were excluded from the SBP trajectory modeling. Participants who had
dyslipidemia medication in any adulthood follow-up year were excluded from the serum total
cholesterol trajectory modeling. BMI measurements obtained during participant’s pregnancy

were excluded from the BMI trajectory modeling.

41



Systolic BP (ramHg)

Serum total cholesterol {ramol1)

BMI (kg/n?)

170 170
Elevated-increasing SEP D Elevated-stable SBP
— — — Low-stable SBP — — — Low-stable SBP
— - — Moderate-increasing SBP — - — Moderate-increasing
—— — Moderate-stable SBP —— — Moderate-stable SBP
— —-—- Nomal-stable SEP T — —-—- Nomal-stable SBP
150
g
130 &
-]
— £
f:j%\\? &
/L/ S
T T E I B
m-HeE-=_- O _x-%
s % 5 B i i et
. Pl s S I
v -E g 1 I
T
90 7 T T T T T T T T T T T T T 90 - T T T T T T T T T T T T T
9 12 15 18 21 24 27 30 kx) 36 39 42 45 49 9 12 15 18 21 24 27 30 3 36 29 42 45 49
Age (years) Age (years)
74 74
Elevated-stable total cholesterol E Elevated-stable total cholesterol

— — — High-stable total cholesterol
— - — Low-stable total cholesterol

P
R S a  a

g thgfebg by 1]

Serum total cholesterol (ramol1)

— — — High-stable total cholesterol
— - — Low-stable total cholesterol

=7 T T T T T T T T T T T T T =T T T T T T T T T T T T T T
9 12 15 18 21 24 27 30 3 3% 39 42 45 49 9 12 15 18 21 24 27 30 3 36 39 42 45 49
Age (years) Age (years)
55 55
Persistently increasing obese F Persistently increasing obese
— — — Progressively overweight — — — Progressively overweight
spd|—-— Stable normal weight sod|—— Stable normal weight
—— — Stable slim —— — Stable slim
45 -
40
)
&
354 o :‘T
174 3
g2k
30+ - =T
t SE-
SE oI —IT 1
25+ . — T
- —x 5
—_— F
g A = =
I eI -———F
'
P o
= =
15-F T T T T T T T T T T T T T T
9 12 15 18 21 24 27 30 3 36 39 42 45 49 9 12 15 18 21 24 27 30 3 36 39 42 45 49
Age (years) Age (years)

42



EXPANDED RESULTS

Characteristics and Representativeness of the Study Population

The background characteristics of the study population and numbers of participants in the
cognitive tests are presented in the Table 1. This study leveraged the data on the YFS
participants with cognitive data (1104 women /922 men; age 10.8 years at baseline / 41.8 years
at cognitive testing). The descriptive characteristics individually for SBP, serum total
cholesterol, and BMI trajectory groups in the 21-year and 31-year follow-ups are presented in
the Table 2. For DBP, LDL-cholesterol, HDL-cholesterol, and triglyceride trajectory groups,
the descriptive characteristics are presented in the Supplemental Table XXIII.
Representativeness of the study population participating in the cognitive testing was examined
by comparing the baseline and 21-year-follow-up data of the participants and non-participants
(Supplemental Table XXIV). The participants were more often women, older and adulthood
non-smokers compared to the non-participants. Additionally, they originated from families
with higher income (20.71% vs. 7.85%, p=0.003) and had better school performance in
childhood compared to the non-participants (7.77 vs. 7.65, p<0.0001). There were small
differences in the CVRFs between participants and non-participants; the participants had higher
baseline BMI (18.0 kg/m? vs. 17.7 kg/m?, p=0.004), lower adulthood BP (SBP: 116.2 mmHg
vs. 118.0 mmHg, p=0.003; diastolic BP: 70.4 mmHg vs 71.7 mmHg, p=0.017), and lower
adulthood triglycerides (1.33 mmol/L vs. 1.36 mmol/L, p=0.044). There were no significant
differences between the participants and non-participants in any other CVRFs or in the

covariates.
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Diastolic Blood Pressure and Serum Lipid Trajectories from Childhood to Midlife and
Cognitive Performance

No associations were found for DBP, HDL-cholesterol or triglyceride trajectory groups and
cognitive performance (Supplemental Table XXV/Panels A, C, and D). Serum LDL-
cholesterol was inversely associated with episodic memory and associative learning; the ‘high-
stable LDL-cholesterol’ group had worse episodic memory and associative learning compared
to the ‘low-stable total cholesterol’ group (adjusted for age, sex, polygenic risk score, and
adulthood SBP, BMI, fasting serum glucose, smoking, physical activity, and diet)
(Supplemental Table XXV/Panel B). No associations were found for serum LDL-cholesterol

trajectories on other cognitive domains.
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Supplemental Table XXII1: Descriptive Characteristics for the Diastolic Blood Pressure

and Serum Lipid Trajectory Groups.

Cardiovascular risk factor trajectories

DBP trajectory groups N (%) N, women (%)
Low-stable DBP 326 (13.9) 204 (62.6)
Normal-stable DBP 1517 (64.9) 871 (57.4)
Moderate-increasing DBP 496 (21.2) 191 (38.5)
Follow-up year 2001 2011

SBP / DBP, mmHg (SD)
Low-stable DBP
Normal-stable DBP
Moderate-increasing DBP
Total cholesterol, mmol/l

107.6/59.5 (10.1/7.1)
113.1/68.0 (10.6/ 7.3)
126.7/81.5 (11.1/7.9)

109.3/64.4 (11.1/7.4)
116.4/72.8 (11.8/7.7)
131.2/86.9 (13.4/8.3)

Low-stable DBP 4.97 (0.89) 5.05 (0.93)
Normal-stable DBP 5.11 (0.95) 5.15 (0.96)
Moderate-increasing DBP 5.35 (0.99) 5.37 (0.93)

BMI, kg/m? (SD)

Low-stable DBP 23.0 (3.4) 24.5 (4.1)

Normal-stable DBP 24.5 (3.8) 25.8 (4.4)
Moderate-increasing DBP 26.6 (4.6) 28.2 (5.3)
LDL-cholesterol trajectory groups N (%) N, women (%)
Low-stable LDL-cholesterol 977 (38.5) 552 (56.5)
Elevated-stable LDL-cholesterol 1259 (49.6) 698 (55.4)

High-stable LDL-cholesterol 305 (12.0) 151 (49.5)

Follow-up year 2001 2011

SBP / DBP, mmHg (SD)

Low-stable LDL-cholesterol 114.9/69.0 (12.7/10.2) 116.9/73.6 (13.2/10.1)
Elevated-stable LDL-cholesterol 116.7/71.2(12.8/10.5) 119.4/75.1(14.2/10.3)
High-stable LDL-cholesterol 117.7/71.6 (13.0/11.4) 122.2/76.8(15.2/11.6)
Total cholesterol, mmol/Il

Low-stable LDL-cholesterol 4.41 (0.61) 4.51 (0.67)
Elevated-stable LDL-cholesterol 5.36 (0.71 5.39 (0.70)

High-stable LDL-cholesterol 6.30 (0.80) 6.45 (0.82)
LDL-cholesterol, mmol/l

Low-stable LDL-cholesterol 2.60 (0.49) 2.65 (0.49)
Elevated-stable LDL-cholesterol 3.46 (0.56) 3.48 (0.56)

High-stable LDL-cholesterol 4.38 (0.70) 451 (0.74)

BMI, kg/m? (SD)

Low-stable LDL-cholesterol 24.3 (4.1) 25.8 (4.8)
Elevated-stable LDL-cholesterol 25.2 (4.5) 26.6 (4.9)

High-stable LDL-cholesterol 26.0 (4.6) 27.1 (4.9)
HDL-cholesterol trajectory groups N (%) N, women (%o)
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Low-stable HDL-cholesterol 531 (20.7) 161 (30.3)
Normal-stable HDL-cholesterol 1169 (45.7) 631 (54.0)
Elevated-stable HDL-cholesterol 690 (26.9) 484 (70.1)
High-stable HDL-cholesterol 171 (6.7) 128 (74.9)
Follow-up year 2001 2011

SBP / DBP, mmHg (SD)

Low-stable HDL-cholesterol
Normal-stable HDL-cholesterol
Elevated-stable HDL-cholesterol
High-stable HDL-cholesterol

118.4/71.9 (13.6/11.9) 120.3/76.7 (13.6 / 10.8)
116.0/70.4 (12.8/10.5) 118.9/74.8 (14.7/ 10.7)
115.4/70.1 (12.2/9.8)  117.8/73.5(13.2/9.5)

113.4/68.2 (11.8/9.9)  118.2/73.7 (14.9/10.1)

Total cholesterol, mmol/I

Low-stable HDL-cholesterol 5.05 (1.00) 5.11 (1.02)
Normal-stable HDL-cholesterol 5.03 (0.93) 5.13 (0.95)
Elevated-stable HDL-cholesterol 5.23 (0.88) 5.19 (0.83)
High-stable HDL-cholesterol 5.46 (0.82) 5.63 (0.93)
HDL-cholesterol, mmol/Il

Low-stable HDL-cholesterol 0.94 (0.16) 0.97 (0.15)
Normal-stable HDL-cholesterol 1.23 (0.20) 1.26 (0.20)
Elevated-stable HDL-cholesterol 1.52 (0.22) 1.56 (0.22)
High-stable HDL-cholesterol 1.83 (0.25) 1.93 (0.28)
BMI, kg/m? (SD)

Low-stable HDL-cholesterol 26.5 (4.6) 28.1 (4.9)
Normal-stable HDL-cholesterol 25.0 (4.5) 26.5 (4.9)
Elevated-stable HDL-cholesterol 24.0 (3.9) 25.3 (4.7)
High-stable HDL-cholesterol 23.9 (3.3) 24.5 (4.0)
Triglyceride trajectory groups N (%) N, women (%)
Low-stable triglycerides 2076 (81.0) 1162 (56.0)
Normal-increasing triglycerides 349 (13.6) 211 (60.5)
Normal-rapidly increasing triglycerides 137 (5.4) 30 (21.9)
Follow-up year 2001 2011

SBP / DBP, mmHg (SD)

Low-stable triglycerides 115.2/69.7 (12.2/10.1) 118.1/71.8(13.8/10.1)
Normal-increasing triglycerides 118.3/72.0(14.2/11.6) 119.9/76.6 (15.0/11.0)
Normal-rapidly increasing triglycerides  124.7/77.8 (14.1/12.2) 127.4/81.3 (13.6/10.3)

Total cholesterol, mmol/I

Low-stable triglycerides 5.03 (0.89) 5.09 (0.89)
Normal-increasing triglycerides 5.38 (1.00) 5.43 (0.97)
Normal-rapidly increasing triglycerides  5.83 (1.05) 5.91 (1.15)
Triglycerides, mmol/Il

Low-stable triglycerides 1.11 (0.47) 1.07 (0.49)
Normal-increasing triglycerides 1.66 (0.63) 1.71 (0.83)
Normal-rapidly increasing triglycerides  3.25 (1.29) 3.83 (3.59)

BMI, kg/m? (SD)
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Low-stable triglycerides 24.6 (4.1) 26.0 (4.8)
Normal-increasing triglycerides 26.0 (5.0) 27.3 (4.8)
Normal-rapidly increasing triglycerides  28.3 (4.1) 29.9 (4.8)

Values are means (standard deviations, SD) for continuous variables and numbers, N
(percentages) for categorical variables. Year 2001 indicates follow-up year 21 and year 2011
indicates follow-up year 31. BMI = body mass index; LDL = low density lipoprotein; HDL =
high density lipoprotein. If participant had antihypertensive or dyslipidemia medication in any
adulthood follow-up year 2001, 2007 or 2011, they were defined to belong to medication group

and were excluded from the trajectory modeling.
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Supplemental Table XXI1V: Comparison of the Participants and Non-Participants in the

Cognitive Testing.

Participants Non-participants p-value
(N=2026) (N=1570)
Sex (N=3596) <0.0001
Women N (%) (N=1832) 1104 (60.3) 728 (39.7)
Men N (%) (N=1764) 922 (52.3) 842 (47.7)
Age, years (N=3596) <0.0001
At baseline (1980) 10.8 (5.0) 9.9 (4.9
At adulthood (follow-up year 21, 31.8 (5.0) 30.9 (4.9)
2001)
Childhood school performance (N=3596)  7.77 (0.73) 7.65 (0.74) <0.0001
Years of education (follow-up year 21, 14.7 (3.1) 14.0 (3.1) <0.0001
2001) (N=2604)
Family income at baseline, N (%), 0.003
(N=3453)
<17000 euros/year (N=950) 512 (14.83) 438 (12.68)
17000-27000 euros/year (N=1054) 575 (16.65) 479 (13.87)
2700037000 euros/year (N=734) 575 (16.65) 309 (8.95)
>37000 euros/year (N=715) 715 (20.71) 271 (7.85)
Polygenic risk score (N=2442) 0.01 (1.00) -0.04 (0.99) 0.27
Cardiovascular risk factors at baseline (1980)
Systolic blood pressure, mmHg (N=3549) 112.8 (11.9) 112.2 (12.5) 0.17
Diastolic blood pressure, mmHg 68.6 (9.4) 69.0 (9.8) 0.22
(N=3000)
Total cholesterol, mmol/l (N=3554) 5.29 (0.90) 5.31 (0.93) 0.77
LDL-cholesterol, mmol/l (N=3551) 3.42 (0.82) 3.45 (0.86) 0.54
HDL-cholesterol, mmol/l (N=3551) 1.56 (0.31) 1.56 (0.31) 0.94
Triglycerides, mmol/L (N=3554) 0.67 (0.31) 0.66 (0.32) 0.38
Body mass index, kg/m? (N=3567) 18.0 (3.1) 17.7 (3.1) 0.004
Early life smoking, N (%), yes (N=3379) 544 (16.1) 397 (11.8) 0.76
Physical activity index (N=2351) 9.0 (1.8) 9.1(1.8) 0.33
Cardiovascular risk factors in follow-up year 21 (2001)
Systolic blood pressure, mmHg (N=2270) 116.2 (13.0) 118.0 (13.3) 0.003
Diastolic blood pressure, mmHg 70.4 (10.6) 71.7 (11.3) 0.017
(N=2270)
Total cholesterol, mmol/l (N=2283) 5.16 (0.97) 5.16 (1.01) 0.83
LDL-cholesterol, mmol/l (N=2251) 3.28 (0.85) 3.27 (0.84) 0.64
HDL-cholesterol, mmol/l (N=2281) 1.29 (0.32) 1.29 (0.33) 0.70
Triglycerides, mmol/L (N=2283) 1.33 (0.88) 1.36 (0.78) 0.044
Body mass index, kg/m? (N=2276) 25.0 (4.4) 25.2 (4.5) 0.30
Fasting serum glucose, mmol/l (N=2274)  5.02 (0.55) 5.03 (0.79) 0.64
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Smoking, N (%) yes (N=2547) 380 (10.3) 261 (15.0) <0.0001

Physical activity index (N=2453) 8.9 (2.0) 8.8 (1.9) 0.76
Diet score (N=2463) 1.18 (0.66) 1.23 (0.66) 0.06
Antihypertensive medication, N (%) yes 43 (2.4) 22 (2.7) 0.69
(N=2620)
Dyslipidemia medication, N (%) yes 7(0.4) 1(0.1) 0.45
(N=2620)

Values are means (standard deviations) for the continuous variables and percentages for
categorical variables. Student’s t-test, the Wilcoxon rank sum test and y?-test were used to study
the differences between the participants and non-participants. Age was defined in full years at
the end of 2011; Childhood school performance was defined as grade point average (i.e. mean
of grades in all individual school subjects at baseline or either of the two subsequent follow-
ups for those participants who were not of school age at baseline); Years of education was
determined as a continuous variable from self-reported data concerning total years of education
attained in adulthood until the year 2011; Socioeconomic status in childhood was defined as in
four different strata that were dependent on an annual income of the family; LDL = low-density
lipoprotein; HDL = high-density lipoprotein; Subjects who reported current smoking at any of
the follow-up phases at the ages between 12 and 24 years were classified as early-life smokers;
Subjects who were smoking daily in adulthood were classified as smokers. Those with current
use of insulin medication were excluded from serum glucose analysis. Physical activity index
(range 5 — 15) was measured with a standardized self-administered questionnaire. The ideal
diet score in adulthood was based on intake levels of ideal 5 dietary metrics (range 0 — 5): fruits

and vegetables, fish, whole grains, sodium, and sugar-sweetened beverages.
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Supplemental Table XXV: Associations Between Diastolic Blood Pressure and Serum Lipids from Childhood to Midlife and Cognitive

Performance in Midlife.

A. Diastolic Blood Pressure B estimate 95% ClI p-value B. LDL-cholesterol B estimate 95% ClI p-value
PAL-test (N=1385) PAL-test (N=1481)

Low-stable DBP Reference Low-stable LDL-cholesterol Reference

Normal-stable DBP -0.049 -0.197-0.100 0.517 Elevated-stable LDL-cholesterol ~ -0.019 -0.124-0.086 0.728
Moderate-increasing DBP -0.115 -0.302-0.072 0.227 High-stable LDL-cholesterol -0.175 -0.342 --0.009 0.039
RVP-test (N=1471) RVP-test (N=1577)

Low-stable DBP Reference Low-stable LDL-cholesterol Reference

Normal-stable DBP 0.068 -0.080-0.217 0.369 Elevated-stable LDL-cholesterol ~ 0.004 -0.098 - 0.105 0.939
Moderate-increasing DBP -0.067 -0.251-0.116  0.472 High-stable LDL-cholesterol 0.036 -0.126 - 0.198 0.660
RTI-test (N=1365) RTI-test (N=1458)

Low-stable DBP Reference Low-stable LDL-cholesterol Reference

Normal-stable DBP 0.024 -0.124-0.173 0.748 Elevated-stable LDL-cholesterol ~ 0.025 -0.082-0.133 0.644
Moderate-increasing DBP 0.165 -0.023-0.354 0.085 High-stable LDL-cholesterol -0.008 -0.181-0.165 0.924
SWM-test (N=1497) SWM-test (N=1605)

Low-stable DBP Reference Low-stable LDL-cholesterol Reference

Normal-stable DBP 0.120 -0.025-0.265 0.103 Elevated-stable LDL-cholesterol ~ -0.026 -0.127 -0.075 0.610
Moderate-increasing DBP 0.026 -0.153-0.206 0.774 High-stable LDL-cholesterol -0.017 -0.178 -0.144 0.836
C. HDL-cholesterol B estimate 95% ClI p-value D. Triglycerides B estimate 95% CI p-value
PAL-test (N=1489) PAL-test (N=1489)

Low-stable HDL-cholesterol Reference Low-stable triglycerides Reference

Normal-stable HDL-cholesterol ~ -0.087 -0.222 - 0.048 0.206 Normal-increasing triglycerides -0.065 -0.206 — 0.075 0.361
Elevated-stable HDL-cholesterol -0.048 -0.205-0.109 0.548 Normal-rapidly increasing 0.057 -0.178-0.292 0.634
High-stable HDL-cholesterol -0.093 -0.331-0.145 0.443 triglycerides

RVP-test (N=1585)

RVP-test (N=1585)
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Low-stable HDL-cholesterol Reference
Normal-stable HDL-cholesterol  -0.020
Elevated-stable HDL-cholesterol 0.023
High-stable HDL-cholesterol -0.149
RTI-test (N=1466)

Low-stable HDL-cholesterol Reference
Normal-stable HDL-cholesterol ~ -0.090
Elevated-stable HDL-cholesterol -0.065
High-stable HDL-cholesterol 0.014
SWM-test (N=1613)

Low-stable HDL-cholesterol Reference
Normal-stable HDL-cholesterol ~ 0.003
Elevated-stable HDL-cholesterol -0.029
High-stable HDL-cholesterol -0.124

-0.150-0.111
-0.127 - 0.174
-0.378 —0.081

-0.229 - 0.049
-0.226 — 0.097
-0.232 - 0.260

-0.127 - 0.133
-0.179-0.121
-0.353-0.104

0.768
0.763
0.203

0.204
0.431
0.910

0.962
0.707
0.285

Low-stable triglycerides
Normal-increasing triglycerides
Normal-rapidly increasing
triglycerides

RTI-test (N=1466)

Low-stable triglycerides
Normal-increasing triglycerides
Normal-rapidly increasing
triglycerides

SWM-test (N=1613)
Low-stable triglycerides
Normal-increasing triglycerides
Normal-rapidly increasing
triglycerides

Reference
-0.010
0.052

Reference
-0.073
-0.056

Reference
-0.007
-0.012

-0.236 — 0.036
-0.174 -0.279

-0.218 -0.072
-0.301 -0.188

-0.142 - 0.129
-0.237 - 0.214

0.149
0.652

0.326
0.652

0.924
0.919

Values are f estimates, 95% confidence intervals (Cl), and p-values from linear regression models. All models were adjusted for age, sex, polygenic

risk score, and adulthood CVRFs (body mass index, fasting serum glucose, smoking, physical activity, and diet). For diastolic blood pressure

(DBP), models were further adjusted with adulthood serum total cholesterol. For lipids, models were further adjusted with adulthood systolic blood

pressure. LDL = low density lipoprotein; HDL = high density lipoprotein. Cognitive tests measured episodic memory and associative learning

(PAL-test); visual processing and sustained attention (RVP-test); reaction and movement time (RTI-test); and short-term working memory (SWM-

test) and CANTAB® cognitive test battery was used for cognitive testing.
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Supplemental Table XXVI: Creation of the Cardiovascular Risk Factor (CVRF) Score.

Risk score points

Systolic blood pressure (SBP)
Low-stable SBP

Normal-stable SBP
Moderate-stable SBP
Moderate-increasing SBP
Elevated-increasing SBP
Antihypertensive medication

P L O OO

Serum total cholesterol
Low-stable total cholesterol
Elevated-stable total cholesterol
High-stable total cholesterol
Dyslipidemia medication *

= = O O

Body mass index

Stable slim

Stable normal weight
Progressively overweight
Persistently increasing obese

= = O O

Total risk score, range

0-3

“ If participant had antihypertensive or dyslipidemia medication in any adulthood follow-up

year (2001, 2007 or 2011), they were defined to belong to medication group and were excluded

from trajectory modeling.
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Supplemental Table XXVII: Associations Between Cardiovascular Risk Factor

Trajectories from Childhood to Midlife and Cognitive Performance in Midlife.

B estimate 95% CI p-value p estimate 95% CI p-value
Model 1 Model 2

A. PAL-test
Systolic blood pressure N=1389 N=1156
Normal-stable SBP Reference Reference
Low-stable SBP 0.075 -0.070-0.220 0.309 0.076 -0.082 -0.234 0.345
Moderate-stable SBP -0.047 -0.196 —0.102 0.535 -0.01 -0.170-0.151 0.905
Moderate-increasing SBP -0.063 -0.211-0.084 0.399 -0.037  -0.199-0.126 0.657
Elevated-increasing SBP -0.262 -0.520 —-0.005 0.046 -0.221  -0.505-0.063 0.127
Serum total cholesterol N=1489 N=1255
Low-stable total cholesterol Reference Reference
Elevated-stable total cholesterol -0.040 -0.153-0.074 0.494 -0.071  -0.196 — 0.053 0.261
High-stable total cholesterol -0.214 -0.365 —-0.064 0.005 -0.259 -0.427 --0.092 0.002
Body mass index N=1557 N=1285
Stable normal weight Reference Reference
Stable slim -0.055 -0.162 —0.052 0.311 -0.049 -0.166 — 0.067 0.408
Progressively overweight 0.027 -0.116-0.170 0.712 0.06 -0.095-0.216 0.446
Persistently increasing obese -0.207 -0.520-0.107 0.197 -0.19 -0.529-0.149 0.271
B. RVP-test
Systolic blood pressure N=1476 N=1232
Normal-stable SBP Reference Reference
Low-stable SBP -0.115 -0.260-0.029 0.118 -0.113  -0.264 —-0.039 0.146
Moderate-stable SBP -0.003 -0.148-0.143 0.970 0.054 -0.097 —0.204 0.486
Moderate-increasing SBP -0.185 -0.327 —-0.043 0.011 -0.179 -0.329 --0.028 0.020
Elevated-increasing SBP -0.157  -0.396 —0.082 0.197 -0.119 -0.371-0.134 0.356
Serum total cholesterol N=1585 N=1306
Low-stable total cholesterol Reference Reference
Elevated-stable total cholesterol 0.011 -0.098-0.121 0.838 -0.004 -0.12-0.112 0.949
High-stable total cholesterol -0.049 -0.195-0.097 0.513 -0.046 -0.202-0.110 0.563
Body mass index N=1662 N=1373
Stable normal weight Reference Reference
Stable slim -0.067 -0.171-0.038 0.210 -0.086 -0.196 —0.024 0.126
Progressively overweight -0.165 -0.304 —-0.025 0.021 -0.17 -0.316 --0.024 0.022
Persistently increasing obese -0.407 -0.708 —-0.105 0.008 -0.377 -0.688 —-0.066 0.018
C. RTI-test
Systolic blood pressure N=1369 N=1140
Normal-stable SBP Reference Reference
Low-stable SBP 0.021 -0.126-0.168 0.780 0.042 -0.122 -0.207 0.613
Moderate-stable SBP 0.155  0.003 -0.306 0.045 0.179  0.013-0.346 0.035
Moderate-increasing SBP -0.02 -0.169-0.129 0.795 0.022 -0.147-0.190 0.802
Elevated-increasing SBP 0.197 -0.064 —0.459 0.139 0.141 -0.154 -0.437 0.349

53



Serum total cholesterol N=1466 N=1206

Low-stable total cholesterol Reference Reference

Elevated-stable total cholesterol -0.026  -0.143 -0.090 0.658 -0.035 -0.165-0.095
High-stable total cholesterol -0.065 -0.221-0.092 0.418 -0.064 -0.240-0.113
Body mass index N=1533 N=1265

Stable normal weight Reference Reference

Stable slim -0.020 -0.130-0.090 0.717 -0.008 -0.130-0.114
Progressively overweight -0.016  -0.164 —-0.132 0.836 0.016 -0.148-0.180
Persistently increasing obese -0.305 -0.630-0.020 0.065 -0.488 -0.845--0.131
D. SWM-test

Systolic blood pressure N=1502 N=1256

Normal-stable SBP Reference Reference

Low-stable SBP 0.030 -0.112-0.171 0.679 0.011 -0.143-0.164
Moderate-stable SBP -0.085 -0.229 —0.058 0.245 -0.04 -0.194-0.115
Moderate-increasing SBP -0.061 -0.201-0.079 0.396 -0.06 -0.215-0.094
Elevated-increasing SBP -0.165 -0.401-0.071 0.170 -0.122  -0.381-0.137
Serum total cholesterol N=1613 N=1331

Low-stable total cholesterol Reference Reference

Elevated-stable total cholesterol -0.091 -0.200-0.019 0.104 -0.163 -0.282 --0.044
High-stable total cholesterol -0.068 -0.213-0.077 0.358 -0.094 -0.254 -0.067
Body mass index N=1693 N=1401

Stable normal weight Reference Reference

Stable slim -0.064 -0.167 —0.039 0.224 -0.047 -0.160 — 0.065
Progressively overweight 0.029 -0.109-0.166 0.683 0.018 -0.131-0.167
Persistently increasing obese 0.151 -0.146-0.448 0.318 0.197 -0.121-0.515

0.597
0.480

0.901
0.848
0.007

0.893
0.615
0.442
0.355

0.007
0.252

0.408
0.817
0.224

Values are B estimates, 95% confidence intervals (CI), and p-values from linear regression
models. Model 1 and model 2 were adjusted for age, sex, polygenic risk score, and adulthood
CVRFs (fasting serum glucose, smoking, physical activity, and diet). Model 2 was further
adjusted with childhood school performance, adulthood education, and childhood
socioeconomic status. For systolic blood pressure (SBP), models were further adjusted with
adulthood body mass index (BMI) and adulthood serum total cholesterol. For serum total
cholesterol, models were further adjusted with adulthood BMI and adulthood SBP. For BMI,
models were further adjusted with adulthood SBP and adulthood serum total cholesterol.

Cognitive tests measured episodic memory and associative learning (PAL-test); visual

processing and sustained attention (RVP-test); reaction and movement time (RTI-test); and
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short-term working memory (SWM-test) and CANTAB® cognitive test battery was used for

cognitive testing.
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Supplemental Table XXVIII: Association between Cardiovascular Risk Factor (CVRF)

Score and Cognitive Performance in Midlife.

B estimate 95% ClI p-value P estimate 95% CI p-value
Model 1 Model 2
PAL-test N=1551 N=1282
0 CVRF Reference Reference
1 CVRF -0.069 -0.176 - 0.038 0.207 -0.044 -0.161-0.073 0.457
2 CVRFs -0.128  -0.277 - 0.020 0.090 -0.097 -0.260 - 0.066 0.243
3 CVRFs -0.390 -0.691 —--0.088 0.011 -0.345 -0.677--0.014 0.041
RVP-test N=1656 N=1370
0 CVRF Reference Reference
1 CVRF -0.097  -0.202 - 0.007 0.068 -0.087 -0.197 —0.022 0.118
2 CVRFs -0.241 -0.386 —-0.095 0.001 -0.213 -0.367 —-0.059 0.007
3 CVRFs -0.443 -0.730 - -0.157 0.003 -0.404 -0.704 —-0.105 0.008
RTI-test N=1527 N=1262
0 CVRF Reference Reference
1 CVRF -0.046  -0.156 — 0.064 0.411 -0.053 -0.175-0.070 0.398
2 CVRFs -0.164 -0.318--0.010 0.037 -0.167 -0.340 —0.006 0.059
3 CVRFs -0.122  -0.434-0.190 0.442 -0.068 -0.418 —0.282 0.704
SWM-test N=1687 N=1398
0 CVRF Reference Reference
1 CVRF 0.066 -0.036 —0.169 0.205 0.086 -0.026 —0.199 0.131
2 CVRFs -0.014  -0.156 -0.128 0.846 -0.020 -0.177-0.136 0.801
3 CVRFs 0.081 -0.204 —0.365 0.578 0.105 -0.203-0.414 0.504

Values are B estimates, 95% confidence intervals (CI) and p-values from linear regression

models. Model 1 and Model 2 models were adjusted for age, sex, polygenic risk score, and

adulthood CVRFs (fasting serum glucose, smoking, physical activity, and diet). Model 2 was

further adjusted with childhood school performance, adulthood education, and childhood

socioeconomic status. Cognitive tests measured episodic memory visuospatial associative

learning (PAL-test); visual processing and sustained attention (RVP-test); reaction and

movement time (RTI-test); and short-term working memory (SWM-test) and CANTAB®

cognitive test battery was used for cognitive testing.
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