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Research Article
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Abstract

Background: Little is known about long-term lipid variability in young adulthood in relation to cognitive function and brain integrity in 
midlife.
Method: We studied 3 328 adults from the Coronary Artery Risk Development in Young Adults. We defined low- and high-density lipoprotein 
(LDL and HDL) variability as the intraindividual standard deviation of lipid measurements over 20 years of young adulthood (1985–2005). 
Cognitive tests were administered in 2010. Brain scans were performed in 2010 on 714 participants. To facilitate comparison, cognitive tests 
and brain metrics were z-scored.
Results: Mean age at baseline was 25.4 years. Higher 20-year LDL variability was associated with worse verbal memory in midlife (β = −0.25, 
95% CI: −0.42, −0.08), adjusted for important covariates. Higher 20-year HDL variability was associated with worse processing speed in 
midlife (β = −0.80, 95% CI: −1.18, −0.41) and brain integrity, for example, smaller total brain volume (β = −0.58, 95% CI: −0.82, −0.34) and 
worse total brain fractional anisotropy (β = −1.13, 95% CI: −1.87, −0.39).
Conclusions: Higher long-term lipid variability in adulthood was associated with worse cognition and brain integrity in midlife, in a relatively 
young cohort.

Keywords:  Brain, Cognition, Epidemiology, Homeostasis, Lipid

Given the contribution of vascular disease in the development of 
Alzheimer’s disease and other dementias (1), there has been great 
interest in investigating the associations between vascular risk fac-
tors, cognition, and metrics of brain integrity. Abnormal cholesterol 

levels are associated with greater risk of carotid atherosclerosis and 
stroke (2), which in turn are associated with greater risk of dementia 
(3,4). Elevated total and low-density lipoprotein (LDL) cholesterol 
may contribute to the development of cognitive disorders through 
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dysregulation of amyloid generation and clearance in the central 
nervous system (5). Thus, control of lipid levels represents a poten-
tial target for intervention to attenuate the risk of cognitive impair-
ment.

Several epidemiologic studies have associated abnormal levels of 
serum total, LDL, and high-density lipoprotein (HDL) cholesterol 
levels with worse white matter (WM) integrity, cognitive impair-
ment, and dementia (6–9). However, these studies only examined 
mean lipid levels without consideration of intrapersonal variability 
over multiple measurements. Increased variability in vascular risk 
factor levels may reflect deficits in homeostatic mechanisms (10,11). 
Recent work has shown that variability in blood pressure and heart 
rate is associated with worse cognition (12–17). Yet, very little re-
search has been conducted to examine how lipid level variability 
over time influences cognitive function and brain structural integrity 
(18–20). Recent findings from the PROspective Study of Pravastatin 
in the Elderly at Risk (PROSPER) trial showed that higher visit-to-
visit LDL and HDL variability were associated with worse cognition 
(18,19) and greater WM lesion load (16). Other studies have related 
visit-to-visit LDL variability with various outcomes other than cog-
nition, including myocardial infarction and stroke, or mortality in 
patients with a history of cardiovascular disease (21–23). Most of 
these studies are post-hoc analyses of clinical trials, thus, results may 
not be generalizable to the general population. Additionally, there is 
growing evidence that exposure to vascular risk factors earlier in the 
lifecourse affects brain health outcomes in midlife and late life (24). 
Therefore, more research on lipid variability and brain health from 
large epidemiologic studies using a lifecourse approach is warranted.

In the present study, we leverage data from the Coronary Artery 
Risk Development in Young Adults (CARDIA) study, an ongoing 
prospective study since 1985 and with active follow-up data on a 
cohort of young to middle-aged adults. We examined the associ-
ations of 20-year LDL and HDL variability during young adulthood 
with subsequent cognitive function and markers of brain integrity 
in midlife.

Method

Study Population
We studied participants enrolled in the CARDIA study, a prospective 
cohort study of cardiovascular disease risk in young to middle-aged 
adults. Details of the CARDIA Study have been previously published 
(25). Briefly, a total of 5 114 adults aged 18–30 years old at base-
line (1985–1986) were recruited from 4 field centers: the University 
of Alabama at Birmingham (Birmingham, AL), the University of 
Minnesota (Minneapolis, MN), Northwestern University (Chicago, 
IL), and Kaiser Permanente (Oakland, CA). Recruitment was 
balanced within center by sex, age, and education. Participants were 
examined at baseline and at follow-up examinations 2, 5, 7, 10, 
15, 20, and 25 years after baseline. Informed consent was obtained 
from study participants, and the study was approved by the insti-
tutional review boards from each field center and the coordinating 
center. The present analysis was also approved by the Publications & 
Presentations committee of the CARDIA study.

Twenty-Year Lipid Variability Throughout Adulthood 
(1985–2005)
Lipid levels were measured from blood samples drawn after an over-
night fast, stored in ethylenediaminetetraacetic acid (EDTA) tubes, 
kept at −70 °C, and sent to Northwest Lipid Research Laboratories 

at the University of Seattle, Washington, as previously described 
(26). HDL was obtained using precipitation by dextran sulfate–
magnesium chloride. LDL was calculated by Friedewald equation. 
Lipid levels were measured repeatedly across all study visits. For 
the present study, we used lipid levels measured at the baseline visit 
(year 1985), then at years 2, 5, 7, 10, 15, and 20 years after baseline 
(year 2005).

For each participant, we then calculated visit-to-visit LDL (or 
HDL) variability as the intraindividual standard deviation of LDL 
(or HDL) measurements over the 20  years. Participants were in-
cluded if they had at least 3 repeated measures of lipids. More than 
75% of the participants had 5 or more repeated measurements. 
20-year LDL and HDL variability were treated as the primary pre-
dictors and analyzed separately. For each participant, we also calcu-
lated mean LDL (or HDL) as the average of LDL (or HDL) levels 
over the 20 years, and average change in LDL (or HDL) over the 
20 years as the slope coefficient in the person-specific linear regres-
sion of LDL (or HDL) on time (in years).

Midlife Cognitive Function (2010): Primary Outcome
In 2010 (year 25 after baseline), CARDIA participants were ad-
ministered a cognitive battery that included 3 cognitive tests. The 
Rey Auditory-Verbal Learning Test (RAVLT, range 0–15) measures 
verbal memory and assesses the ability to memorize and retrieve 
words, with higher score (in words) indicating better performance 
(27). The Digit Symbol Substitution Test (DSST, range 0–133) is a 
subtest of the Wechsler Adult Intelligence Scale and measures per-
formance on speed test, with higher score (in symbols) indicating 
better performance (28). The interference score on the Stroop test 
(executive skills) measures the additional amount of processing 
needed to respond to one stimulus while suppressing another. The 
test was scored by seconds to spell out color words printed in a 
different color plus number of errors, thus higher score (seconds + 
errors) indicates worse performance (29).

Midlife Brain Magnetic Resonance Imaging Markers 
(2010): Secondary Outcome
In 2010, the CARDIA MRI Ancillary Study which included 3 of the 
4 CARDIA sites, Birmingham, AL, Minneapolis, MN, and Oakland, 
CA, enrolled a total of 719 participants. The procedures for the 
CARDIA MRI Ancillary Study have been previously described (30). 
Since magnetic resonance imaging (MRI) markers were only avail-
able in a small subset of participants, we considered these analyses 
exploratory and MRI markers as secondary outcome.

To explore associations across a variety of tissues, we chose to 
examine both measures of gray matter (GM) structure and WM 
microstructure. Briefly, brain MRI was acquired on 3-T scanners 
located proximal to each CARDIA site. MRIs were sent, quality 
controlled, and analyzed at the MRI Reading Center by the 
Section of Biomedical Image Analysis (Department of Radiology, 
University of Pennsylvania). We chose to examine the following 
markers because they represent different tissues and possible eti-
ologies, and thereby may help inform mechanisms. Normal total 
intracranial, cerebral, GM, WM, and hippocampal volumes were 
measured from sagittal 3D T1 images (31–33) using an auto-
mated algorithm that classifies supratentorial brain tissue into 
GM, WM, and cerebrospinal fluid. Microstructural integrity of 
these tissues was measured by calculating fractional anisotropy 
(FA) measures from diffusion tensor images (34). All volumes 
were z-scored to facilitate comparison across estimates. For both 
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volume and FA measures, negative values indicate worse brain 
aging.

Other Covariates
CARDIA participants reported their age, sex, race, years of educa-
tion completed, and smoking status (current, previous, and never). 
Participants reported the amount of time per week spent in 13 
categories of physical activity over the past year, and then the total 
amount in exercise units was calculated. Body mass index (BMI in kg/
m2) was calculated using measured weight and height. Systolic blood 
pressure (SBP) was measured while seated using a standard automated 
blood pressure measurement monitor. Fasting glucose was measured 
from blood samples drawn after an overnight fast. At each visit, parti-
cipants also reported whether they were taking any lipid medications 
(yes/no). Use of lipid medication between baseline and year 20 was 
classified into: always, ever (on/off), or never on medications.

Statistical Analysis
Analytical samples
Of the 4 601 participants with 3 or more lipid measurements over 
the 20-year period between 1985 and 2005, a total of 3 328 had 
cognitive data in 2010. Similarly, of the 4 601 participants with 3 or 
more lipid measurements over the 20-year period, 714 participants 
had MRI data available in 2010 (the MRI substudy enrolled a total 
of 719 participants) (see Figure 1).

Using the cognitive analytical sample, we first assessed partici-
pant characteristics at baseline across tertiles of 20-year LDL and 
HDL variability. Linear regression models were used to examine the 
associations of 20-year LDL or HDL variability (as intraindividual 
standard deviation) in young adulthood with midlife domain-
specific cognitive function and midlife brain MRI markers (tissue 
volumes and FA). To get at pure lipid variability, in our minimally 
adjusted models, we adjusted for 20-year mean and 20-year change 
(ie, slope) LDL (or HDL). In our fully adjusted models, we addition-
ally adjusted for the following baseline covariates: age, race, sex, 
education, smoking status, BMI, physical activity, fasting glucose, 
and SBP. Adjustment for those covariates was made based on a priori 
hypotheses and their relationships with both lipids and cognition. In 
models for volumetric MRI markers, total intracranial volume (ICV) 
was additionally added as a covariate to adjust for differences in 
head size, except in models of total hippocampal volume where we 
instead adjusted for the ratio of GM volume/ICV.

We performed 3 sensitivity analyses. First, we performed an 
analysis in which we excluded participants who ever used any lipid 

medications any time during the study. Second, to examine the in-
fluence of selective attrition over the study period (1985–2010), we 
computed inverse probability of censoring weights (35) modeling 
the probability of having cognitive function in 2010, and then ap-
plied those weights to the analysis of LDL and HDL variability with 
midlife cognition. Third, we examined the relationship between LDL 
(HDL) variability and cognitive function adjusting for covariates at 
time of cognition instead of baseline. All statistical analyses were 
performed with STATA version 14 (STATACorp, College Station, 
TX). Significance testing was 2-sided with 5% significance level.

Results

Participants included in the cognitive sample were more likely to be older, 
female, White, and a current smoker, as well as more likely to have less 
than or equal to high school education, higher physical activity, lower 
SBP, lower fasting glucose, higher lipid variability, and a higher prevalence 
of ever being on lipid medication on average, compared to those who 
were not in the cognitive sample (Supplementary Table 1). Similarly, par-
ticipants with MRI data differed, on various characteristics, from those 
without MRI data. Participants who were in the MRI sample were more 
likely to be White, more likely to have less than or equal to high school 
education, be current smokers, but have lower mean BMI, lower mean 
SBP, and greater mean physical activity on average compared to those 
who were not in the MRI sample (Supplementary Table 1).

Table 1 describes the baseline demographic and clinical charac-
teristics of our study sample across tertiles of 20-year LDL and HDL 
variability. Participants with higher LDL variability were more likely 
to be male, current smokers, and to have ever used lipid medications. 
They were also more likely to have higher 20-year mean LDL, mean 
BMI, fasting glucose, and SBP. Participants with higher HDL vari-
ability were less likely to be male or ever using lipid medications, but 
were more likely to be Black and current smokers.

Twenty-Year HDL and LDL Variability and Midlife 
Cognitive Function
Higher 20-year LDL variability was significantly associated with 
worse midlife RAVLT performance (β [95% CI]  =  −0.25 [−0.42, 
−0.08]), in the fully adjusted model. LDL variability was not as-
sociated with DSST or Stroop performance. Higher 20-year HDL 
variability was significantly associated with worse midlife DSST per-
formance (β [95% CI] = −0.80 [−1.18, −0.41]), in the fully adjusted 
model. HDL variability was not associated with performance on the 
RAVLT or the Stroop test in the adjusted models (Table 2).

In sensitivity analyses, associations of LDL and HDL variability 
with cognitive function remained similar when we excluded 288 parti-
cipants who ever used any lipid-lowering medications (data not shown). 
Furthermore, in analyses accounting for selective attrition using inverse 
probability of censoring weights, inferences for cognitive function were 
largely unchanged. Generally, effect estimates became slightly stronger 
than in the original unweighted analysis (Supplementary Table 2). Finally, 
inferences remained largely the same in analyses adjusting for covariates at 
time of cognition instead of baseline (Supplementary Table 3).

Twenty-Year HDL and LDL Variability and Midlife 
MRI Markers
Twenty-year LDL variability was not associated with volumetric 
measures or FA measures. On the other hand, higher 20-year 
HDL variability was significantly associated with smaller 
total brain volume (β [95% CI]  =  −0.58 [−0.82, −0.34]), GM 

Figure 1. Flow chart of the CARDIA study leading to the cognitive and MRI 
analytical samples. MRI = magnetic resonance imaging.
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volume (β [95% CI]  =  −0.70 [−1.06, −0.35]),WM volume (β 
[95% CI]  =  −0.41 [−0.69, −0.12]), and hippocampus volume 
(β [95% CI] = −0.83 [−1.57, −0.09]), in fully adjusted models, 
including adjusted for ICV. In addition, higher 20-year HDL 
variability was significantly associated with worse FA in total 
brain (β [95% CI]  =  −1.13 [−1.87, −0.39]) and in WM (β 
[95% CI]  =  −1.36 [−2.14, −0.58]), in fully adjusted models. 
Associations of 20-year LDL and HDL variability with brain 
MRI markers remained similar when we excluded 59 partici-
pants who ever used any lipid-lowering medications (data not 
shown) (Table 3).

Discussion

Our findings showed that higher 20-year HDL variability throughout 
young adulthood was associated with worse processing speed, 
smaller normal brain volumes, and worse microstructural brain in-
tegrity, all measured as early as midlife. On the other hand, higher 
LDL variability was only associated with worse verbal memory, but 
not with other cognitive domains, volumetric measures, or micro-
structural measures. Overall, our findings suggested that mainten-
ance of lipids, especially that of HDL, in young adulthood may aid in 
preserving cognitive function and brain integrity with age.

Table 2. Associations Between 20-Year Lipid Variability Throughout Young Adulthood and Midlife Cognitive Function (N = 3 328) 

RAVLT DSST Stroop

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI)

LDL 

 Variability −0.29** (−0.46, −0.11) −0.25** (−0.42, −0.08) −0.10 (−0.24, 0.11) −0.02 (−0.18, 0.14) 0.09 (−0.09, 0.27) 0.06 (−0.11, 0.23)

 Mean −0.06* (−0.11, 0.01) −0.01 (−0.06, 0.04) −0.06* (−0.11, −0.01) 0.01 (−0.04, 0.06) −0.06* (−0.12, −0.01) −0.03 (−0.08, 0.02)

 Slope −0.05 (−0.91, 0.81) −0.02 (−0.83, 0.80) 0.55 (−0.31, 1.40) 0.42 (−0.37, 1.20) 1.02* (0.16, 1.9) 0.33 (−0.50, 1.17)

HDL 

 Variability −0.56* (−0.99, −0.14) −0.01 (−0.41, 0.39) −1.39** (−1.81, −0.97) −0.80** (−1.18, −0.41) −0.66** (−1.09, −0.23) −0.20 (−0.61, 0.21)

 Mean 0.31** (0.19, 0.44) 0.01 (−0.11, 0.14) 0.56** (0.43, 0.68) 0.23** (0.10, 0.35) 0.22** (0.10, 0.35) 0.12 (−0.01, 0.25)

 Slope 4.84** (2.92, 6.78) 2.29* (0.49, 4.09) 2.29* (0.38, 4.20) 0.18 (−1.54, 1.91) 0.98 (−0.95, 2.92) 0.18 (−1.66, 2.03)

Notes: DSST = Digit Symbol Substitution Test; HDL = high-density lipoprotein; LDL =  low-density lipoprotein; RAVLT = Rey Auditory-Verbal Learning 
Test. Cognitive scores are z-scored to facilitate comparison across estimates and Stroop scores were additionally reverse coded. Model 1 is adjusted for 20-y 
intraindividual mean and slope LDL (or HDL). Model 2 is additionally adjusted for baseline age, sex, race, education, smoking status, body mass index, fasting 
glucose, systolic blood pressure, physical activity, and lipid medication use.

*p < .05. **p < .01.

Table 1. Sample Characteristics at Baseline, Stratified by Category of 20-Year LDL and HDL Variability Throughout Young Adulthood 
(N = 3 328)

Tertiles of LDL Variability, 1985–2005 Tertiles of HDL Variability, 1985–2005

Lowest 
(n = 1 059)

Middle 
(n = 1 155)

Highest 
(n = 1 114)

Lowest 
(n = 1 124)

Middle 
(n = 1 119)

Highest 
(n = 1 085)

Age, y 25.1 (3.7) 25.1 (3.6) 25.1 (3.6) 25.2 (3.6) 25.0 (3.6) 25.1 (3.6)
Male 38.9% 44.9% 47.2% 56.7% 42.0% 32.2%
Black 49.8% 43.8% 44.7% 42.4% 46.1% 49.6%
Less than or equal to high school education 18.7% 19.5% 22.2% 18.2% 19.6% 22.7%
Current smoker 21.7% 26.2% 29.4% 20.8% 26.0% 30.9%
BMI, kg/m2 24.4 (5.1) 24.3 (4.8) 24.7 (4.8) 25.3 (5.3) 24.3 (4.6) 23.8 (4.7)
Physical activity, exercise units 409.3 

(282)
426.5 
(293)

424.1 
(314)

422.3 
(293)

409.2 
(290)

429.4 
(308)

SBP, mm Hg 108.9 
(10.3)

110.0 
(10.8)

110.9 
(11.1)

111.3 
(10.7)

109.3 
(10.7) 

109.2 
(10.6)

Fasting glucose, mg/dL 81.2 (8.5) 81.6 (9.0) 82.8 (13.1) 82.5 (10.4) 81.4 (8.1) 81.7 (12.5)
Ever on lipid medication 2.6% 4.9% 18.3% 10.5% 8.8% 6.6%
20-y mean LDL, mmol/L 2.5 (0.6) 2.8 (0.6) 3.2 (0.7) — — —
20-y mean HDL, mmol/L — — — 1.2 (0.3) 1.3 (0.3) 1.6 (0.3)
20-y LDL slope 0.00 (0.02) 0.01 (0.03) −0.01 

(0.06)
— — —

20-y HDL slope — — — −0.00 
(0.01)

−0.00 
(0.01)

−0.00 
(0.03)

20-y LDL variability, mmol/L 0.2 (0.1) 0.4 (0.0) 0.7 (0.2) — — —
20-y HDL variability, mmol/L — — — 0.1 (0.02) 0.2 (0.02) 0.3 (0.1)

Notes: BMI = body mass index; HDL = high-density lipoprotein; LDL = low-density lipoprotein. Continuous variables presented as mean (SD). LDL variability: 
lowest tertile is 0.04–0.31 mmol/L, middle tertile is 0.31–0.46 mmol/L, and highest tertile is 0.46–2.52 mmol/L. HDL variability: lowest tertile is 0.0–0.13 mmol/L, 
middle tertile is 0.13–0.20 mmol/L, and highest tertile is 0.20–1.23 mmol/L.
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Evidence for the associations of cardiovascular risk factors with 
brain aging has largely relied on studies utilizing a one-time bio-
marker measure as the main exposure. However, there has been 
growing interest in the intraindividual variability of these bio-
markers over time, as these longitudinal patterns may better reflect 
homeostatic dysfunction. For example, increased variability in blood 
pressure and decreased variability in heart rate have been consist-
ently related to structural brain aging and cognitive outcomes (12–
16,36). Yet little work has been done to examine the association of 
lipid variability on brain health. Current research on lipid variability 
has focused primarily on vascular disease outcomes and mortality 
in patients with a history of cardiovascular disease (21–23). To our 
knowledge, only 2 prior studies examined such associations using 
data from the PROSPER trial (18,19). Thus, the present study util-
izing data from an ongoing population-based cohort study fills a 
much-needed gap in the literature.

Despite differences in study design and population, our findings 
regarding cognitive function are generally consistent with those from 
the PROSPER trial, which showed that higher LDL-C and HDL-C 
variability were associated with worse cognitive performance 
(18,19). Inconsistent with PROSPER, we found that higher HDL, 
but not LDL, variability was associated with smaller normal tissue 
volumes and smaller FA (ie, less tissue integrity).

There are several potential mechanisms through which lipid vari-
ability may influence cognition and brain tissue integrity. First, vari-
ability in LDL may result in the instability of atherosclerotic plaques 
(31,32) as well as endothelial dysfunction (33), resulting in cerebro-
vascular damage that could affect cognitive function. This is con-
sistent with our results showing that higher LDL variability is related 
to worse verbal memory function. Second, lipid-lowering treatment, 
especially nonadherence, may result in increased LDL variability. 
However, our findings were robust and unchanged when we excluded 
individuals who ever used lipid medication at any time during the 
study period. Third, we found significant associations of HDL vari-
ability, which is less likely to be influenced by lipid lowering medi-
cation, with cognition and metrics of brain integrity (34). To our 
knowledge, only one previous study has examined HDL variability 
in relation to brain health. As such, the mechanism of how HDL 
variability affects brain health is underexplored. Variability in HDL 
may reflect worse antiatherogenic function, since HDL is known to 
mediate excess cholesterol removal from macrophages that act to in-
duce atherosclerosis (37). Greater intima-media thickness, a subclin-
ical marker of atherosclerosis, has been related to worse processing 
speed in other cohorts, so these findings are complementary, but 
more work should be done to confirm these findings (38). In add-
ition, cholesterol may impact neurodegenerative processes, given its 
known role in amyloid-beta regulation (5). A  previous PROSPER 
study only examined cognition and did not examine neuroimaging 
outcomes in association with HDL variability, so further work is 
needed to confirm our findings (19). Fourth, lipid variability may re-
flect other underlying pathways that are also associated with cogni-
tive function, such as inflammation and homeostatic dysfunction in 
parallel systems. Lastly, further work is warranted to examine how 
variability in lipids may interact with markers of neurodegeneration, 
such as in vivo imaging of amyloid or tau pathology, to impact 
cognition.

Our study has limitations that are worth noting. Cognitive func-
tion was not administered until year 25 after baseline, so we could 
not rule out the possibility that any lipid variability is a consequence 
of cognitive change or ongoing brain changes. Further, only 719 
CARDIA participants were enrolled in the MRI substudy, yet any 

resulting bias would likely lead to more conservative estimates as 
mean LDL and HDL variability were statistically equivalent among 
those included versus excluded in the MRI substudy. We also ac-
knowledge that the cognitive test battery is limited. In future studies, 
it is important to have more comprehensive batteries assessing cog-
nitive domains with multiple tests. While we acknowledge that re-
peated lipid measurements might be subject to some measurement 
error, we anticipate it to be the same throughout the visits. Use of 
lipid medication was self-reported; however, this has been shown to 
be fairly accurate (39). While we adjusted for potential confounders, 
we cannot rule out the possibility of residual confounding in the ob-
served associations. Further, while we examined the relationship of 
lipid variability with cognition, examining ways to reduce variability 
is beyond the scope of this analysis. Finally, most prior work on lipid 
variability and cognition has focused on variability in older age—so 
further work is needed to confirm our findings in younger age.

Despite these limitations, this study has significant strengths 
that contribute to a sparse literature on the relationship between 
lipid variability and brain health. This is among the few studies 
to our knowledge that have examined such associations among 
middle-aged adults (mean age of 45.3 years). Our study included 
repeated lipid measurements over 20  years of adulthood which 
enabled us to examine intrapersonal variability using a lifecourse 
approach. Our study also included brain imaging studies in add-
ition to neuropsychological cognitive testing. The nature of the 
study design enabled us to examine the associations prospectively. 
Our data come from a large and ongoing cohort of middle-aged 
adults which included a rich collection of well-established risk 
factors of cognitive function such as behavioral and cardiovas-
cular disease risk factors. Thus, results from this study are more 
generalizable compared to post-hoc analyses of clinical trials 
data, since our inclusion and exclusion criteria are less stringent. 
Finally, given the longitudinal nature of the study, we addressed 
attrition during the study period using inverse probability of at-
trition weights.

In conclusion, our findings suggested that maintenance of 
lipids, especially that of HDL, in young adulthood may aid in 
preserving cognitive function and brain integrity with age. Further 
investigations replicating our findings, how lipid variability is 
maintained, and investigations into the mechanisms mediating 
these associations are needed to inform potential interventions 
that may help attenuate the risk of cognitive impairment and 
brain aging.
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