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BACKGROUND: Smoking starts in early adulthood and
persists throughout the life course, but the association
between these trajectories and midlife cognition remains
unclear.
OBJECTIVE: Determine the association between early to
midlife smoking trajectories and midlife cognition.
DESIGN: Prospective cohort study.
PARTICIPANTS: Participants were 3364 adults (mean
age = 50.1 ± 3.6, 56% female, 46% Black) from the Coro-
nary Artery Risk Development in Young Adults (CARDIA)
study: 1638 ever smokers and 1726 never smokers.
MAIN MEASURES: Smoking trajectories were identified
in latent class analysis among 1638 ever smokers using
smokingmeasures every 2–5 years from baseline (age 18–
30 in 1985–1986) through year 25 (2010–2011). Poor
cognition was based on cognitive domain scores ≥ 1 SD
below themean on tests of processing speed (Digit Symbol
Substitution Test), executive function (Stroop), andmem-
ory (Rey Auditory Verbal Learning Test) at year 25.
RESULTS: Five smoking trajectories emerged over 25
years: quitters (19%), andminimal stable (40%),moderate
stable (20%), heavy stable (15%), and heavy declining
smokers (5%). Heavy stable smokers showed poor cogni-
tion on all 3 domains compared to never smoking (pro-
cessing speed AOR = 2.22 95% CI 1.53–3.22; executive
function AOR = 1.58 95% CI 1.05–2.36; memory AOR =
1.48 95% CI 1.05–2.10). Compared to never smoking,
both heavy declining (AOR = 1.95 95% CI 1.06–3.68) and
moderate stable smokers (AOR = 1.56 95% CI 1.11–2.19)
exhibited slower processing speed, and heavy declining
smokers additionally had poor executive function. For
minimal stable smokers (processing speed AOR = 1.12
95% CI 0.85–1.51; executive function AOR = 0.97 95%
CI 0.71–1.31;memory AOR = 1.21 95%CI 0.94–1.55) and
quitters (processing speed AOR = 0.96 95% CI 0.63–1.48;
executive functionAOR=0.9895%CI 0.63–1.52;memory

AOR = 0.97 95% CI 0.67–1.39), no association was
observed.
CONCLUSIONS: The association between early to midlife
smoking trajectories and midlife cognition was dose-de-
pendent. Results underscore the cognitive health risk of
moderate and heavy smoking and the potential benefits of
quitting on cognition, even in midlife.

KEY WORDS: cognitive function; cognitive aging; cognition; cigarette

smoking, ; tobacco use.
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INTRODUCTION

About 48 million individuals worldwide have dementia,1 a
condition characterized by the loss of cognitive and day-to-
day functioning. Smoking in midlife (age 45–64 years) and
late-life (age ≥ 65 years) periods may be a risk factor for
cognitive decline and dementia,2 but studies are controversial.
Smoking habits often begin in adolescence (age 10–17 years)
and early adulthood (age 18–40 years) and persist for decades,
with variable frequency and duration of exposure.3,4 Of adult
smokers, about 90% start smoking in adolescence,5 and tran-
sition from experimentation to established smoking habits by
the mid-to-late twenties.6 Over the life course, smoking tends
to peak in early adulthood4,7,8 combined with significant life
changes, such as going to college and entering the workforce,9

with declines taking place in midlife.3 Although the period
from early to midlife (age 18–64 years) is often critical for
establishing life-long smoking patterns,3,4 data are limited
regarding associations of smoking during these earlier life
stages with cognitive function.
Accumulating evidence from observational studies suggest

that brain changes leading to dementia including vascular
changes probably take decades to accumulate and may be
detected as early as midlife,10,11 but the contribution of these
earlier changes to cognitive aging is unclear. Most investiga-
tions of smoking and cognition have focused on risk

Prior Presentations Partial data were presented as part of a poster
presentation (Early Adult to Mid-Life Smoking and Cognitive Function:
Findings from the CARDIA Study) at the Alzheimer’s Association Interna-
tional Conference, Los Angeles, CA, July 13–18, 2019.

Received June 2, 2020
Accepted December 13, 2020
Published online January 26, 2021

1023

JGIM

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-06450-5&domain=pdf


relationships in midlife and late-life,12–15 and this association
in earlier life periods is not well defined. Furthermore, al-
though smoking exposure is traditionally indexed by pack-
years (years smoked multiplied by cigarettes smoked per
day),16 adults in early to midlife periods often develop differ-
ent patterns of smoking over these earlier life stages, 3 which
cannot be adequately captured by more traditional methods to
assess smoking exposure. Understanding how these effects of
early to midlife smoking may influence midlife cognition
could inform a key time point for behavioral change.
As part of the ongoing Coronary Artery Risk Development

in Young Adults (CARDIA) study, we determined the asso-
ciation between early to midlife smoking trajectories and
midlife cognition. We also investigated the association be-
tween lifetime smoking exposure in pack-years and midlife
cognition. We hypothesized that individuals with heavy
smoking exposure over these earlier life periods would be at
greater risk of poor midlife cognition.

METHODS

Study Design and Sample

CARDIA is a prospective cohort study of 5115 Black and
White women and men, initially age 18 to 30 years, recruited
at four US cities (Birmingham, AL; Minneapolis, MN; Chi-
cago, IL; and Oakland, CA) in 1985–1986. Participants have
completed an initial examination (year 0) and repeated follow-
up visits at years 2, 5, 7, 10, 15, 20, and 25. Participants
provided written informed consent at each visit and study
protocols were reviewed by institutional review boards from
each study site. Further details regarding the design of CAR-
DIA have been previously reported.17,18

Among the 5115 participants, 5078 (99.2%) completed ≥ 3
smoking assessments over 25 years, and 2621 reported lifetime
smoking (included in analysis to identify smoking trajectory
groups) and 2457 participants reported never smoking. There
were 3499 participants reassessed at year 25, the time of cog-
nitive testing. To examine the association between early to
midlife (age range over 25 years of follow-up = 18 to 59)
smoking trajectories and midlife cognition at year 25 (mean
age, cognitive testing = 50.1 ± 3.6 years, range = 42 to 59), we
included thosewith ≥ 3 smoking assessments over 25 years, and
> 1 cognitive test at year 25. The final analytic cohort included
3364 participants (Appendix Fig. 1): 1638 were lifetime/ever
smokers and 1726 were never smokers. Participants missing
cognitive data weremore likely to bemale, Black, start smoking
at younger ages, and had higher cholesterol.

Measures

Cigarette smoking was assessed at each CARDIA visit. Par-
ticipants were asked about the number of years they smoked,
the age they started smoking, number of cigarettes smoked per

day, and, as applicable, years since smoking cessation. These
data were used to determine their smoking status over 25
years. We defined ever smokers (lifetime smoking) as those
reporting > 1 cigarette smoked per day for > 1 visit. Partici-
pants who never smoked were characterized as those reporting
0 cigarettes smoked per day for all visits. Among ever
smokers, we estimated mean number of cigarettes smoked
per day for all visits. Lifetime smoking exposure among ever
smokers was calculated in pack-years (1 pack-year = smoking
1 pack per day for 1 year of smoking 7300 cigarettes or 1 year
× 365 days per year × 1 pack per day × 20 cigarettes per
pack),19 categorized as 0, 1 day to < 10 pack-years, and ≥
10.3,20 Lifetime smoking trajectories were based on the num-
ber of cigarettes smoked per day among ever smokers, as
described in the “Analyses” section.
Three cognitive tests were administered by inter-

viewers at year 25. The Rey Auditory Verbal Learning
Test (RAVLT) is a test of verbal memory with higher
scores indicating better function;21 we reference this
domain as verbal memory. The Digit Symbol Substitu-
tion Test (DSST) is a test of processing speed, executive
function, and working memory with higher score sug-
gesting better function;22 we refer to this domain as
processing speed. The Stroop Test assesses executive
function; lower interference scores represent better func-
tion;23,24 we refer to this domain as executive function.
The inverse of the Stroop interference score was used to
allow interpretation of better function with higher scores
on all cognitive tests.19 We derived cognitive z-scores
from each domain at year 25, and we defined poor
cognitive function using a cutoff ≥ 1 SD below the
CARDIA cohort mean for each test, as previously used
in CARDIA25 and other population-based studies.26

We considered critical risk factors for cognitive aging out-
comes at year 25, unless otherwise noted. We assessed demo-
graphic characteristics using self-reports and defined income
based on one of nine pre-tax family income ranges, accounting
for household size by adjusting for the number of people living
in the home.27 Physical activity was measured with the CAR-
DIA Physical Activity questionnaire.28 Depression was
assessed using the Center for Epidemiologic Studies Depres-
sion (CESD) scale; scores ≥ 16 suggest clinical depression.29

We defined cardiovascular risk factors including obesity
(body mass index ≥ 30 kg\m2), hypertension, diabetes, and
high cholesterol, using a combination of self-report, clinic
assessments, and medication use. We estimated lifetime alco-
hol use in drink-years over 25 years; 1 drink-year = the amount
of alcohol used in 1 year by a person consuming 1 drink per
day.30 Lifetime marijuana use was estimated in joint-years
over 25 years; 1 joint-year = 365 days of marijuana use.31

Apolipoprotein ε4 (APOE ε4 presence or not), the high risk
variant of APOE gene—the gene most commonly associated
with increased risk for late-onset Alzheimer’s disease—was
derived from year 7 blood samples.32,33
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Analyses

Smoking trajectories were generated based on smoking as-
sessments every 2–5 years from baseline (year 0) through year
25 (average cigarettes smoked per day at years 0, 2, 5, 7, 10,
15, 20, and 25) using latent class growth analysis, a person-
centered approach to modeling that can be used to identify
different groups of individuals with similar behavioral patterns
over the life course.34,35 Participants who never smoked
(48.3% [n = 2457] of sample), those reporting 0 cigarettes
smoked per day for all visits, were specified as an a priori class
and were excluded from the latent class growth trajectory
analysis.36 Repeated smoking data was modeled as zero-
inflated Poisson (ZIP), to account for extra zeros.35 We fit 3-
, 4-, 5-, and 6-class models; each model for which a given
number of trajectories were selected, cubic, quadradic, and
linear terms were evaluated to identify the trajectory shapes
that best fit the data.37 We determined the number of trajecto-
ries to retain by computing the Log Bayes factor, which
compares Bayesian Information criterion (BIC) values be-
tween models, and indicates the more complex model with
lower BIC values provides the best model fit. While a 6-
trajectory model was associated with further improvement in
model fit, one trajectory included < 5% of participants; there-
fore, a 5-trajectory model was retained for analyses.
At year 25, we used descriptive statistics to compare par-

ticipants with different smoking trajectories and never
smokers. We used unadjusted and adjusted logistic regression
to examine associations between early to midlife smoking
trajectories (compared to never smokers) and poor midlife
cognition. We also investigated the odds associated with poor
midlife cognition in ever smokers with 1 day to < 10 and 10 or
more pack-years of exposure (compared to never smokers)
using unadjusted and adjusted logistic regression. Pack-year
categorizations were based on previous work in CARDIA that
used 10 as cutoff to distinguish light vs. chronic smoking.3,20

Adjusted logistic regression models controlled for age, sex,

race, education, hypertension, diabetes, physical activity, al-
cohol and marijuana use, depression, and age started smoking.
Analyses were conducted in SAS version 9.4 and R version
3.4.3.

RESULTS

The 5 identified smoking trajectories reflected overall patterns
of minimal, moderate, and heavy exposure, which were rela-
tively stable or declined from early adulthood to midlife over
25 years.We labeled the trajectories as heavy declining, heavy
stable, moderate stable, and minimal stable smokers and quit-
ters (Fig. 1). Among 1638 (48.6%) ever smokers, there were
5.2% (n = 86) heavy declining, 15.1% (n = 248) heavy stable,
20.0% (n = 334) moderate stable, and 40.0% (n = 646)
minimal stable smokers, and 19.7% (n = 324) quitters. Tra-
jectory groups differed by age, race, sex, education, age par-
ticipants started smoking, income, hypertension, diabetes,
physical activity, depression, and marijuana and alcohol use.
The trajectories did not differ in high cholesterol, obesity, or
APOE ε4 status (Table 1).
Compared to never smoking, the odds of poor cognitive

performance at midlife were associated with minimal stable,
moderate stable, and heavy stable trajectories on all tests (Fig.
2). Heavy declining smoking was associated with poor per-
formance on the DSST (OR = 2.70 95% CI 1.62–4.48) and
Stroop test (OR = 1.80 95% CI 1.01–3.21), but not the
RAVLT (OR = 1.17 95% CI 0.68–2.03). For quitters, no
significant effect (RAVLT OR = 0.87 95% CI 0.63–1.21;
DSST OR = 0.97 95% CI 0.66–1.41; Stroop OR = 0.89 95%
CI 0.60–1.34) was observed. After multivariable adjustment
for demographics, age started smoking, income, hypertension,
diabetes, depression, physical activity, and alcohol and mari-
juana use, the effect observed for heavy declining (adjusted
OR, AOR for DSST = 1.95 95%CI 1.06–3.68; Stroop AOR =
2.34 95% CI 1.21–4.51) and heavy stable smoking (DSST

Figure 1 Smoking trajectories of ever smokers. *The 5 trajectories of 1638 ever smokers in the Coronary Artery Risk Development in Young
Adults study were characterized as follows: heavy declining (n = 86 [5.2%]), heavy stable (n = 248 [15.1%]), moderate stable (n = 646 [39.4%]),

and minimal stable smokers (n = 324 [9.7%]) and quitters (n = 324 [9.7%]).
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AOR = 2.22 95% CI 1.53–3.22; RAVLTAOR = 1.48 95%CI
1.05–2.10; Stroop AOR = 1.58 95% CI 1.05–2.35) remained
significant, and for moderate stable smoking on the DSST
(AOR = 1.56 95% CI 1.11–2.19). There was no longer an
association for minimal stable smokers after adjustment.
Of 1638 ever smokers, 957 (58.4%) had < 10 pack-years of

smoking exposure and 681 (41.5%) had 10 or more. Com-
pared to never smoking, the odds of poor cognitive perfor-
mance were associated with ≥ 10 pack-years of exposure on all
tests (RAVLTOR = 1.73 95%CI 1.40–2.14; DSSTOR= 3.09
95% CI 2.47–3.86; Stroop OR = 2.03 95% CI 1.59–2.59), and
the odds ratio was greater having < 10 pack-years of exposure
for the RAVLT and DSST (RAVLT OR = 1.26 95% CI 1.03–
1.54; DSST OR = 1.36 95% CI 2.47–3.86), but not the Stroop
test (OR = 1.16 95% CI 0.91–1.49). After adjustment, associ-
ations remained significant in those with ≥ 10 pack-years of
exposure, but not < 10 pack-years of exposure (Fig. 3).

DISCUSSION

In this cohort, we found that early to midlife smoking trajec-
tories were differentially associated with cognition at midlife.
In particular, heavy stable smokers were the most likely to
have poor cognition relative to never smokers. Heavy declin-
ing and moderate stable smokers both were more likely to

exhibit slower processing speed, while heavy declining
smokers were additionally more likely to demonstrate worse
executive function, but no effects were observed for minimal
stable smokers or quitters.
Our results are supported by previous longitudinal studies

of smoking in midlife and late-life. These investigations have
found that smoking, especially heavy exposure, is associated
with cognitive decline and risk of dementia in older adults. In
the slightly older 1946 British National Birth Cohort,14 heavy
smoking for adults in their mid-thirties was associated with
decline in memory but not visual search at midlife. A large
multi-ethnic cohort of healthcare members focused on an even
later window of smoking exposure,15 midlife to late-life, and
found that heavy smoking in midlife and late-life more than
doubled the risk of late-life dementia. Findings were similar in
a prospective study of community-dwellers,38 in whom
sustained smoking throughout late-middle age was linked to
risk of late-life dementia. We focused on an earlier period,
early adulthood to midlife, and found that smoking exposure
in these earlier life stages may be harmful to cognition as early
as midlife. In particular, our results suggest that a trajectory of
heavy smoking, starting in early adulthood (18 to 30 years),
may contribute quite considerably to poor cognitive function
by midlife (42 to 59 years), and also indicate that a trajectory
of moderate smoking could lead to poor cognition by midlife.
These findings suggest earlier life periods may be critical to

Table 1 Characteristics of 3364 CARDIA Participants with Cognitive Function Test Results at the Year 25 Visit by Smoking Trajectory Group

Variable mean (sd), n (%), or
median (IQR)

Never
smokers

Ever smokers (n = 1638)

Minimal
stable

Quitters Moderate
stable

Heavy
stable

Heavy
declining

p

(n = 1726) (n = 646) (n = 324) (n = 334) (n = 248) (n = 86)

Age, year 49.96 (3.68) 50.01 (3.58) 51.06 (3.21) 49.80 (3.78) 50.72 (3.49) 51.13 (3.41) <
0.001

Black 791 (45.8) 322 (49.8) 95 (29.3) 229 (68.6) 111 (44.6) 12 (14.0) <
0.001

Female 971 (53.3) 401 (62.1) 194 (59.9) 182 (54.5) 120 (48.4) 30 (34.9) <
0.001

Education, year 15.66 (2.59) 15.00 (2.56) 15.26 (2.56) 13.69 (2.41) 13.69 (2.41) 13.78 (2.60) <
0.001

Income 33 (17–50) 30 (15–50) 32 (17–50) 23 (7–43) 24 (9–44) 28 (11–53) <
0.001

Hypertension 615 (35.7) 240 (37.2) 105 (32.4) 153 (45.8) 107 (43.1) 35 (40.7) 0.004
Diabetes 205 (11.9) 79 (12.3) 34 (10.5) 53 (15.9) 45 (18.1) 17 (19.8) 0.08
High cholesterol 154 (9.0) 58 (9.0) 35 (10.8) 37 (11.1) 28 (11.3) 7 (8.1) 0.63
Obesity 768 (44.5) 266 (41.2) 142 (44.0) 135 (40.4) 115 (46.4) 32 (37.2) 0.32
APOE ε4 462 (30.3) 159 (28.7) 83 (29.2) 82 (29.1) 67 (32.2) 17 (22.4) 0.66
CESD-Depression 247 (14.3) 117 (18.1) 53 (16.4) 78 (23.4) 68 (27.4) 16 (18.6) <

0.001
Alcohol use, year 5 (1–16) 12 (5–26) 14 (5–29) 18 (5–42) 17 (5–38) 14 (7–53) <

0.001
Marijuana use, year 3 (0–4) 7 (2–25) 15 (3–33) 20 (4–56) 20 (4–56) 18 (3–36) <

0.001
Physical activity 270 (131–

487)
307 (140–
518)

329 (173–
504)

231 (108–332) 234 (106–
412)

262 (112–
439)

<
0.001

Age started smoking 0 18 (16–21) 17 (15–19) 17 (15–19) 16 (15–18) 16 (14–17) <
0.001

CARDIA, Coronary Artery Risk Development in Young Adults; APOE ε4, apolipoprotein ε4; CESD, Center for Epidemiologic Studies Depression score
> 16; income in $1000 US dollars, adjusted based on pre-tax household income/(number of people in the home)1/2; drink-years among participants
reporting ever drinking alcohol; joint-years in those reporting ever using marijuana; physical activity in exercise units; age started smoking among ever
smokers
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promote behavior change interventions coupled with medica-
tion strategies that are focused on quitting to delay the process
of cognitive aging.
Other investigations in more homogeneous, slightly older

cohorts, such as the Whitehall II Cohort Study,39 Honolulu-
Asia Aging Study,40 and the Doetinchem Cohort Study,41

have also indicated that midlife and late-life smoking may
contribute to poor late-life cognition, but these studies have
focused on evaluating current exposure. These findings are
likewise consistent with prospective cohort studies of smoking
and cognitive decline,2 as assessed with clinical measures of
global cognitive function such as the Mini-Mental State Ex-
amination, but findings are mixed regarding other domains.
Studies also have investigated the contribution of lifetime
smoking to poor cognition 15,42,43 but have focused on older
cohorts. In this study, the odds of poor midlife cognition were
linked with ≥ 10 pack-years of smoking exposure, but not < 10
pack-years. These results align with studies indicating greater

smoking exposure in midlife and late-life may raise the risk of
cognitive aging later in life,15,42–44 but some studies found no
association.45,46

Our results also add to the literature on the benefits of
smoking cessation by indicating that quitting in earlier life
periods may be a particularly effective strategy to reduce the
risk of poor midlife cognition. This observation aligns with
results from slightly older cohort studies, 39,47–49 which have
reported quitting inmidlife and late-life periods has no effect on
cognition compared to never smoking. Previous clinical trials50

of smoking status on cognition among elderly adults (68 to 88
years) also highlight the benefits of smoking cessation, and
suggest that quitting later in the life course attenuates the effect
of smoking on cognitive aging. Our results support these
findings and reinforce the importance of tobacco control and
public health efforts that target smokers of all ages to increase
the effectiveness of prevention and cessation.4 While these
efforts often emphasize benefits of quitting for cancer,

Figure 2 Association between early to midlife smoking trajectories and cognitive function in midlife among the 3364 CARDIA participants.
*The adjusted logistic regression models controlled for age, race, sex, education, income, hypertension, diabetes, physical activity, depression,
age started smoking, and alcohol and marijuana use. CARDIA indicates the Coronary Artery Risk Development in Young Adults study;

circles, odds ratios; and error bars, 95% CI.
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cardiovascular, and mortality risk, the benefits for brain health
are often overlooked. Our results highlight the potential bene-
fits of quitting on cognition even in midlife and provide support
for cessation and prevention efforts to incorporate messaging
on the cognitive benefits of quitting as early as midlife.
The effects of smoking over the life course on specific

cognitive domains are unclear but may involve several path-
ways. Physiologic studies51 suggest that smoking augments
oxidative stress and inflammation, which could be important
pathophysiologic mechanisms by increasing levels of amyloid
and tau in developing dementia. Pathways of oxidative stress
and inflammation may also directly increase neurodegenerative
pathology.51 Smoking may increase dementia risk by other risk

factors, such as poor diet,52,53 impaired pulmonary function,54

and depression.55 Imaging studies suggest smoking exposure
could influence cognition and dementia risk through APOE ε4
pathways.56 Smoking also is a risk factor for cerebrovascular
diseases,57–59including stroke, hypertension, and diabetes, sug-
gesting smoking may affect cognition through vascular path-
ways. Our results observedwith processing speed and executive
function for moderate stable and heavy declining smokers may
reflect associations with vascular mechanisms, while heavy
stable smokers may have more extensive damage. These path-
ways, and the mechanisms by which early to midlife smoking
may increase risk of poor cognition and subsequent dementia,
need clarified in future studies.

Figure 3 The association between lifetime smoking exposure in pack-years from early adulthood to midlife and poor cognitive function in
midlife among the 3364 CARDIA participants. *The adjusted logistic regression models controlled for age, race, sex, education, income,

hypertension, diabetes, physical activity, depression, age started smoking, and alcohol and marijuana use. CARDIA indicates the Coronary
Artery Risk Development in Young Adults study; circles, odds ratios; and error bars, 95% CI.
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CARDIA is a large, diverse, well-characterized longitudinal
cohort in whichwewere able to identify early tomidlife smoking
trajectories and link these trajectories to cognition at midlife. We
also used a population-based samplingmethod and accounted for
several potential confounders. However, there are limitations to
consider. Smoking patterns may change over time, but the tra-
jectory analysis did not accommodate this.4 We were unable to
assess every cognitive domain and there may be selection bias
due to differential loss to follow-up. Since cognitive assessments
were only available at year 25, we cannot determine when a
change in cognition might have occurred and associate it with a
change in smoking exposure. Participants with missing cognitive
data were more likely to be smokers, but we expect this would
contribute to a bias toward the null. Studies of older adults have
reported on features that may be identified based on cognitive
testing to estimate progression to dementia, but contribution of
such cognitive features to dementia in midlife is unclear.10 Poor
cognition in early- to middle-aged adults, such as those in CAR-
DIA, may signal mild but mostly static change in cognition by
midlife or may start to define a population at higher risk of later
cognitive impairment.10 Finally, while our measure of poor
cognition (≥ 1 SD below the mean) is standard in population-
based studies of older adults, the clinical significance of poor
cognitive function is not well-defined in the midlife period and
the relevance this early in the life course is not yet clear.60

We identified a dose-response relationship between early to
midlife smoking trajectories and cognitive health risk at midlife.
While current public health and prevention efforts highlight
tobacco-related harms for cancer, cardiovascular, and mortality
risk, our study provides evidence for the need to also target
cognitive function as early as midlife. Young and middle-aged
adults, especially those who develop a trajectory of moderate or
heavy smoking, may represent critical subgroups for early mon-
itoring and education. Additional research is needed to improve
early detection of those at highest risk of poor cognitive function
and to determine effective cessation efforts to delay the process of
cognitive aging even earlier in the life course.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-020-
06450-5.
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