European Journal of Neurology

| oRIGINAL ARTICLE CEIEED

european journal
of neurology

Cortisol and 10-Year Cognitive Decline in Older People From

the General Population

Simone Amendola! | Sami Ouanes®? | Leonardo Zullo*

Pedro Marques-Vidal®

| Miriam Rabl!
| Julien Vaucher”® | Armin von Gunten? | Martin Preisig* | Julius Popp!-?

| Giorgio Pistis® | Enrique Castelao® |

!Department of Adult Psychiatry and Psychotherapy, Psychiatric University Hospital Zurich and University of Zurich, Zurich, Switzerland | 2Service
of Old-Age Psychiatry, Department of Psychiatry, University Hospital of Lausanne, Lausanne, Switzerland | *MindWell Kuwait, Kuwait City,

Kuwait | “Department of Psychiatry, Lausanne University Hospital, Lausanne, Switzerland | *Psychiatric Epidemiology and Psychopathology Research

Center, Department of Psychiatry, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland | ®Department of Medicine, Internal

Medicine, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland | ’Service of Internal Medicine, Lausanne University Hospital

and University of Lausanne, Lausanne, Switzerland | $Service of Internal Medicine, Fribourg Hospital and University of Fribourg, Fribourg, Switzerland

Correspondence: Simone Amendola (amend.sim@gmail.com) | Julius Popp (julius.popp@uzh.ch)

Received: 9 August 2024 | Revised: 9 December 2024 | Accepted: 10 January 2025

Keywords: cognition | cognitive decline | CoLaus|PsyCoLaus | cortisol | dementia | HPA axis

ABSTRACT

Objective: The present study examined bidirectional effects between salivary cortisol and cognitive functioning over time.

Furthermore, the role of the APOE-¢4 allele as a moderator of the associations was investigated.

Methods: Using a prospective population-based study, we analyzed data from 752 older adults followed up over 10years. A
random-intercept Cross-Lagged Panel Model was applied to each combination of one cortisol measure (at waking time, 30 min
after waking, 11 am, 8 pm, cortisol awakening response, total daily output, and diurnal slope) and one cognitive measure (primary

outcome: Clinical Dementia Rating Scale sum of boxes score, CDR-SB; secondary outcome: Mini-Mental State Examination) re-

sulting in 14 (7 X 2) models.

Results: Between-person effects pointed out that a higher cortisol level at 11 am was associated with increased CDR-SB scores,
and a higher cortisol awakening response was associated with decreased CDR-SB scores. Within-person effects indicated that
cortisol levels at 11am and 8 pm, and total daily cortisol output were associated with subsequent lower CDR-SB scores. The
APOE-¢4 allele did not moderate the relationship between cortisol and cognitive functioning.

Conclusions: Our findings revealed within-person associations between higher cortisol levels and better cognitive functioning

at the subsequent follow-up, suggesting cortisol protective effects for cognitive decline.

1 | Introduction

High cortisol levels might exert negative effects on cognition
and contribute to cognitive decline and Alzheimer's disease
(AD) [1-5]. A recent systematic review with meta-analysis of
estimates from cross-sectional studies [6] found that morn-
ing cortisol levels were significantly higher in AD patients (in
blood, saliva, and cerebrospinal fluids) and in patients with
mild cognitive impairment (MCI) (in cerebrospinal fluids only)

compared to cognitively normal controls. Moreover, despite
not being meta-synthesized, findings from longitudinal studies
suggested that high levels of morning cortisol might accelerate
cognitive decline in MCI or mild AD patients, whereas results
in cognitively healthy adults were contradictory [6]. Indeed,
for the latter group, longitudinal studies with large population-
based (non-clinical) samples failed to find robust associations
so far. Salivary cortisol levels across the day (morning, evening,
and diurnal variability) and hair cortisol showed no association
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with worsened cognitive functioning and dementia [7-10].
Other studies had more nuanced findings. No association has
been shown for cortisol awakening response (CAR) whereas the
am:pm cortisol ratio was associated with cognitive functioning
at 5 of 9years' follow-up, even after adjustment for covariates
and the baseline score of the outcome was made [11]. Finally,
another study about the association between serum cortisol and
the incidence of AD reported that cortisol at baseline correlated
significantly with probable AD at the 90-month follow-up in
adults aged 75 and above [12].

Despite rarely being examined, the direction of the effect be-
tween cortisol and cognitive functioning might be more com-
plex, as indicated by previous findings showing that cognitive
ability at 20years of age correlated with the area-under-the-
curve cortisol output (AUC) and CAR across 35years after ad-
justing for covariates [13].

Therefore, the first aim of the present study was to carry out
an in-depth analysis of longitudinal bidirectional associations
between cortisol and cognitive functioning to clarify the direc-
tionality of effect, if any, and to advance mixed evidence offered
by prior studies differentiating between- and within-person ef-
fects. Based on research findings discussed above and results
from a previous analysis conducted with 5-year follow-up data
from the same project (CoLaus|PsyCoLaus) [14], we hypothe-
sized finding associations between morning cortisol (waking
cortisol and cortisol 30 min after waking) and diurnal cortisol
slope (DCS) (according to previous findings on am:pm cortisol
ratio, with high absolute values of both measures indicating
high variation in cortisol levels across the day) and cognitive
functioning over time. Specifically, we expected that as morning
cortisol increases, cognitive functioning at subsequent follow-up
decreases, and that as DCS increases, cognitive functioning
increases. Furthermore, we expected that as AUC increases,
cognitive functioning subsequently decreases, despite previ-
ous findings being lacking. Finally, we expected that evening
cortisol and CAR are not prospectively associated with cogni-
tive functioning [7, 9]. The primary outcome measure was the
Clinical Dementia Rating sum of boxes score (CDR-SB) while
the secondary outcome measure was the Mini-Mental State
Examination (MMSE) score.

Scholars have previously suggested that the €4 allele of the apoli-
poprotein E (APOE-¢4) might moderate the association between
cortisol levels and cognitive decline, conferring increased vul-
nerability, but found only minimal support for this hypothesis
(i.e., for verbal memory but not for cognitive functioning and in-
formation processing) [7]. The second aim of this study was thus
to comprehensively test the moderation effect of the APOE-¢4
allele to evaluate whether it confers increased vulnerability to
the potential effects of cortisol on cognitive functioning.

2 | Methods
2.1 | Participants and Procedure
In this study, we used data from CoLaus/PsyCoLaus (WwWWw.

CoLaus-PsyCoLaus.ch), a prospective population-based co-
hort study designed to investigate the associations between

cardiovascular risk factors, cardiovascular disease, and men-
tal disorders in the community [15-17]. CoLaus|PsyCoLaus
included a sample of 6734 adults aged between 35 and 75years
randomly selected among the residents of the city of Lausanne
according to the civil register. After the first physical evalua-
tion between 2003 and 2008 [15], the cohort was followed up
three times. The first follow-up occurred between 2009 and
2013 [14, 17], the second between 2014 and 2018 [14], and the
third one between 2018 and 2021 [18]. The psychiatric evalu-
ations were completed approximately 1year after the physical
evaluations. Cognitive assessments and cortisol measurements
were completed from the first follow-up on. Hence, for the pres-
ent analyses, we used data from the three follow-ups (Figure 1).

The institutional Ethics Committee of the University of
Lausanne, which afterward became the Ethics Commission of
Canton Vaud (www.cer-vd.ch) approved the CoLaus-PsyCoLaus
study (project number PB_2018-00038, reference 239/09). The
study was performed in agreement with the Helsinki declara-
tion and its former amendments, and in accordance with the
applicable Swiss legislation. All participants gave their signed
informed consent before entering the study.

2.2 | Measures
2.2.1 | Cognitive functioning

The primary outcome was cognitive and functional impairment
as measured by the Clinical Dementia Rating (CDR). It is a scale
derived from a semi-structured interview used to evaluate the
staging of cognitive impairment and severity of Alzheimer's dis-
ease [19] that covers information about six domains: memory,
orientation, judgment, and problem solving, community affairs,
home and hobbies, and personal care. For each domain, the
degree of impairment can be scored using the following cate-
gories: 0=none, 0.5=questionable, 1 =mild, 2=moderate, and
3 =severe. The CDR score was derived from neurocognitive and
questions on the participants' daily living activities. Participants
with a global CDR score >1 (defining dementia) at the first fol-
low-up (the baseline for the present study) were excluded from
the current study to focus on dementia-free older adults. For the
purpose of the present analysis, the CDR-SB was used as an out-
come. The CDR-SB score is the sum of the six domain scores and
can range from 0 to 18 [19].

The secondary outcome was the score at the MMSE [20], which
measures global cognitive performance and was completed
during the physical evaluation. The MMSE is considered the
most widely used screening test for cognitive impairment, es-
pecially with the elderly population [21]. Total scores may range
from 0 to 30, with higher scores being indicative of a better
performance.

2.2.2 | Salivary cortisol and cortisol indices

At the first follow-up, the salivary cortisol was measured
during the psychiatric evaluation. At the second and third
follow-ups, the salivary cortisol was measured during the
physical evaluation. As already described in Ouanes et al. [14],
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FIGURE1 | Flow chart of the included participants. FU, follow-up.

salivette sampling devices were used to collect saliva (Sarstedt,
Rommeldsdorf, Germany). For each visit, four salivary samples
were collected from each participant over one day: upon wak-
ing, 30 min after waking, at 11am and at 8 pm. Participants were
instructed not to brush their teeth and to refrain from drinking,
eating, smoking, and exercising 30min before and during the
sampling procedure. Participants were also instructed to keep
the saliva samples at home in their freezers until all samples had
been collected, then return them to the laboratory. In the labo-
ratory, samples were stored at —20°C until biochemical analy-
sis. Salivary cortisol levels were measured using a commercially
available chemiluminescence assay (IBL, Hamburg, Germany).
Inter- and intra-assay coefficients of variability were <9%.

The following cortisol indices were calculated: the CAR, the
AUC to the ground (AUCg), that is, total daily output, and the
DCS. The CAR was calculated as the difference between the
cortisol level 30min after waking and the cortisol level upon
waking. The AUCg, defined as the total cortisol output across a
day, or total area under the cortisol curve to the ground, was cal-
culated using the trapezoid formula [22]. It captures not only the
cortisol levels at the times of sampling but also changes over the
day [22]. Finally, the DCS, defined as the linear degree of change
in cortisol levels across the day (from morning to evening) was
calculated by subtracting the cortisol level value at 8 pm from
the value upon waking and dividing the result by the number
of hours (i.e., 13) separating both samples [23]. Therefore, high
DCS scores represented more negative slopes.

2.2.3 | Other variables

Information onage, self-reported sex, education level (categorized
as basic, apprenticeship, high school/college, and university),

and body mass index (BMI, in kg/m?) at the first follow-up were
considered for the present study. Furthermore, depressive symp-
toms (as reported at the first follow-up) were examined using
the French version [24] of the Center for Epidemiologic Studies-
Depression Scale (CES-D) [25]. The scale consists of 20 items
measuring the severity of depressive symptoms during the last
week on a four-point Likert scale, from 0= “rarely or none of the
time (less than 1 day)” to 3="“most or all of the time (5-7 days)”.
A previous study provided support for the validity and efficacy
of the French version of the CES-D as a screening instrument
among clinical and nonclinical adults [26]. The APOE genotype
was also determined as previously described [27]. Participants
were divided into two groups: APOE-¢4 carriers (having at least
one APOE-¢4 allele) and APOE-e4 non-carriers (those having no
APOE-¢4 allele).

2.3 | Statistical Analysis

Participants with available cognitive data for at least two out of
three time points were considered for subsequent analysis (i.e.,
at the first follow-up and at the second or third follow-up).

Missing value analysis was performed benefiting from Little's
test for missing completely at random (MCAR). Little's test
was applied separately to data from the first follow-up, from
all follow-ups, and from subsets including variables of each
of the models tested (described below). If the test suggested
that the data were MCAR (p > 0.05), further examination was
dropped. Otherwise, if missingness was not MCAR, a vari-
able based on the presence of at least one missing value per
participant was created (no missing value=0, at least one
missing value=1) and possible associations between miss-
ingness and the variables in the dataset at the first follow-up
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were examined using logistic regression models to understand
whether they could account for missingness supporting the
missing at random (MAR) assumption [28]. We similarly per-
formed complete missing data analysis for the outcomes mea-
sured at follow-ups. Logistic regression analysis was used to
test the association between groups and variables of interest
at the first follow-up.

Descriptive statistics (number, frequency, mean, and standard
deviation) were computed for the variables of interest. Variable
distribution was inspected visually using histograms and Q-Q
plots and statistically using skewness and kurtosis values and
the Shapiro-Wilk test.

We relied on the random-intercept Cross-Lagged Panel Model
(RI-CLPM) to differentiate between intra- and inter-individual
effects over time [29, 30]. The RI-CLPM separates the analyzed
variables into two latent components, that is, a stable, “trait-like”
baseline between-person component (random intercept) and
a dynamic, “state” within-person component [31]. Therefore,
cross-lagged paths in the RI-CLPM indicate how a change in
cortisol level influences a change in cognitive functioning (and
vice versa), relative to the individual unique baseline.

Different RI-CLPM (7 cortisol measures X 2 measures of cogni-
tion) were tested, including as covariates (time-invariant predic-
tors) age, sex, BMI, education, and depressive symptoms. For
each RI-CLPM, the moderation effect of APOE-e4 was tested
by performing a multiple group RI-CLPM using no constraints
between groups, with a multiple group RI-CLPM in which the
lagged coefficients were constrained to be equivalent across
groups [32]. A chi-square difference test was carried out to test
the between-model difference in adjustment, with nonsignifi-
cant results suggesting no relevant group effects.

Expecting a non-normal distribution of some of the variables,
the robust maximum likelihood estimator (MLR) was used for
all RI-CLPMs [33, 34]. Before testing RI-CLPMs, we performed
multiple imputations (10 datasets) including variables of interest
(except CAR, AUCg, and DCS which were directly calculated
with data resulting from multiple imputations). In addition, cor-
tisol values 30 min after waking and CAR were linearly rescaled
by dividing by 10 and AUCg by dividing by 100. The goodness
of fit was examined by inspecting values of the following indica-
tors: Robust Chi-square/df, Robust Root Mean Square Error of
Approximation (RMSEA), Robust Comparative Fit Index (CFI),
and Robust Standardized Root Mean Square Residual (SMSR).
The following cutoff criteria were used to assess the fit index:
CFI >0.95, RMSEA <0.06, SMSR <0.08, and chi square/df p
value >0.05.

All analyses were performed in RStudio using the packages “ti-
dyverse” [35], “car” [36], “stats” [37], “mde” [38], “naniar” [39],
“mice” [40], and “lavaan” [41].

3 | Results

The characteristics of the sample are shown in Table 1 while the
results of the missing data analysis are presented in Tables S1
and S2.

3.1 | Results From RI-CLPMs

Table 2 reports the results of the analyses examining the lon-
gitudinal associations between cortisol measures and CDR-SB
scores. Overall, the tested models adequately fitted the data.
There was evidence for autoregressive effects for both cortisol
and CDR-SB scores, for which higher values at the second fol-
low-up predicted an increase at the subsequent third follow-up.
Between-person effects were supported for cortisol at 11 am and
CAR but in opposite directions: high values of cortisol at 11 am
were associated with high CDR-SB scores, whereas the higher
the CAR, the lower the CDR-SB. Regarding within-person ef-
fects, the findings showed negative cross-sectional and longitu-
dinal associations. Specifically, higher cortisol values than usual
compared to the person mean at 11am and 8pm and higher
AUCg predicted lower CDR-SB scores. These results were ro-
bust to Bonferroni correction for multiple tests (p <0.00357)
except cortisol at 8 pm. No significant cross-lagged effects from
CDR-SB to cortisol were found.

The results of the analyses examining the longitudinal associa-
tions between cortisol measures and MMSE scores are displayed
in Table 3. Again, the tested models adequately fitted the data
overall. The results did not point to a close association between
cortisol and MMSE. However, significant and negative cross-
lagged effects from cortisol at waking time and DCS to subse-
quent MMSE scores were shown. High cortisol values than usual
compared to the person mean at waking time and high DCS
(i.e., more negative cortisol slope) predicted a decrease in MMSE
scores at follow-up. These results became non-significant when
the Bonferroni correction was applied. There was no evidence
for reverse effects from MMSE to cortisol.

3.2 | APOEe4 As a Moderator of the Association
Between Cortisol and Cognitive Measures

To test if the reciprocal effects between cortisol measures and
CDR-SB and MMSE scores were the same for APOEe4 carri-
ers versus non-carriers, we performed multiple group analy-
ses. The results indicated that the lagged effects for APOEe4
carriers versus non-carriers appeared to be the same except
for the effects between cortisol at 11am and MMSE (p=0.021;
Table S3). However, this result became non-significant when the
Bonferroni correction was applied. The fit of the multigroup RI-
CLPM exploring the association between cortisol at 11am and
MMSE was satisfactory (Table S4). Further examination using
z-test [42] showed that the cross-lagged effect (i.e., standard-
ized coefficients) from cortisol (11am) at the second follow-up
to MMSE at the third follow-up was significantly different be-
tween groups (z=2.197, p<0.05). In APOEg4 carriers, cortisol
at 11am predicted a lower MMSE score at the subsequent fol-
low-up (standardized coefficient=-0.212, standardized stan-
dard error (SE)=0.115) while the effect was not significant in
APOEe4 non-carriers (standardized coefficient=0.074, stan-
dardized standard error (SE)=0.061).

Furthermore, the autoregressive effect from cognition at the first
follow-up to the second follow-up was significantly different be-
tween groups (z=-2.251, p<0.05). In APOEe4 non-carriers,
a higher MMSE score at the first follow-up predicted a lower
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TABLE1 | Characteristics of the sample (N=752).

Variable First follow-up M (SD) Second follow-up M (SD) Third follow-up M (SD)

Age 71.34 (4.47)

Sex (female) (%) 61.17

Level of education (%)
Basic 16.89
Apprenticeship 46.94
High school/college 23.40
University 12.77

BMI 26.76 (4.61)

Depressive symptoms 10.33 (8.09)

APOE¢e4 carrier (%) 20.08

MCI (CDR =0.5) (%) 47.74

Cortisol (nmol/L)
Waking time 19.0 (9.6) 27.2(14.9) 26.5 (14.7)
30min after waking 25.5(12.4) 38.8 (20.5) 36.3(16.6)
Atllam 11.0 (6.9) 15.7(10.0) 16.3(8.7)
At8pm 4.3 (4.9) 7.0 (10.3) 6.7 (9.6)
CAR 6.5(12.1) 11.6 (18.9) 9.8 (17.5)
AUCg 143.9 (65.2) 214.3 (106.4) 211.3(53.6)
DCS 1.1(0.8) 1.6 (1.3) 1.5(1.3)

MMSE 29.25 (1.48) 28.91 (1.92) 28.76 (1.83)

CDR-SB 0.90 (0.65) 0.91 (0.77) 0.88 (0.79)

Abbreviations: AUCg, area under the curve to the ground or total daily output; BMI, body mass index; CAR, cortisol awakening response; CDR-SB, Clinical Rating
Scale Sum of Boxes score; DCS, diurnal cortisol slope; MCI, mild cognitive impairment (questionable dementia according to the CDR); MMSE, Mini-Mental State

Examination score.

MMSE score at the subsequent follow-up (standardized coeffi-
cient=-0.233, standardized standard error (SE)=0.126) while
the effect was not significant in APOEe4 carriers (standardized
coefficient=0.191, standardized standard error (SE) =0.140).

Finally, in APOEe4 carriers, cortisol at 11 am predicted further
cortisol increases at subsequent time points.

4 | Discussion

We carried out an in-depth investigation of the longitudinal
association between cortisol and cognitive functioning and
decline, considering the diurnal variations in cortisol. Indeed,
four measurement occasions of saliva samples were analyzed
across each wave of the study. As previously suggested [43],
we focused on both between- and within-person associations
using a series of RI-CLPM. Our results showed associations
between cortisol levels and impairment in cognitive function-
ing measured by the CDR-SB in a population-based sample of
older adults. Individuals who secreted higher levels of cortisol
(at 11am) than other persons experienced larger impairment
in cognitive functioning (i.e., high CDR-SB scores). Despite

not reaching statistical significance, standardized estimates of
random intercepts from other models for cortisol (at waking
time, 8pm, AUCg, and DCS) and CDR-SB were positive and
exceeded 0.100. Conversely, individuals who showed greater
CAR than other persons experienced better average cognitive
functioning. Considering that previous research found positive
associations between cortisol levels and cognitive decline (i.e.,
the higher the cortisol levels, the higher the cognitive decline)
[10-12, 44] except for CAR [7, 9], our findings suggest that the
positive association refers to a trait-like association or between-
person difference that might be related to common causes and/
or risk factors. In other words, this positive association does not
implicate causation or the influence of one factor on the other.
Potential common causes or risk factors at work might be stress-
ful life events or chronic stress, neuroticism, depression, sleep
disturbances, and cardiovascular risk factors [1]. Additionally,
an early supportive and responsive social environment fostering
secure attachment and affective reserve may represent protec-
tive factors for both cortisol and cognitive decline [45].

To note, our findings related to the within-person effects
showed that high cortisol levels (at 11 am and 8 pm, and AUCg)
were associated with better cognitive functioning at follow-up
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TABLE 4 | Graphical synthesis of cross-lagged within-person
associations from cortisol levels to cognitive measure scores at any
subsequent follow-up (green: better cognitive functioning, red: worse
cognitive functioning).

Cortisol CDR-SB MMSE
Waking time = 1*
30min after waking = =
Atl1lam l =
At 8pm 1* =
CAR = =
AUCg ) =
DCS = 1*

Note: |: association of negative sign.
*Finding not significant if Bonferroni correction for multiple tests is applied
(significant p value <0.00357).

with medium to large effects [46] (see also Table 4). This find-
ing is in line with initial evidence on the protective effects of
cortisol on mental health, regulating affect in the short term
(i.e., in the next hour) in everyday life [47]. However, this does
not necessarily reflect alterations in the basal diurnal cortisol
rhythm, as assessed in the present study. A previous analysis of a
5-year follow-up CoLaus|PsyCoLaus data [14] demonstrated that
higher cortisol levels were associated with a decreased cognitive
decline (Table 1 of the original study). A potential explanation
for our findings is that increased cortisol levels could represent
efficacious daily stress (phasic) responses. A previous study
showed that stress-induced cortisol increases were associated
with increased attentional performance but not reasoning abili-
ties [48]. Furthermore, the role of increased cortisol levels in the
improvement of cognitive performance and explicit memory has
been previously emphasized [49]. Similarly, another study sug-
gested a protective or compensatory effect of cortisol on working
memory performance [50]. Those studies focused on cortisol re-
activity to an acute stressor, not regulation of the basal cortisol
rhythm, which is examined in this study. However, it was previ-
ously shown that cortisol reactivity is associated with AUC but
not CAR and cortisol slope [51]. Our findings could thus indicate
that those participants whose reaction to stress is substantial
and more dynamic would show a decreased risk of worsened
cognitive function over time. Additionally, these findings may
point to the importance of life-phase-related changes in corti-
sol excretion. A recent study demonstrated that older age was
associated with an upward trajectory in cortisol excretion from
age 60 onward [52]. This study also found individual differences
in cortisol excretion levels and within-individual change over
time. It is thus possible that lack or tenuous increases in cortisol
excretion—when it would be expected and around 75years in
our sample—may increase the risk of subsequent impairment
in cognitive functioning, that is, cortisol increases playing the
role of a protective factor. These are intriguing aspects to be
addressed in future research separating within-person effects
from between-person effects.

The apparent discrepancy between our findings and those from
other previous studies showing that higher cortisol levels might
predict faster cognitive decline [53-55] may be due to several

factors. Indeed, most previous studies did not clearly separate
between-person from within-person effects. Participants were
at different stages of cognitive decline at baseline, and the exact
nature of cortisol measurements varied from study to study.
Furthermore, it is likely that the relationship between cortisol
and cognitive decline is very complex and may involve cortisol's
effects on metabolism, the cardiovascular system, and the im-
mune system, in addition to its direct effects on the brain [1].

Regarding the relationship between cortisol levels and MMSE
scores, we found no evidence of a trait-like association and sta-
bility over time for MMSE scores only. After accounting for
between-person effects, we found that high cortisol levels at
waking time and high DCS (i.e., more negative cortisol slope)
predicted worse cognitive performance over time. However,
these associations between MMSE and cortisol were not robust
and do not hold if Bonferroni correction is applied. This may
be explained by the fact that the MMSE is usually less sensitive
than the CDR, especially in dementia-free individuals [56, 57].

The findings from our study highlight that cognitive functioning
does not influence cortisol levels over time, contrary to findings
from a previous study [13]. The effect of cognitive functioning
on cortisol levels has rarely been examined, and additional re-
search is required.

Finally, we also tested whether the APOE-¢4 allele could con-
fer increased vulnerability to the potential effects of cortisol on
impaired cognitive functioning over time. Our findings showed
that bidirectional longitudinal associations between cortisol lev-
els and cognitive functioning did not vary for APOE-¢4 carriers
versus non-carriers (except cortisol levels at 11am and MMSE
but whose significance did not hold to Bonferroni correction).
This result is in line with those of a previous longitudinal study
testing the role of the APOE-¢4 allele as a moderator of the as-
sociation between cortisol and cognition in which the authors
found an increased risk for memory decline but no decline in
global cognitive function and information processing speed for
carriers versus non-carriers [7]. Those findings were interpreted
as primarily due to the close association between the APOE-¢4
allele and atrophy in brain structures related to memory perfor-
mance. A prior cross-sectional study highlighted the possibil-
ity that the distinct association between cortisol and cognitive
functioning according to APOE-e4 becomes evident when the
presence of two ¢4 alleles is considered [58]. However, the risk of
positive findings by chance needs to be considered since a high
number of tests were carried out in both previous studies. Future
research might consider examining the role of two APOE-¢4 al-
leles compared to heterozygotes and non-carriers.

4.1 | Strengths and Limitations

Our study is one of the rare longitudinal studies that assessed the
link between cortisol and cognitive functioning. The population-
based design and the 10-year follow-up period are considerable
strengths. Regarding results generalizability, the sample of el-
derly considered for the present analysis (N=725) did not differ in
sample characteristics such as age, gender, education level, BMI,
CES-D, and MCI from all adults aged 65 and over participating
in CoLaus|PsyCoLaus (N=1126) at the first follow-up (i.e., the
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baseline for our study). Therefore, the analyzed sample was rep-
resentative of Lausanne residents aged 65years and above. The
use of RI-CLPM also allowed us to distinguish between-person
from within-person effects. Nevertheless, certain limitations
need to be mentioned. The first limitation is the use of cortisol
measures from only one day upon each visit. It has previously
been recommended to conduct cortisol measurements on at least
two different days to obtain better estimates of diurnal cortisol
profiles [43]. However, in population-based studies, this may not
be feasible for reasons such as participants’ burden and analy-
sis costs. Furthermore, we focused not only on cortisol levels at
specific times of the day but also on indicators of change. While
the participants recorded the time of sampling using a specific
form, no objective measure (e.g., actigraphy, alarm clock, calling
participants) [43] was available to verify the exact time the par-
ticipants collected the saliva samples. Second, salivary cortisol
measurement is less precise compared to hair and serum cortisol
but has the advantage of being easily collected from participants.
Third, although we controlled for some relevant covariates, we
did not consider other factors (e.g., stress, sleep disturbances/
quality, physical activity, and cardiovascular risk factors) that
could have influenced the observed associations [43]. Finally, at
the first follow-up, the MMSE was assessed 1 year before the sali-
vary cortisol, and at the second and third follow-ups, the salivary
cortisol was measured 1year before the CDR-SB.

5 | Conclusions

Robust associations were found between cortisol levels and cog-
nitive functioning and decline, as measured with the CDR-SB.
On the one hand, cortisol levels and cognitive decline may share
common causes or risk factors. On the other hand, at the within-
person level, higher cortisol levels at 11am and 8 pm and higher
AUCg were associated with better cognitive functioning at the
subsequent follow-up, suggesting a possible protective effect of
cortisol on cognitive decline. Future research needs to separate
within- from between-person effects to improve our under-
standing of the relationship between these factors.
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