Journal of Alzheimer’s Disease 80 (2021) 1643-1655 1643
DOI 10.3233/JAD-201173
10S Press

Do Cardiovascular Risk Factors and
Cardiovascular Disease Explain Sex

Differences in Cognitive Functioning in
Old Age?

Elisabeth Maria van Zutphen®®<*, Judith Johanna Maria Rijnhart®, Didericke Rhebergen®®,
Majon Muller®, Martijn Huisman®, Aartjan Beekman®®, Almar Kok®®®! and Yolande Appelman®
AAmsterdam UMC, Vrije Universiteit Amsterdam, Psychiatry, Amsterdam Public Health Research Institute,
Amsterdam, The Netherlands

YGGZ inGeest Specialized Mental Health Care, Amsterdam, The Netherlands

CAmsterdam UMC, Vrije Universiteit Amsterdam, Department of Epidemiology and Data Science, Amsterdam
Public Health Research Institute, Amsterdam, The Netherlands

dMental Health Care Institute GGZ Centraal, Amersfoort, The Netherlands

CAmsterdam UMC, Vrije Universiteit Amsterdam, Department of Internal Medicine, Amsterdam, The Netherlands
fDepartment of Sociology, Vrije Universiteit, Amsterdam, The Netherlands

gAmsterdam UMC, Vrije Universiteit Amsterdam, Department of Cardiology, Amsterdam, The Netherlands

1

Handling Associate Editor: Jessica Kirkland Caldwell

Accepted 8 February 2021
Pre-press 9 March 2021

Abstract.

Background: Sex differences in cognitive functioning in old age are known to exist yet are still poorly understood.
Objective: This study examines to what extent differences in cardiovascular risk factors and cardiovascular disease between
men and women explain sex differences in cognitive functioning.

Methods: Data from 2,724 older adults from the Longitudinal Aging Study Amsterdam were used. Information processing
speed and episodic memory, measured three times during six years of follow-up, served as outcomes. The mediating role of
cardiovascular risk factors and cardiovascular disease was examined in single and multiple mediator models. Determinant-
mediator effects were estimated using linear or logistic regression, and determinant-outcome and mediator-outcome effects
were estimated using linear mixed models. Indirect effects were estimated using the product-of-coefficients estimator.
Results: Women scored 1.58 points higher on information processing speed and 1.53 points higher on episodic memory.
Several cardiovascular risk factors had small mediating effects. The sex difference in information processing speed was
mediated by smoking, depressive symptoms, obesity, and systolic blood pressure. The sex difference in episodic memory
was mediated by smoking, physical activity, and depressive symptoms. Effects of smoking, LDL cholesterol, and diabetes
mellitus on information processing speed differed between men and women.

Conclusion: Differences in cardiovascular risk factors between women and men partially explained why women had better
cognitive functioning. A healthy cardiovascular lifestyle seems beneficial for cognition and sex-specific strategies may be
important to preserve cognitive functioning at older age.
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INTRODUCTION

Cognitive functioning differs between older men
and women. On average, men have better visuo-spa-
tial abilities and women have a better episodic mem-
ory (e.g., [1-3]). Sex differences in other domains
of cognitive functioning have also been reported, but
these results are inconsistent [1].

Several mechanisms suggested to partially explain
sex differences in cognitive functioning have been
examined, such as differences in education, income,
and occupational complexity [4]; differences in brain
structure and function [5, 6]; and differences in
hormones and their influence on the brain [7]. How-
ever, none of the proposed mechanisms sufficiently
explained sex differences in cognitive functioning
and other mechanisms may also play an important
role.

One other potentially important mechanism in-
volves cardiovascular risk factors (CVRFs) and car-
diovascular disease (CVD) [8]. First, the prevalence
of CVRFs and CVD differs between older men and
women. For example, the prevalence of smoking
and diabetes is higher in men and women have
lower levels of physical activity [9-12]. In addi-
tion, the prevalence of obstructive coronary artery
disease is higher in men and the prevalence of
non-obstructive coronary artery disease is higher in
women, which is likely due to sex-specific patho-
physiological mechanisms [13, 14]. Second, patients
with CVD are known to have an increased risk
of cognitive impairment [15]. This could be due
to (sub)clinical strokes, cerebral small vessel dis-
ease, or brain hypoperfusion, or due to overlapping
risk factors between CVD and cognitive impairment
since CVRFs, such as diabetes mellitus, hyperten-
sion, and depression, have also been associated with
changes in brain structure and cognitive impairment
[8, 16-18]. Third, the strength of the association
between CVRFs and CVD and cognitive function-
ing may differ between men and women [8, 9, 19].
For example, research suggests that the effect of dia-
betes mellitus on cognitive functioning is stronger
in women and that myocardial infarction is asso-
ciated with impaired cognitive functioning in men
only, possibly due to differences in sex hormones
between men and women. However, few studies
have empirically investigated whether differences in
CVRFs and CVD between older men and women
contribute to sex differences in cognitive functioning
at older age.

Therefore, using 6-year longitudinal data from
a large population-based cohort of older adults in
the Netherlands, we assessed to what extent the
effect of sex on cognitive functioning is mediated
by CVRFs and CVD. Following guidelines from the
causal mediation framework, we examined whether
exposure-mediator interaction was present [20, 21].
Our findings can provide insight into how preven-
tive and curative efforts may be tailored to men and
women specifically [8, 22].

MATERIALS AND METHODS
Participants

Data for this study were derived from the Longitu-
dinal Aging Study Amsterdam (LASA), an ongoing
nationally-representative prospective cohort study on
physical, emotional, cognitive, and social function-
ing of Dutch adults originally aged between 55 and
85 years [23, 24]. LASA was initiated by the Dutch
Ministry of Health, Welfare and Sports in 1991.
The sampling frame consisted of the municipal reg-
istries of three culturally distinct geographical areas.
N=3,107 respondents were included at baseline
in 1992-1993. New measurements were conducted
about every three years. In 2002-2003 and 2012-
2013, a second and third cohort of N=1,002 and
N =1,023 respectively, aged between 55 and 65 years,
were included from the same sampling frame as in
1992-1993. All participants signed informed consent.
LASA was approved by the Medical Ethics Commit-
tee of the VU University Medical Center.

In the current study, we pooled data from three sub-
sequent measurements from each cohort (first cohort:
1995-1996, 1998-1999, and 2001-2002 (we could
not use the 1992-1993 measurement because blood
pressure measurements were not available); second
cohort: 2002-2003, 2005-2006, and 2008-2009; third
cohort: 2012-2013, 2015-2016, and 2018-2019). The
total sample size was 4,570. Respondents with at
most one measurement of cognitive functioning
(N =1,795) were excluded from the analyses, as were
respondents with missing data on any of the mediator
variables except cholesterol levels (N=50) or con-
founding variables (N = 1). Missing data were mainly
due to drop out (N=733, 39.8%), not willing to par-
ticipate in the medical interview, which contains most
of the variables used in this study (N =632, 34.3%), or
acombination of these (N =266, 14.4%). The remain-
der of missing data was due to incidental missingness
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(N=218, 11.8%). This resulted in a final sample of Sex

2,724 respondents.
Cognitive functioning

We used two measures of cognitive functioning:
information processing speed and episodic memory.
We chose these measures based upon availability and
because processing speed has been proven to be more
sensitive to age-related changes than, for example,
global measures of cognition such as the Mini-Mental
State Examination (MMSE), and memory problems
are one of the most common complaints at older
age that negatively affect daily functioning [25, 26].
Information processing speed was assessed with an
adjusted version of the Coding Task, which is a letter
substitution task [27]. Two rows of characters were
shown and each character in the upper row belonged
to a character in the bottom row. Subsequently, two
additional rows were shown: one with characters and
one without characters. The respondent had to com-
plete as many character combinations as possible
in three trials of one minute. While in the original
Coding Task respondents were asked to write down
the corresponding character, LASA respondents were
asked to name them because a pilot study showed that
some older adults had difficulty in writing the letters
and it was sometimes difficult to read the handwriting
of the respondents [28]. The mean score of the three
trials was used in the analyses (range 1-51.3). Higher
scores indicate faster processing speed.

Episodic memory was assessed with an adapted
version of the Dutch Auditory Verbal Learning Test
[29]. This test consists of three trials and a delayed
recall. In the three trials, a list of 15 words was
read out loud by the interviewer and the respondent
directly recalls as many words as possible. After adis-
traction period of 20 min, the respondent was asked
to name the words he or she remembered from the
three trials (‘delayed recall’). The number of cor-
rectly remembered words from the delayed recall was
used as a measure for episodic memory (range 0-15).
Higher scores indicate better episodic memory. Infor-
mation processing speed and episodic memory were
measured at every measurement.

MMSE scores at the first measurement were not
used as an outcome measure, but as a descriptive
variable to give an impression of global cognitive
functioning of the sample [30]. The MMSE ranges
from 0-30 and higher scores indicate better cognitive
functioning. A score < 24 is an indicator of cognitive
impairment.

Sex, referring to biological sex, was coded as male
(0) or female (1).

Mediator variables

We included smoking, physical activity, depressive
symptoms, obesity, waist-hip ratio (WHR), systolic
blood pressure, diastolic blood pressure, total choles-
terol, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol, diabetes
mellitus, and a history of CVD as mediator variables.

Self-reported smoking was categorized as cur-
rently smoking or stopped smoking < 10 years ago
(1) versus never smoking or stopped > 10 years
ago (0), because current smoking and < 10 years of
cessation have been associated with impaired cog-
nitive functioning [31]. Physical activity was mea-
sured with the LASA Physical Activity Question-
naire, which measures the frequency and duration
of activities, including walking outdoors, biking,
gardening, light household activities, heavy house-
hold activities, and two of the respondent’s most
frequently performed sports activities [32]. Intensity-
weighted total physical activity scores in metabolic
equivalent of task hours/week were calculated, with
higher scores indicating more physical activity [33].
Depressive symptoms were measured with the Center
for Epidemiologic Studies Depression Scale (range
0-60, higher scores indicate more depressive symp-
toms) [34]. Depressive symptoms were included
because they have consistently been associated with
an increased risk of CVD and the acknowledgement
of depression as a potentially modifiable CVREF is
growing [35]. Furthermore, depressive symptoms are
associated with impaired cognitive functioning [36]
and the prevalence differs between men and women
[35]. Obesity (no/yes) was defined as a body mass
index above 30 kg/m” and was calculated from mea-
sured height and weight, or self-reported height and
weight when measurement was not possible. Waist
and hip circumference were measured during the
interview to calculate the WHR (waist circumference
/ hip circumference). Systolic and diastolic blood
pressure were measured electronically in mmHg
(model HEM-706; OMRON) at the upper left arm
with participants in a seated position after 5 min of
rest. The number of retests differed between measure-
ment moments (range 0—4). When retests were done,
there was significant time between the measurements.
The mean scores of the blood pressure measure-
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ments were used. Total, HDL, and LDL cholesterol
levels were obtained from morning blood samples
in mmol/L. and were determined in one laboratory.
Total cholesterol levels were determined in the first
and second cohort, HDL and LDL cholesterol lev-
els were determined in the first cohort only. History
of diabetes mellitus (no/yes) was determined with
a disease ascertainment algorithm combining data
on self-report, general practitioner’s diagnoses and
medication [37]. History of CVD (no/yes) was deter-
mined by combining the outputs of disease-specific
ascertainment algorithms for coronary artery disease,
cerebrovascular accident, peripheral artery disease,
and heart failure [38].

All mediators were included as measured at the first
measurement (i.e., 1995-1996, 2002-2003, or 2012-
2013). When data on that measurement were missing,
data from the other two measurements were used to
impute the missing data, as we assumed the sex dif-
ferences in risk factor status to be relatively stable
over a six-year follow-up.

Confounding variables

Age at the first measurement, cohort (first, second,
or third), education, use of cholesterol lowering medi-
cation, and use of blood pressure lowering medication
were included as putative confounding variables.
Education was based on the highest degree earned,
converted into the nominal number of years of edu-
cation needed for that degree (range 5-18 years).
Medication use was based on the containers of all
medication used in the two weeks before the inter-
view, as shown by the respondent to the interviewer. It
was categorized according to the ATC Classification
System, with ATC codes starting with C10 indicat-
ing use of cholesterol lowering medication (no/yes)
and ATC codes starting with C02, C03, C07, CO08,
and CO09 indicating use of blood pressure lowering
medication (no/yes).

Statistical analysis

Data were analyzed in STATA, version 14 [39].
Sex differences in socio-demographic characteristics,
mediator variables, MMSE scores and both measures
of cognitive functioning at the first measurement
were assessed using independent samples z-tests (for
normally distributed variables or log transformed
variables) or Chi squared tests (categorical variables).

Subsequently, the following analysis procedure
was executed for the two cognitive outcomes sepa-

cognitive

functioning

cardiovascular

risk factor

a path b path

cognitive
functioning

Fig. 1. Single mediator model.

rately. First, sex differences in the level of cognitive
functioning across all measurements (c-path in Fig. 1)
were estimated with linear mixed models. Second,
single mediator models (separate models with one
mediator at a time) were estimated. The effects of
sex on the mediator variables (a-path in Fig. 1)
were estimated with linear regression for continu-
ous mediator variables and logistic regression for
dichotomous mediator variables. To ensure that the
scale of the mediator variable was the same across
the a- and b-paths, we converted a-paths estimated
with logistic regression from the log-odds scale to
the risk-difference scale using the following formula
[40, 41]:

a path

risk difference

eIm +beta, eIm
1+ eIm +beta, - 1+ eIm

Beta, is the B of the a-path as calculated with
logistic regression analysis, Im is the intercept in the
logistic regression model, a pathyiskdifference 15 the a-
path on the risk difference scale.

The effects of the mediator variables on cognitive
functioning (b-path in Fig. 1) and the direct effect
of sex on cognitive functioning after accounting for
the mediator (c’-path in Fig. 1) were estimated with
linear mixed models. Third, indirect effect estimates
were calculated by multiplying the a-path and b-path.
The 95% percentile confidence intervals for the indi-
rect effect estimates were calculated based on 1000
bootstrap draws.

Fourth, parallel multiple mediator models were
estimated, in which all mediators are simultaneously
assessed in one model (Fig. 3). Consequently, the
indirect effect estimate for a mediator is adjusted for
the other mediators in the model. We excluded CVD
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because of a causal association with CVRFs [42]. In
case of multicollinearity (systolic and diastolic blood
pressure and WHR and obesity), we excluded the
mediator with the smallest indirect effect estimate
in the single mediator models, which were diastolic
blood pressure and WHR. We excluded cholesterol
levels from the multiple mediator models because
the large proportion of missing data (35-53%)
would result in a large decrease in sample size
and power.

Sex-by-time interactions and mediator-by-time
interactions were included in all models to determine
whether sex differences in cognitive functioning and
whether the effect estimates of mediators on cognitive
functioning remained stable over time, respectively.
Following guidelines from the causal mediation
framework, we additionally tested exposure-medi-
ator interaction in all models to determine if the
effect estimates for mediator variables on cognition
differed between men and women [21]. In case of
a significant exposure-mediator interaction, group-
mean centering was used to calculate the effects for
both sexes separately [20]. All models were adjusted
for cohort, age, and education. Models that included
cholesterol levels were additionally adjusted for the
use of cholesterol lowering medication and mod-
els that included blood pressure were additionally
adjusted for the use of blood pressure lowering medi-
cation. All continuous confounders were grand-mean
centered.

Given the lower power for detecting interaction
terms, these were considered statistically significant
atp <0.10, other effect estimates were considered sta-
tistically significant at p<0.05 [43]. Although our
analyses comprised many tests, we did not adjust for
multiple comparisons as this may decrease type-1-
error rates, but simultaneously increases type-2-error
rates [44].

Planned sensitivity analyses

Two sensitivity analyses were done. First, as
cholesterol was excluded from the multiple mediator
models because of a large amount of missing data,
we included LDL cholesterol as a sensitivity analy-
sis and compared the results to those of the models
without LDL cholesterol. Second, as studies showed
that age moderates the effects of CVRFs on cogni-
tive functioning, we stratified for age 55-75 and 75
and over and compared the indirect effect estimates
[45, 46].

RESULTS
Attrition and sample description

The proportion of men and women did not dif-
fer between included and excluded respondents.
Excluded respondents scored lower on information
processing speed, episodic memory and MMSE than
included respondents. Excluded respondents also
had an unhealthier cardiovascular risk profile than
included respondents.

The final study sample consisted of 2,724 respon-
dents, of whom 47.2% were men. On average,
respondents were 65.8 years old (+8.2, range 55-88)
and had 10.2 years (£3.5) of education. The median
MMSE score was 28 (IQR 2.0, range 13-30) and
6.3% of the respondents had a score <24. Age
and MMSE scores did not differ between men and
women.

Sex differences in cognitive functioning

Women had higher information processing speed
and episodic memory scores than men (Fig. 2). At
baseline, adjusted for cohort, age, and education,
women scored on average 1.58 points (95% C.I.:
1.07-2.09) higher on information processing speed
than men (total effect of sex on information process-
ing speed, Cohen’s D =0.22) and this sex difference
increased with 0.07 points (95% C.I.: 0.02-0.12)
per year. At baseline, women scored on average
1.53 points (95% C.1.: 1.36—1.71) higher on episodic
memory (total effect of sex on episodic mem-
ory, Cohen’s D=0.53), which remained stable over
time.

Sex differences in CVRFs and CVD

Men and women had different cardiovascular risk
profiles (Table 1 and a-paths in Tables 2 and 3).
Women attained less years of education, had a higher
prevalence of obesity, a higher total and LDL choles-
terol, and more depressive symptoms than men. Men
had higher systolic and diastolic blood pressure, a
lower HDL cholesterol, a higher WHR, and a higher
prevalence of smoking and CVD than women. In
addition, men were less physically active, which we
found was mainly due to men spending less time
on household tasks [47]. Age and the prevalence of
diabetes mellitus did not differ significantly between
sexes.
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Fig. 2. Sex differences in cognitive functioning over time. The sex
difference in information processing speed was 1.58 (95% C.1.:
1.07-2.09, p<0.01), the sex difference in episodic memory was
1.53 (95% C.1.: 1.36-1.71, p<0.01). For models with blood pres-
sure, total cholesterol, HDL cholesterol or LDL cholesterol, total
effects of sex on information processing speed were 1.57 (95% C.1.:
1.06-2.07, p<0.01), 1.32 (95% C.I.: 0.67-1.97, p<0.01), 0.67
(95% C.I.: —0.19-1.53, p=0.13) and 0.66 (95% C.I.: —0.19-1.53,
p=0.13), respectively, and the total effects of sex on episodic mem-
ory were 1.53 (95% C.I.: 1.35-1.70, p<0.01), 1.45 (95% C.L:
1.22-1.67,p<0.01),1.55(95% C.1.: 1.24-1.85,p <0.01), and 1.55
(95% C.I.: 1.24-1.85, p<0.01), respectively.

Cardiovascular health and cognitive functioning

Smoking, more depressive symptoms, obesity, and
a higher WHR were associated with lower informa-
tion processing speed (b-paths in Table 2). A higher
systolic blood pressure and a higher total and HDL
cholesterol were associated with higher information
processing speed. Diabetes mellitus was associated
with lower information processing speed in women
but had no effect in men. Other cardiovascular risk
factors or a history of CVD were not statistically
significantly associated with information processing
speed.

More depressive symptoms, obesity, and diabetes
mellitus were associated with lower episodic memory
scores (b-paths in Table 3). More physical activ-

ity was associated with higher episodic memory
scores. Other CVRFs and a history of CVD were
not statistically significantly associated with episodic
memory.

Mediators of the sex difference in information
processing speed

The sex difference in information processing speed
was partially mediated by smoking, depressive symp-
toms, obesity, WHR, systolic blood pressure, total
cholesterol, and HDL cholesterol (Table 2).

As the indirect effect estimates for smoking, WHR,
total cholesterol, and HDL cholesterol were positive,
these risk factors partially explained why women
on average scored higher on information process-
ing speed than men. For example, because women
smoked less often (a-path: —0.15) and smoking was
associated with a lower information processing speed
(b-path: -0.61), women scored on average 0.09 (95%
C.I.: 0.02-0.18) points higher on information pro-
cessing speed than men. This means that 0.09 points
of the 1.58-points difference in information process-
ing speed between men and women were attributable
to the fact that women smoked less often. In a similar
manner, 0.48, 0.22, and 0.26 points of the 1.58-points
sex difference in information processing speed were
attributable to a lower WHR, a higher total choles-
terol, and a higher HDL cholesterol, respectively, in
women.

We found significant exposure-by-mediator inter-
actions for LDL cholesterol and diabetes mellitus;
however, the indirect effect estimates were statisti-
cally significant in neither men nor women.

As the indirect effect estimates for depressive
symptoms, obesity, and systolic blood pressure on
information processing speed were negative, these
were suppressors of the sex difference in information
processing speed. For example, as women on aver-
age had more depressive symptoms (a-path: 2.60)
and more depressive symptoms were associated with
lower information processing speed (b-path: —0.11),
women on average scored 0.29 (95% C.I.: —0.39-
—0.20) points lower on information processing speed
than men. The 1.58-points difference in information
processing speed between men and women would
have been 0.29 points larger if the average depres-
sion score of women was equal to the score of
men. In a similar manner, the 1.58-points sex dif-
ference in information processing speed would have
been 0.06 and 0.08 points larger if the prevalence
of obesity and the average systolic blood pres-
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Table 1
Characteristics of respondents at the first measurement
Men Women
N N=1,287 N=1437 p
(47.2%) (52.8%)
Age mean £ SD 2724 65.7 8.2 65.9 8.3 0.53
Years of education mean £+ SD 2724 109 3.6 9.6 34 <0.01
Smoking % n 2724 379 488 24.9 358 <0.01
Physical activity (In MET h/week) mean £SD 2724 3.7 0.9 4.1 0.7 <0.01
Depressive symptoms median &= I1QR 2724 4.0 7.0 7.0 10.0 <0.01!
Obesity % n 2724 172 222 26.4 380 <0.01
Waist-hip ratio mean £ SD 2724 1.0 0.1 0.9 0.1 <0.01
Systolic blood pressure (mmHg) mean = SD 2724 146.5 22.0 142.9 24.5 <0.01
Diastolic blood pressure (mmHg) mean =SD 2724  84.9 11.6 82.7 11.5 <0.01
Total cholesterol (mmol/l) mean + SD 1626 5.5 0.9 6.0 1.0 <0.01
HDL cholesterol (mmol/l) mean + SD 954 1.2 0.4 1.4 0.4 <0.01
LDL cholesterol (mmol/l) mean + SD 948 3.5 0.9 3.8 1.0 <0.01
Diabetes mellitus % n 2724 7.9 102 7.2 104 0.27
History of CVD % n 2724 29.1 374 19.9 286 <0.01
MMSE median £ IQR 2709  28.0 2.0 28.0 2.0 0.08'
Information processing speed mean £ SD 2512 27.1 6.6 28.1 73 <0.01
Episodic memory mean £ SD 2501 5.8 2.7 7.2 2.8 <0.01

In, natural logarithm; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CVD, cardiovascular
disease; MMSE, Mini-Mental State Examination. ' Independent-Samples Mann-Whitney U Test.

Table 2

Single mediator models for information processing speed

Mediator Direct effect a-path b-path Indirect effect
B (SE) p B (SE) P B (SE) P B (95% CI)

Smoking 149 (0.26) <001 -0.15 (0.02) <0.01 -0.61 (0.23) <0.01 0.09 (0.02-0.18)
Physical activity .52 (0.27) <001 039 (0.03) <0.01 0.16 (0.16) 0.33 0.06 (-0.08 - 0.18)
Depressive symptoms 1.87  (0.26) <0.01 260 (029) <001 -0.11 (0.01) <0.01 -029 (-0.39--0.20)
Obesity 1.64 (0.26) <0.01 0.07 (0.02) <0.01 -0.83 (0.26) <001 -0.06 (-0.10--0.02)
Waist-hip ratio 1.10  (0.30) <0.01 -0.10 (0.000 <0.01 -477 (145 <001 048 (0.19-0.82)
Systolic blood pressure 1.64 (0.26) <001 -431 (086) <0.01 0.02 (0.01) <0.01 -0.08 (-0.15--0.03)
Diastolic blood pressure 1.60 (0.26) <0.01 -2.17 (045) <0.01 0.01 (0.01) 0.17 -0.03 (-=0.08 - 0.01)
Total cholesterol 1.10  (0.34) <0.01 052  (0.05) <0.01 042 (0.14) <0.01 0.22 (0.06 — 0.38)
HDL cholesterol 041  (0.45) 0.36 023  (0.03) <0.01 1.14  (0.44) 0.01 0.26 (0.05 - 0.50)
LDL cholesterol 0.27 0.06) <0.01

Men 0.58  (0.45) 0.19 -0.31  (0.33) 0.35 -0.08  (-0.26 — 0.09)

Women -0.78  (0.45) 0.08 033 (0.29) 0.26 0.09 (-0.08 — 0.24)
Diabetes mellitus -0.01 (0.01) 0.22

Men 1.60  (0.25) <0.01 0.12  (0.63) 0.85 -0.00  (-0.02-0.01)

Women 1.61  (0.25) <0.01 -1.47  (0.62) 0.02 0.01 (-0.01 - 0.05)
History of CVD 1.53  (0.26) <001 -0.11 (0.02) <0.01 -0.31 (0.31) 0.31 0.04 (-0.03-0.11)

Total effect of sex: 1.58 (95% C.I. 1.07-2.09). The a-paths represent the difference between men and women, with men as the reference
category. The single mediator models also include a sex-by-time interaction and mediator-by-time interactions for physical activity, systolic
blood pressure, diabetes mellitus, LDL cholesterol, and history of CVD.

sure, respectively, in women were equal to those
in men.

In the multiple mediator model in which mediators
were mutually adjusted, depressive symptoms, obe-
sity and systolic blood pressure remained significant
suppressors of the sex difference in information pro-
cessing speed (Fig. 3A). The indirect effect estimates
of these mediators were comparable to the effect esti-
mates in the single mediator models. In addition,

we found a significant exposure-by-mediator interac-
tion for smoking. Smoking explained 0.14 points of
the sex difference in information processing speed,
because men smoked more often than women and
smoking was associated with lower information pro-
cessing speed in men only. After adjustment for the
mediators, women scored 1.74 (95% C.1.: 1.13-2.35)
points higher on information processing speed
than men.
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Table 3
Single mediator models for episodic memory

Mediator Direct effect a-path b-path Indirect effect
B (SE) )4 B (SE) p B (SE) p B (95% CI)

Smoking 1.51 (0.09) <0.01 —0.15 (0.02) <0.01 -0.18 (0.10) 0.06 0.03 (0.00 - 0.06)
Physical activity 1.46 (0.09) <0.01 0.39 (0.03) <0.01 0.19 (0.05) <0.01 0.07 (0.03-0.11)
Depressive symptoms 1.58 (0.09) <0.01 2.60 (0.29) <0.01 -0.02 (0.01) <0.01 —-0.05 (-0.08 —-0.02)
Obesity 1.55 (0.09) <0.01 0.07 (0.02) <0.01 -0.28 (0.11) 0.01 -0.02 (-0.04 — -0.00)
Waist-hip ratio 1.34 (0.11) <0.01 —0.10 (0.00) <0.01 -0.43 (0.86) 0.61 0.04 (-0.12-0.21)
Systolic blood pressure 1.52 (0.09) <0.01 —4.31 (0.86) <0.01 0.00 (0.00) 0.19 -0.02 (=0.04 - 0.01)
Diastolic blood pressure 1.53 (0.09) <0.01 -2.17 (0.45) <0.01 0.00 (0.00) 0.81 -0.00 (-0.02 -0.02)
Total cholesterol 1.44 (0.12) <0.01 0.52 (0.05) <0.01 0.01 (0.06) 0.84 0.01 (-0.06 - 0.07)
HDL cholesterol 1.48 (0.16) <0.01 0.23 (0.03) <0.01 0.28 (0.19) 0.13 0.07 (-0.03 -0.16)
LDL cholesterol 1.55 (0.16) <0.01 0.27 (0.06) <0.01 -0.02 (0.08) 0.81 -0.01 (-0.06 - 0.04)
Diabetes mellitus 1.53 (0.09) <0.01 -0.01 (0.01) 0.22 -0.52 (0.17) <0.01 0.00 (-0.00 - 0.02)
History of CVD 1.50 (0.09) <0.01 —0.11 (0.02) <0.01 -0.03 (0.17) 0.85 0.00 (-0.03 - 0.04)

Total effect of sex: 1.53 (1.36—1.71). The a-paths represent the difference between men and women, with men as the reference category. The
single mediator models for waist-hip ratio, systolic blood pressure, and a history of CVD also include mediator-by-time interactions.
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Fig. 3. Multiple mediator models. Arrows pointing from sex towards the mediator represent a-paths, arrows pointing from the mediator
towards cognitive functioning represent b-paths. The indirect effect estimates (95% C.1.) are placed above or below the mediator. Mediators
in bold indicate statistically significant indirect effect estimates. ¢ =total effect, ¢’=direct effect. A) model for information processing speed,
also includes a sex-by-time interaction (0.05 (0.03), p=0.05) and mediator-by-time interactions for systolic blood pressure and physical
activity. B) model for episodic memory, also includes a mediator-by-time interaction for systolic blood pressure.

Mediators of the sex difference in episodic
memory

Compared to information processing speed, we
found a lower number of mediators of the sex dif-
ference in episodic memory.

In the single mediator models, less smoking and
more physical activity partially explained why wo-
men on average had a better episodic memory
than men. So, on average 0.03 and 0.07 points of
the 1.53-points sex difference in episodic memory
were attributable to less smoking and more physi-
cal activity, respectively, in women. More depressive

symptoms and obesity were suppressors of the sex
difference in episodic memory: the 1.53-points sex
difference in episodic memory would have been 0.05
and 0.02 points larger if the average depression score
and prevalence of obesity in women were equal to
those observed in men (Table 3).

In the multiple mediator model (Fig. 3B), less
smoking and more physical activity explained why
women scored higher on episodic memory and
depressive symptoms were a suppressor of the sex
difference. The indirect effect estimates were com-
parable to the indirect effect estimates in the single
mediator models. After adjustment for the mediators,
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women scored 1.49 (95% C.I.: 1.30-1.68) points
higher on episodic memory than men.

Sensitivity analyses

The multiple mediator models including LDL cho-
lesterol were estimated in a sample of N =948 (the
LDL-subsample, 34.8% of the total study sample).
After adjustment for the effects of other CVRFs, LDL
cholesterol was no statistically significant mediator of
sex differences in information processing speed nor
episodic memory (Supplementary Tables 1 and 2).
The CVRFs mediated more of the sex difference in
information processing speed in the LDL-subsample
than in the full sample because the sex difference
in information processing speed was much smaller
in the LDL-subsample, yet only the indirect effect
estimate for depressive symptoms was statistically
significant (Supplementary Table 1). For episodic
memory, the magnitude of the total effect and indirect
effect estimates in the LDL-subsample were compa-
rable to those in the full sample. Only the indirect
effect estimate for physical activity was statistically
significant (Supplementary Table 2).

The association between CVRFs and cognitive
functioning in older adults was moderated by age
in previous studies and we also found differences
between younger-olds (55-75 years) and older-olds
(75 years and over) (Supplementary Tables 3 and 4).
Information processing speed and episodic memory
scores were higher in women in both age groups, but
sex differences were larger in the younger-olds. Sex
differences in cardiovascular risk profiles (a-paths)
and effect estimates for CVRFs on cognitive func-
tioning (b-paths) differed between age groups. The
sex difference in information processing speed in
young-olds was suppressed by depressive symptoms
and smoking among women. In older-olds, none of
the CVRFs were significant mediators. The sex dif-
ference in episodic memory in younger-olds was not
mediated by CVRFs. In older-olds, the sex differ-
ence in episodic memory was partially mediated by
physical activity.

DISCUSSION

The aim of this paper was to investigate if CVRFs
and CVD mediate sex differences in cognitive func-
tioning in Dutch older adults. Results showed that
women had better information processing speed and
episodic memory than men and that the sex difference
in information processing speed further increased

during the follow-up. Smoking, depressive symp-
toms, obesity, systolic blood pressure, WHR, total
cholesterol, and HDL cholesterol explained the sex
difference in information processing speed. Smoking,
depressive symptoms, obesity, and physical activity
explained the sex difference in episodic memory. In
addition, we found an exposure-mediator interaction
for smoking, LDL cholesterol, and diabetes mellitus
on information processing speed, indicating that the
effects of these mediators on information processing
speed differed between men and women. Sex dif-
ferences in cognitive functioning were thus partially
mediated by CVRFs. However, the indirect effect
estimates were small, suggesting that other mecha-
nisms likely play a role as well.

Comparison to previous findings

To our knowledge, this is the first study assess-
ing the mediating role of CVRFs and CVD in sex
differences in cognitive functioning. Consistent with
previous findings, sex differences in cognitive func-
tioning were small to moderate [48—51]. In line with a
previous study, the sex difference in information pro-
cessing speed increased during follow-up, because
men declined more rapidly than women, and the sex
difference in episodic memory remained stable over
time [2]. Due to a similar prevalence or mean value
of CVRFs and CVD between men and women (small
a-path), a small effect of CVRFs and CVD on cogni-
tive functioning (small b-path) or both, the majority of
the indirect effect estimates were small in comparison
with the total effects of sex on information processing
speed and episodic memory. Nevertheless, our study
has provided evidence that CVRFs and CVD consti-
tute one mechanism that, among other mechanisms,
contributes to our understanding of sex differences in
cognitive functioning.

Although female-specific risk factors such as early
menopause and hormone therapy were notincluded in
this study because these factors cannot be compared
to men, female-specific risk factors have a nega-
tive influence on cognitive functioning and may have
pulled down the mean scores of women [52]. Conse-
quently, sex differences in cognitive functioning may
have been even larger.

Mechanisms relating CVRF's to cognitive
functioning

Interestingly, CVD did not come forward as a
mediator in our analyses. Both the sex difference in
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the prevalence of CVD and the effect of CVD on
cognitive functioning may have been too small. This
suggests that the mechanisms explaining sex differ-
ences in cognitive functioning only to a limited extent
operate through CVD and that CVRFs likely affect
the brain more directly. Smoking, physical inactiv-
ity, obesity, depressive symptoms, and systolic blood
pressure were statistically significant in at least one
of the multiple mediator models. All have been asso-
ciated with structural and functional brain changes,
including grey matter atrophy, small vessel disease,
reduced white matter integrity, decreased blood flow,
and reduced functional activity, that have a negative
influence on cognitive functioning [17, 53-57]. Sev-
eral mechanisms have been hypothesized that could
cause these structural and functional brain changes.
First, an imbalance in cytokines and neurotransmit-
ters has been observed in depressed or obese persons,
impairing cellular signaling and dysregulating neu-
ronal networks in the brain [17, 52, 55]. Second,
brain-derived neurotrophic factor levels, important
for maintaining the structural integrity of the brain,
increase in response to physical activity and are low
in depressed or obese persons [17, 54, 55, 57]. Third,
compounds of cigarette smoke could have cytotoxic
effects on cerebral tissue, resulting in cell injury and
neuronal cell loss [53]. Finally, cerebral hypoperfu-
sion can cause hypoxia, which interferes with normal
brain function [58]. Cerebral hypoperfusion can stem
from cytotoxic effects of compounds of cigarette
smoke on blood vessels, but also from hypotension
[53]. In younger adults, lower blood pressure has been
associated with better cognitive functioning, but due
to age-related impairment of the blood pressure reg-
ulation mechanisms, higher blood pressure may be
beneficial for cognitive functioning in older adults
[59, 60].

Therefore, some of these mechanisms could be
related to CVD, but not all. In line with this, we found
that indirect effect estimates for CVRFs were hardly
attenuated in multiple mediator models. Moreover, in
a post-hoc analysis (data not shown) we found that
they were not further attenuated by CVD, suggesting
that there was limited overlap between the mediating
effects of CVRFs.

Finally, CVRFs seemed to explain a larger part of
the sex difference in information processing speed
than of episodic memory, suggesting that CVRFs
have a larger influence on information processing
speed [61, 62]. An explanation may be that impaired
memory function likely results from damage to a spe-
cific brain area, the hippocampus, while impaired

information processing speed likely results from
damage to the more widespread white matter tracts
covering various brain areas, and CVRFs appear to
affect the brain more generally than a single area [63].

Strengths and limitations

A strength of this study is the availability of
two measures of cognitive functioning, providing
the opportunity to study and compare the effects on
two domains of cognitive functioning. Furthermore,
a wide variety of mediators were included, cover-
ing various aspects of cardiovascular health. Another
strength is the use of a large observational population-
based cohort of older adults with an almost equal
number of men and women, which allowed us to
estimate multiple mediator models, providing indi-
rect effect estimates adjusted for the influence of the
other hypothesized mediators [64].

A limitation of the current study is that follow-
up data was not available for all respondents on all
mediators, which is the reason we limited the follow-
up duration to approximately six years. We assumed
that changes in most CVRFs and CVD over a six-
year period would be small on average. A study
showed that, in general, the differences in average
changes in CVRFs between men and women were
small, which implies limited bias in the a-paths [65].
Evidence on how changes in CVRFs and CVD affect
cognitive functioning is lacking, making it hard to
determine how our assumption has biased the b-
paths. Another source of bias is attrition, which was
mainly because of missing data on follow-up. As
sex differences in both measures of cognitive func-
tioning were larger in included respondents than in
excluded respondents, true sex differences may have
been smaller. The proportion of men and women was
similar in included and excluded respondents, sug-
gesting limited bias in the a-paths. The b-paths may
be underestimated because the excluded respondents
on average had an unhealthier cardiovascular risk pro-
file and worse cognitive functioning than included
respondents. Another limitation is that we only took
current blood pressure and cholesterol levels into
account, as data on levels earlier in life that could
also have affected cognitive functioning were not
available. Also, we did not adjust for medication that
can impair cognitive functioning, such as benzodi-
azepines and anticholinergics, however, these effects
are likely to be small [66]. Finally, other studies are
needed to verify whether the variety of associations
that we tested are replicated in different samples.
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Future perspectives on cardiovascular risk
management to preserve cognitive functioning

Women had better cognitive functioning, which
was partially explained by the fact that women, in
general, had a healthier cardiovascular risk profile
than men. As the CVRFs under study are modifi-
able, cardiovascular risk management may help to
preserve cognitive functioning. Our study provides
some additional insights.

First, not all CVRFs had a negative effect on cog-
nitive functioning. Higher total cholesterol levels and
higher blood pressure were associated with better
cognitive functioning. For this reason, some aspects
of cardiovascular risk management, but not all, may
have a beneficial effect on cognitive functioning of
older adults.

Second, sex- and age-specific strategies may be
of importance to preserve cognitive functioning. For
example, our results for information processing speed
suggest that an intervention on smoking may be effec-
tive in men only and that an intervention on diabetes
mellitus may be effective in women only.

Finally, the effects of lifestyle interventions and
antihypertensive withdrawal on cognitive functioning
were limited in clinical trials, yet some CVRFs were
statistically significantly associated with worse cog-
nitive functioning in our study [67-69]. This could
mean that the effects we found are too small to be
clinically relevant, but also that the effects of CVRFs
on cognitive functioning are (partially) irreversible.
In addition, our results suggest that interventions on
CVRFs may be less beneficial for memory function
than for processing speed. Both the reversibility as
well as the clinical relevance of effects of CVRFs on
different cognitive functions need to be explored in
future studies.

CONCLUSION

The current study investigated the mediating role
of CVRFs and CVD in sex differences in cogni-
tive functioning. Differences in the prevalence of
CVRFs partially explained why women had bet-
ter cognitive functioning than men. In addition, the
effects of smoking, LDL cholesterol, and diabetes
mellitus on information processing speed differed
between women and men. A healthy cardiovascular
lifestyle seems beneficial for cognitive functioning
and sex-specific strategies may be important to pre-
serve cognitive functioning at older age.
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