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Abstract.

Background: It is inconclusive on how sex affects the risk of developing mild cognitive impairment (MCI) or dementia.
Objective: To investigate how sex affects the risk of developing MCI or dementia.

Methods: A secondary data analysis was performed on data collected from participants enrolled at Alzheimer’s Disease
Research Centers funded by National Institute on Aging. There were two inclusion criteria: 1) participants were free of
dementia at the baseline visit; 2) every participant must have at least one follow-up visit. A Cox proportional hazards model
was used to investigate how sex affects the risk of developing cognitive impairments.

Results: During a follow-up period of more than 10 years, male participants had a slightly higher incidence than female
participants for either MCI or dementia. Not surprisingly, a higher prevalence was observed in male than female participants
for either MCI or dementia. However, male participants had a higher mortality rate than their female counterparts.
Conclusion: The male sex is associated with a higher risk for developing cognitive impairments along the aging process.
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INTRODUCTION

Mild cognitive impairment (MCI) and dementia
represent the early and advanced stages in the spec-
trum of cognitive deterioration respectively. Both the
incidence of MCI [1] and the prevalence of dementia
[2, 3] increased along with the aging process. How-
ever, it is inconclusive on how sex interacts with the
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aging to affect the risk of developing MCI or demen-
tia. As reported, neither prevalence nor incidence
of MCI had statistically significant sex differences
[3-5]. In addition, no sex difference was observed
with either incidence [6] or prevalence of dementia
[2, 3]. By contrast, women were observed for hav-
ing a higher prevalence of MCI than men from two
Chinese studies [7, 8]. Interestingly, a higher preva-
lence of MCI was seen in men than women from a
community-based sample [9]. Therefore, our study
aimed to investigate how sex interacts with age to
affect the risk of developing MCI or dementia using
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data collected from participants of National Insti-
tute on Aging-funded Alzheimer’s Disease Research
Centers (ADRCs).

METHODS
Farticipants

National Alzheimer’s Coordinating Center (NA
CC) has the data collected from participants of
National Institute on Aging-funded ADRCs [10].
Participants are recruited from different sources in-
cluding references from arelative, friend, or clinician,
ADRC solicitation, non-ADRC media appeal, and
other community outreach efforts [11]. Demographic
information, medical history, neurological exami-
nation, and neuropsychological assessment are col-
lected during annual visits [ 12]. Participants included
in the current study met the following three crite-
ria: 1) who were evaluated between 06/09/2005 and
08/14/2016 as part of the Uniform Data Set (UDS);
2) who did not have a diagnosis of dementia at the
baseline; 3) who had at least one follow-up visit. In
total, there are 8,467 participants, of which 2,868
are males and 5,599 are females. Both demographic
information and apolipoprotein (APOE) &4 carrier
status were compared between male and female par-
ticipant groups (Table 1).

Cognitive diagnosis

As part of the UDS, cognitive assessment data
were collected from participants on an approximately
annual basis [11]. If a participant missed the annual
follow-up visit window, the next assessment would
be accepted by the NACC as the subsequent visit.
Cognitive diagnoses were made either by a sin-
gle clinician or a multi-disciplinary consensus team
using neuropsychological performance, neurological
examination results, and medical history details. Cog-
nitive diagnosis classifications relevant to the current
study included normal cognition (NC), MCI, and
dementia.

NC was defined by 1) Clinical Dementia Rating
(CDR)=0 (no dementia) [13]; 2) no deficits in activi-
ties of daily living directly attributable to cognitive
impairment; and 3) no evidence of objective cog-
nitive impairment. NC was defined as performance
falling less than 1.5 standard deviations within the
age-adjusted normative mean on neuropsychologi-
cal tests assessing language, attention, memory, and
executive functioning [11].

MCI determinations were based upon Petersen cri-
teria [14] and defined as 1) a CDR <0.5 (reflecting
mild severity of impairment); 2) relatively spared
instrumental activities of daily living; 3) objective
cognitive impairment in at least one domain (i.e.,
performance falling greater than 1.5 standard devi-
ations outside the age-adjusted normative mean in
memory, language, attention, or executive function-
ing) or a significant cognitive decline over time on
the neuropsychological evaluation; 4) Mini-Mental
State Examination (MMSE)>23[15, 16]; 5) report of
a cognitive change by the patient or informant or as
observed by a clinician; and 6) absence of dementia.

Dementia was defined as meeting criteria for
Alzheimer’s disease (AD) [17] or other dementias
[18-23] defined as 1) objective cognitive impairment
(i.e., performances falling greater than 1.5 standard
deviations outside the age-adjusted normative mean)
in at least two cognitive systems (i.e., memory, lan-
guage, attention or executive functioning); and 2)
cognitive impairment contributes directly to impaired
activities of daily living.

Statistical analysis, tables, and figures

SPSS (version 26.0) was used for all statistical
analyses. Descriptive analyses of demographic and
clinical variables were compared between male and
female participants. Means (and standard deviation)
or frequencies were calculated for the demographic
variables of age, education, race, and APOE &4 carrier
status [24]. Two-sample t-tests were used to com-
pare age and education between the male and female

Demographic and genetic information were compared between male and female participant groups

Male (n=2,868) Female (n=5,599) P
Age (y) 72.84 £10.55 71.66 £10.51 <0.001
Education (y) 16.50£3.0 15.51 £2.82 <0.001
APOE &4 Carrier 1,719/719/430 3,307/1,427/865 0.835
Status (+/-/unknown) (59.94%125.07%114.99%) (59.06%/ 25.49%/15.45%)
Race (White/ 2573/207/88 4,636/782/181 <0.001
Black/Other) (89.71%17.22%13.07%) (82.8%/13.97%13.23%)

Both age and education are shown in the format of mean &+ SD. APOE, Apolipoprotein epsilon; SD, standard deviation.
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participant groups. Chi-square tests were used to
compare the race and APOE &4 carrier status between
the male and female participant groups (Table 1).

A Cox proportional hazards model was used to inv-
estigate how sex affects the risk of developing cogni-
tive impairments with considering baseline age, level
of education, race and APOE &4 carrier status. Then
incidence of MCI and its subtypes: amnestic MCI
(aMCI) and non-amnestic MCI (naMCI), dementia
or mortality was compared between the male and
female participant groups during the whole follow-
up period of more than 10 years. The prevalence of
MCI or dementia was also calculated between the
two participant groups and plotted against the annual
follow-up visits. Data were presented in the form of
mean =+ standard deviation, and p <0.05 was consid-
ered as significant in all statistical analyses. Figures
were created using Microsoft Excel.

Standard protocol approvals, registrations, and
patient consents

All contributing ADRCs are required to obtain
informed consent from their participants and main-
tain their own separate IRB review and approval from
their institution prior to submitting data to the NACC.

Data availability statement

Data and analytical methods are carefully docu-
mented for the performed study. Any data-sharing
request can only submit to the NACC for approval
purpose.

RESULTS

At the baseline, male and female participants
were significantly different pertaining to age, edu-
cation, and race but not the APOE &4 carrier status
(Table 1). The baseline age for male participants was
72.84 £ 10.55, which was slightly older than that of

71.66 £ 10.51 years old for the female participants
(» <0.001). For education, the two sexes had an aver-
age of college education although the average of
education level (in years) was slightly higher in males
than females (p <0.001). For Race, there was a higher
percentage of Whites in the male participant group
than the female participant group (p <0.001). How-
ever, the male and female participant groups were
comparable according to the APOE &4 carrier status.

From the Cox regression analyses, the haphazard
coefficient is around —0.25 for developing MCI. The
female group had a lower risk for MCI than the male
group with the average relative risk being 0.78 (95%
confidence interval: 0.75-0.82; p <0.001). Similarly,
the haphazard coefficient is around —0.21 for devel-
oping dementia. The female group had a lower risk
for dementia than the male group with the average
relative risk being 0.81 (95% confidence interval:
0.71-0.92; p=0.001).

Next, the incidence of MCI, dementia or mortality
was compared between the male and female partici-
pant groups (Table 2). The males had a slightly higher
incidence of MCI or dementia. For either amnestic or
non-amnestic subtypes of MCI, a higher incidence
was observed in the male than the female participant
group (Table 2). Not surprisingly, the mortality rate
was also higher in the male participant group. In order
to ascertain if a younger death age in the males was
the reason for their slightly higher mortality than
females, the death age was compared between the
male and female participant groups. Surprisingly, the
death age was comparable between the two sexes.
Death age for male participants was 89.12 £6.77,
which is not significantly different from that for
female participants of §9.06 £ 8.3 (p =0.99).

Last, the prevalence of either MCI or dementia was
compared between the two sex groups (Figs. 1 and
2). For MCI, the male participant group always had a
higher prevalence than the female participant group
for the whole follow-up duration. The prevalence had
a steadily up-going phase for the first 5 years, which

The incidence of MCI, dementia or mortality was compared between male and female participant groups

Male (N =2,868)

Female (N =5,599) Risk Ratio (95%

confidence interval)

MCI 185.19/1000 person-years
aMCI 210.13/1000 person-years
naMCI 107.32/1000 person-years
Dementia 30.52/1000 person-years

Mortality 177.77/1000 person-years

157.48/1000 person-years
189.22/1000 person-years
94.61/1000 person-years
26.06/1000 person-years
140.54/1000 person-years

1.18 (1.18-1.25)
1.11 (1.03-1.34)
1.13 (1.05-1.34)
1.17 (1.09-1.29)
1.26 (1.04-1.41)

MCI, mild cognitive impairment; aMCI, amnestic MCI; naMCI, non-amnestic MCI.
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Fig. 1. A higher prevalence of mild cognitive impairment (MCI)
was seen in male than female participants.
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Fig. 2. A higher prevalence of dementia was seen in male than
female participants.

was followed by a plateau phase of about 3 years
and down-going phase after that. Interestingly, the
prevalence for the male participant group went down
around the eighth year of follow-up and then the two
sexes had comparable prevalence.

For dementia, the male participant group had a
higher prevalence than the female participant group
for the whole follow-up duration. Although the preva-
lence was getting close to each other between the
two sex groups around the eighth follow-up year, the
prevalence of dementia in male participant group was
always higher than the female participant group as a
pattern.

DISCUSSION
Both incidence and prevalence of MCI were higher

in the male than the female participant group (Table 2
and Fig. 1). The overall prevalence of MCI in our

study was consistent with what has been reported in
aprevious study [8]. Regarding to the aMCI, our find-
ings are consistent with previous reports that men had
a higher prevalence than women [25, 26]. However,
women were reported for having a higher prevalence
of naMCI than men [4].

The prevalence of dementia in our study is com-
parable to those from a Korean study with an elderly
population [27]. It is worthy to note that our study
sample does represent a population instead of a con-
venience sample. By contrast, a higher prevalence of
dementia had been reported by another recent study,
in which the participants were adults aged 70 and
above [28]. The baseline age is different from those
participants in our study, which might explain the
discrepancy on the dementia prevalence, as aging by
itself is a significant risk factor for dementia [2, 3]. As
shown from our data, if the death age were compa-
rable between the sexes, males would have a higher
incidence or prevalence of either MCI or dementia
than females.

Although female sex was reported as a risk factor
for AD in some studies [6, 29], our specific dataset
did not have information for us to differentiate AD
and other types of dementia. Therefore, it is beyond
the scope of the current study to compare incidence
or prevalence of AD between the two sexes.

The current study has a number of strengths. The
large NACC sample size offered power to detect even
modest effects of sex on incidence or prevalence of
MCI or dementia. Additionally, the diagnostic crite-
ria for NC, MCI, and dementia are standard across
participating sites, which made it possible for obtain-
ing a decent sample from the NACC UDS. At last,
the longitudinal follow-up represents an important
methodological strength, allowing us to better delin-
eate how sex interacts with age to affect the incidence
as well as prevalence of MCI or dementia. Despite
these strengths, there are some limitations for the
current study. Participants comprising the NACC
dataset represent a convenience sample, including
clinical-referrals and community-based volunteers
who are predominantly White and well educated. The
prevalence was calculated using number of affected
individuals MCI or dementia divided by the total
number of observed participants, which did catch the
effects of follow-up losses. In addition, there are more
female participants than male participants, which
might reflect the difference on the willingness to par-
ticipate in study or how do they approach healthcare
between the two sexes. Thus, forming comparison
groups based on sex could bring selection biases to the
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observed outcomes. Collectively, these factors limit
the generalizability of our findings.

To summarize, male sex itself is a risk factor
for developing cognitive impairments of either MCI
or dementia. It was reported sex specific degenera-
tions occurred along with aging in certain subcortical
brain structures including basal ganglia, thalamus,
hippocampus, and amygdala [30]. For example, hip-
pocampus degeneration was only observed in males,
whereas disproportionate degeneration in the basal
ganglia and thalamus was specific for females [30].
The different sex-specific degenerations of subcorti-
cal brain structures explains not only why sex plays
a role in the different incidence and prevalence of
MCI or dementia but also those differences in the
subtypes of MCI or dementia. Nonetheless, many
other factors are known to be involved in the cog-
nitive impairment development including education
[3, 29], APOE &4 carrier status, and race, which in
turn are closely related to either incidence or preva-
lence of MCI or dementia. For example, rates of
aMCI increased significantly with age in men and
in Blacks [26]. In addition, the prevalence of demen-
tia increased in subjects with a low level of education
[3]. Therefore, it is important to consider all these
factors when studying the role of sex in the process
of cognitive deteriorations.
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