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Abstract

INTRODUCTION: Mounting evidence suggests that certain comorbidities may influ-
ence the clinical evolution of Alzheimer’s dementia (AD).

METHODS: We conducted logistic regression analyses on the medical history and
cognitive health diagnoses of participants in the Australian Imaging, Biomarker &
Lifestyle study (n = 2443) to investigate cross-sectional associations between various
comorbidities and mild cognitive impairment (MCI)/AD.

RESULTS: A mixture of associations were observed. Higher comorbidity of anxiety and
other neurological disorders was associated with higher odds of AD, while arthritis,
cancer, gastric complaints, high cholesterol, joint replacement, visual defect, kidney
and liver disease were associated with lower odds of AD.

DISCUSSION: This study underscores the links between specific comorbidities and
MCI/AD. Further researchis needed to elucidate the longitudinal comorbidity-MCI/AD

associations and underlying mechanisms of these associations.

KEYWORDS
Alzheimer’s dementia, cognitive impairment, comorbidity, cross-sectional, mild cognitive impair-
ment

Highlights

» Comorbidities that significantly increased AD odds included anxiety and other
neurological disorders.

 Arthritis, cancer, gastric complaints, high cholesterol, joint replacement, visual
defect, kidney and liver disease were associated with lower odds of AD.
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* Alcohol consumption had the most significant confounding effect in the study.

» Visual-AD association was modified by age, sex, and APOE ¢4 allele status.

* Anxiety-AD and depression-AD associations were modified by sex.

1 | BACKGROUND

Alzheimer’s dementia (AD) is a neurodegenerative disease and the
most common cause of dementia, accounting for 60-80% of all cases.!
AD progresses from preclinical, prodromal (mild cognitive impairment
[MCI]), to dementia stages.’? In the preclinical stage, early pathologi-
cal changes are generally not recognizable, and functional impairments
in daily activities are not observed. Prodromal AD (MCI) is a transi-
tional stage; a previous study showed that the conversion rate of AD
from MCI ranged from 10-34% over 1 year and 11-38% over 5 years.?
In the dementia stage, considerable neuropathological changes occur
in the brain and cognitive function deteriorates leading to diminished
communication skills and impaired daily living.24-¢

The apolipoprotein E (APOE) gene has been identified as a major
player influencing the onset of AD, with the ¢4 allele increasing AD risk
by up to 15-fold and the €2 allele reducing the risk by nearly half.”~10
In addition, various diseases (e.g., hypercholesterolemia, depression,
cancer, diabetes, stroke, and other cardiovascular diseases) have been
suggested to be comorbid with AD.1112 These comorbidities can
potentially be modifiers to the clinical evolution of MCI/AD, attributed
to pathological mechanisms potentially shared between them and
MCI/AD, such as the presence of the APOE ¢4 allele and accumula-
tion of amyloid-beta (AB).1112 However, the lack of consistent study
design and methodology has often led to inconclusive results and a
mixture of positive, negative, and neutral associations between comor-
bidities and MCI/AD.1112 For example, while diabetes mellitus has
been shown in some studies to increase AD risk to the point of dub-
bing AD “type 3 diabetes,” other studies observed no significant change
in risk, which could be due to different design factors such as the
population, sampling methods, and the different types of diabetes
investigated.13-15

The Australian Imaging, Biomarker and Lifestyle (AIBL) study
was launched in 2006, which aims to investigate the natural his-
tory of Alzheimer’s disease, from preclinical onset to development
of dementia. The current study utilized lifestyle, clinical and cog-
nitive data collected at the AIBL study baseline for cross-sectional
analyses to determine the comorbidities that are associated with
increased/decreased incidence of MCI/AD within older Australians.
Unravelling these associations may make it possible to identify modify-
ing factors to the clinical evolution of MCI/AD and assist with assessing

cognitive impairment.

2 | METHODS

2.1 | Human ethics and data collection

The AIBL study was approved by the institutional ethics committees of
St. Vincent'’s Health and the University of Melbourne. All AIBL partici-
pants have provided written informed consent before any assessments
and the study abided by the Helsinki Declaration of 1975. All secondary
data used in the present study has been de-identified. The data were
collected from 2831 older Australians, and the cohort is gender bal-
anced. The data were collected over a maximum of 10 time points
spanned up to 18 months apart at the study centers in Perth or Mel-
bourne. The data includes information on participant demographics,
medical history, lifestyle factors (e.g., alcohol, smoking), APOE geno-
types, and cognitive health diagnosis. Cognitive health was evaluated
by a set panel of neuropsychological tests conducted by geriatricians
and neuropsychologists. Medical history and lifestyle information were
collected via a comprehensive questionnaire. All participant data were
stored in the AIBL database. For the secondary data analysis, permis-
sion was granted to collect the dataset directly from the AIBL scientific

committee.

2.2 | Exposure and outcome

The comorbidities measured as exposures include (in descending order
of prevalence) visual defects, arthritis, hypertension, high cholesterol,
gastric complaints, cancer, depression, falls, anxiety, joint replace-
ment, (para)thyroid disease, diabetes, atrial fibrillation, kidney disease,
neurological disorders, angina, heart attack, transient ischemic heart
attack, liver disease, and stroke. To ensure we had a reasonable
sample size for analysis, only the 20 most prevalent comorbidi-
ties in AIBL participants were assessed. The exposure status was
determined at baseline based on medical history and self-report.1¢
Explanatory notes for some comorbidities are provided in the Supple-
mentary Materials (Definitions and criteria of comorbidities in AIBL
study).

Participants were categorized as cognitively unimpaired (CU), MClI,
AD, or other dementia (OD) as per previously described.’® OD par-
ticipants were excluded from further analysis since OD was not an
outcome of interest or relevance.
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2.3 | Covariates

Age, sex, smoking status, highest level of education completed, alcohol
consumption frequency, and APOE genotype were measured for sub-
analysis. These covariates were chosen due to other studies identifying
them as possible risk factors for AD.”-17-22 Age was categorized as <60
years, 60-69 years, 70-79 years, 80-89 years, and >90 years. Sex was
categorized as “female” and “male.” Smoking status was categorized as

»

“current,” “former,” and “never smoking.” Education level was grouped

» o« » o«

as “0-8 years,” “9-12 years,” “13-15 years,” and “15+ years.” Alco-

hol consumption frequency was categorized as “daily or almost daily,”

» o«

“weekly,” “monthly or occasional,” and “never.” APOE genotype was
categorized as “c4 allele carrier” and “¢4 allele non-carrier.” Informa-
tion on these covariates was obtained from lifestyle questionnaires or

self-report at baseline.

2.4 | Data analysis

The AIBL dataset was exported and viewed via Microsoft Excel (Ver-
sion 16.8), and the exposure and outcome data were statistically
analyzed via Stata/BE 17.0 (StataCorp LLC, College Station, TX)%° to
determine the strength of cross-sectional association between each
comorbidity and MCI/AD. These associations were represented as
odds ratios (ORs), comparing the odds of developing MCI/AD in the
target cohort (exposed to the comorbidity) to the reference cohort
(unexposed to the comorbidity). In addition, the statistical differences
in demographic data between the cognitive health groups (CU, MCl,
or AD) were assessed using an analysis of variance (ANOVA) test for
quantitative variables (age in years) and a chi-squared test for qualita-
tive variables (sex, APOE genotype, education level, smoking status, and
alcohol consumption). Univariable and multivariable logistic regression
models (LRMs) were used to calculate the unadjusted and adjusted
ORs (with corresponding 95% confidence intervals [CI] and p values),
respectively. By using multivariable LRMs, selected comorbidities were
also analyzed for their association with MCI/AD across covariates by
stratifying ORs by the groups of each covariate. The change in magni-
tude of the stratified ORs and the likelihood ratio test (LRT) were used
to determine whether these covariates had any significant modifying
effect onthese associations. For the LRT, a p value of .05 was the chosen
threshold for significance. Adjusted ORs were also calculated to assess
any confounding effect. The complete-case analysis method was used
when incorporating exposure and covariate data into the analyses, by
omitting participants that lacked the exposure or covariate data in the

specific analysis.
3 | RESULTS
31 |

Participant description

A total of 2831 participants from AIBL dataset were initially evalu-

ated, and data from 388 participants were excluded from secondary

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: Increased or decreased risk of
Alzheimer’s dementia (AD) has been observed in indi-
viduals with comorbidities. These associations have
frequently been investigated in separate cohorts, often
focusing on a single comorbidity or a group of dis-
eases such as cancer. To our knowledge, this is the
first epidemiological study to comprehensively assess
cross-sectional associations between 20 comorbidities
and mild cognitive impairment (MCI)/AD using a single
dataset.

2. Interpretation: We found that higher comorbidity of anx-
iety and other neurological disorders was associated with
higher odds of AD, while arthritis, cancer, gastric com-
plaints, high cholesterol, joint replacement, visual defect,
kidney and liver disease were associated with lower odds
of AD.

3. Future direction: Longitudinal research is essential to
elucidate the significant associations identified in this
study and to determine whether the results can be
generalized to the population beyond the AIBL cohort.

analysis in the present study due to missing cognitive health diagnoses
(n=353) or being OD (n = 35). Ultimately, 2443 participants were eli-
gible for further analyses (1493 CU, 456 MCI, and 494 AD) (Figure 1A).
The proportion of each cognitive health group for AIBL participants is
presented in Figure 1B.

A summary of demographic covariates for each cognitive health
group is summarized in Table 1. There were no missing data for sex,
but up to 27.8% missing data for other covariates. The mean age of CU,
MCI, and AD participants was approximately 76 years. The sex distri-
bution was generally comparable in each group. About one-quarter of
CU participants were APOE ¢4 allele carriers, in contrast to half of MCI
participants and two-thirds of AD participants. More than half of MCI
and AD participants completed <12 years of education (i.e. high school
and/or primary school), in contrast to about two-fifths of CU partici-
pants. More than half of participants in each group had never smoked,
and less than 4% of each group were current smokers; additionally,
about two-fifths of CU, MCl, and AD participants were former smokers.
Almost half of MCI and CU participants reported drinking every day
or almost every day, whereas only about two-fifths of AD participants
reported drinking at this frequency.

The number of participants affected by each comorbidity in the
three cognitive health groups is summarized in the Table S1. The
comorbidity with the highest number of MCl (n=266) and AD (n =284)
cases was visual defects. The comorbidity with the lowest number
of MCI and AD cases was stroke (n = 10) and liver disease (n = 9),

respectively.
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(A) Participants
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AIBL study
(n=2831)
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Participants Participants
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(n=388) (n=2443)
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Due to
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data (n=35) (n=1493) (n=456) (n=494)
(n=353)
\ J
FIGURE 1

proportion of each cognitive health group in the AIBL cohort.

TABLE 1 Statistical summary of covariates.

Covariate
Age in years, mean (SD)
Sex, number (%)
Female
Male
APOE ¢4 allele carrier, number (%)
Yes
No
Highest education level, number (%)
0-8
9-12
13-15
15+
Smoking status, number (%)
Current
Former
Never
Alcohol consumption, number (%)
Most or every day
Weekly
Monthly or occasional

Never

CU (n = 1493)
76.2(7.0)

853(57.1)
640 (42.9)

409 (28.1)
1045(71.9)

100 (6.8)

521(35.2)
313(21.2)
545 (36.8)

38(3.2)
458 (38.0)
709 (58.8)

556 (47.6)
288(24.7)
141(12.1)
182(15.6)

MCI (n = 446)
75.9 (8.4)

224 (49.1)
232(50.9)

206 (53.8)
177 (46.2)

52(12.6)
197 (47.7)
72(17.4)
92(22.3)

12(3.6)
129(38.5)
194 (57.9)

132(47.7)
49 (17.7)
35(12.6)
61(22.0)

(B)

52.7%

CU

AD (n=494)
76.4(9.7)

274 (55.5)
220 (44.5)

270 (64.8)
147(35.2)

74(16.9)
186 (42.6)
83(19.0)
94 (21.5)

5(1.3)
149 (39.6)
222(59.1)

119(37.3)
55(17.2)
42(13.2)

103(32.3)

(A) Flowchart demonstrating the selection process of AIBL participants for quantitative analysis. (B) Pie chart representing the

p-Value
<.001
011

<.001

<.001

.369

<.001

Note: Missing data: Age = 18 (0.74%), APOE genotype = 189 (7.7%); education level = 114 (4.7%), smoking status = 526 (21.6%); alcohol consumption = 680

(27.8%).

3.2 | Unadjusted ORs

The unadjusted associations between the comorbidities and
MCI/AD are summarized in Tables S2 and S3. Approximately

half of the ORs for AD were >1, indicating an increase in

odds of developing AD for those with the comorbidity com-

pared to those without. A similar trend was observed for MCI,

although these

as the corresponding confidence

(p>.05).

results were subject to greater

uncertainty

intervals crossed null value
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TABLE 2 Multivariable logistic regression of the relationship between comorbidities and MCl, stratified by covariates.

Comorbidity-MCl association, OR [95% Cl]

Disease Monitoring

50f12

Covariate Arthritis Cancer
Age
<60 years n/a? n/a?
60-69 years 1.03[0.56,1.92]  1.43[0.71,2.91]
70-79 years 0.53[0.37,0.74]  0.70[0.46, 1.06]
80-89 years 0.60[0.38,0.95]  0.54[0.33,0.87]
>90years 1.05[0.25,4.46]  0.56[0.15,2.00]
Sex
Female 0.71[0.51,0.99] 0.86[0.58,1.27]
Male 0.63[0.45,0.89]  0.57[0.39,0.84]

Smoking status

Gastric complaints

0.36[0.05,2.37]
0.67[0.33,1.45]
0.56[0.39,0.82]
0.59[0.38,0.91]
0.38[0.09,1.53]

0.53[0.38,0.75]
0.67[0.46,0.96]

Never 0.63[0.45,0.89] 0.61[0.41,0.92] 0.56[0.39,0.82]
Former 0.50[0.33,0.75]  0.71[0.45,1.11]  0.45[0.29,0.69]
Current 0.61[0.16,2.34] 1.21[0.26,5.54]  2.60[0.67,10.23]

Highest education level

0-8years 0.30[0.14,0.64] 0.74[0.30,1.82]  0.34[0.15,0.75]
9-12years 0.56[0.39,0.80] 0.74[0.48,1.13]  0.50[0.34,0.74]
13-15years 0.71[0.41,1.23] 0.69[0.36,1.33]  0.72[0.40, 1.29]
15+ years 0.80[0.49,1.29] 0.98[0.59,1.62] 0.77[0.47,1.28]
Alcohol consumption
Never 0.64[0.35,1.19]  1.10[0.58,2.06]  0.53[0.29,0.98]
Monthly or occasional 0.37[0.18,0.79] 0.68[0.30, 1.58] 0.59[0.27,1.31]
Weekly 0.55[0.30, 1.01] 0.5710.27,1.23] 0.78[0.41,1.51]
Every or most days 0.61[0.42,0.90] 0.58[0.37,0.92] 0.44[0.29,0.67]

APOE 4 allele carrier

No
Yes

0.66[0.46,0.95]
0.82[0.56, 1.22]

0.80[0.53,1.22]
0.61[0.38,0.95]

0.66[0.45,0.97]
0.55[0.37,0.83]

Heart attack

n/a?

0.54[0.07,4.35]
1.78[0.93,3.41]
1.91[1.06,3.43]

n/a?

1.26[0.62,2.56]
1.50[0.90, 2.50]

1.45[0.83,2.55]
1.47[0.74,2.95]

n/a?

0.77[0.23,2.55]
1.81[0.99,3.29]
1.40[0.54, 3.64]
0.62[0.19, 2.08]

0.53[0.15, 1.88]
1.57[0.47,5.28]
1.84[0.69,4.87]
1.40[0.71,2.76]

1.54[0.82,2.87]
1.56[0.79, 3.08]

Thyroid disease

n/a?

0.49[0.17,1.44]
0.59[0.34,1.00]
0.50[0.26,0.96]
0.52[0.10, 2.65]

0.59[0.32,0.91]
0.51[0.24, 1.10]

0.60[0.36, 1.00]
0.54[0.29,1.00]

n/a?

0.92[0.37,2.31]
0.38[0.20, 0.69]
0.39[0.15,1.02]
0.85[0.42,1.72]

1.05[0.48,2.30]
0.29[0.08,1.01]
0.50[0.19, 1.33]
0.78[0.45,1.37]

0.39[0.20,0.75]
0.66[0.38,1.14]

Visual defects

0.48[0.07,3.61]
0.93[0.45,1.95]
0.50[0.33,0.76]
0.24[0.14,0.43]
0.27[0.05, 1.49]

0.42[0.28,0.64]
0.55[0.37,0.83]

0.53[0.34,0.83]
0.38[0.23,0.62]
1.88[0.20, 17.49]

0.32[0.14,0.76]
0.48[0.31,0.74]
0.92[0.42,1.99]
0.57[0.29,1.10]
b

0.57[0.25,1.31]
0.37[0.13,1.03]
1.57[0.53,4.63]
0.35[0.22,0.56]

0.39[0.25,0.61]
0.57[0.36,0.91]

20Rs cannot be calculated when there are zero individuals in either the exposed or unexposed group.

bThe LRT gave a p value <.05.

3.3 | Stratified ORs
The associations between comorbidities and MCI/AD when stratified
by covariates are summarized in Tables 2 and 3, respectively. Over-
all, the stratified ORs for each comorbidity were in the same direction
as the unadjusted OR, and only the magnitude of association changed,
albeit often minimally. Most of the LRTs (Table S4) were not statistically
significant (p > .05), providing weak evidence against the null hypothe-
sis that these covariates do not modify the association between many
comorbidities and MCI/AD. However, caution should be taken when
using the LRT for determining effect modification significance, as stud-
ies are often too underpowered to detect interaction and may give a
high p value even when modification is present.

When stratified by age, older participants with comorbidities were
often found to have lower odds of MCI/AD than those without. Two
exceptions were the associations between depression, high choles-

terol, and AD, for which the ORs increased almost three-fold and

five-fold, respectively, when comparing the youngest age group with
the oldest age group. It should be noted that there were small num-
bers of participants in the groups for ages <60 and >90, which often
led to underpowered sub-analyses (as reflected by the wide confidence
intervals) or no possible analyses at all, and thus potentially unreliable
results. If these groups are disregarded, the modifying effect from age
is negligible. In addition, there was strong evidence against the null
hypothesis that the association between visual defects and AD is not
modified by age (LRT p =.038), suggesting that age could be a potential
effect modifier for this association.

When stratified by sex, the odds of MCI/AD were higher for males
with gastric complaints or visual defects. Cancer had significantly
different strengths of associations with MCl when stratified, while anx-
iety, depression, neurological disorders, stroke, and visual defects had
significantly different strengths of associations with AD. Moreover,
there was strong evidence against the null hypothesis that the asso-

ciation between anxiety, depression, or visual defects and AD is not
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modified by sex (LRT p =.009, p =.027, p = .018), suggesting that sex
could be a potential effect modifier for these associations.

No consistent trend was observed for smoking status across all
three groups. It should be noted that the participant pool for current
smokers (n = 55) was significantly smaller than that of former smok-
ers (n = 736) and non-smokers (never group, n = 1125), rendering the
sub-analysis underpowered and not meaningful enough. Disregarding
current smokers, a more consistent trend emerges in both groups: non-
smokers exhibit higher ORs for MCI than former smokers for several
comorbidities, while odds for AD are higher for former smokers than
non-smokers for several comorbidities. The overall change is minimal.

When stratified by education level, the odds for AD tended to
increase with decreasing education level for participants with some
comorbidities (e.g., depression), while the opposite trend was observed
for other comorbidities (e.g., anxiety). The associations between
comorbidities and MCI also showed inconsistent trends. The strength
of some comorbidity-MCI associations was stronger among partici-
pantsin the 15+ age group than for those in the 13-15 age group. Inthe
remaining education groups, it was observed that the odds increased
with increasing education levels. It is important to note that some sub-
analyses may not be sufficiently meaningful due to the small number
of participants, for example, those with up to 8 years of education
(n=226).

Regarding the frequency of alcohol consumption, the associations
between comorbidities and MCI/AD showed inconsistent trends. The
higher odds of MCl were observed in non-drinkers (never group) with
a history of cancer or thyroid disease compared to the other alcohol
consumption groups. Additionally, a trend toward increasing ORs for
associations between other comorbidities and MCl was observed with
higher consumption frequency (weekly or every/most day groups). The
higher odds of AD were observed in non-drinkers with a history of falls.
Moreover, a trend toward increasing ORs for associations between
other comorbidities and AD was observed with a moderate to high
or highest consumption frequency (from monthly to every/most day
groups). However, the modifying effect of alcohol consumption was
minimal for all associations.

For the presence of the APOE &4 allele, higher odds of MCI
were observed in ¢4 allele carriers with arthritis, heart attack, thy-
roid disease, or visual defects compared to non-carriers. Except for
depression, falls, and joint replacement, ¢4 allele carriers with the
other comorbidities were more likely to have AD compared to non-
carriers. Although significantly different strengths of associations were
observed between the two groups for a few comorbidities, such as
stroke, visual defects, with AD, the APOE &4 allele had a minimal mod-
ifying effect overall. Moreover, there was strong evidence against the
null hypothesis that the association between visual defects and AD was
not modified by the presence of the APOE ¢4 allele (LRT p = .007), sug-
gesting that APOE ¢4 allele could be a potential effect modifier for this
association.

3.4 | Adjusted ORs

The ORs after adjustment for all covariates for each comorbidity asso-
ciated with MCI/AD are summarized in Table 4. When compared with
the unadjusted ORs (see Tables S2 and S3), the confounding effect was
considered significant if the difference between the unadjusted and
adjusted ORs was >10%.24

For comorbidity-MCI associations, the OR for heart attack
decreased significantly from 1.51 to 1.00, while the OR for thyroid
disease increased significantly from 0.54 to 0.68 after adjusting for all
covariates. Concerning comorbidity-AD associations, the ORs were
significantly changed for all comorbidities except liver disease. In
addition, the OR for neurological disorders increased from 2.01 to
2.54, while there was a significant attenuation for the other diseases.
These observations suggest potential confounding effects in the target
associations.

As shown in Table 4, higher comorbidity of arthritis, cancer,
gastric complaints, and visual defect was associated with lower
odds of MCI, and the p values provide strong evidence against
the null hypothesis that there is no association between these
comorbidities and MCI (p < .05). In addition, a higher comorbid-
ity of anxiety and other neurological disorders was associated with
increased odds of AD, while arthritis, cancer, gastric complaints,
high cholesterol, joint replacement, visual defect, kidney and liver
disease were associated with decreased odds of AD, and the p
values also provide strong evidence against the null hypothesis
(p <.05).

The ORs after adjustment for each covariate are summarized in
Table S5. After individual adjustment for age, an attenuating effect was
observed for the ORs of the association between falls, joint replace-
ment, or stroke and AD. A minimal confounding effect of sex was
observed for all associations. After individual adjustment for smoking
status, an attenuating effect was observed for the ORs of the associa-
tion between six comorbidities (anxiety, arthritis, falls, high cholesterol,
or stroke) and AD; minimal confounding effects were observed for the
remaining diseases. For all associations except neurological diseases
(odds increased from 2.01 to 2.28), a minimal confounding effect of
education level was observed. After individual adjustment for alcohol
consumption, an attenuating effect was observed for the ORs of the
association between six comorbidities (anxiety, arthritis, depression,
falls, gastric complaints, high cholesterol, or stroke) and AD; minimal
confounding effects were observed for the remaining diseases. After
adjustment for APOE ¢4 status, a significant confounding effect was
only observed for only three associations—between falls, neurological
disorders, or stroke and AD. Additionally, the OR of the association
between stroke and AD increased significantly after adjustment for
APOE ¢4 status, from 2.87 to 3.36. Of all the associations analyzed, only
the cancer-MCI/AD associations had no individual confounding effect

by any of the covariates.
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emerged as the most significant confounder, impacting almost half
of the analyzed associations (six comorbidity-AD associations). In
addition to its association with higher odds of AD,”! frequent alcohol
consumption is linked to various adverse health outcomes, including
cardiovascular diseases®?°3 and mental disorders,®*>> which may
confound the comorbidity-AD associations. Smoking appeared to
positively confound the association between anxiety, arthritis, falls,
high cholesterol, or stroke and AD. In addition to the positive link
between smoking and AD,’® older smokers have been observed to
experience increased frailty compared to non-smokers, potentially
resulting in more falls.>” Furthermore, smoking is a known risk factor
for cardiovascular diseases such as stroke and heart attack.®-¢0
The APOE ¢4 allele saw confounding effects on some associations,
which can be attributed to the fact that the gene is also a risk factor
for several comorbidities. For example, the APOE ¢4 allele is asso-
ciated with increased gait variability, which can lead to increased
falls,®! and it is also associated with an increased ischemic stroke
risk.62

Limitations acknowledged within the current study include the
cross-sectional study design. Since data for exposure and outcome
were measured only once at the AIBL study baseline, deriving actual
causal relationships is challenging, and reverse causality may occur.
Furthermore, cognitive decline during the study follow-up was not
considered for the current cross-sectional analyses. Therefore, future
longitudinal analyses are required to validate the current findings in
AIBL. Additionally, some potential sources of bias in the present study
should be considered. The history of comorbidities selected at baseline
may be subject to recall bias from self-reporting. Similarly, information
on smoking and alcohol consumption could be biased by self-reporting
due to social stigma, potentially underestimating the true effect of
these covariates on the association between comorbidity and AD. This
could be a reason contributing to the imbalanced sample size in some
covariate categories (e.g., a low number of current smokers and lower
stratified ORs compared to former smokers and non-smokers).

In addition, although various covariates were adjusted for, other
potential confounders such as socioeconomic status and marital status
were not analyzed due to their absence from the AIBL study question-
naire or insufficient data availability. Exclusion of participants who did
not complete the baseline lifestyle survey, questionnaires, or cognitive
assessments (missing data) could reduce statistical power, introduce
bias in parameter estimation, or diminish sample representativeness,
potentially leading to invalid conclusions.®® Additionally, there is a
possibility of misdiagnosis with MCI/AD or misclassification as CU at
baseline, which could result in under- or over-estimation of associa-
tions. However, the occurrence of misdiagnosis in the AIBL study is low,
with less than 5% of CU participants previously diagnosed as MCl and
less than 1% of MCl participants previously misdiagnosed as AD. Thus,
incorrect diagnoses are unlikely to significantly impact the results.
Moreover, the study participants are based in Melbourne and Perth,
limiting the generalizability of findings to older populations world-
wide. Nonetheless, some findings align with studies in other countries,
reducing the likelihood of significant discrepancies. Last, several anal-

yses were underpowered due to small sample sizes in some groups,

particularly affecting stratified analyses and introducing uncertainty
regarding the modifying strength of covariates.

This study benefits from two major strengths. First, the design of
the AIBL study allowed analyses of multiple exposures, covariates, and
outcomes. This means that a range of comorbidities and their associa-
tions with MCI/AD could be measured alongside various confounders
or effect modifiers. To our knowledge, this is the first study to assess 20
comorbidity associations with MCI/AD using a single dataset. Secondly,
the availability of covariate data in the AIBL study allowed adjust-
ments for confounding and exploration of effect modification in these
comorbidity associations with MCI/AD.

Future studies should longitudinally investigate the relationship
between certain diseases and MCI/AD to verify the mechanisms under-
lying these relationships to determine if there is causation. They should
focus on how these associations between comorbidities and MCI/AD
vary within each covariate. By including a larger sample size, stratified
analyses can reach sufficient power to obtain more confident results.
In addition, the brain AB levels of more AIBL participants are now
assessed using PET imaging; these data will allow more precise anal-
ysis investigating the relationship between comorbidities and brain AB

levels.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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