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Abstract.
Background: Older people with subjective memory complaints (SMC) and Instrumental Activities of Daily Living impair-
ments (IADL-I) have an increased risk of developing dementia. Previous reports suggest that the predictive value of SMC and
IADL-I may differ between sexes, leaving possible consequences for personalized risk prediction and prognosis. However,
none of these studies addressed the competing risk of death, which may substantially differ between sexes.
Objective: We investigated sex-differences in the association between IADL-I, SMC, and incident dementia and mortality
as competing risk.
Methods: 3,409 community-dwelling older people without dementia (mean age 74.3±2.5), were followed for 6.7 years
(median). Baseline SMC were assessed using the 15-item Geriatric Depression Scale memory question, and IADL-I using
the Academic Medical Center Linear Disability Score. Potential sex-differences in the predictive value of SMC and IADL-I
were assessed using Cox regression models with an interaction term for sex.
Results: HRs for isolated SMC and SMC + IADL-I and risk of dementia were higher in women (HR: 2.02, 95% CI = 0.91–4.46,
p = 0.08; HR:2.85, 95% CI = 1.65–4.91, p < 0.001) than in men (HR:1.52, 95% CI = 0.86–2.69, p = 0.18; HR:1.24, 95%
CI = 0.62–2.49, p = 0.54), but these sex-differences were not significant. Conversely, HRs for isolated IADL-I and risk of
mortality were higher in men (HR:1.56, 95% CI = 1.18–2.05, p = 0.002) than in women (HR:1.14, 95% CI = 0.80–1.62,
p = 0.48), but again, these sex-differences were not significant.
Conclusion: The predictive value of SMC and IADL-I for the risk of dementia and mortality was not significantly modified
by sex. However, the competing risk of death for these factors differed considerably between men and women, suggesting it
is an essential factor to consider when comparing sex-differences in IADL/dementia risk.
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INTRODUCTION

Subjective memory complaints (SMC), opera-
tionalized as the subjective awareness of memory loss
without deficits on objective testing, affect approxi-
mately 25% of people aged 60 years and older, with
higher prevalence with higher age [1–3]. People of 60
years and older with SMC have a two to four times
higher risk of developing dementia within five years
of reporting SMC [4–6].

SMC can present with impairments in Instrumental
Activities of Daily Living (IADL-I), those activities
that allow an individual to live independently [7, 8].
IADL-I are often reported as risk factors for incident-
dementia in combination with SMC [9–11]. SMC and
IADL-I are common in the aging population, with
reports suggesting a prevalence of up to 50% for both
symptoms in community-dwelling older people [12,
13].

Two studies suggest that the relation between
SMC, IADL-I, and risk of dementia, may differ
between men and women, with SMC conveying
increased risk of incident dementia in women, but
not in men [14, 15]. Conversely, IADL-I have
been reported to be associated with in an increased
risk for dementia in men, but not in women [15].
Hypothetically, these findings can be explained by
sex-differences in the perception, evaluation, and
action towards health problems [16]. Allegedly,
women are more self-conscious and therefore more
likely to perceive changes in their health [17].

However, these studies did not take the poten-
tial competing risk of mortality into account, which
may substantially impact the outcomes, since sex-
differences in survival may also influence dementia
risk. Understanding sex-differences within this con-
text, could be useful for a more personalized risk
prediction and follow-up strategy in clinical practice.

We investigated whether sex modified the predic-
tive value of SMC and IADL-I as risk factors for
incident all-cause dementia and evaluated the influ-
ence of the competing risk of death, in a large cohort
of community-dwelling older people with virtually
complete follow-up for dementia and mortality.

MATERIALS AND METHODS

Study population

Our study population consisted of community-
dwelling older people aged 70–78 years at baseline
who participated in the Prevention of Dementia

by Intensive Vascular care (preDIVA) trial. This
was a multicenter, cluster-randomized controlled
trial, evaluating the effectiveness of practice nurse-
led cardiovascular risk management compared to
usual care by the general practitioner for the pre-
vention of dementia [18]. In a population-based
approach, community-dwelling older people (aged
70–78 years) registered with one of the participat-
ing general practices (> 98% of the Dutch general
population is registered with a GP) were invited to
participate in the trial. Only individuals with demen-
tia or conditions likely to hinder successful long-term
follow-up (e.g., terminal illness and alcoholism) were
excluded at baseline. Because the preDIVA interven-
tion did not affect the risk of dementia, we studied
the study population as a single cohort for our current
research question [18, 19]. The study was approved
by the medical ethics committee of the Academic
Medical Center Amsterdam, Netherlands. Partici-
pants gave written informed consent prior to their
baseline visit.

Clinical assessment and cognitive screening

Participants were assessed at baseline, and at
subsequent 2-yearly assessments over 6–8 years of
follow-up. At these assessments, data on demo-
graphic characteristics, living status, cardiovascular
risk factors, cognitive status, (instrumental) activities
of daily living, symptoms of depression, and medi-
cation use were collected and cross-checked with the
participants’ electronic health records. To screen for
cognitive impairment, at baseline and every 2 years
thereafter, cognitive status was evaluated using the
Mini-Mental State Examination (MMSE) to assess
global cognitive functioning, and the Visual Asso-
ciation Test (VAT), a test that is sensitive to detect
impairment of anterograde episodic memory [19, 20].

Individuals with an MMSE score < 24 at base-
line were evaluated by their general practitioner and
excluded from the study if they might have (possible)
dementia. At the follow-up visits, all available clinical
information referring to a clinical diagnosis of (pos-
sible) incident dementia since the last study visit was
gathered. Individuals with low or declining MMSE
scores at cognitive screening during follow-up (< 24
points or > 2 points decline compared to the previous
2-yearly assessment) were referred to their general
practitioner (GP) for clinical evaluation, followed by
referral to a memory clinic, at the discretion of the
GP, to establish or exclude a diagnosis of incident
dementia.
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Dementia diagnosis

Incident dementia was based on a clinical diag-
nosis according to DSM-IV criteria during the
6-8 years follow-up, confirmed by an independent,
blinded outcome adjudication committee, based on
all available clinical information [21]. This commit-
tee consisted of neurologists, old-age psychiatrists,
geriatricians, cardiologists, and general practitioners.
Dementia diagnoses were re-evaluated after one year
of additional follow-up to avoid false-positive diag-
noses. IADL-impairment and SMC scores obtained
at the study assessments were not considered in the
dementia diagnostic procedure. For participants who
dropped out of the study prematurely, all available
information on dementia status was retrieved at the
end of the study by a research nurse from electronic
health records and contact with the general practi-
tioner, and presented to the outcome adjudication
committee.

SMC and IADL-I

SMC at baseline were operationalized for this
study using item 10 of the 15-item Geriatric Depres-
sion Scale (GDS), ‘Do you feel you have more
problems with memory than most?’ [22]. This item
has regularly been used by previous studies to mea-
sure SMC [23].

ADL were assessed using the Academic Medi-
cal Center Linear Disability Score (ALDS) [24]. The
ALDS uses a generic, non-disease-specific item bank,
consisting of 77 ADL items ordered from simple to
complex. ALDS-scores were linearly transformed,
resulting in a linear scale with scores ranging from
10–90. For the current analysis, ALDS-scores were
dichotomized below and above the median score.

For the analyses, participants were divided into
four mutually exclusive groups: isolated SMC
(individuals with SMC without IADL-I), isolated
IADL-I (individuals with IADL-I without SMC),
SMC + IADL-I (individuals with both IADL-I and
SMC), and individuals with neither symptom.

Statistical analyses

We compared baseline characteristics between
men and women using Fisher’s exact tests for propor-
tions, Wilcoxon signed rank tests for non-normally
distributed variables, and Student’s T-tests for nor-
mally distributed variables. For the primary analyses,
hazard ratios (HRs) for dementia were calculated

using Cox regression, with age as timescale and
age at baseline as time of entry. Proportional haz-
ard assumptions were assessed by visually inspecting
Schoenfeld residuals and Goodness of Fit tests.

We evaluated the HRs for individuals with isolated
SMC, isolated IADL-I, and SMC + IADL-I, com-
pared to individuals with neither SMC nor IADL-I
as the reference group, using a categorical variable
dividing participants into these four mutually exclu-
sive groups.

Model 1 adjusted for sex, model 2 additionally
adjusted for education (categorized as < 7 years, 7-12
years, and > 12 years), living status (single/not sin-
gle), antihypertensive use (yes/no), history of stroke,
heart disease, diabetes, and total scores on the GDS,
MMSE, and VAT. Living status was added as a
confounder because it may influence both health
behavior, and whether or not symptoms are noticed
and reported [25]. MMSE and VAT were included
to adjust for slight measurable differences in cogni-
tive functioning that may not constitute ‘objectifiable
cognitive impairment’ but may differentiate individ-
uals with SMC from those without. The GDS was
included because depressive symptoms are associ-
ated with subjective memory complaints and also,
independently, with an increased risk of dementia
[26–28]. History of stroke, heart disease, diabetes,
and antihypertensive use were all included as factors
that often differ between men and women and may
influence IADL, SMC, and dementia risk [29–31].
Individuals were left out per model if any covariates
were missing (i.e., pairwise).

Because the competing risk of death may be a
major etiological factor in the relationship between
cognitive and/or IADL symptoms and demen-
tia, specifically when assessing sex-differences, we
assessed the influence of the competing risk of death,
using a cause-specific hazard approach: repeating
all analyses with mortality and mortality/dementia
combined as outcomes [32, 33]. This approach was
favored over a subdistribution hazard approach (e.g.,
Fine-Gray analysis), because we were interested in
the etiological relations between IADL, SMC mor-
tality, and dementia. For this, the cause-specific
approach is the most appropriate, because it allows
for evaluation of the extent to which a decrease in
dementia risk associated with a predictor might be
due to an increase in mortality [34].

To assess sex-differences in HRs, risks for demen-
tia, mortality, and dementia-mortality combined
were first assessed in the total population, and subse-
quently in subgroups for men and women separately.
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Fig. 1. Study flow-chart ∗Dementia cases with data available on status of SMC and IADL-Impairment.

To assess whether the association between
SMC/IADL-I and each outcome status differed
significantly between men and women, we used
p-values from interaction terms with sex for the
individual SMC/IADL categories using dummy
variables in the overall population (i.e., isolated
SMC (yes/no) ∗ sex; isolated IADL (yes/no)-I ∗ sex;
and SMC + IADL-I (yes/no) ∗ sex). Furthermore,
we tested the differences between models including
and not including these interaction terms with
likelihood-ratio tests to assess the p-value for the
overall interaction of sex with SMC/IADL-I groups.

Sensitivity analyses

We performed several sensitivity analyses. First,
because median ALDS scores may differ between
men and women, a sensitivity analysis was performed
basing the definition of IADL-I on the median ALDS
scores for men and women separately [15]. Second,
to compare our results with previous work, we per-
formed a sensitivity analysis with IALD-I defined
based on six items relating more specifically to cogni-
tive tasks selected based on face validity [15]. Third,
because the diagnosis of SMC formally excludes indi-
viduals with mild cognitive impairment (MCI), we
evaluated the influence of baseline cognitive status
on our findings. We did not search for participants
with MCI in our extensive cognitive screening at
baseline, therefore an additional sensitivity analysis
was performed comparing participants with a base-

line MMSE-score of ≥ 28, with participants with a
lower baseline MMSE-score of < 28. Analyses were
performed using R 3.6.1.

RESULTS

Of 3,526 participants attending preDIVA baseline,
31 (0.9%) were excluded due to missing SMC status
and 14 (0.4%) participants were excluded due to miss-
ing ALDS-scores. Follow-up for all-cause dementia
was complete in 97.9% of participants, resulting in
3,409 participants (21,764 person-years) that were
included in the main analyses (Fig. 1). These partic-
ipants did not differ in baseline characteristics from
those excluded, except for more often being single.

Baseline characteristics for the population
included are in Table 1. The mean age was 74.4
(±2.5) years, 54.4% were women and 45.6% men.
Men and women differed significantly in dementia
risk factors. Women more often had low education
(29.4% versus 18.0%, p < 0.001) and more often
lived alone (45.7% versus 18.2, p < 0.001). Men
more often had a history of heart disease (37.3%
versus 23.0%, p < 0.001) and stroke (11.4% versus
8.6%, p = 0.005).

In total, 17.6% (601/3,409) of participants reported
SMC at baseline. SMC were significantly (p < 0.001)
less common in women (15.1%, 284/1,890) than men
(20.6%, 327/1,591). The median ALDS score was
89.2 (IQR = 86.4–89.5). The median ALDS-score
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Table 1
Population characteristics at baseline of the whole population, and men and women separately

Total Men Women p∗
(n = 3,409) (n = 1,553) (n = 1,856)

Age in years, mean (± SD) 74.4 (2.5) 74.3 (2.5) 74.4 (2.4) 0.41
Living alone, n (%) 949 (33.1) 239 (18.2) 710 (45.7) <0.001
Education level

< 7 years, n (%) 817 (24.2) 276 (18.0) 541 (29.4) <0.001
7– 12 years, n (%) 1,915 (56.7) 829 (54.1) 1086 (58.9)
>12 years, n (%) 643 (19.1) 427 (27.9) 216 (11.7)

Cardiovascular risk factors
History of heart disease (IHD), n (%) 999 (29.5) 575 (37.3) 424 (23.0) <0.001
History of stroke, n (%) 333 (9.9) 176 (11.4) 157 (8.6) 0.005
History of Diabetes mellitus, n (%) 623 (18.3) 302 (19.4) 321 (17.3) 0.11
Antihypertensive drugs, n (%) 1,747 (51.5) 796 (51.9) 951 (51.8) 0.19

Cognitive assessments
MMSE-score, median (IQR) 28 (27–29) 28 (27–29) 29 (28–29) 0.38
VAT, median (IQR) 6 (–6) 6 (5–6) 6 (5–6) 0.42

Activities of daily living
ALDS-score, median (IQR) 89.2 (86.4–89.5) 89.5 (88.1–89.5) 88.1 (85.5–89.5) 0.70

Depression and SMC
GDS-15 score, median (IQR) 0 (0–1) 0 (0–1) 0 (0–1) 0.98

SMC/IADL-status:
Neither SMC nor IADL-I, n (%) 1,362 (40.0) 781 (50.3) 581 (31.3) < 0.001
Isolated SMC, n (%) 250 (7.3) 182 (11.7) 68 (3.7) < 0.001
Isolated IADL-II, n (%) 1,446 (42.4) 452 (29.1) 994 (53.6) < 0.001
SMC+IADL-I, n (%) 351 (10.3) 138 (8.9) 213 (11.5) 0.02

MMSE, Mini-Mental State Examination; VAT, Visual Association Test; ALDS, Academic Medical Center Linear Disability Score; GDS-sum
score, 15-item Geriatric Depression Scale score at baseline; SMC, Subjective Memory Complaints; IADL-I, IADL-Impairments. SMC/IADL
status categorized in 4 mutually exclusive groups as used in the analyses: Isolated SMC: individuals with SMC without IADL-I; Isolated
IADL-I: individuals with IADL-I without SMC; SMC + IADL-I: individuals with both symptoms. Missings (men/women): Living alone:
243/302, Education: 21/13, History of heart disease: 10/13, History of stroke: 10/25, Antihypertensive drugs: 19/19, MMSE-score: 4/2, VAT:
11/6. ∗p-value for difference between men and women.

for women (88.1, IQR = 85.5–89.5) was lower than
for men (89.5, IQR = 88.1–89.5), but this difference
was not significant (p = 0.70). Of the 3,409 partici-
pants in total, 7.3% had isolated SMC (250/3,409),
42.4% had isolated IADL-I (1,446/3,409), 10.3%
had SMC + IADL-I (351/3,409), and the remaining
40.0% had neither symptom (1,362/3,409).

After a median of 6.7 years (IQR 6.0–7.2) of
follow-up (21,764 person-years), 6.8% (231/3,409)
of participants developed dementia and 16.1%
(549/3,409) died. Dementia incidence in the four
SMC/IADL groups was: 11.6% in isolated SMC
(29/250), 4.8% in isolated IADL-I (69/1,446), 16.2%
in SMC + IADL-I (57/351), and 5.6% in the neither
symptom group (76/1,362). Kaplan-Meier curves for
incident dementia in women and men are depicted in
Fig. 2.

Dementia risk

Table 2A lists the results for the main analyses.
Results reported in the text below are from the fully
adjusted model 2.

Individuals with isolated SMC, had an 85% higher
dementia risk (HR = 1.85, 95% CI = 1.17–2.90,
p = 0.008) compared to those with neither symp-
tom. The HR for women with isolated SMC versus
women with neither symptom was slightly higher
(2.02, 95% CI = 0.91–4.46, p = 0.08) than for men
with isolated SMC versus men with neither symptom
(1.52, 95% CI = 0.86–2.69, p = 0.15). This difference
in HRs for men and women was not significant (p-
interaction=0.57).

Individuals with isolated IADL-I had a non-
significant 30% lower risk of dementia (HR = 0.70,
95% CI = 0.48–1.00, p = 0.053), compared to those
with neither symptom. This HR was slightly higher
in women (HR = 0.77, 95% CI = 0.48–1.25, p = 0.29)
than in men (HR = 0.66, 95% CI = 0.36–1.20,
p = 0.17), but this difference in HRs was not signifi-
cant (p-interaction = 0.67).

Individuals with SMC + IADL-I had double the
dementia risk (HR = 2.03, 95% CI = 1.34–3.06, p =
0.001) compared to individuals with neither symp-
tom. The HR was higher in women (HR = 2.85,95%
CI = 1.65–4.91, p < 0.001) than in men (HR =
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Fig. 2. Kaplan-Meier curves for probability of dementia in men
and women over 8 years of study follow-up.

1.24,95% CI = 0.62–2.49, p = 0.54), but this differ-
ence in HRs was not significant (p-interaction = 0.06).

The overall difference between the models for
dementia with and without interaction terms for
sex with the individual SMC/IADL categories was
also non-significant (p-value overall interaction:
0.47).

Competing risk of death

To evaluate the competing risk of death, Table 2B
and Supplementary Figure 1 present the results of
analyses with mortality as outcome.

Individuals with isolated SMC had a non-
significant 20% higher risk of mortality (HR = 1.20,
95% CI = 0.85–1.69, p = 0.29) compared to those
with neither symptom. This HR was slightly higher
for women with isolated SMC versus women with
neither symptom (HR = 1.36, 95% CI-0.70–2.66,
p = 0.36) than for men with isolated SMC ver-
sus men with neither symptom (HR = 1.21, 95%
CI = 0.81–1.80, p = 0.36), but this difference in HRs
was not significant (p-interaction = 0.76).

Individuals with isolated IADL-I had a 30% greater
risk of mortality (HR = 1.36, 95% CI = 1.09–1.68,
p = 0.006) compared to those with neither symp-
tom. This HR was lower in women (HR = 1.14, 95%
CI = 0.80–1.62, p = 0.48) than in men (HR = 1.56,

Table 2A
Risk of dementia in individuals with isolated SMC, isolated impairments in IADL, or both (SMC + IADL-I), compared to individuals with

neither (No SMC/IADL-I), in the total population and stratified according to sex

Model 1 Model 2
n events = 231, n total = 3,409 n events = 214, n total = 3,263

Total: events/tot HR 95% CI p events/tot HR 95% CI p
No SMC/IADL-I 76/1362 1.00 (reference) 72/1312 1.00 (reference)
Isolated SMC 29/250 2.15 1.40–3.31 <0.001 27/236 1.85 1.17–2.90 0.008
Isolated IADL-I 69/1446 0.80 0.57–1.12 0.19 64/1383 0.70 0.48–1.00 0.053
SMC + IADL-I 57/351 3.04 2.14–4.30 <0.001 51/332 2.03 1.34–3.06 0.001
Men:∗ n events = 100, n total = 1553 n events = 90, n total = 1479
No SMC/IADL-I 43/781 1.00 (reference) 40/753 1.00 (reference)
Isolated SMC 21/182 2.17 1.29–3.65 <0.01 19/170 1.52 0.86–2.69 0.15
Isolated IADL-I 17/452 0.70 0.40–1.24 0.22 17/427 0.66 0.36–1.20 0.17
SMC + IADL-I 19/138 2.73 1.59–4.71 <0.001 14/129 1.24 0.62–2.49 0.54
Women: ∗ n events = 131, n total = 1856 n events = 124, n total = 1784
No SMC/IADL-I 33/581 1.00 (reference) 32/559 1.00 (reference)
Isolated SMC 8/68 2.09 0.96–4.53 0.06 8/66 2.02 0.91–4.46 0.08
Isolated IADL-I 52/994 0.87 0.56–1.35 0.54 47/956 0.77 0.48–1.25 0.29
SMC + IADL-I 38/213 3.34 2.09–5.35 <0.001 37/203 2.85 1.65–4.91 <0.001

Hazard ratio’s (HR) and 95% confidence intervals (95% CI) from Cox regression analyses accounting for age and sex (model 1), additionally
adjusted for education, living-status, history of stroke, heart disease, diabetes, antihypertensive use, and mini-mental examination, geriatric
depression scale, and visual association test scores (model 2). ∗p-values for interactions for men versus women, for each IADL/SMC group
compared to the reference category: Model 1: Isolated SMC∗sex, p = 0.94; Isolated IADL-I∗sex, p = 0.56; SMC + IADL-I∗sex p = 0.21.
Model 2: Isolated SMC∗sex, p = 0.57; Isolated IADL-I∗sex, p = 0.67; SMC + IADL-I∗sex p = 0.06. ∗p-values for the overall interaction
(models including vs not including sex interaction terms): Model 1: p = 0.93, Model 2: p = 0.47.



H. Abdulrahman et al. / Sex, Cognitive Complaints, Impairments in IADL, and Dementia 289

Table 2B
Mortality risk in individuals with isolated SMC, isolated impairments in IADL, or both (SCM + IADL-I), compared to individuals with

neither (No SMC/IADL-I), in the total population and stratified according to sex

Model 1 Model 2
n events = 549, n total = 3,405 n events = 526, n total = 3,259

Total: events/tot HR 95% CI p events/tot HR 95% CI p
No SMC/IADL-I 163/1360 1.00 (reference) 160/1310 1.00 (reference)
Isolated SMC 44/250 1.33 0.95–1.86 0.09 43/236 1.20 0.85–1.69 0.29
Isolated IADL-I 260/1444 1.76 1.44–2.16 <0.001 244/1381 1.36 1.09–1.68 0.006
SMC + IADL-I 82/351 2.20 1.68–2.88 <0.001 79/332 1.43 1.06–1.95 0.02
Men: ∗ n events = 316, n total = 1,551 n events = 300, n total = 1,477
No SMC/IADL-I 115/780 1.00 (reference) 113/752 1.00 (reference)
Isolated SMC 33/182 1.22 0.83–1.81 0.30 32/170 1.21 0.81–1.80 0.36
Isolated IADL-I 125/451 1.93 1.50–2.50 <0.001 114/426 1.56 1.18–2.05 0.002
SMC + IADL-I 43/138 2.21 1.55–3.14 <0.001 41/129 1.59 1.07–2.37 0.02
Women: ∗ n events = 131, n total = 1,856 n events = 226, n total = 1,782
No SMC/IADL-I 48/580 1.00 (reference) 47/558 1.00 (reference)
Isolated SMC 11/68 1.87 0.97–3.60 0.06 11/66 1.36 0.70–2.66 0.36
Isolated IADL-I 135/993 1.56 1.12–2.17 <0.001 130/955 1.14 0.80–1.62 0.48
SMC + IADL-I 39/213 2.12 1.39–3.24 <0.001 38/203 1.22 0.76–1.97 0.41

Hazard ratio’s (HR) and 95% confidence intervals (95% CI) from Cox regression analyses accounting for age and sex (model 1), additionally
adjusted for education, living-status, history of stroke, heart disease, diabetes, antihypertensive use, and mini-mental examination, geriatric
depression scale, and visual association test scores (model 2). ∗p-values for interactions for men versus women, for each IADL/SMC
group compared to the reference category: IADL-I. Model 1: Isolated SMC∗sex, p = 0.29; Isolated IADL-I∗sex, p = 0.31; SMC + IADL-
I∗sex p = 0.87. Model 2: Isolated SMC∗sex, p = 0.76; Isolated IADL-I∗sex, p = 0.16; SMC + IADL-I∗sex p = 0.38. ∗p-values for the overall
interaction (models including vs not including sex interaction terms): Model 1: p = 0.37, Model 2: p = 0.54.

95% CI = 1.18–2.05, p = 0.002), but this difference
in HRs was not significant (p-interaction = 0.16).

Individuals with SMC + IADL-I had a higher risk
of mortality compared to those with neither symp-
tom (HR = 1.43, 95% CI = 1.06–1.95, p = 0.02). This
HR was slightly lower in women (HR = 1.22, 95%
CI = 0.76–1.97, p = 0.41) than in men (HR = 1.59,
95% CI = 1.07–2.37, p = 0.02), but this difference in
HRs was not significant (p-interaction = 0.38).

The overall difference between the models for
mortality with and without interaction terms for
sex with the individual SMC/IADL categories was
also non-significant (p-value overall interaction:
0.54).

With dementia/mortality as combined outcome
(Supplementary Figure 2 and Supplementary
Table 1), HRs were greater than 1 for all categories,
suggesting that overall SMC and IADL convey an
increased risk of poor dementia/mortality outcome,
and that in individuals with isolated IADL-I, the
decreased risk of incident dementia was outweighed
by the increased risk of mortality. There were no
significant differences in HRs for dementia/mortality
between sexes.

Sensitivity analyses

When IADL-I were determined using separate
cut-off ALDS-scores for men and women based on

the median ALDS score for each (Supplementary
Table 2A), HRs for individuals with isolated IADL-I
compared those having neither symptom were similar
for men (HR = 0.83, 95% CI = 0.48–1.45) and women
(HR = 0.77, 95% CI = 0.48–1.23). The mortality-risk
in those with isolated IADL-I was similar to previous
models (Supplementary Table 2B).

When basing IADL-I on items with an impor-
tant cognitive component (Supplementary Table 3A),
individuals with isolated IADL-I had a non-
significant 20% lower dementia risk than those with
neither symptom (HR = 0.79 95% CI = 0.45–1.39,
p = 0.41). This HR was particularly low (albeit non-
significant) in men (HR = 0.40, 95% CI = 0.13–1.22,
p = 0.11), while the HR was neutral in women
(HR = 1.09, 95% CI = 0.56–2.14). These risk-
differences between men and women were not
significant (p = 0.13).

Similarly to the main analyses, individuals with
isolated IADL-I had a greater HR for mortal-
ity compared to individuals with neither symptom.
This HR was greater in women (HR = 1.89, 95%
CI = 1.30–2.75, p < 0.001) than in men (HR = 1.11,
95% CI = 0.73–1.70, p = 0.62), but these differences
in risk-effect were not significant (Supplementary
Table 3B).

Lastly, sensitivity analysis including participants
with possible MCI (Supplementary Table 4A, B)
showed similar results to the main analysis.
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DISCUSSION

In our cohort of 3,409 community-dwelling older
people, individuals with isolated IADL-I had a 30%
lower, those with isolated SMC an 85% higher, and
those with both IADL-I and SMC an 103% higher
risk of dementia, compared to those with neither
symptom, during 6–8 years of follow-up. HRs for
SMC with dementia were generally higher in women
than in men but these sex-differences were not sig-
nificant. The dementia risk decrease associated with
isolated IADL-I was generally greater in men, but
again the sex-differences in HRs were not significant.
Individuals with isolated IADL-I had a higher risk
of mortality and dementia/mortality combined, sug-
gesting that the lower dementia risk associated with
isolated IADL-I could be related to the competing risk
of death. Associations with mortality were stronger
in men, suggesting that competing risk of death is
an essential factor to consider when comparing sex-
differences in dementia risk. Basing IADL-I only on
IADL-I tasks pertaining to cognition also gave similar
results. Basing IADL-I on sex-specific median scores
negated the sex-differences in predictive value.

Overall, the nearly double risk of incident dementia
associated with isolated SMC in our study, is com-
parable to findings in similar community-dwelling
older populations [6]. Only two studies have reported
investigating sex-differences in the context of SMC
and dementia risk in community-dwelling older peo-
ple, both finding that SMC increased dementia risk in
women (+77% and +88%) but not in men (–1% and
+7%) [14, 15]. In our study, the HRs for dementia
associated with SMC also seemed higher in sub-
groups of women than in subgroups of men, but the
sex-differences in association did not reach statisti-
cal significance. In addition, although not significant
when fully adjusted, HRs for SMC categories in
men in our study did suggest higher dementia risk
(+24 and +52%). Our analyses adjusted for more
confounders, but this is unlikely to have caused the
differential findings, since our sensitivity analysis
matching the confounders in the previous studies
gave largely similar results. An explanation may be
that SMC were stronger predictors of dementia in
our study, with an overall HR of 1.88 compared to
approximately 1.50 in the previous studies. Possi-
bly, this reflects the different operationalization of
SMC: our study inquired whether participants experi-
enced more memory complaints than most (of similar
age), the other studies documented whether individ-
uals experienced memory symptoms in general. In

addition, our study population was generally younger,
healthier, and higher educated [14, 15]. Perception of
memory problems in healthier, higher educated, rela-
tively young older people may more often be related
to brain disease instead of normal aging and could
therefore be better predictors of dementia [16, 35, 36].
Supporting this explanation, the prevalence of SMC
was much higher in the previous studies (62% and
58%) compared to ours (18%), and thereby poten-
tially more often related to normal ageing instead
of developing cognitive decline. It should be consid-
ered that the lower baseline age of our population
is likely to contribute a to the lower percentage
of SMC compared to previous studies. Hypotheti-
cally, sex-differences in the predictive value of SMC
are caused by sex-differences in perception, eval-
uation, and action towards health problems, with
women being more attentive to health [17]. Because
the association with dementia was stronger in our
population compared to the previous studies’, the pre-
dictive power of SMC in men may have been less
attenuated.

Our finding that isolated IADL-I increase mortal-
ity risk follow the growing body of evidence that
IADL-I are independent risk-factors for mortality in
older people [37–39]. Whether isolated IADL-I inde-
pendently predict incident dementia has been little
evaluated, since they are generally only considered
as additional risk-factor in the context of more severe
cognitive decline (e.g., MCI) [9, 11, 40]. One study
found that isolated IADL-I double the risk of demen-
tia in community-dwelling older people, but in men
only [15]. We found that differences in competing
risk of mortality may be important, but whether these
might explain the differential study results cannot be
ascertained since the previous study did not inves-
tigate mortality risks. However, the lower dementia
risk in our study cannot be explained by increased
mortality rates since fewer people died in our study.
Another explanation could be that we used the ALDS
to assess IADL-I, which comprises both cognitive and
physical items. However, our results remained simi-
lar when we based IADL-I on cognitive items only.
We found that sex-differences in predictive power of
IADL-I may be due to the different distribution of
IADL scores in men and women. The median IADL
score was somewhat higher in men, and when using
sex-specific median cut-off values to define IADL-I,
the predictive value of IADL-I was similar in men
and women. Previous reports show that women tend
to score lower on IADL questionnaires, and cut-off
scores to define substantial IADL-I should therefore
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be tailored to sex-differences [41, 42]. Hypotheti-
cally, women are more aware and more inclined to
report health (changes), partly due to societal views
on sex-differences in caregiving roles and acknowl-
edgement of physical discomfort [42, 43]. Women
have been found to be more attentive towards declin-
ing IADL, and more likely to underestimate their
abilities, while men more often overestimate their
abilities, leading to lower IADL scores for women
compared to men [42, 44].

Taken together, our results suggest that lower
dementia risks associated with isolated IADL-I are
likely due to increased risk of mortality, and that
IADL-I only increase dementia risk when in the con-
text of SMC.

Our findings that individuals with SMC + IADL-
I gave the highest risk of incident dementia supports
the use of IADL-I as additional risk factor (or perhaps
early symptom), increasing the risk of developing
dementia when observed in the context of cogni-
tive symptoms. However, the additional value of
IADL-I in combination with SMC in the general pop-
ulation setting seems relatively limited, conveying
only marginally increased dementia risk compared
to isolated symptoms, while the additional value is
reportedly much greater in the context of more severe
cognitive symptoms like MCI [42, 44]. Potentially,
this is because individuals generally develop severe
IADL-I in more advanced stages of cognitive decline,
and earlier IADL-I are often caused by other age
related, non-cognitive, impairments.

This study has limitations. First, the absence of sig-
nificant differences between sexes for some analyses
is likely due to some of the subgroups being relatively
small, leading to low statistical power for the fully
adjusted model. This is particularly illustrated in the
main analysis (Table 2) in which the fully adjusted
HR for dementia was much higher in women with
SMC + IADL-I than in men, but this difference was
not significant (p = 0.06). This is likely due to sub-
group of men with SMC + IADL-I having too few
dementia cases for the number of covariates in model
2. However, although the risk conveyed by SMC for
dementia may be higher in women, it remains that
in our study, SMC consistently conveyed increased
dementia risks in both sexes. Second, because SMC
were derived from screening in a general popula-
tion of community-dwelling older people, results
may not directly apply to spontaneously expressed
SMC and/or the memory clinic population. Third, in
our baseline diagnostic cognitive screening assess-
ment, we excluded participants with dementia, but

we did not formally identify those with objectifi-
able memory complaints. Therefore, we cannot state
with complete certainty that our study population
did not include participants with objectifiable mem-
ory complaints. The likelihood of our results being
driven by participants with objectifiable cognitive
impairment is considered low, because the sensitivity
analysis in which we compare lower MMSE- (<28)
with higher MMSE-score (≥28) participants, yielded
similar HRs as the main analysis. In addition, we
adjusted for MMSE and VAT-scores in all our analy-
ses, thereby maximally correcting for such a potential
effect.

Fourth, we adjusted for cognitive functioning using
the MMSE, a relatively crude cognitive measure, and
the VAT, which has high specificity but low sensitiv-
ity for predicting dementia [45]. These could have
missed very subtle cognitive deficits. However, this
would likely affect both sexes similarly and previous
studies evaluating sex-differences adjusted for cogni-
tive functioning only using the MMSE-score, so this
cannot likely explain the different study results. Fifth,
because we used a crude measure to assess SMC
(‘’Do you feel you have more problems with mem-
ory than most?”), risk-differences associated with
SMC severity between men and women, may have
been obscured, analogues to our findings in IADL-
I. Interestingly however, although previous studies
in community-dwelling older people found signif-
icantly higher prevalences of SMC for both men
compared to women and vice versa, the higher predic-
tive value of SMC in women is consistent, suggesting
that sex-specific cut-off values for SMC severity may
not fully negate the difference [14, 15]. Sixth, we
defined IADL-I based on a uniform set for both sexes
but, due to differences in gender roles and expecta-
tions, men and women may experience IADL-I in
different tasks [46].

Lastly, one must consider that IADL-I is a rela-
tive term in this study, because of the ceiling effect
on the ALDS-score. We assessed IADL-I using the
median ALDS-score in our relatively healthy study
population of community dwelling older people. This
median ALDS-score, used as a cut-off score for deter-
mining IADL-I, was relatively high compared to what
one would expect to find in a general older popula-
tion or in memory clinic patients. Based on findings
from previous studies, the strong association between
mortality and our definition of IADL-I suggests that
the IADL-I cut-off value used in our study is com-
parable to mild IADL-I [37, 47, 48]. These studies
showed similar HRs between IADL-I and risk of
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mortality in community dwelling older people with
mild IADL-I. Participants with IADL-I in this study
population might therefore represent a milder spec-
trum of IADL-I.

Strengths of our study are the 6–8-year follow-up
including 2-yearly cognitive assessment, and the vir-
tually complete data for dementia outcome (98%).
Therefore, incident dementia was unlikely to remain
undetected throughout the study, and the risk of
(selective) attrition influencing study results was min-
imal. Furthermore, clinical dementia diagnoses were
validated by an independent committee of medical
specialists and general practitioners. As a quality
check, dementia diagnoses were re-evaluated after
one year, minimizing the risk of false-positive diag-
noses. In addition, we reported on the risk of mortality
in the context of SMC, IADL, and dementia, show-
ing that mortality may strongly influence dementia
risks, and should be taken into account in future stud-
ies, especially considering that older women have
a substantially lower mortality risk despite higher
frailty [49]. Lastly, several sensitivity analyses were
performed to better understand the role of IADL-
I, suggesting that differences in the distribution of
IADL-I between men and women, might account for
the differences in the predictive value. This highlights
the potential importance of using sex-standardized
cut-off scores when predicting dementia risk both in
the clinical and in the research setting.

Conclusion

In our large cohort of community-dwelling older
people, individuals with isolated SMC and individ-
uals with both SMC and IADL-I had a significantly
greater risk of developing dementia, whereas indi-
viduals with isolated IADL-I did not. The HR of
SMC without IADL-I was higher in women com-
pared to the HR in men, but this difference was not
significant. However, the competing risk of death for
these factors differed considerably between men and
women, suggesting it is an essential factor to consider
when comparing sex-differences in IADL/dementia
risk. These effects could become even more apparent
in cohorts with higher mortality rates. Although the
present findings do not warrant strong sex-specific
recommendations with respect to risk prediction,
usage of sex-specific cut-off values for IADL-I on
self-report questionnaires might be relevant con-
siderations for researchers and health professionals
investigating IADL-I.
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