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Abstract

Background Little is known regarding the association of interviewer-reported cognitive problems (ICP) with age-
related cognitive decline. We aimed to investigate the independent associations of ICP and the combined associa-
tions of ICP and self-reported cognitive problems (SCP) with subsequent cognitive decline and dementia in two
prospective cohort studies.

Methods We included 10,976 Chinese (age = 57.7 + 8.7) and 40,499 European (age = 64.6 + 9.4) adults with-

out dementia from the China Health and Retirement Longitudinal Study (CHARLS) and the Survey of Health, Ageing,
and Retirement in Europe (SHARE). Self-rated memory (5-point scale) and interviewer-rated frequencies of ask-

ing for clarification (6-point scale) were used to define SCP and ICP (dichotomized). Outcomes included objective
cognitive test scores (z-score transformation) and incident dementia. Generalized estimating equation models were
performed to evaluate mean differences in objective cognitive decline. Logistic and Cox regression models were used
to estimate the relative risk of dementia. Results from two cohorts were pooled using the random-effects models.

Results ICP was associated with faster cognitive decline in CHARLS (Bap s = —0.025 [-0.044, —0.006] z-score/year).
ICP and SCP were also independently associated with higher risk of dementia in two cohorts (pooled relative risk
for SCP = 1.73[1.30, 2.29]; pooled relative risk for ICP = 1.40 [1.10, 1.79]). In the joint analysis, participants with coex-
istence of SCP and ICP had the fastest cognitive decline (Bcyap s = —0.051 [-0.080, —0.021]; Bgipre = —0.024 [-0.043,
—0.004]; pooled 3 = —0.035 [-0.061, —0.009] z-score/year) and highest risk of dementia (ORjap s = 1.77 [1.42, 2.20];
HRopare = 2.94 [2.42, 3.59]; pooled relative risk = 2.29 [1.38, 3.77]).

Conclusions The study suggested that interviewer-reported cognitive problems may be early indicators of cognitive
decline and dementia in middle-aged and older adults. A combination of self- and interviewer-reported cognitive
problems showed the strongest associations with cognitive decline and dementia.
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Background

Dementia, primarily characterized by progressive
decline in cognitive and functional abilities, is one of
the leading causes of disability and mortality in the
elderly worldwide [1, 2]. Due to increasing dementia
cases and lack of disease-modifying treatments, early
identification of individuals at high risk of develop-
ing dementia or at the preclinical stage has received
considerable attention [3-5]. Particularly, modifying
risk factors and multidomain lifestyle interventions in
the early time may help to delay or prevent cognitive
decline and dementia for them [4, 6, 7].

Self-reported cognitive problems (SCP), generally
known as subjective cognitive decline (SCD) or subjec-
tive cognitive complaints (SCC), have been employed
as one of the earliest symptomatic manifestations pre-
ceding the onset of dementia across different popula-
tions [8, 9]. A recent meta-analysis of longitudinal
studies suggested that SCP were associated with a 90%
increased risk of incident dementia [10]. Although con-
sidered as early indicators of dementia, many adults
reported SCP probably due to normal aging and affec-
tive symptoms (i.e., depression and anxiety), whilst the
majority of individuals with SCP wouldn’t show pro-
gressive cognitive decline [11, 12]. Therefore, simply
using the SCP to identify high-risk persons may addi-
tionally include many individuals unlikely to develop
moderate-to-severe cognitive impairment. Fortunately,
informants can notice mild cognitive dysfunction at a
slightly more advanced stage than subjects themselves
but still before the occurrence of dementia [11]. Previ-
ous evidence supported that informant-reported cogni-
tive problems were also indicative of dementia and that
the combined associations of self- and informant-
reported cognitive problems were stronger compar-
ing to the independent associations of SCP [9, 13, 14].
However, it is of difficulty to ask respective informants
of all respondents, especially for those who live alone,
in large-scale community studies, whereas obtain-
ing feedback from interviewers is relatively feasible
and costs less. Despite large application potentials, it
remains unclear whether interviewer-reported cog-
nitive problems (ICP) are independent indicators of
age-related cognitive decline and if so, what are the
combined associations of SCP and ICP.

To address the research gaps, we aimed to investigate
the independent associations of ICP and combined

associations of ICP and SCP with subsequent cognitive
decline and dementia in two population-based cohort
studies.

Methods

Study population

This study was conducted among participants from 2
prospective cohorts: the China Health and Retirement
Longitudinal Study (CHARLS) and the Survey of Health,
Ageing, and Retirement in Europe (SHARE). CHARLS
and SHARE were sister cohort studies in the Global
Aging Data platform, with similar study designs and
objectives. CHARLS was a nationally representative sur-
vey of adults 45 years of age or older and their spouses in
China [15]. SHARE was a cross-national panel study of
people aged 50 and older and their spouses in all 27 coun-
tries of the European Union, Switzerland, and Israel [16].
Both cohorts collected sociodemographic, lifestyle, and
other health-related information via face-to-face inter-
views. Detailed descriptions of the cohorts were provided
elsewhere [17, 18]. Consistent results from two popula-
tions with different cultural and genetic backgrounds
could increase the credibility and generalizability of the
study findings. CHARLS was ethically approved by the
Institutional Review Board at Peking University, and
SHARE was ethically approved by the Ethics Committee
of the University of Mannheim and the Ethics Council of
the Max Planck Society. All participants provided signed
informed consent.

In the present study, we used wave 1 (2011) for
CHARLS and wave 4 (2011) for SHARE as baseline, when
exposures of interest were first available simultaneously,
and followed up until wave 4 (2018) for CHARLS and
wave 8 (2019) for SHARE. Outcomes included cognitive
decline and dementia (detailed inclusion and exclusion
criteria for each outcome could be found in the Addi-
tional file 1: SMethods). Final population for analyzing
cognitive decline comprised 10,976 Chinese in CHARLS
and 40,499 Europeans in SHARE (Additional file 1: Fig-
ure S1). Final population for analyzing dementia con-
sisted of 8112 Chinese and 44,849 Europeans (Additional
file 1: Figure S2).

Self- and interviewer-reported cognitive problems
Self-rated memory was obtained from the following
survey item: “How would you rate your memory at the
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present time? Would you say it is excellent, very good,
good, fair, or poor?”. According to previous studies con-
ducted among Westerners [19, 20], in SHARE, those
who reported “fair” or “poor” were treated as having self-
reported cognitive problems. Due to cultural differences,
Asians may tend to lean toward the negative side and on
average be lower than Westerners in self-rating [21, 22].
Hence, in CHARLS, only those who reported “poor”
were treated as having SCP.

Interviewer-rated frequency of asking for clarification
was derived from the feedback from interviewers after
completing the whole investigation. The correspond-
ing item was as follows: “Did the respondent ask for
clarification on any questions? Never, almost never, now
and then, often, very often, or always?” In both cohorts,
participants whose interviewers reported “often’, “very
often’, or “always” were defined as having interviewer-
reported cognitive problems. Based on the combined
status of SCP and ICP (SCP x ICP), participants were
classified into four groups: Non-SCP & Non-ICP, SCP &
Non-ICP, Non-SCP & ICP, and SCP & ICP.

Cognitive function

Cognitive function (including two domains: episodic
memory and executive function) was measured bienni-
ally, with the same cognitive tests for episodic memory
and different cognitive tests for executive function used
in two cohorts. In line with previous studies [23-26],
tests for episodic memory comprised immediate and
delayed word recall for 10 unrelated words. The episodic
memory score was calculated as the mean of two recall
tasks in CHARLS (ranging from 0 to 10) and the sum of
those in SHARE (0-20). In CHARLS, the executive func-
tion score included 3 measurements: time orientation
(0-5), numerical ability (0-5), and pentagon drawing test
(0-1), with a total range of O to 11. Differently, in SHARE,
the executive function score was the total number of ani-
mals named within 1 min in the verbal fluency test. Due
to a small number of outliers in this test, scores greater
than 45 were re-coded to 45. Therefore, the global cog-
nitive function score was the sum of immediate word
recall, delayed word recall, time orientation, numerical
ability, and pentagon drawing test in CHARLS, which
varied from 0 to 21, whereas that was the sum of imme-
diate word recall, delayed word recall, and verbal fluency
test in SHARE, ranging from 0 to 65. To pool results at
the same scale across cohorts, cognitive function scores
were individually z-transformed in each cohort, with
higher scores indicating better cognitive function.

Dementia
In CHARLS, participants were asked whether they were
diagnosed with memory-related diseases that included
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not only dementia but also brain atrophy and Parkinson’s
disease. Therefore, we defined probable dementia with
the operational criteria (detailed case definition meth-
ods could be found in the Additional file 1: SMethods)
used in the English Longitudinal Study of Ageing (ELSA)
[27]. Briefly, objective cognitive function tests, inform-
ant-reported cognitive status of respondents, functional
status, and diagnosis of Alzheimer’s disease, which were
only all available in the wave 4 of CHARLS [28], were
used together to identify those with probable demen-
tia. Namely, in CHARLS, probable dementia cases were
only available at the last follow-up phase (wave 4). Dif-
ferently, in SHARE, the status of diagnosed dementia was
reported by respondents themselves or proxy respond-
ents at each follow-up phase [29].

Other covariates

The following baseline characteristics were identified
as covariates in our study, mainly involving sociode-
mographic factors, lifestyles, and health conditions. In
CHARLS, sociodemographic factors included age (y),
gender (male or female), residence (urban or rural), mari-
tal status (married or others), education level (illiterate,
< primary school, junior high school, or > high school),
and household income (in tertiles); lifestyles comprised
smoking status (never, former, or current), drinking sta-
tus (never, former, or current), sleep duration (<5.0,
5.1-6.0, 6.1-7.0, 7.1-8.0, or >8.0 h), and physical activ-
ity level (metabolic equivalent multipliers weighted, in
tertiles) [30]; health conditions consisted of BMI (<18.5,
18.5-23.9, 24-27.9, or >28 kg/m?), depressive symp-
toms (scores of CESD-10 >12, yes or no), restriction on
ADL (difficulty in performing one or more activities of
daily living, yes or no), and physician-diagnosed history
of hypertension, diabetes, heart-related diseases, stroke,
and cancer (yes or no) [31].

In SHARE, sociodemographic factors included age,
gender, residence, marital status, education level (pri-
mary school, middle school, high school, or > college),
and household income; lifestyles comprised smoking
status, drinking status, vigorous physical activity (>1 per
week, 1 per week, or <1 per week), and moderate physical
activity (>1 per week, 1 per week, or <1 per week); health
conditions consisted of BMI (<18.5, 18.5-24.9, 25-29.9,
or >30 kg/m?), depressive symptoms (scores of EURO-D
>4, yes or no), restriction on ADL, and physician-diag-
nosed history of hypertension, diabetes, heart-related
diseases, stroke, and cancer [32]; country (e.g., Austria,
Germany, Sweden) was also modeled to explain between-
country differences [25, 29]. In addition, we included fol-
low-up year and baseline cognitive function score in the
multivariate model when analyzing cognitive decline in
two cohorts.
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Statistical analyses

Baseline characteristics of the study participants grouped
by the combined status of SCP and ICP were compared
using the chi-squared test (y?) for categorical variables
and one-way analysis of variance (ANOVA) for continu-
ous variables. Missing values of categorical variables were
imputed to a separate category. Age-specific and gender-
specific prevalence of SCP and ICP in 2 cohorts was cal-
culated, respectively.

Generalized estimating equation (GEE) models were
used to examine the association between the independ-
ent and combined status of SCP and ICP and cognitive
decline, with S coefficients of the cross-product term
of exposure and follow-up year indicating mean differ-
ences in rates of cognitive decline across groups. As for
dementia, cox proportional hazard regression models
were performed to calculate HRs and 95% ClIs for rela-
tions between the independent and combined status of
SCP and ICP and risk of diagnosed dementia in SHARE.
Survival time was defined as the time from baseline to
the date of incident dementia, loss to follow-up, or study
endpoint, whichever came first. Proportional hazard
assumption was tested and verified by including a cross-
product term with time in the model [33]. In CHARLS,
logistic regression models were utilized to estimate ORs
of probable dementia and 95% Cls. The final multivari-
ate models adjusted for potential confounders including
sociodemographic factors, lifestyles, health conditions
(without physician-diagnosed history of chronic condi-
tions), country (only in SHARE), and baseline cognitive
function score (only when analyzing cognitive decline).
Results from 2 cohorts were then pooled using the
inverse variance-weighted random-effects models, which
allowed for between-study heterogeneity [34].

We performed an exploratory analysis to investigate
whether individuals with both SCP and ICP were at the
highest risk of age-related cognitive decline. We con-
ducted several sensitivity analyses to test the robustness
of findings: (1) multiple imputation for missing covari-
ates; (2) without excluding those regarded as suspected
dementia at baseline; (3) excluding those with the low-
est 10 percentages in cognitive function at baseline (only
when analyzing cognitive decline); (4) excluding those
diagnosed with diseases severely impairing cognition
during follow-up (only when analyzing cognitive decline);
(5) excluding those with stroke or cancer at baseline; (6)
additionally adjusting for physician-diagnosed history of
chronic conditions; (7) additionally adjusting for baseline
cognitive function (only when analyzing dementia); (8)
additionally adjusting for self-rated hearing; (9) exclud-
ing those with self-rated poor hearing at baseline. Fur-
ther, to examine whether the current Asians-specific and
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Westerners-specific definitions of SCP were appropriate,
we exchanged the definitions in 2 cohorts and repeated
the analyses. Stratified analyses were performed across
subgroups based on major covariates (dichotomized).
Effect modification was detected by adding two-way
interaction terms of exposure and covariates or three-
way interaction terms of exposure, follow-up year, and
covariates in the models. All the above statistical analyses
were conducted using SAS (version 9.4) and R (version
4.0.5). A two-tailed P-value <0.05 was considered to be
statistically significant.

Results

Participant characteristics

In the population for analyzing cognitive decline, among
10,976 Chinese (57.7 + 8.7 years) in CHARLS, 49.9%
were female and 37.2% had education levels higher than
primary school; of 40,499 Europeans (64.6 + 9.4 years)
in SHARE, 57.5% were female and 80.6% had education
levels higher than primary school (Table 1). Baseline char-
acteristics of the population for analyzing dementia were
similar (data not shown). Participants with both SCP and
ICP were more likely to be older; have lower education
level, household income, and physical activity level; and
have depressive symptoms, restriction on ADL, hyperten-
sion, heart-related diseases, stroke, and poorer cognitive
function at baseline. Besides, proportions of Non-SCP
& Non-ICP decreased by age and those of SCP & ICP
increased in 2 cohorts (Additional file 1: Figure S3).

SCP and ICP with cognitive decline

During an average of 5.4 and 5.7 years of follow-up,
rates of cognitive decline were —0.039 (—0.044, —0.034)
z-score/year for Chinese and —0.027 (—0.029, —0.025)
z-score/year for Europeans. SCP showed no statistical
relationships with global cognitive score decline (pooled
B = —0.003 [—0.008, 0.003]; Additional file 1: Table S1)
while SCP were related to faster cognitive decline in
the domain of episodic memory in Chinese (8 = —0.023
[—0.036, —0.010]; data not shown). Chinese with ICP had
faster cognitive decline (8 = —0.025 [—0.044, —0.006])
while the association was not observed among Euro-
peans (5 = —0.006 [—0.017, 0.006]; pooled 5 = —0.014
[-0.032, 0.005]). When further mutually adjusting for
SCP and ICP, results did not materially change. In the
joint association analyses, compared to participants
without SCP and ICP, those with coexistence of SCP
and ICP were associated with faster cognitive decline
(Bchinese = —0.051 [—0.080, —0.021]; Beyropeans = —0-024
[-0.043, —0.004]; pooled 8 = —0.035 [-0.061, —0.009]
z-score/year) whereas the corresponding differences
were non-significant for those with only SCP or ICP
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Table 1 Baseline characteristics of the study population in CHARLS (N = 10,976) and SHARE (N = 40,499)

Characteristic Total Non-SCP & Non-ICP SCP & Non-ICP Non-SCP & ICP SCP &ICP P-value

China Health and Retirement Longitudinal Study (CHARLS)

N 10,976 7064 2772 628 512
Age (years) 577 +87 57.1+86 578+84 60.6 +9.6 61.9+90 <0.001
Female (%) 5480 (49.9) 3192 (45.2) 1534 (55.3) 396 (63.1) 358 (69.9) <0.001
Rural (%) 6543 (59.6) 3839 (54.3) 1915 (69.1) 412 (65.6) 377 (73.6) <0.001
Married (%) 9842 (89.7) 6389 (904) 2496 (90.0) 534 (85.0) 423 (82.6) <0.001
Education level (%) <0.001
lliterate 2287 (20.8) 1028 (14.6) 730 (26.3) 269 (42.8) 260 (50.8)
< Primary school 4611 (42.0) 2830 (40.1) 1284 (46.3) 280 (44.6) 217 (424)
Junior high school 2557 (23.3) 1941 (27.5) 528(19.0) 61(9.7) 27 (5.3)
> High school 1521 (13.9) 1265 (17.9) 230(8.3) 18(2.9) 8(1.6)
Household income (%) <0.001
T 3041 (32.1) 1617 (26.6) 979 (40.5) 232(43.2) 213 (47.9)
T2 3193 (33.7) 2046 (33.7) 826 (34.1) 172 (32.0) 149 (33.5)
T3 3240 (34.2) 2410(39.7) 614 (254) 133 (24.8) 83(18.7)
Smoking status (%) <0.001
Never 6517 (594) 4034 (57.1) 1706 (61.5) 418 (66.6) 359 (70.1)
Former 960 (8.7) 625 (8.8) 241 (8.7) 58(9.2) 36 (7.0)
Current 3499 (31.9) 2405 (34.0) 825(29.8) 152 (24.2) 117 (22.9)
Drinking status (%) <0.001
Never 6543 (59.6) 4053 (574) 1734 (62.6) 420 (66.9) 336 (65.6)
Former 865 (7.9) 525(74) 244 (8.8) 45(7.2) 51(10.0)
Current 3568 (32.5) 2486 (35.2) 794 (28.6) 163 (26.0) 125 (24.4)
BMI (kg/m?) 0.001
<185 522(55) 293 (4.9) 145 (5.9) 46 (8.2) 38(8.1)
18.5-23.9 4956 (52.4) 3094 (51.8) 1304 (53.0) 300 (534) 258(55.2)
24-27.9 2862 (30.2) 1853 (31.0) 735(29.9) 153(27.2) 121 (25.9)
>28 1127 (11.9) 736 (12.3) 278(11.3) 63(11.2) 50(10.7)
Sleep duration (hours) <0.001
<50 5(27.6) 1640 (23.3) 982 (35.6) 193 (30.9) 200 (39.6)
5.1-6.0 2384 (21.8) 1613 (22.9) 565 (20.5) 5(184) 91 (18.0)
6.1-7.0 2264 (20.7) 1592 (22.6) 479 (17.4) 108 (17.3) 85(16.8)
7.1-8.0 2425(22.2) 1688 (24.0) 507 (184) 149 (23.9) 81(16.0)
>80 837 (7.7) 508 (7.2) 222(8.1) 59(9.5) 48 (9.5)
Physical activity level (%) 0.016
T 1544 (33.2) 991 (33.5) 373(30.5) 95 (36.8) 85 (38.8)
T2 1553 (334) 1013 (34.3) 396 (324) 75(29.1) 69 (31.5)
T3 1558 (33.5) 952(32.2) 453 (37.1) 88 (34.1) 65 (29.7)
Depressive symptoms (%) 2708 (24.7) 1162 (164) 1129 (40.7) 172 (27.4) 245 (47.9) <0.001
Restriction on ADL (%) 1274 (11.6) 626 (8.9) 423 (15.3) 92 (14.6) 133 (26.0) <0.001
Chronic conditions (%)
Hypertension 2794 (25.5) 1726 (24.4) 768 (27.7) 145 (23.1) 155(30.3) <0.001
Diabetes 701 (6.4) 438 (6.2) 98 (7.1) 35 (5.6) 30(5.9) 0.262
Heart-related diseases 1365 (124) 782 (11.1) 439 (15.8) 66 (10.5) 78(15.2) <0.001
Stroke 227 (2.1) 124(1.8) 64 (2.3) 17 2.7) 22 (4.3) <0.001
Cancer 107 (1.0) 54 (0.8) 37(1.3) 7(1.0) 9(1.8) 0016
Cognitive function (z-score)
Episodic memory 0.00 +1.00 0.17 £1.00 —0.23+091 —041+098 —0.58+0.83 <0.001
Executive function 0.00 +1.00 0.22+0.92 -027+1.01 —0.54+098 —0.88+0.95 <0.001

Global cognitive function 0.00+1.00 0.24 +£0.94 -0.31+0.95 —0.60+0.94 —0.94 +0.83 <0.001
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Table 1 (continued)

Characteristic Total Non-SCP & Non-ICP SCP & Non-ICP Non-SCP & ICP SCP &ICP P-value

Survey of Health, Ageing and Retirement in Europe (SHARE)

N 40,499 29177 9657 1021 644
Age (years) 646 +94 63.6+9.1 669 +9.5 65.7 +£10.1 694 +10.2 <0.001
Female (%) 23,274 (57.5) 16,509 (56.6) 5796 (60.0) 581 (56.9) 388 (60.2) <0.001
Rural (%) 13,883 (35.8) 9859 (35.3) 3453 (37.1) 362 (37.4) 209 (33.8) 0.006
Married (%) 30,498 (75.3) 22,280 (76.4) 7048 (73.0) 749 (73.4) 21 (65.4) <0.001
Education level (%) <0.001
Primary school 7860 (19.4) 4606 (15.8) 2644 (27.4) 314 (30.8) 296 (46.0)
Middle school 7694 (19.0) 5118(17.5) 8(23.0) 199 (19.5) 159 (24.7)
High school 16,181 (40.0) 12,265 (42.0) 3443 (35.7) 329(32.2) 144 (22.4)
> College 8764 (21.6) 7188 (24.6) 1352 (14.0) 179 (17.5) 45 (7.0)
Household income (%) <0.001
T 13,499 (33.3) 8316 (28.5) 4363 (45.2) 434 (42.5) 386 (59.9)
12 13,500 (33.3) 9806 (33.6) 3182 (33.0) 331(324) 181 (28.1)
13 13,500 (33.3) 11,055 (37.9) 2112 (21.9) 256 (25.1) 77 (12.0)
Smoking status (%) <0.001
Never 20,972 (52.5) 14,836 (51.5) 5211 (54.8) 550 (54.6) 375(59.2)
Former 11,294 (28.3) 8241 (28.6) 2649 (27.9) 253 (25.1) 151 (23.9)
Current 7674 (19.2) 5716 (19.9) 1646 (17.3) 205 (20.3) 107 (16.9)
Drinking status (%) <0.001
Never 3602 (9.9) 2359 (8.9) 1012(11.9) 142 (15.6) 89 (15.8)
Former 3832 (10.5) 2356 (8.9) 1265 (14.9) 107 (11.7) 104 (184)
Current 28,987 (79.6) 21,747 (82.2) 6204 (73.2) 664 (72.7) 372 (65.8)
BMI (kg/m?) <0.001
<185 428 (1.1) 287 (1.0 113(1.2) 17 (1.7) 11(1.8)
18.5-24.9 13,976 (35.5) 10,364 (36.5) 3094 (33.1) 340 (34.9) 178 (29.1)
25-29.9 16,307 (41.5) 11,772 (41.5) 3873 (41.4) 395 (40.6) 267 (43.7)
>30 8608 (21.9) 5953 (21.0) 2278 (24.3) 222(22.8) 155 (25.4)
Vigorous physical activity (%) <0.001
>1 per week 14,509 (35.8) 11,398 (39.1) 2690 (27.9) 313(30.7) 108 (16.8)
1 per week 5917 (14.6) 4519 (15.5) 1189 (12.3) 135(13.2) 74(11.5)
<1 per week 20,073 (49.6) 13,260 (45.4) 5778 (59.8) 573(56.1) 462 (71.7)
Moderate physical activity (%) <0.001
>1 per week 28,763 (71.0) 21,458 (73.5) 6345 (65.7) 632 (61.9) 328(50.9)
1 per week 5550(13.7) 3937 (13.5) 1368 (14.2) 138 (13.5) 07 (16.6)
<1 per week 86 (15.3) 3782(13.0) 1944 (20.1) 51 (24.6) 209 (32.5)
Depressive symptoms (%) 10,641 (26.3) 6074 (20.8) 3911 (40.5) 289 (28.3) 367 (57.0) <0.001
Restriction on ADL (%) 3510(8.7) 1829 (6.3) 1391 (14.4) 122(11.9) 168 (26.1) <0.001
Chronic conditions (%)
Hypertension 17,039 (42.1) 11,503 (39.4) 4744 (49.1) 427 (41.8) 365 (56.7) <0.001
Diabetes 4861 (12.0) 3143 (10.8) 1482 (15.3) 117(11.5) 119(18.5) <0.001
Heart-related diseases 5792 (14.3) 3511 (12.0) 1963 (20.3) 147 (14.4) 171 (26.6) <0.001
Stroke 1684 (4.2) 938(3.2) 659 (6.8) 35(34) 52(8.1) <0.001
Cancer 2835 (7.0) 1928 (6.6) 811(84) 52(5.1) 44 (6.8) <0.001
Cognitive function (z-score)
Episodic memory 0.00 £ 1.00 0.14+£0.98 -0.34£0.96 -0.27 £1.02 —-0.88 £0.90 <0.001
Executive function 0.00 £ 1.00 0.11£1.01 —0.25+£0.90 -0.30£0.99 -0.70£0.75 <0.001
Global cognitive function 0.00 + 1.00 0.14+0.99 -0.33+091 —0.34 +£0.99 -0.88+0.76 <0.001

Abbreviations: SCP Self-reported cognitive problems, ICP Interviewer-reported cognitive problems, BMI Body mass index, ADL Activities of daily living, T Tertile
Values were presented as mean + SD for continuous variables and n (%) for categorical variables

The one-way analysis of variance and chi-squared test were used to test for differences across groups
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Table 2 Combined association of SCP and ICP with cognitive decline among Chinese (N = 10,976) and European (N = 40,499) middle-

aged and older participants

Non-SCP & Non-  SCP & Non-ICP Non-SCP & ICP SCP & ICP
ICP
China Health and Retirement Longitudinal Study (CHARLS)?
N 7064 2772 628 512
Age-adjusted model 0 (ref) —0.003 (-0.015,0.010) —0.008 (—-0.034, 0.018) —0.061 (-0.092, -0.031) *
Multivariate model 1 (MV1) 0 (ref) —0.003 (=0.015, 0.009) —0.008 (—=0.033,0.017) —0.052 (—0.082,-0.023) *
Multivariate model 2 (MV2) 0 (ref) —0.003 (-0.015, 0.009) —0.008 (—0.033,0.017) —0.051 (—0.080, —0.021) *
Survey of Health, Ageing and Retirement in Europe (SHARE)®
N 29,177 9657 1021 644
Age-adjusted model 0 (ref) —0.001 (-0.005, 0.004) 0.002 (-0.013,0.016) —0.028 (—0.048, —0.008) *
Multivariate model 1 (MV1) 0 (ref) —0.0003 (—0.005, 0.005) 0.003 (=0.011,0.017) —0.024 (—0.044, —0.004) *
Multivariate model 2 (MV2) 0 (ref) 0.0002 (—0.005, 0.005) 0.004 (-0.011,0.018) —0.024 (-0.043, -0.004) *
Pooled results®
Multivariate model 2 (MV2) 0 (ref) —0.0003 (-0.005, 0.004) 0.001 (=0.011,0.013) —0.035 (-0.061, —0.009) *

Abbreviations: SCP Self-reported cognitive problems, ICP Interviewer-reported cognitive problems

Age-adjusted model: adjusted for age, age?, and follow-up year

Multivariate model 1 (MV1): CHARLS: further adjusted for gender, residence, marital status, education level, household income, smoking status, drinking status, sleep
duration, BMI, depressive symptoms, ADL, and physical activity level; SHARE: further adjusted for gender, residence, marital status, education level, household income,

smoking status, drinking status, BMI, depressive symptoms, ADL, vigorous physical activity, moderate physical activity, and country

Multivariate model 2 (MV2): further adjusted for baseline cognitive function score

Estimates of the mean differences in cognitive decline across groups were f coefficients of cross-product terms of exposure and follow-up year

2 During an average of 5.4 years of follow-up, the rate of cognitive decline was —0.039 (—0.044, —0.034) z-score/year for Chinese

b During an average of 5.7 years of follow-up, the rate of cognitive decline was —0.027 (—0.029, —0.025) z-score/year for Europeans

€ Results from the multivariate model 2 (MV2) were pooled using the random-effects model

P <0.05

(Table 2). Significant relations between coexistence of
SCP and ICP with episodic memory-specific and execu-
tive function-specific cognitive decline were also found
(Additional file 1: Figure S4).

SCP and ICP with dementia

At the 7th year of follow-up in CHARLS, 1120 incident
probable dementia cases were identified while a total of
1524 incident diagnosed dementia cases were reported
during the follow-up (mean = 6.0 years) in SHARE. In
the multivariate models, SCP and ICP were respectively
associated with 73% (30%, 129%) and 40% (10%, 79%)
increased risk of dementia, with similar results after
mutually adjusting for SCP and ICP (Additional file 1:
Table S2). Besides, compared to participants without
SCP and ICP, Chinese and Europeans with coexistence
of SCP and ICP were associated with higher odds (OR =
1.77 [1.42, 2.20]) and hazards (HR = 2.94 [2.42, 3.59]) of
dementia respectively (pooled relative risk = 2.29 [1.38,
3.77]; Table 3). Associations for those with only SCP
or ICP were attenuated but remained significant, with
pooled relative risk ranging from 1.38 to 1.72.

Exploratory analysis, subgroup analyses, and sensitivity
analyses

In the exploratory analysis, we observed that the SCP
& ICP group had the fastest cognitive decline and high-
est risk of dementia among four groups (Additional
file 1: Table S3-S4). In the subgroup analyses, we found
no statistical evidence for effect modification by gender,
residence, education level, smoking status, depressive
symptoms, and history of chronic conditions. However,
the combined associations of SCP and ICP with cognitive
decline were stronger among those aged >60 in CHARLS
(P-interaction <0.001) whereas opposite effect modifi-
cation results for cognitive decline and dementia were
observed in SHARE (both P-interaction = 0.001; Figs. 1
and 2). Additionally, relationships of SCP and ICP with
cognitive decline were stronger among those with BMI
<24 in CHARLS (P-interaction = 0.016). In the sensitiv-
ity analyses, results were similar to the main analysis,
indicating the robustness of observed associations (Addi-
tional file 1: Table S5-S8). When we exchanged the defini-
tions of SCP in 2 cohorts, the corresponding associations
were moderately attenuated.
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Table 3 Combined association of SCP and ICP with dementia among Chinese (N = 8112) and European (N = 44,849) middle-aged

and older participants

Non-SCP & Non-ICP SCP & Non-ICP Non-SCP & SCP & ICP
ICP
China Health and Retirement Longitudinal Study (CHARLS): Probable dementia, OR (95% CI)?
N 4495 2276 632 709
Cases 425 405 100 190
Age-adjusted model 1 (ref) 2.03(1.75,2.36) * 147 (1.15,1.87) % 2.89(237,353)*
Multivariate model 1 (MV1) 1 (ref) 147 (1.25,1.72) * 1.18(0.91,1.52) 1.77 (1.42,2.20) *

Survey of Health, Ageing and Retirement in Europe (SHARE): Diagnosed dementia, HR (95% CI)®

N 31,259
Cases 637 672
Person-years 190,818
Incidence rated 3338
Age-adjusted model 1 (ref)
Multivariate model 1 (MV1) 1 (ref)
Pooled results®
Multivariate model 1 (MV1) 1 (ref)

11,152

66,394
10121
2.27(2.03,2.53)*
1.99(1.77,2.24) *

1.72(1.28,231)*

1276 1162
64 151
7424 6142
862.1 2458.5

1.98 (1.53,2.56) *
1.61(1.24,2.10)*

4.27 (3.56,5.13) %
294 (242,3.59) *

1.38(1.01,1.88) * 2.29(138,377)*

Abbreviations: SCP Self-reported cognitive problems, ICP Interviewer-reported cognitive problems

Age-adjusted model: adjusted for age and age?

Multivariate model 1 (MV1): CHARLS: further adjusted for gender, residence, marital status, education level, household income, smoking status, drinking status, sleep
duration, BMI, depressive symptoms, ADL, and physical activity level; SHARE: further adjusted for gender, residence, marital status, education level, household income,
smoking status, drinking status, BMI, depressive symptoms, ADL, vigorous physical activity, moderate physical activity, and country

2 0dds ratios (OR) were estimated using the logistic regression model

b Hazard ratios (HR) were estimated using the cox proportional hazards model

€ Results from the multivariate model 1 (MV1) were pooled using the random-effects model

9 Incidence per 100,000 person-years
P <0.05

Discussion

In the two community-based prospective cohort stud-
ies of Chinese (7-year follow-up) and European (8-year
follow-up) middle-aged and older adults without demen-
tia, we observed independent associations of interviewer-
reported cognitive problems with faster cognitive decline
and higher risk of incident dementia. Additionally, the
strongest associations with age-related cognitive decline
were found among participants with the co-existence of
self- and interviewer-reported cognitive problems.

In the current study, we observed that SCP were
related to faster cognitive decline in the domain of epi-
sodic memory in CHARLS. Consistent with our results,
one community-based study including 4015 older adults
(age = 77.7 + 7.2 years) found that those with memory
complaints had faster decline in the domain of episodic
memory (8 = —0.037 [-0.047, —0.027]) during a mean
follow-up of 6 years [35]. Besides, SCP were related to
73% increased risk of developing dementia in our study,
which was similar to the pooled results from a meta-
analysis (HR = 1.90 [1.52, 2.36]) [10]. Therefore, our
findings provided additional evidence to support SCP as
indicators of cognitive decline and dementia. In addition,
we found that ICP were associated with faster cognitive

decline and elevated risk of dementia. Although there is
no research exploring whether ICP were related to age-
related cognitive decline, several previous studies inves-
tigated the associations of informant-reported cognitive
problems. For example, one study with 1048 individuals
(age = 73.3 + 7.0 years) from the Alzheimer’s Disease
Neuroimaging Initiative showed that worse informant-
ECog (Everyday cognition scale) scores were associ-
ated with greater decline in multiple neuropsychological
tests and increased risk of conversion from mild cogni-
tive impairment (MCI) to dementia [36]. With the large
sample size and diverse education levels, these two pro-
spective cohort studies provided strong evidence to sup-
port the indicative role of cognitive problems reported by
interviewers in age-related cognitive decline.

In the joint association analysis, the coexistence of
SCP and ICP was associated with the fastest cognitive
decline and highest risk of incident dementia. Simi-
larly, previous studies found that participants with both
self- and informant-reported cognitive problems were
related to increased risk of cognitive decline and pro-
gression from MCI to dementia, with effect estimates
greater than those only having one of the two sources
of reported cognitive problems [13, 37]. Particularly,
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A.Cognitive decline in CHARLS

Variable N B (95% CI) P-interaction
Age <0.001
<60 6717 L] -0.038 (-0.081, 0.005)
260 4259 L] -0.049 (-0.090, -0.008)
Gender 0.450
Male 5496 L] -0.065 (-0.125, -0.005)
Female 5480 L] -0.046 (-0.080, -0.012)
Residence 0.777
Urban 4433 L] -0.026 (-0.088, 0.037)
Rural 6543 ° -0.058 (-0.091, -0.025)
Education level 0.419
<Junior high school 9455 o -0.049 (-0.079, -0.019)
2High school 1521 L] -0.026 (-0.216, 0.165)
Smoking status 0.488
Never 6517 . -0.046 (-0.080, -0.012)
Former and current 4459 o -0.067 (-0.123, -0.010)
BMI 0.016
<24 5478 L -0.075 (-0.115, -0.034)
224 3989 L -0.002 (-0.050, 0.045)
Depression 0.292
No 8268 L] -0.038 (-0.082, 0.006)
Yes 2708 L] -0.072 (-0.112, -0.033)
At least one disease 0.346
No 7114 L] -0.057 (-0.095, -0.019)
Yes 3862 L] -0.042 (-0.088, 0.004)
T Tt T 1 1

-0.15-0.1-0.05 0 0.05 0.1 0.15
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B.Cognitive decline in SHARE

Variable N B (95% CI) P-interaction
Age 0.001
<60 13702 ] -0.023 (-0.072, 0.026)
260 26797 L] -0.016 (-0.037, 0.006)
Gender 0.583
Male 17225 ] -0.019 (-0.053, 0.014)
Female 23274 L] -0.026 (-0.050, -0.002)
Residence 0.383
Urban 24941 L -0.010 (-0.034, 0.014)
Rural 13883 L] -0.038 (-0.073, -0.002)
Education level 0.375
<Middle school 15554 ] -0.026 (-0.051, -0.002)
2High school 24945 L) -0.012 (-0.045, 0.021)
Smoking status 0.553
Never 20972 ] -0.019 (-0.047, 0.009)
Former and current 18968 L] -0.034 (-0.061, -0.006)
BMI 0.186
<25 14404 L] -0.035 (-0.072, 0.002)
225 24915 o -0.015 (-0.039, 0.009)
Depression 0.475
No 29858 L] -0.033 (-0.058, -0.007)
Yes 10641 L] -0.019 (-0.049, 0.011)
At least one disease 0.773
No 18423 L] -0.034 (-0.075, 0.007)
Yes 22076 L -0.014 (-0.036, 0.009)
LI B B B R

-0.15-0.1-0.05 0 0.05 0.1 0.15

Fig. 1 Subgroup analyses for the combined association of SCP and ICP with cognitive decline in CHARLS (A) and SHARE (B) by comparing SCP &

ICP group and Non-SCP & Non-ICP group in the fully adjusted model

one study conducted among community-dwelling older
adults (age = 78.7 + 4.8 years) found that self-reported
memory decline may indicate faster cognitive decline in
the domain of language while informant-reported mem-
ory decline may be indicative of decline in the domain of
executive function and memory [38]. Hence, cognitive
problems reported by the respondent himself or a third
person may represent early signs of future decline in dif-
ferent cognitive domains, which was probably one of the
reasons why the coexistence of SCP and ICP showed the
strongest relationships with age-related cognitive decline.
In addition, compared to informants, obtaining feedback
from interviewers may be more feasible and cost less in
the community-based studies. Therefore, a combina-
tion of self- and interviewer-reported cognitive prob-
lems could be employed as a complementary approach
to identify those at high risk of age-related cognitive
decline, especially in situations when finding appropriate
informants was unavailable or difficult.

The present study has a number of strengths. The pro-
spective study design, long-term follow-up, large sample
size, inclusion of two populations with different cultural
backgrounds and education levels, and careful control of
various potential confounders minimized selection bias

and reverse causation, thus providing relatively valid esti-
mates of associations. Nevertheless, several limitations
should be considered when interpreting the results of our
study. The primary limitation is the nature of an observa-
tional study design where the observed associations may
be impacted by residual and unmeasured confounders.
However, we statistically adjusted for a wide range of key
risk factors including baseline cognitive function, sug-
gesting that confounding is not a likely explanation for
the current findings. Second, the incidence of demen-
tia was measured in an unstandardized way between the
two cohorts. However, ways of utilizing the operational
criteria and self- or proxy-reported diagnosis to define
dementia were both widely used and validated in epide-
miological studies [27, 39-41]. More studies with stand-
ardized ways to define dementia are warranted to confirm
and elucidate the observed findings. Another limitation
is the possible reverse causality. We excluded demen-
tia cases occurring within the first 2 years of follow-up
when analyzing dementia. Additionally, we repeated the
analyses for cognitive decline after excluding those diag-
nosed with diseases severely impairing cognition during
the follow-up and observed similar findings. Fourthly, the
use of self-rated current memory performance instead of
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A.Probable dementia in CHARLS

Variable N OR (95% Cl)  P-interaction
Age 0.308
<60 3626 ] 1.75(1.18, 2.71)
260 4486 ] 1.78 (1.38, 2.30)
Gender 0.122
Male 3859 L] 1.49 (0.99, 2.26)
Female 4253 ] 1.91(1.46, 2.51)
Residence 0.173
Urban 2905 . 237 (1.49,3.77)
Rural 5207 ] 1.63 (1.26, 2.10)
Education level 0.698
<Junior high school 7378 ] 1.74 (1.40, 2.18)
2High school 734 ] 1.71 (0.14, 20.61)
Smoking status 0.886
Never 4865 ] 1.76 (1.34, 2.30)
Former and current 3247 ] 1.78 (1.19, 2.68)
BMI 0.068
<24 4369 ] 1.56 (1.16, 2.11)
224 2695 ] 2.50 (1.67, 3.73)
Depression 0.458
No 5792 L] 1.49 (1.08, 2.06)
Yes 2320 . 2.11 (1.54, 2.90)
At least one disease 0.987
No 5015 ] 1.66 (1.23, 2.25)
Yes 3097 . 1.94 (1.39, 2.69)
L B N
0 1 2 3 4
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B.Diagnosed dementia in SHARE

Variable N HR (95% Cl) P-interaction
Age 0.001
<60 14760 ] 4.13 (1.78, 9.60)
260 30089 ] 2.90 (2.36, 3.55)
Gender 0.559
Male 19098 ] 3.31(2.40, 4.57)
Female 25751 ] 2.73(2.12,3.51)
Residence 0.314
Urban 27648 . 3.10 (2.41, 3.98)
Rural 15282 L] 2.72 (1.94, 3.82)
Education level 0.301
<Middle school 18297 L] 2.89 (2.31, 3.62)
2High school 26552 ] 3.28 (2.07, 5.19)
Smoking status 0.164
Never 23545 L] 2.68 (2.10, 3.42)
Former and current 20631 ] 3.82(2.71,5.38)
BMI 0.201
<25 15739 ] 3.77 (2.72,5.23)
225 27612 ] 2.72 (210, 3.53)
Depression 0.317
No 32338 ] 3.22(2.34,4.44)
Yes 12511 . 3.00 (2.30, 3.91)
At least one disease 0.530
No 19998 . 2.99 (1.96, 4.55)
Yes 24851 . 2.88(2.30, 3.61)
LI R B N B R

0 1 2 3 4 5 6

Fig. 2 Subgroup analyses for the combined association of SCP and ICP with dementia in CHARLS (A) and SHARE (B) by comparing SCP & ICP group

and Non-SCP & Non-ICP group in the fully adjusted model

memory change to define SCP may be subject to under-
estimation. Nevertheless, such situations potentially
included more at-risk persons in the reference group and
biased our association estimates toward the null. Finally,
some participants may be regarded as having ICP due to
language barriers or hearing impairment instead of cog-
nitive problems. However, native speakers were recruited
and trained to become interviewers, and feedback from
interviewers used to define ICP focused on asking for
clarification rather than repetition of questions. We also
observed similar results after additionally adjusting for
self-rated hearing or excluding those with self-rated poor
hearing. More studies with diverse methods to define
SCP and ICP are warranted to confirm and elucidate the
observed findings.

Conclusions

Interviewer-reported cognitive problems and the coex-
istence of self- and interviewer-reported cognitive prob-
lems were associated with faster cognitive decline and
higher risk of dementia. The study findings suggested

that interviewer-reported cognitive problems may be
early indicators of age-related cognitive decline in mid-
dle-aged and older adults across different populations. A
combination of self- and interviewer-reported cognitive
problems could be utilized to identify individuals at high
risk of developing cognitive decline and dementia, pro-
viding an important time window to delay and prevent
dementia.
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ANOVA  Analysis of variance

BMI Body mass index

CHARLS  China Health and Retirement Longitudinal Study
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ELSA English Longitudinal Study of Ageing
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SCP Self-reported cognitive problems

SHARE Survey of Health, Ageing, and Retirement in Europe
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