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Abstract

Background: The principal aim of this study was to demonstrate the gender-specific cognitive patterns among
middle-aged and elderly Chinese adults, investigate the risk factors on global and domain-specific cognitive
performance in men and women, respectively, and report demographically adjusted norms for cognitive tests.

Methods: The Effects and Mechanism of Cholesterol and Oxysterol on Alzheimer's disease (EMCOA) study enrolled
4573 participants aged 50-70 years in three Chinese cities. All participants underwent an extensive neuropsychological
test battery. Composite scores for specific domains were derived from principal component analysis (PCA). Multivariate
linear regression models were used to determine gender-specific risk factors and demographically adjusted normative
data.

Results: Three cognitive domains of verbal memory, attention/processing speed/executive function, and cognitive

flexibility were extracted. A female advantage in verbal memory was observed regardless of age, whereas men tended
to outperform women in global cognition and attention/processing speed/executive function. The effects of education
on women were more substantial than men for general cognition and attention/processing speed/executive function.

and elderly

For all the cognitive tests, regression-based and demographically adjusted normative data were calculated.
Conclusions: There is a need for gender-specific intervention strategies for operationalizing cognitive impairment.
Trial registration: EMCOA, ChiCTR-OOC-17011882. Retrospectively registered on 5 July 2017.

Keywords: Cognitive pattern, Gender-specific, Global and domain-specific, Normative data, Cross-sectional, Middle-aged

Background

According to the World Alzheimer Report 2015 released
by Alzheimer’s Disease International (ADI), 900 million
people aged 60 years or above are now living worldwide,
with this number expected to increase by 138-239% in
middle-income countries such as China between 2015
and 2050 [1]. This is a noteworthy estimation given that
normal aging is accompanied by deterioration across a
spectrum of cognitive functions related to memory, at-
tention, executive function, processing speed, and so on
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[2]. As a chronic and progressive neurodegenerative dis-
order that is strongly age-associated, dementia involves a
severe loss of cognitive function beyond the normal
aging process [3]. It can impede independent living and
impose considerable personal, social, and economic bur-
dens. Age-related cognitive impairment and the global
impact of dementia has become a priority public health
issue considering that the aging population constitutes a
rapidly increasing proportion of the total population [4].
In the absence of an effective treatment, there is a
responsibility for researchers to develop strategies to
reduce the risk and slow the progression associated with
mental aging.

Research on age-related cognitive impairment has
shown that assessment of cognitive performance over
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the lifespan is a heterogeneous process [5]. On one
hand, advanced age conveys positive influences on ver-
bal abilities and production, and implicit and autobio-
graphical memory due to growing knowledge and life
experience. On the other hand, advanced age also con-
veys negative influences on processing speed, explicit
memory, and verbal fluency due to age-related deteri-
oration of the brain [6]. Diversity in cognitive per-
formance and different rates of cognitive decline have
been reported to be altered with regard to demo-
graphic characteristics, education, lifestyle, physical
conditions, social engagement, and economic re-
sources [7-9]. In fact, the influence of these sociode-
mographic characteristics on cognitive function is not
homogeneous and they may interact with each other
to yield distinctive patterns of cognitive performance.
In particular, our previous studies have found that nu-
merous cognitive scores were significantly different
between men and women [10]. Lifestyle risk factors
for mild cognitive impairment (MCI) are also
gender-specific, in which smoking was only significant
in men [11]. However, the gender-specific cognitive
patterns and related risk factors are still under debate
with respect to discrepant results across countries and
are thus in need of further investigation. The elucida-
tion of these different effects is crucial for understand-
ing what determines healthy cognitive aging.

Including an estimated 218 million older people and
9.5 million people living with dementia, China has be-
come a region with the most people living with dementia
in 2015 [1]. Given this, many studies focused on older
individuals in different stages of dementia, such as MCI
[12-14]. Nevertheless, cognitive aging may begin in
mid-life and has also been extensively investigated out-
side the context of dementia. Therefore, detection of
cognitive decline in at-risk middle-aged and elderly
groups has become a research priority [15]. Making firm
identification and diagnosis between normal aging, MCI,
and different subtypes of dementia requires the use of
normative standards. Unbiased identification and diag-
nosis requires an individual’s cognitive performance to
be compared to a normal sample from a comparable
cognitively healthy population [16]. However, most com-
monly used neuropsychological tests only have norms
for elderly populations aged 60 years or above. The
norms for cognitive function are relatively under-
researched among Chinese middle-aged and elderly
adults owing to the lack of large-scale community-based
studies. It can be problematic to draw clinical inferences
from normative studies only for elderly populations aged
60 years or above.

A large-scale community-based study in China, the
Effects and Mechanisms of Cholesterol and Oxysterol
on Alzheimer’s disease (EMCOA) study, offers an
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opportunity to explore normal cognitive performance
across the age spectrum of 50-70 years. This epidemio-
logical investigation, begun in 2014, was primarily de-
signed to prospectively determine the effects of dietary
cholesterol and oxysterols on the incidence of Alzhei-
mer’s disease (AD)/MCI in the middle-aged and elderly
population. The present study emerged to investigate
gender-specific cognitive patterns, explore risk factors
for global or domain-specific cognitive performance in
men and women, respectively, and to establish reliable
normative information in Chinese middle-aged and eld-
erly adults.

Methods

Setting

The present study was within the framework of the
EMCOA study, an ongoing community-based cohort study
of Chinese adults aged 50-70 years living in three Chinese
cities of Beijing, Linyi, and Jincheng, and was registered on
the Chinese Clinical Trial Registry as ChiCTR-OOC-
17011882. The baseline examination took place between
January 2014 and December 2015 and follow-up examina-
tions take place every 2 years. The project was conducted
by a synergistic collaboration among the Capital Medical
University, Linyi Health Examination Center affiliated with
Linyi People’s Hospital, Jincheng Health Examination Cen-
ter affiliated with Jincheng People’s Hospital, and several
community-based health centers affiliated with Beijing
Chaoyang District Center for Disease Control and Preven-
tion. Eligibility criteria for the EMCOA study included
adults aged 50-70 years with no history of neuropsychi-
atric disorders or neoplastic diseases (malignant and be-
nign tumor growths, e.g. head-neck tumors, metastatic
lung, or upper digestive tumors) [17] and who simultan-
eously agreed to participate in the study. Exclusion criteria
were as follows: 1) diagnosed with any neurodegenerative
disease by neurologists (e.g., MCI or dementia); 2) suffer-
ing from cognitive impairment caused by depression,
stroke, traumatic brain injury, or other severe organ dys-
function; 3) declined to participate in the study; 4) cur-
rently taking medication or dietary supplement to
improve cognitive function; and 5) uncorrected visual or
hearing impairment. The study protocols of the EMCOA
study were reviewed and approved by the Ethics Commit-
tee of the Capital Medical University (2013SY35) and par-
ticipants provided written informed consent.

Study population

The present analysis is based on the information ob-
tained at the baseline examination. A total of 5805 indi-
viduals responded to the invitation and agreed to
participate in this study. After checking the participants,
1232 participants were excluded for the following rea-
sons: 531 due to neuropsychiatric problems (e.g.,
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dementia, depression, or cerebral aneurysm), 680 due to
the participant’s failure to complete the whole examin-
ation, and 21 due to other reasons. Finally, large
cross-sectional data from 4573 middle-aged and elderly
participants entered the study and were used for this
analysis (Fig. 1). Of the 4573 participants, 2247 (49.1%)
were men and 2326 (50.9%) were women.

Cognitive test battery

Participants underwent neuropsychological evaluation
in a private and quiet room carried out by technicians
with formal training. A battery of well-validated Chin-
ese version tests that possess high inter- and intra-rater
reliability were administered to assess cognitive per-
formance. Audio tape recordings of standardized test-
ing procedures were reviewed across study sites to
ensure consistency. We included the following cogni-
tive tests: the Mini-Mental State Examination (MMSE)
[18]; the Montreal Cognitive Assessment Test (MoCA)
[19]; the Auditory Verbal Learning Test (AVLT) [20]
using summarized scores of immediate recall (AVL-
T-IR), short recall (AVLT-SR), and long recall
(AVLT-LR); the Symbol Digit Modalities Test (SDMT)
[21]; the Wechsler Memory Scale Revised for China
(WMS-RC) subtests Logical Memory Test—immediate
recall (LMT-IR) [22], Digit Span Forwards (DSF), and
Digit Span Backwards (DSB) [23]; the Trail Making
Test (TMT) A and B [24]; and the Stroop Color-Word
Test-Interference Trial (SCWT-IT) [25]. A detailed de-
scription of the procedure and modifications made to
these measures can be found in Additional file 1:
Supplementary methods and results.
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Covariates

At enrollment, a questionnaire on sociodemographics
(gender, date of birth, years of formal education, employ-
ment, monthly household income, etc.), lifestyle (resi-
dence status, reading habits, physical activity, smoking,
drinking, etc.), and clinical data (past and family medical
history) was used to obtain information from the partici-
pants and/or their family member. Details of covariates
are shown in Additional file 1.

Data analysis

Principal component analysis (PCA) with varimax rota-
tion was employed as a data-reduction technique to ob-
tain composite scores for specific cognitive domains.
The analysis of covariance was used to compare cogni-
tive patterns between men and women. Sociodemo-
graphic characteristics, lifestyle, and medical variables,
as well as cognitive performance between men and
women, are reported as mean (standard deviation (SD)),
median (interquartile range), or frequency (percentage).
Reported p values refer to the Student ¢ test, Mann
Whitney U test, Kruskal-Wallis test, or chi-square test
as appropriate. We used multivariate linear regression
analysis for global and domain-specific cognitive per-
formance as continuous outcomes. All models were ad-
justed for potential risk factors (sociodemographic
characteristics, lifestyle, and medical variables) and
stratified by gender. Heterogeneity of risk factors be-
tween men and women was assessed as gender x risk
factor interactions which were included in overall
models with the main effect terms. For interactions in
multiple testing, an adjusted p value < 0.05, taking into

Eligible residents aged 50 to 70
years, N=6791

Non-respondents: 986

1. Refused: 731

2. Untraceable: 195

3. Life-threatening diseases: 60

Respondents: 5805

Non participants: 1232
1. Neuropsychiatric problems : 531

2. Failure to accomplish: 680
3. Other reasons: 21

tests

4573 participants included
All were assessed by cognitive

|

Male: 2247

Fig. 1 Study flow chart

l

Female: 2326
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Table 1 Cognitive tests of participants
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Table 3 Characteristics of cognitive domains in participants

Cognitive test  Total number ~ Mean SD Skew
MMSE 4494 2811 2137 -2217
MoCA 4514 24.79 3.568 —1.242
AVLT-IR 4495 15.2209 498377 0.265
AVLT-SR 4483 523 2.522 0.040
AVLT-LR 4452 4.57 2.759 0.127
SDMT 4492 3363 11453 0.158
DSF 3923 7.72 1448 -0.735
DSB 3920 4.03 1.292 —-0.302
TMT-A 4486 69.75 27.295 1.029
TMT-B 4452 168.16 70.199 1.013
LMT-IR 4427 10.7408 5.10170 -0.067
SCWT-IT 4410 402502472 23.16964651 10304

Skew > 0, positive skewed distribution; skew < 0, negative skewed distribution
AVLT-IR Auditory Verbal Learning Test—immediate recall, AVLT-LR Auditory
Verbal Learning Test—long recall, AVLT-SR Auditory Verbal Learning
Test—short recall, DSB digit span backwards, DSF digit span forwards, MMSE
Mini-Mental State Examination, MoCA Montreal Cognitive Assessment, SCWT-IT
Stroop Color-Word Test Interference Trial, SDMT Symbol Digit Modalities Test,
TMT Trail Making Test, LMT-IR Logical Memory Test—immediate recall

account the false discovery rate (FDR) [26], was consid-
ered as statistically significant. The norms of these cog-
nitive tests were also established and stratified according
to variables that most associated with cognitive perform-
ance, and the details are shown in Additional file 1. All
analyses were carried out using SPSS for Windows, ver-
sion 23.0 (SPSS, Chicago, IL USA) and statistical signifi-
cance was set at p < 0.05.

Table 2 Principal components analysis for the cognitive

Cognitive domain Total Mean SD  Skew
number

Memory performance 3696 0.000 1.000 0.188

Attention/processing speed/executive 3696 0.000 1.000 -0.624

function

Cognitive flexibility 3696 0.000 1.000 3.871

Each cognitive domain is the mean of the composite scores
Skew > 0, positive skewed distribution; skew < 0, negative skewed distribution

Results

Global and domain-specific cognitive performance

The means and SDs of all the cognitive tests are pre-
sented in Table 1. The PCA generated three principal
components from 10 subtests with eigen values >1
which accounted for 64.83% of the total initial variance
in cognitive test performance (Table 2). The compound
scores were calculated subsequently for: 1) verbal mem-
ory; 2) attention/processing speed/executive function;
and 3) cognitive flexibility. The first component, primar-
ily comprised of immediate, short, and long recall of
AVLT, was interpreted to reflect verbal memory. The
second component was interpreted to reflect attention/

Table 4 Age group, education level, and cognitive performance
between men and women

subtests
Cognitive  Components
subtest Verbal memory  Attention/processing Cognitive
speed/executive function flexibility
AVLT-IR 0.859348 0.1786355 —0.02420138
AVLT-SR 0.925347 0.1656561 0.013152043
AVLT-LR 0.919844 0.1586545 0.007458428
SDMT 0.268641 0.6900593 0.107590145
DSF 0.056095 0.5391598 —-0.48831854
DSB 0256134 0.5315925 —0.36294081
TMT-A 0.09689 0.7970535 0.091785669
TMT-B 0.110346 0.7881209 0.142030366
LMT-IR 0427479 0.5010345 —-0.13808383
SCWT-IT 0.042578 02260081 0.759748898

Men Women p value
(n=2247) (n=2326)
Age group (years), n (%) 0.086
50-54 550 (24.5%) 576 (24.8%)
55-59 693 (30.8%) 767 (33.0%)
60-64 671 (29.9%) 684 (29.4%)
65-70 293 (13.0%) 251 (10.8%)
Education level, n (%) <0.001**
Elementary school 218 (9.7%) 551 (23.7%)
Junior middle school 666 (29.6%) 818 (35.2%)
Senior middle school 678 (30.2%) 619 (26.6%)
college and above 650 (28.9%) 293 (12.6%)
Global cognitive function, mean (IQR)
MMSE 29 (28,30) 26 (24,28) <0001**
MoCA 28(27,300  25(22,27) <0001**
Domain-specific cognitive function, mean (IQR)
Verbal memory -0.10 0.03 (-0.68, 0.003*
(-0.73,064) 0.73)
Attention/processing speed/ 0.29 (-0.38, -0.03 <0.001**
executive function 0.77) (-0.83, 0.59)
Cognitive flexibility -0.08 0.12 (=039, <0.001**
(-0.63,039) 067)

Bold entries indicate measures with high loadings on each factor

AVLT-IR Auditory Verbal Learning Test—immediate recall, AVLT-LR Auditory
Verbal Learning Test—Ilong recall, AVLT-SR Auditory Verbal Learning
Test—short recall, DSB digit span backwards, DSF digit span forwards, SCWT-IT
Stroop Color-Word Test Interference Trial, SDMT Symbol Digit Modalities Test,
TMT Trail Making Test, LMT-IR Logical Memory Test—immediate recall

Data shown as n (%) were compared between two groups using the
chi-square test

Data with skewed distribution shown as median (interquartile range (IQR))
were compared between two groups using the Mann Whitney U test

MMSE Mini-Mental State Examination, MoCA Montreal Cognitive Assessment
#P < 0.05; %P < 0.001
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Table 5 General characteristics of the participants
Men Women p value
Number, n (%) 2247 (49.1%) 2326 (50.9%) -
Sociodemographic characteristics
Age (years), median (IQR) 59 (55, 62) 58 (54, 62) 0.045*%
Education (years), median (IQR) 12 (9, 15) 9(9 12) < 0.001**
Occupation, n (%) <0.001**
Manual work 452 (20.1%) 723 (31.1%)
White-collar work 921 (41.0%) 453 (19.5%)
Monthly income, n (%) <0.001**
Low 607 (27.0%) 868 (37.3%)
Medium 734 (32.7%) 722 (31.1%)
High 906 (40.3%) 736 (31.6%)
BMI (kg/m?), mean + SD 2538+3.12 2459+3.16 <0.001**
BMI group, n (%) < 0.001**
Underweight 19 (0.8%) 27 (1.16%)
Normal weight 992 (44.1%) 1268 (54.5%)
Overweight 1018 (45.3%) 805 (34.6%)
Obese 218 (9.7%) 226 (9.7%)
Lifestyle, n (%)
Solitude 42 (1.9%) 45 (1.9%) 0.871
Reading habits 1450 (64.5%) 1125 (48.4%) <0.001**
Physically active 1612 (71.7%) 1712 (73.6%) 0.158
Current smoker 973 (43.3%) 62 (2.7%) < 0.001**
Current drinker 1123 (50.0%) 127 (5.5%) <0.001**
Medical history, n (%)
Diabetes 372 (16.6%) 281 (12.1%) <0.001**
Hypertension 784 (34.9%) 664 (28.5%) <0.001**
Hyperlipidemia 476 (21.2%) 494 (21.2%) 0.964
Stroke 32 (1.4%) 26 (1.1%) 0.355
Coronary heart disease 203 (9.0%) 140 (6.0%) <0.001**
Family history of dementia 160 (7.1%) 204 (8.8%) 0.039*

Data shown as median (interquartile range (IQR)) were compared between two groups using the Mann Whitney U test
Data shown as mean + standard deviation (SD) were compared between two groups using the Student t test
Data shown as n (%) were compared between two groups using the chi-square test

BMI body mass index
#P < 0.05; *%P < 0.001

processing speed/executive function, with SDMT,
LMT-IR, TMT A and B, DSF, and DSB contributing sub-
stantially. The third component was interpreted with
SCWT-IT to reflect cognitive flexibility. The means and
SDs of the composite scores of the three specific do-
mains used in the analyses are presented in Table 3. All
the cognitive tests had skewed distribution and the spe-
cific domains were symmetric.

Gender-specific cognitive patterns
Women scored better than men on verbal memory and
cognitive flexibility, whereas men scored better on the

MMSE, MoCA, and attention/processing speed/execu-
tive function (Table 4).

The gender-specific cognitive patterns are presented in
Figs. 2 and 3, which show mean levels and 95% confi-
dence intervals (ClIs) of cognitive performance stratified
by age or education. On one hand, the female cognitive
advantage across all ages was significant for verbal mem-
ory performance. Age was significantly associated with
each cognitive measure in both men and women. On the
other hand, a significant gender discrepancy existed for
education level, and women tended to be less educated.
In the elementary school educated group, women
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Table 7 Proportion of variance accounted for cognitive
performance in linear regression analyses for 12 cognitive tests

Cognitive tests Model 1 Model 2 a R?
MMSE 0.150 0.176 0.026
MoCA 0.255 0314 0.059
AVLT-IR 0.124 0.161 0.037
AVLT-SR 0118 0.16 0.042
AVLT-LR 0118 0.168 0.050
SDMT 0.279 0.304 0.025
DSF 0.084 0.108 0.024
DSB 0.140 0.159 0.019
TMT-A 0214 0.232 0018
TMT-B 0172 0.193 0.021
LMT-IR 0.201 0242 0.041
SCWT-HIT 0.016 0.018 0.002

The values represent the proportion of variance (R?) in the regression model
In model 1, the linear regression analysis was performed only on age, gender,
and education

In model 2, the linear regression analysis was performed on all the
sociodemographic, lifestyle, and medical variables

Both models used the enter method

AVLT-IR Auditory Verbal Learning Test—immediate recall, AVLT-LR Auditory
Verbal Learning Test—long recall, AVLT-SR Auditory Verbal Learning
Test—short recall, DSB digit span backwards, DSF digit span forwards, MMSE
Mini-Mental State Examination, MoCA Montreal Cognitive Assessment, SCWT-IT
Stroop Color-Word Test Interference Trial, SDMT Symbol Digit Modalities Test,
TMT Trail Making Test, LMT-IR Logical Memory Test—immediate recall

performed significantly worse than men in MMSE,
MoCA, and attention/processing speed/executive func-
tion. However, this difference was eliminated in those
with a higher education. In the senior middle school and
college and above educated group, women performed
the same as men in the aforementioned cognitive per-
formance and even better than men for verbal memory.
With respect to cognitive flexibility, women achieved
significantly higher scores than men only for junior and
senior middle school education.

Gender-specific risk factors for cognitive performance

The comparison of sociodemographic characteristics,
lifestyle, and medical variables between men and women
are provided in Table 5. Compared with men, women in-
cluded in our analysis were slightly younger (p =0.04)
and less likely to be engaged in white-collar work (p <
0.001). Women also reported lower education (p < 0.001)
and income (p <0.001). Meanwhile, a higher prevalence
of being overweight and a lower prevalence of under-
weight body mass index (BMI) was observed in men
compared with women (p <0.001). With regard to life-
style, men were more likely than women to be current
smokers (p<0.001) and to report current alcohol use
and reading habits (p <0.001). Differences in disease
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prevalence were such that men were more likely than
women to report diabetes (p<0.001), hypertension
(p<0.001), and coronary heart disease (p<0.001),
whereas women were more likely to have a family
history of dementia (p =0.039).

We examined the gender-specific risk factors on cog-
nitive performance using multivariate analysis (Table 6)
and found that sociodemographic, lifestyle, and medical
variables had different effects on cognitive performance
in men and women. For sociodemographic charac-
teristics, male global and domain-specific cognitive per-
formance was positively associated with education,
intellectual occupation, and higher monthly income,
whereas it was negatively associated with age. Similarly,
female cognitive performance was also positively associ-
ated with education and a white-collar occupation and
negatively associated with age. Furthermore, being
underweight and obesity also negatively impacted female
verbal memory and attention/processing speed/executive
function. For lifestyle, both male and female global
cognitive performance and verbal memory benefited
from reading habits. Meanwhile, solitude and smoking
were negatively associated with male global cognitive
score and verbal memory while being physically active
had a positive influence on male attention/processing
speed/executive function. For medical variables, dia-
betes and coronary heart disease were associated with
lower verbal memory score in men, hypertension was
associated with lower MoCA scores in women, and
stroke was associated with a lower MMSE score in
men and cognitive flexibility score in women. Signi-
ficant differences between men and women were ob-
served for an association of years of education with
MMSE, MoCA, and attention/processing speed/execu-
tive function. The effects of increased education years
on general cognition and attention/processing speed/
executive function were significantly greater in women
than men (p <0.001 for interaction, and p < 0.05 after
FDR adjustment).

Development of normative data for 12 cognitive tests
and related z score

The predictive scores and normative data were developed
based on three variables of age, gender, and education from
multivariate regression models (Table 7). The equations are
shown in Additional file 1 and the regression coefficients
are presented in Table 8. Next, the predictive scores were
used to generate demographically adjusted z scores which
can be converted to a percentile that indicates the individ-
ual’s cognitive performance among peers of comparable
age, gender, and education. The normative data of 12 cogni-
tive tests were determined and stratified by age, gender, and
education (Table 9, Fig. 4a-l). Furthermore, the reference
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(See figure on previous page.)

Fig. 4 Gender-, age-, and education-adjusted norms of (a) Mini-Mental State Examination (MMSE), (b) Montreal Cognitive Assessment Test (MoCA), (c)
Auditory Verbal Learning Test—immediate recall (AVLT-IR), and (d) Auditory Verbal Learning Test—short recall (AVLT-SR). Gender-, age-, and
education-adjusted norms of (e) Auditory Verbal Learning Test—long recall (AVLT-LR), (f) Symbol Digit Modalities Test (SDMT), (g) Digit span
forwards (DSF), and (h) Digit span backwards (DSB). Gender-, age-, and education-adjusted norms of (i) Trail Making Test (TMT)-A, (j) TMT-B, (k)
Logical Memory Test—immediate recall (LMT-IR), and (I) Stroop Color-Word Test Interference Trial (SCWT-IT)

cut-off values are also shown (Table 10) to define cognitive
impairment.

Discussion

This large community-based study in three Chinese
areas is among the first to: 1) examine gender-specific
cognitive patterns; 2) explore the gender-specific risk
and protective factors; and 3) establish age-, gender-,
and education-specific normative data for 12 cognitive
tests among a Chinese middle-aged and elderly popula-
tion. Prior studies mostly employed single or limited
cognitive measures and smaller samples to establish re-
stricted normative data [27-29]. Consequently, they may
not capture the wide range of cognitive function needed
to reflect early changes in mid-life with gender-specific
initial ability levels. Thus, encompassing and comparing
a wide spectrum of cognitive function may be particu-
larly valuable in identifying modifiable risk factors and
critical periods of cognitive impairment following
mid-life.

Gender-specific cognitive patterns

An increasing number of studies carried out in Chinese
populations have shown gender-specific cognitive patterns
both in China and abroad [30-33]. The rate of global cog-
nitive decline was faster among females than males ac-
cording to MMSE [30]. In agreement with the Rotterdam
Study [34], our study also did not find a rapid change in
MMSE score until the age of 70 years which suggests an
increased need to pay more attention to a wider range of
cognitive domains since the global cognition may be stable
before the age of 70 years.

Significant gender disparities were observed in three
cognitive domains across different age and education
groups. With respect to verbal memory, our results were
partially congruent with a growing literature that suggest
women perform better than men [35-38]. Interestingly,
it has been reported that a female advantage in verbal
memory remains consistent throughout the lifespan.
Furthermore, a 10-year cohort study found that women
outperformed men not only on verbal memory, but also
on verbal recognition and semantic fluency tasks [39],
suggesting that the female advantage for verbal memory
tasks is possibly because women are inclined to use se-
mantic clustering in recall. Contrary to verbal memory,
men tended to score higher than women for attention/

processing speed/executive function, which is an import-
ant cognitive capacity to attend to or to “stay on” a task
[40] to complete a task quickly and accurately under the
cognitive control of behavior. However, the results only
showed the male advantage in the 50-54 and 65-70
years age groups, consistent with previous reports that
age-related associations for processing speed were stron-
ger than other domains [41]. The SCWT-IT was inter-
preted to reflect cognitive flexibility. Van der Elst et al.
[42] found clear gender differences on the Stroop inter-
ference scores. Nevertheless, the results of regression
analyses showed that the influence of age, gender, and
education was less profound, which indicated that defi-
cits in Stroop tests may be influenced by intricate factors
with concurrent effects.

Gender-specific risk factors for cognitive performance
Studying gender differences in cognitive function is a
complex and controversial topic. Furthermore, the rele-
vance of biological and environmental factors is not yet
clear. Given the gaps in our knowledge of the gender-
specific associations between these factors and cognition
in previous studies, our results may be of special importance.

The effects of education on women were more sub-
stantial than in men for general cognition and attention/
processing speed/executive function. As we can see from
Fig. 3, education could reverse the inferiority in women
and even lead to superiority in performance of global
and domain-specific cognitive performance. Education
may explain most of the gender disparity in cognitive
pattern, which was also indicated by Lei et al. from
China [31] and Lee et al. from India [43]. With respect
to verbal memory, we may presume that education could
strengthen the semantic clustering in recall. For atten-
tion/processing speed/executive function, the Chinese
have a larger male advantage in this domain than Ameri-
cans, with a potential reason being the relatively equiva-
lent access to formal education in developed countries
[40]. In former low-income environments, such as trad-
itional rural China, families may favor sons and large
gender gaps in schooling exist in low-income settings.
Such long-term educational attainment disparities that
Chinese women experience through their life course
may affect their cognitive trajectory.

Asides from education, a large range of potentially re-
versible risk factors for cognitive performance were identi-
fied and show gender differences, notably white-collar
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Table 10 Age-, gender-, and education-specific reference values for cognitive tests

Education level

Elementary school Junior middle school Senior middle school College and above
Age Men Women Men Women Men Women Men Women
MMSE 50-54 24 24 25 25 25 25 26 26
55-59 24 24 25 25 25 25 26 26
60-64 24 24 25 25 25 25 26 26
65-70 24 24 25 25 25 25 26 26
MoCA 50-54 18 18 20 20 21 21 22 23
55-59 18 17 20 19 21 21 22 22
60-64 18 17 20 19 21 20 22 22
65-70 18 17 20 19 21 20 22 22
AVLT-IR 50-54 6 7 8 8 9 10 10 12
55-59 6 7 8 8 10 10 I
60-64 5 6 7 8 8 9 I
65-70 5 5 6 7 8 9 9 1
AVLT-SR 50-54 1 1 1 2 2 3 3 4
55-59 1 1 1 2 2 2 2 3
60-64 0 1 1 1 1 2 2 3
65-70 0 0 1 1 1 2 2 3
AVLT-LR 50-54 0 0 0 1 1 2 2 3
55-59 0 0 0 1 1 1 2 2
60-64 0 0 0 0 0 1 1 2
65-70 0 0 0 0 0 1 1 2
SDMT 50-54 13 12 19 19 22 25 26 31
55-59 12 10 17 18 20 23 24 30
60-64 11 9 15 16 19 22 23 28
65-70 10 7 14 15 17 20 21 26
DSF 50-54 5 5 6 6 6 6
55-59 5 5 5 5 6 6 6 6
60-64 5 5 5 5 6 6 6 6
65-70 5 5 5 5 6 6 6 6
DSB 50-54 2 2 2 2 2 2 3 3
55-59 2 2 2 2 2 2 3 3
60-64 2 1 2 2 2 2 3 3
65-70 2 1 2 2 2 2 3 3
TMT-A 50-54 110 123 100 108 95 97 88 84
55-59 113 129 106 113 100 102 93 89
60-64 116 130 109 116 103 105 97 92
65-70 117 133 110 118 105 107 98 94
TMT-B 50-54 281 305 258 269 245 242 229 210
55-59 281 316 263 278 250 251 235 219
60-64 284 321 268 287 254 259 239 229
65-70 288 332 213 29 259 269 244 239
LMT-IR 50-54 1 0 3 2 5 4 7 7

55-59 2 0.5 3 2 5 4 7 7
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Table 10 Age-, gender-, and education-specific reference values for cognitive tests (Continued)

Education level

Elementary school

Junior middle school

Senior middle school College and above

Age Men Women Men Women Men Women Men Women

60-64 2 0 3 2 5 4 7 7

65-70 2 05 3 2 5 4 7 7
SCWT-HIT 50-54 78 67 86 75 82 74 69 67

55-59 83 67 89 78 85 78 75 72

60-64 86 70 92 80 89 81 79 76

65-70 89 71 9% 83 94 85 86 82

Age-, gender-, and education-specific reference values were defined as 1.5 times root mean square error (RMSE) under the mean of normative score for MMSE,
MoCA, AVLT-IR, AVLT-SR, AVLT-LR, SDMT, DSF, DSB, and LMT-IR, and 1.5 times RMSE above the mean of normative score for TMT-A, TMT-B, and SCWT-IT

AVLT-IR Auditory Verbal Learning Test—immediate recall, AVLT-LR Auditory Verbal Learning Test—long recall, AVLT-SR Auditory Verbal Learning Test—short recall,
DSB digit span backwards, DSF digit span forwards, MMSE Mini-Mental State Examination, MoCA Montreal Cognitive Assessment, SCWT-IT Stroop Color-Word Test
Interference Trial, SDMT Symbol Digit Modalities Test, TMT Trail Making Test, LMT-IR Logical Memory Test—immediate recall

work, a higher income level, smoking, diabetes, and cor-
onary heart disease for men, and underweight and obesity
as well as hypertension for women. Although no signifi-
cant between-gender differences were observed, the sub-
group analysis also indicated that these risk factors should
be taken into consideration in the development of
gender-specific preventive intervention programs for
cognition.

The need for normative data and a comparison with
normative scores

Finally in this study, we provided demographically ad-
justed and regression-based normative data for 12 cogni-
tive tests. The overall sample size in our study was large
and excluded cognitive disorders. The normative data
and reference values are finely stratified by the most
relevant demographic factors. A quick, efficient, and
straightforward method to obtain z scores and percentile
rank estimates for specific participants is also provided
for clinical researchers.

Normative data have been shown to be indispensable
for distinguishing normal aging from early transition to
cognitive impairment. Undoubtedly, it would be better
to endorse age-, gender-, or education-specific cut-off
scores based on demographically adjusted normative
data in research. As a result, researchers have tried to
yield better screening accuracy instead of uniform
cut-off scores [44, 45]. Differences are noted when com-
pared with prior studies for normative scores in the
Chinese [46, 47]. These differences are likely attributed
to distinction in reporting of the normative data. The
present study employed a regression-based approach in-
stead of typical methods (e.g., means and SDs calculated
from raw scores). The problem intrinsically related to
the latter is the need for a relatively smaller size of sub-
groups [48]. In the regression-based approach, norms
are derived from equations by using the data for all the

samples and the abovementioned problem disappears
with no need for a subdivided sample. Also, the unbal-
anced data will not affect the norms in the regression-
based approach because the estimation of the regression
weights cannot be biased by any imbalance in the sam-
ple but only results in some loss of statistical power [49].
Furthermore, normative data and an estimated z score
(and ultimately percentile rank) can even be obtained for
particular participants with certain demographic charac-
teristics out of the sample [50].

Certain limitations of this study are noted. First, the
present cross-sectional study reported “conventional”
norms based on exclusion of participants with evident
clinical neurodegenerative diseases instead of “robust”
norms that follow individuals longitudinally. It further
excludes individuals with subclinical/latent neurological
diseases, which may provide less appropriate norms and
decreased sensitivity to mild deficits [51], although some
research has suggested similarities between two norms
in identifying early cognitive impairment [52]. Second,
the present study did not take the residential area into
consideration, such as a differentiation between urban
and rural regions, which may contribute to local differ-
ences in education, occupational experiences, income,
and lifestyle over the lifespan. Third, since all the me-
dical variables were self-reported, participants may
underestimate their symptoms or hesitate to report
their real medical status to avoid being perceived as
complainers.

Conclusions

In summary, this study holds significance as it contri-
butes to the ongoing investigation of gender-specific
cognitive patterns and predictors of cognitive perfor-
mance among middle-aged and elderly Chinese. Males
were inclined to outperform females in global cognition
and attention/processing speed/executive function, while
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females tended to do better on verbal memory as well as
cognitive flexibility. These cognitive disparities were
considerably mitigated or even reversed but not fully
explained by education. Meanwhile, the regression-based
and demographically adjusted normative score was pro-
vided for 12 cognitive tests to serve as an additional
resource and guidance for clinical researchers. Taken to-
gether, our findings call for future longitudinal follow-up
to improve our knowledge of cognitive patterns and re-
lated risk factors. We believe that better understanding
the biology of gender differences in cognitive patterns
will not only be conducive to advocating a healthy life-
style and promoting gender-specific interventions to
prevent or minimize cognitive impairment but will also
be integral to the investigation of personalized, gender-
specific new therapies.
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