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Background: Sex differences in Alzheimer’s disease and mild cognitive impairment have 

been well recognized. However, sex differences in cognitive function and obesity in cognitively 

normal aging Chinese Han population have not attracted much attention.

Objective: The aim of this study was to investigate the relationship between sex, obesity, and 

cognitive function in an elderly Chinese population with normal cognitive function.

Subjects and methods: A total of 228 cognitively normal aging participants (males/

females =93/135) entered this study. Their general demographic information (sex, age, and 

education) was collected by standardized questionnaire. Apolipoprotein E (APOE) genotype 

and serum lipid levels were measured. The Montreal Cognitive Assessment (MoCA) was used 

to assess participants’ cognitive function.

Results: The prevalence of obesity in elderly women (18/133, 13.5%) was significantly higher 

than that in men (5/92, 5.4%, P=0.009). Regression analyses showed that obesity was associated 

with drinking alcohol (OR =13.695, P=0.045) and triglyceride (OR =1.436, P=0.048) in women 

and limited to low-density lipoprotein (OR =11.829, P=0.023) in men. Women performed worse 

on the naming score for MoCA than men (P,0.01). Stepwise linear regression analysis showed 

that education (t=3.689, P,0.001) and smoking (t=2.031, P=0.045) were related to the score of 

naming in female, while high-density lipoprotein (t=-2.077, P=0.041) was related to the score 

of naming in male; however, no correlation was found between body mass index and cognitive 

function in both male and female (P.0.05).

Conclusion: Our finding suggests that there are significant sex differences in obesity and specific 

cognitive domains in aging Chinese Han population with normal cognitive function.
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Introduction
Sex differences in cognitive impairment in adulthood and aging have been well 

demonstrated.1 Accumulating epidemiological studies suggest that women are 

disproportionately affected by Alzheimer’s disease (AD) in terms of both disease 

prevalence and severity.2 Compared to men with AD, female AD patients tend to 

have a worse score on a variety of neuropsychological tasks,3 smaller hippocampal 

volumes,4 and more total brain atrophy and temporal lobe degeneration.5 However, 

sex differences in cognitive function in cognitively normal aging Chinese Han 

population have not attracted much attention. A population-based study shows that 

cognitive normal elderly men perform better than women in most cognitive abilities 

at baseline but have faster rates of decline in working memory,6 while other studies 

suggest that women have a better performance than men in tasks requiring cognitive 

flexibility such as the discrimination reversal learning.7 So the relevant research 

conclusions are contradictory.
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Obesity is a serious public health problem in China, and 

there is a significant difference between men and women 

in the prevalence of obesity and its influencing factors.8 

Dozens of studies have shown that obesity is associated with 

decrements in cognitive function, independently of other 

cardiovascular risk factors.9 And, it is also proved to be a risk 

factor for developing dementia.10 Based on these previous 

studies, we hypothesize that there might also be some sex 

differences in the effects of obesity on cognitive function. 

For example, Hwang et al11 found that male mice are more 

vulnerable than the females to the impacts of high-fat diet on 

weight gains, metabolic alterations, deficits of learning, and 

hippocampal synaptic plasticity. Another study based on the 

African Americans points out that obesity tends to be more 

problematic for women’s verbal memory performance, but 

for men, it is more problematic for their nonverbal memory 

performance.12 However, up to now, there have been no 

similar studies in China.

There is evidence that apolipoprotein metabolism changes 

with age, and it also has been implicated in cognitive decline 

and obesity in the elderly.13 The majority of apolipoproteins 

are constituents of lipoprotein particles, such as triglyceride 

(TG), cholesterol, very low-density lipoproteins, low-density 

lipoproteins (LDLs), and high-density lipoproteins (HDLs), 

which transport lipids between tissues for fuel and cholesterol 

metabolism.13 However, the relationships between apolipo-

proteins and the risk of cognitive impairment and obesity 

are not very consistent. For example, Reitz et al14 found that 

LDL is a risk factor for cognitive decline, while there is no 

association between HDL and cognitive impairment, but 

then they also prove that HDL can lower the risk of cognitive 

impairment.15 Despres16 thought that HDL is a main feature 

of the dyslipidemia associated with abdominal obesity, while 

Hokanson and Austin17 held up that high plasma TG concen-

tration is the core factor for obesity. Numerous studies have 

shown that lipid metabolism is influenced by sex differences18 

and Apolipoprotein E (APOE) genotypes.19 However, it is not 

well established how levels of these proteins differ with sex 

and whether the level of protein is related to healthy aging 

and cognition in later life. Therefore, the purpose of the 

present study is to address the sex differences in 1) cognitive 

function, 2) obesity, and 3) metabolic disturbances and their 

associated risk factors in aging Chinese Han population with 

normal cognitive function.

Subjects and methods
Subjects
This was a cross-sectional investigation conducted in 

Shanghai from 2011 to 2012,20 and 228 cognitively normal 

aging subjects were included in our study. They had under-

gone a screening process that included medical history, 

physical and neurological examinations, laboratory tests, 

and MRI scans. And, the following information (age, sex, 

years of education, history of smoking, and drinking alcohol) 

was obtained by a face-to-face interview. Beyond that, all 

the study subjects also needed to meet the following crite-

ria: 1) Han Chinese, .60 years old; 2) denied memory or 

any other cognitive impairment; 3) without major medical 

abnormalities, including central nervous system diseases, 

unstable, acute or life-threatening medical illness (eg, cancer 

and infection); and 4) was able to complete the entire inspec-

tion. Individuals with a history of mild cognitive impairment, 

dementia, depression, and other disorders that might affect 

cognitive function were excluded. The Beijing version of 

Montreal Cognitive Assessment (MoCA) was used to assess 

their cognitive function. This screening test takes ~10–15 min 

to administer and consists of 30 items measuring eight cogni-

tive domains (such as visuospatial abilities, naming, attention, 

language function, fluency, abstract ability, delay recall, and 

orientation), and it is considered to be a brief and easy screen-

ing tool for accurately testing cognitive dysfunction.21 The 

assessment was performed by four psychometricians who 

had received concurrent training on MoCA.

Before this study was initiated, all the subjects had signed 

an informed consent and ethical approval was obtained from 

Shanghai Mental Health Center.

Measurement of anthropometric 
variables, body mass index (BMI), 
fasting blood glucose, and lipid profile
BMI was calculated as weight divided by height squared 

(kg/m2). In China, BMI ,18.5 was defined as lean, while 

BMI $28 was defined as obesity.22 Based on these criteria, 

our participants were classified as lean with BMI ,18.5 and 

obese with BMI $28.

Peripheral blood samples were collected between 7 and 

9  am after an overnight fast. Ethylenediaminetetraacetic 

acid-containing tubes and clot activating gel-containing 

serum separator tubes were used for the isolation of DNA 

and biochemical parameters, respectively. Plasma glucose, 

TG, cholesterol, HDL, and LDL were measured by using 

Olympus AU2700 automatic biochemical analyzer (Beckman 

Coulter Inc., Carlsbad, CA, USA).

Genotyping of APOE
Genomic DNA was extracted from peripheral blood by using 

a Blood Genomic DNA Extraction Kit (Qiagen NV, Venlo, 

the Netherlands). Multiplex amplification refractory mutation 
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system polymerase chain reaction was used to determine 

the APOE genotype. According to the method previously 

described,23 these subjects were divided into three groups, 

E2 (e2/e2 and e2/e3), E3 (e3/e3), and E4 (e2/e4, e3/e4, 

and e4/e4).24

Data analysis
Demographic and biochemical indexes and MoCA score 

were analyzed by using independent t-tests for the con-

tinuous variables and χ2 test for the categorical variables. 

Furthermore, a one-way analysis of covariance was used 

for group comparisons, after adjusting for demographic and 

biochemical indexes. Cross-comparisons were performed to 

calculate the prevalence of obesity by sex groups. Correla-

tions between demographic and biochemical indexes were 

examined by Pearson’s correlation coefficients. Finally, step-

wise multiple regression analyses were used to examine the 

relationships between obesity, cognition, and other variables 

in male and female groups. Covariates in these stepwise for-

ward entry models included those with significant differences 

shown in the univariate analyses. All statistical analyses used 

SPSS Version 17.0 with two-tailed P-values of 0.05.

Results
Sex differences in the general 
demographic data
As shown in Table 1, the average years of education for 

male were higher than those of female (P,0.05). And, the 

percentage of smokers and drinkers in men was significantly 

higher than in women (P,0.001).

Sex differences in APOE genotypes, 
BMI, and biochemical indexes
There was no statistical difference (P.0.05) in the APOE 

genotypes between male and female. However, the preva-

lence of obesity (BMI $28) in female (9/135, 6.67%) was 

three times higher than that in men (2/93, 2.15%). After 

controlling education, smoking, and drinking, the difference 

was still significant (OR =0.374, P=0.044).

Higher cholesterol, HDL, and LDL plasma levels were 

found in female than in male (P,0.05). However, the plasma 

level of fasting blood glucose in female was lower than that 

in male (P,0.05), while there was no statistical difference 

(P.0.05) in TG between two groups.

Correlation analysis suggested that the BMI of male was 

correlated with HDL (r=-0.261, P=0.013), while age, edu-

cation, smoking, drinking, APOE genotypes, fasting blood 

glucose, TG, cholesterol, LDL, and the total score of MoCA 

were not correlated with BMI (P.0.05).

We also found that the BMI of female was correlated with 

cholesterol (r=0.248, P=0.004) and LDL (r=0.190, P=0.029). 

Next, by using the stepwise multiple regression analysis, we 

proved that cholesterol was significantly associated with BMI 

in female (B=0.700, t=2.762, P=0.007).

Logistic regression analysis showed that obesity was 

significantly associated with LDL (OR =11.829, P=0.023) in 

the male population, while drinking (OR =13.695, P=0.045) 

and TG (OR =1.436, P=0.048) were risk factors for obesity 

in female.

Sex differences in cognitive function
The covariance analysis (control of age and education) 

showed that the average score of male in naming was higher 

than that of female (P,0.05). Figure 1 shows the difference 

in the MoCA naming scores between men and women. Step-

wise linear regression analysis showed that HDL (t=-2.077, 

Table 1 Sex difference in Chinese Han people with normal 
cognitive function

Male 
(n=93)

Female 
(n=135)

F or χ2 P-value

Age (years) 71.08±7.964 70.26±8.152 0.562 0.454
Education (years) 10.74±3.756 8.85±4.228 11.919 0.001*
Smoking (yes/no) 49/44 3/132 76.659 0.000*
Drinking (yes/no) 38/55 3/132 56.469 0.000*
BMI (kg/m2) 6.868 0.032*

Lean (,18.5) 2 (2.2%) 9 (6.7%)
Normal (18.5–27.9) 85 (91.4%) 106 (78.5%)
Obese ($28) 5 (5.4%) 18 (13.3%)

APOE 0.743 0.690
E2 (%) 13 (14.0%) 22 (16.3%)
E3 (%) 61 (65.6%) 91 (67.4%)
E4 (%) 19 (20.4%) 22 (16.3%)

Biochemical 
Fasting blood 
glucose (mg/dL)

5.94±2.155 5.26±1.266 8.300 0.004*

Triglyceride (mg/dL) 1.79±1.423 1.90±1.324 0.341 0.560
Cholesterol (mg/dL) 4.43±0.926 5.19±1.205 24.165 0.000*
High-density 
lipoprotein (mg/dL)

1.10±0.245 1.21±0.264 10.365 0.001*

Low-density 
lipoprotein (mg/dL)

2.60±0.736 3.11±1.012 16.845 0.000*

MoCA
Visual space 
structure

3.85±1.283 3.45±1.417 0.067 0.796

Naming 2.64±0.675 2.17±0.827 13.006 0.000*
Attention 5.60±0.849 5.40±0.951 0.010 0.920
Language function 1.21±0.778 1.21±0.826 2.267 0.134
Fluency 0.95±0.229 0.93±0.250 0.037 0.849
Abstract ability 1.37±0.737 1.09±0.787 2.440 0.120
Delay recall 2.61±1.619 2.69±1.656 2.066 0.152
Orientation 5.89±0.479 5.88±0.406 1.301 0.255
MoCA total 25.32±3.761 22.81±4.659 3.646 0.058

Notes: Data shown as mean ± SD  unless otherwise stated. *p,0.05.
Abbreviations: APOE, Apolipoprotein E; BMI, body mass index; MoCA, Montreal 
Cognitive Assessment.
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P=0.041) was related to the score of naming test in male; 

while education (t=3.689, P,0.001) and smoking (t=2.031, 

P=0.045) were related to the score of naming in female. How-

ever, no correlation was found between BMI and cognitive 

function in both male and female (P.0.05).

Discussion
To our best knowledge, this is the first study to explore the sex 

differences in cognitive function and obesity in aging Chinese 

Han population with normal cognitive function. Most studies 

support that males have an advantage on spatial tasks, while 

females perform better on verbal tasks.25 However, in our 

study, we found that men had better language functions, even 

when we had controlled for age, education, and other related 

factors. And, such inconsistencies might be attributable to 

the heterogeneity in study design, sex differences in the lipid 

profiles, and etiology of dementia as well as methods cognitive 

assessment. Previous studies26 were generally limited to global 

cognition, but in our study, we also compared the differences 

between men and women in specific areas of cognition. 

Although there was no statistical difference (P.0.05) in 

MoCA total scores between men and women, we found that 

men had higher naming scores on MoCA than women. So 

we came to conclusion that although the language function 

of females is better than that of males, it is not obvious for 

the specific language task.25 By using stepwise linear regres-

sion analysis, we also found that HDL (t=-2.077, P=0.041) 

was related to the score of naming in male, while education 

(t=3.689, P,0.001) and smoking (t=2.031, P=0.045) were 

related to the score of naming in female. Contrary to our find-

ing, Reitz et al14 pointed out that higher levels of HDL-C were 

associated with a decreased risk of both probable and possible 

AD. Therefore, our conclusions were not very consistent and 

racial differences might have a bearing on the results.

The prevalence of obesity has been increasing in China, 

with more cases detected in the younger population.27 Obesity 

is related to several diseases such as stroke, diabetes, and high 

blood pressure.28 Up to now, the association between obesity 

and cognition is still controversial.29,30 In our study, we found 

that elderly women had a higher BMI and prevalence of 

obesity than elderly men, which was consistent with a previ-

ous study.31 There was evidence that the increased obesity 

rates in women were significantly influenced by sex, as the 

result of physiological changes in hormonal status during 

and after menopause and sex, due to changes in individual 

and social behavior, such as modifications in socioeconomic 

status and adoption of unhealthy life.32,33 In our study, we 

proved that drinking and high levels of TG would increase 

the risk of obesity in females. However, previous studies 

suggested that low levels of HDL but not TG were the risk 

factors for obesity in women. Thus, our results are partially 

consistent.34 Moreover, we found that high levels of LDL 

were risk factors for obesity only in elderly men, which was 

consistent with previous research findings.35 Although many 

studies have confirmed that obesity is an important risk factor 

for cognitive decline,36–38 Deckers et al39 pointed out that the 

association between obesity and cognitive decline would be 

confounded by the effect of age on rate of decline. Similarly, 

we also did not find any link between obesity and cognitive 

function in both elderly men and women with normal cog-

nitive function. Since this was only a cross-sectional study, 

these conclusions also need to be validated by a large sample 

of longitudinal studies.

There are several limitations in our study. First, this is 

only a cross-sectional study and cannot show direct causality 

of cognitive decline or obesity with serum lipid levels. 

Second, since our sample size is relatively small and these 

results are preliminary, further validation is needed. Third, 

serum lipid levels can be influenced by environmental factors, 

cultural status, and dietary habits; unfortunately, we failed 

to evaluate these factors. Fourth, the pathophysiological 

changes of AD may begin in midlife and studies conducted 

in the late life of participants may have a potential shortcom-

ing that aging-related pathological changes may outweigh 

the risk related to lipids.

Conclusion
The present study proved that sex differences existed in 

specific cognitive domains and the rate of obesity in aging 

Figure 1 Sex difference in the score of naming.
Note: **P,0.05 male vs female.
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Chinese Han population with normal cognitive function. 

Compared to men, elderly women had a worse ability of 

naming and a higher BMI and rate of obesity, making them 

more likely to suffer from chronic diseases, including AD; 

drinking and high levels of TGs would increase the risk of 

obesity in women, while LDL was a risk factor for obesity 

in men. Since this research is only a cross-sectional study 

and the sample size is valid, we still need a large sample of 

longitudinal studies to investigate the effects of sex differ-

ences on lipid metabolism and cognitive function.
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