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Objective: To compare the sex differences in cognitive function and its influencing factors among Chinese older adults.

Method: We conducted a cross-sectional study by using data from the China Longitudinal Healthy Longevity Survey (CLHLS). According to the 32 provinces and 4 municipalities directly under the Central Government of China, 3–5 counties or districts were randomly selected in each province or city (except Tibet), and then 1–3 villages or streets were randomly selected in each county or district, from which the target population was sampled. Mini Mental State Examination (MMSE) was used to assess the cognitive function of 9,262 older adults aged 65 and above in China. Descriptive analysis was applied to demonstrate the participants’ demographic characteristics, health-related behaviors, social and non-social activity, disease status, mental and sleep condition. And then, univariate and multifactor analyses were performed to validate different risk factors for cognitive function, respectively in the general population, male older adults and female older adults.

Result: The older adults with cognitive impairment accounted for 10.4% of the total population. There are significant differences in cognitive function between male and female older adults. The odds of cognitive impairment in older adult women was 1.291 times that of older adult men (OR = 1.291, 95%CI: 1.084–1.538). Among the male older adults, those who were older, highly educated, spouseless, had depressive symptoms, and lacked social activities were more likely to have cognitive impairment, whereas among the female older adults, those who were older, highly educated, and lacked social activities were more likely to have cognitive impairment.

Conclusion: Overall, there are subtle differences in potential influencing factors for cognitive function between the male older adults and female older adults. Attention should be paid to the different cognitive protection measures for the older adults with different sexes.

KEYWORDS
 sex differences, cognitive function impairment, Chinese older adults, CLHLS, MMSE


1. Introduction

Cognitive function impairment is a prevalent geriatric syndrome affecting the older adults (1). Older adult individuals with mild cognitive function impairment may experience severe symptoms, and those with severe cognitive function impairment may progress to dementia or Alzheimer’s disease (AD), resulting in the inability to complete daily tasks and live independently (2). This situation is even more serious in China as it has become an aging society (3), and the number of Chinese individuals aged 60 or older is projected to reach 488 million by 2050, representing 35.6% of the total population (4). Since cognitive function impairment not only diminishes the quality of life of the older adults, but also exert burden of caregiving responsibilities on their family and the social care system (5, 6), understanding the shifting trends in cognitive function is essential for preserving social stability in an aging population.

Current research focuses primarily on analyzing demographic factors (7–9) and interpreting the effects of socioeconomic (10–12) and physiological factors on cognitive function in the older adults (13, 14). Some existing studies begin to measure the relationship between cognitive function and age and sex of the older adults. Many studies have confirmed that age and sex are important factors affecting cognition (15). In the study of healthy behaviors and lifestyles, some studies have found that smoking affects cognitive levels. Some components of nicotine and nicotine can temporarily improve cognitive function, but heavy smoking has been linked to cognitive function impairment and decline in middle age (16, 17). In addition, heavy drinking can lead to neurocognitive deficits, which can lead to mild anterograde amnesia and temporary cognitive deficits (18, 19). On the level of social participation, recently investigators have examined the effects of the degree of social isolation affects the cognition of the older adults (20, 21). Some studies have pointed out that a higher frequency of participation in social activities can help slow down the occurrence of cognitive dysfunction in the older adults (22, 23).

In terms of physical health, studies have found that physically active older adults have a lower risk of disability, functional limitations, and cognitive decline (24), and there is a negative correlation between the number of chronic diseases and cognitive decline (25). And when it comes to mental health, some studies have shown that symptoms of depression and anxiety can lead to cognitive decline (26, 27), and the quantity and quality of sleep conditions will change with the increase of age, and lack of sleep conditions will lead to decreased cognitive function (28, 29).

However, relatively few of these studies on the factors that influence cognitive function in the older adults consider sex differences. Although numerous studies have confirmed that age and sex are essential risk factors (15), sex differentiation analyses for specific categories of cognitive function are scarce. Thus, studying sex differences in cognitive function is conducive to understanding the cognitive frailty and health gap of all older adults, so that cognitive frailty can be accurately prevented and controlled based on the sex characteristics of older adults.

Therefore, this study utilized data from the 2017–2018 wave of Chinese Longitudinal Healthy Longevity Survey (CLHLS) in the present cross-sectional study. It included a large national representative sample of over 65-year-olds in determining the factors associated with cognitive function in the Chinese older adults and analyzed sex differences to increase our knowledge of cognitive health in the older adults.



2. Materials and methods


2.1. Data source

We conducted a cross-sectional study.In this study, the data set was retrieved from the Chinese Longitudinal Health and Longevity Survey (CLHLS), which was conducted by the Chinese Center for Disease Control and Prevention and directed by the Center for Healthy Aging and Development of Peking University and Duke University (30). It investigates several influential social, health, and longevity behaviors and biological and environmental risk factors (31). Initiated in 1998, the CLHLS conducted seven waves of surveys in 22 sample areas across 31 provincial administrative units from 2000 to 2018. The sample represents approximately 85% of the total population in China (32).

The questionnaire inquired about physical and mental health, lifestyle, family composition, and health care. The previous evaluation demonstrated that the CLHLS data are complete, authentic, and reliable (33).



2.2. Participants

Most of the participants in 2017–2018 wave of CLHLS were 65 years old and above. According to the design of this study, the inclusion criteria were older adults who completed the MMSE scale in its entirety, excluding those who were unable to complete the scale properly due to hearing and speech impairment, bedridden coma, mental illness, pathological brain injury, etc. In addition, samples with missing values in health-related behaviour, social engagement, systemic somatic diseases and mental and sleep condition were eliminated. Finally, 9,262 older adults aged 65 years and over were included in the study. More details about the participants in our study are shown in Supplementary Figure 1.



2.3. Measurement


2.3.1. Cognitive function assessment

The Mini-Mental State Examination (MMSE) is one of the most widely used cognitive screening scales including orientation (time orientation, place orientation), memory (immediate memory, short-term memory), calculation, language (naming, repetition, listening comprehension, reading comprehension, writing), visual space, application and attention tests (34), which plays an important role in the diagnosis of cognitive impairment. Taking Chinese culture and socioeconomic development status into account, the CLHLS applied the Chinese version of MMSE to test the cognitive function of all respondents, which consists of 13 question items with total scores ranging from 0 to 30. Lower scores indicate poorer cognitive function. The validity and reliability of the Chinese MMSE has been verified (35–37). More details about the Chinese version of the MMSE are shown in Table 1.

Given that the MMSE score is susceptible to interference from educational attainment (38), this study adopt a more reasonable and accurate method to set the criterion of cognitive impairment according to different educational levels rather than setting a single standard for all participants (39, 40). If the respondents had no formal education, a score of 17 or less was considered cognitive impairment; if they had 1–6 years of education, a score of 20 or less was considered a cognitive impairment; If they had more than 6 years of education, a score of 24 or less was considered cognitive impairment; otherwise, it is considered normal cognitive function (41).



2.3.2. Risk factors for cognitive impairment

In this study, risk factors for cognitive impairment in the older adults were categorized into five sets as follows:

1. Demographic characteristics, including sex, age, household registration, educational attainment and marital status;

2. Health-related behavior, including smoking, drinking and exercising;

3. Social engagement: ① “social activity,” such as Tai chi, square dancing, consort visit, other outdoor activities, playing cards or mahjong, and other social activities; ② “non-social activity,” such as housework, gardening and raising pets, reading books and newspapers, raising poultry and livestock, and watching television and listening to the radio;

4. Systemic somatic diseases: ① Circulatory system, including hypertension, heart disease and dyslipidemia; ② Endocrine system: diabetes mellitus; ③ Respiratory system: including bronchitis, emphysema, asthma, pneumonia and tuberculosis; ④ Nervous system: including stroke, cerebrovascular disease, Parkinson’s disease and epilepsy; ⑤ Urinary system: chronic nephritis; ⑥ Digestive system: including gastrointestinal ulcer, cholecystitis, cholelithiasis and hepatitis; ⑦ Exercise system: arthritis; ⑧ Immune system: rheumatism or rheumatoid arthritis; ⑨ Sensory organ: cataract or glaucoma; ⑩ Other types;

5. Mental and sleep condition: Depression scale (CESD-10) was utilized to measure the degree of depression among middle-aged and older adult individuals (42). The items of this scale include: “Do you get upset about petty things?” “Do you have a hard time concentrating?,” “Are you feeling sad or depressed?” Each scale item has four levels: “Never,” “Rarely,” “Sometimes,” and “Often or always” with scores of 0, 1, 2, and 3, respectively. For CESD-10, 12 points are the best cutoff point in China (scores≥12 points are identified as “With depressive symptoms”; scores<12 points denote “Without depressive symptoms”); While sleep condition was measured by the item “How is your sleep quality right now?” and divided into three status as “good,” “average” and “bad.”




2.4. Statistical analysis

In this study, categorical variables were described by frequency and percentage, and continuous variables were described by mean ± standard deviation. The cognitive function of the overall older adults were divided into two groups (normal cognitive function and impaired cognitive function) according to the MMSE scores. Comparisons of categorical information between the two groups were made using chi-square tests, whereas group comparisons of continuous information were made using t-tests. Factors with p < 0.05 in the univariate analysis were included in the multifactor logistic regression model, and all independent variables were involved in building the model, thus exploring the influential factors associated with cognitive impairment in the older adults. SPSS 23.0 was used to perform all of the statistical analyses. The level of statistical significance was set as p = 0.05.




3. Results


3.1. Characteristics of participants

The participants’ demographic data including household registration, age, marital status, educational attainment, sleep quality, smoking, drinking, exercise, cognitive ability, depression, participation in social activities, and chronic diseases, were demonstrated in Table 2. The total number of participants was 9,262, with 4,581 male and 4,681 female. In general, most older adults (70.6%) were from rural areas, with a generally low level of education. And they had very good sleep quality, and most people did not smoke (83%) or drink (83.1%), and without doing exercise (62.3%). Only a minority (10.4%) had cognitive impairment, and nearly half of the older adults had depression symptoms. Approximately 70% of older adults did not engage in social activities. More than 90% of the older adults suffered from various chronic diseases.



TABLE 1 The specific content and scoring rules of MMSE scale.
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TABLE 2 Characteristics of the participants.
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3.2. Differences between scores of cognitive function in male older adults and female older adults

The equations should be inserted in editable format from the equation editor. The cognitive scores using MMSE scale were compared between male and female. Table 3 shows that significant differences existed not only in total scores of MMSE cognitive, but also in general competence, reactivity, attention and numeracy, recollection skills, language, comprehension and self-coordination skills (p < 0.05).



TABLE 3 Differences between scores of cognitive function in male older adults and female older adults.
[image: Table3]



3.3. Univariate analysis of factors influencing cognitive function in all older adults

In all older adults data (Table 4), there were significant differences between cognitively normal and cognitively impaired older adults in risk factors such as sex, age, marital status, educational attainment, sleep condition, smoking, drinking, exercising, depressive symptoms, social participation, chronic diseases of digestive system and other chronic diseases (p < 0.05); However, there were no significant differences between the two groups in household registration, the presence of chronic diseases such as the circulatory system, endocrine system, respiratory system, nervous system, urinary system, motor system, immune system, and receptor (p > 0.05).



TABLE 4 Univariate analysis of factors influencing cognitive function in all older adults.
[image: Table4]

Compared with all older adults, the male older adults were equally affected by age, marital status, educational attainment, sleep condition, drinking, exercising, depressive symptoms, and social participation (p < 0.05); In contrast, there was a significant difference in the household registration of the male older adults (p < 0.05), but no significant difference in smoking and carrying all chronic diseases (p > 0.05) (Shown in column 5 of Table 5).



TABLE 5 Univariate analysis of factors influencing cognitive function in male older adults and female older adults.
[image: Table5]

Among the female older adults, the common risk factors with the male older adults included age, marital status, educational attainment, exercise, depressive symptoms, social participation (p < 0.05), but there were significant differences in the chronic diseases of circulation and digestive system among the female older adults (p < 0.05); However, there were no significant differences in household registration, sleep condition, smoking and drinking (p > 0.05) (Shown in column 9 of Table 5).



3.4. Multifactorial analysis of factors influencing cognitive function in the older adults

Among all older adults data, sleep condition, smoking, drinking and exercising have no significant effect on cognitive ability (p > 0.05); The odds of cognitive impairment in female older adults was 1.291 times higher than that in male older adults (OR = 1.291, 95% CI: 1.084–1.538); Ageing had a significant effect on cognitive ability (p < 0.05); The odds of the older adults without a spouse suffering from cognitive impairment was 1.211 times higher than that of the married older adults (OR = 1.211, 95%CI: 1.013–1.446); Educational attainment had impacted on cognitive ability (p < 0.05); The older adults with depressive symptoms were 1.348 times more likely to have cognitive impairment than those without depressive symptoms (OR = 1.348, 95%CI: 1.162–1.564); Older adults who participate in social activities (Tai chi, square dancing, consort visit, other outdoor activities, playing cards or mahjong, and other social activities) were 0.766 times less likely to suffer from cognitive impairment than those who have not participated in these activities (OR = 0.766, 95%CI: 0.64–0.917); Older adults who participate in non-social activities (housework, gardening and raising pets, reading books and newspapers, raising poultry and livestock, and watching television and listening to the radio) suffer from cognitive impairment was 0.524 times lower (OR = 0.524, 95%CI: 0.445–0.618) than that of the older adults who have not participated in these activities; Digestive system and other chronic diseases had no effect on cognitive ability (p > 0.05) (Shown in column 2 and 3 of Table 6).

Among male older adults, household registration, sleep condition, drinking, exercising and participating in social activities had no significant effect on cognitive ability (p > 0.05); Ageing had a significant influence on cognitive ability in male older adults (p < 0.05); The unmarried male older adults were 1.351 times more likely to have cognitive impairment than married male older adults (OR = 1.351, 95%CI: 1.054–1.733);Educational attainment had impacted on cognitive ability in male older adults (p < 0.05); The odds of suffering from cognitive impairment for those male older adults with depressive symptoms was 1.70 times higher than that of the older adults without depressive symptoms (OR = 1.7, 95%CI: 1.35–2.139); The older adults who participate in non-social activities were 0.492 times less likely to suffer from cognitive impairment than those who have not participated in these activities (OR = 0.492, 95%CI: 0.383–0.632) (Shown in column 4 and 5 of Table 6).



TABLE 6 Multifactorial analysis of factors influencing cognitive function in older adults.
[image: Table6]

In female older adults, marital status, exercising, presence of depressive symptoms, presence of the circulatory system and digestive system chronic disease had no significant influence on cognitive ability (p > 0.05);Ageing had a significant influence on cognitive ability in female older adults (p < 0.05); Educational attainment had impacted on cognitive ability in female older adults (p < 0.05); Female older adults who participate in social activities was 0.747 times lower than that of the female older adults who have not participated in these activities on suffering from cognitive impairment (OR = 0.747, 95%CI: 0.589–0.949); The odds of cognitive impairment in female older adults who participate in non-social activities was 0.554 times lower than that of the female older adults who have not participated in these activities (OR = 0.554, 95%CI: 0.447–0.687); Cognitive impairment in female older adults with other chronic diseases was 0.433 times lower than that in female older adults without chronic diseases (OR = 0.433, 95%CI: 0.194–0.968) (Shown in column 6 and 7 of Table 6).




4. Discussion

To bridge the knowledge gap of differences in cognitive function by sex, this study used a multivariate analysis to explain the factors affecting cognitive function in older Chinese adults by parsing data from the 2017–2018 China Longitudinal Healthy Living Survey (CLHLS). From the final findings, it indicated that sex, age, marital status, and educational attainment significantly affect older adults cognitive function. And it is evident that older female with higher education at an advanced age are more likely to have cognitive impairment compared to the older male. These results not only reveal sex differences in cognitive function, but also provide practical guidance in promoting the cognitive health of this older adults group.


4.1. The same factors affecting cognitive function among male and female older adults

From the perspective of sex differences affecting cognition, the same factors affecting the male older adults and female older adults are: age, education attainment and social activities. Our findings indicate that the odds of cognitive dysfunction increases with age. Normal human aging can lead to a decline in cognitive function. To a physiologically healthy level, gray matter atrophy in the medial prefrontal cortex, which is associated with cognitive function, increases with age (43). The decline of brain structure and function with aging is the main cause of cognitive decline in the older adults (44).

As for the relationship between educational attainment and cognitive ability, our findings indicate that older adults with a high school diploma or higher are more likely to suffer from cognitive impairment than their illiterate counterparts, which is contrary to previous research findings that individuals with a higher level of education are more resistant to the aging process, diseases associated with aging, and brain and cognitive impairment (45, 46). However, recent studies also have pointed out that educational attainment is not associated with long-term rates of change in any cognitive domain, with studies stating that education is only associated with cognitive performance and not with cognitive decline (47). And many studies have emphasized the need to also take into account the influence of genetic factors, socioeconomic background, and socio-cultural background when analyzing the association between educational attainment and cognitive function (48–50). In light of the contradictory findings, the connection between early education and cognitive impairment in the older adults requires further investigation.

There is growing evidence that a healthy lifestyle can reduce the rate of cognitive decline with age and delay the onset of cognitive symptoms associated with age-related disorders (51). Participating in social activities is associated with improved acting ability and hand, eye, and foot coordination, among other body functions. In addition, at the molecular and cellular level, physical activity directly affects the expression of neurotransmitters and neurotrophic factors, thereby influencing synaptic plasticity as well as cellular state. Moreover, it can influence cellular inflammation and oxidative stress through hormonal regulation, which in turn affects cognition and brain health (52). And playing cards and mahjong has been shown to have a protective effect on cognitive function in the older adults (53, 54). These previous researches showing that participation in social and non-social activities protects the cognition of the older adults also supports the conclusions of our study.



4.2. Different influences on cognitive function between male and female older adults

In terms of the different influences on cognitive function between male and female older adults, we found that female older adults were weaker than the male older adults in each of the cognitive function scores. Studies show that decreased estrogen levels in older women are associated with cognitive dysfunction (55, 56). The decrease in estrogen will decrease blood flow to the cerebral cortex and glucose metabolism and uptake by neurons in the hippocampus, thereby increasing neuronal damage and impairing cognitive function (57). For traditional Chinese cultural and historical reasons, women in this study were significantly disadvantaged compared to men in terms of educational opportunities, nutritional intake, and occupational achievement, thereby limiting women’s cognitive maintenance and further development (58).

And simultaneously, there are sex differences in marital status and depression between male and female older adults. We found that cognitive impairment is more prevalent among male older adults without spouses than among male older adults with spouses, but marital status has no significant effect on cognitive function among female older adults. Previous research has demonstrated that family relationships are one of the most influential factors in the cognitive function of the older adults (59). A stable marriage ensures older adults receive excellent daily care and social support. Spiritual and marital support tends to be lacking in older adult individuals who are divorced or living alone, which can lead to loneliness and negative outlooks on life, resulting in psychological and cognitive impairments. Our research indicates that older men may have a greater need for family support, particularly from their partners. Those who lack such support are more likely to experience cognitive impairment (60).

Male older adults with depression symptoms were more likely (1.7 times) to have cognitive impairment than the general population (1.348 times), whereas depressive status had no effect on cognitive function in the female older adults. It indicates that the effect of depressive symptoms on cognitive dysfunction is more significant in male older adults than in female older adults. Cognitive impairment is relatively prevalent among the older adults with symptoms of depression, whereas cognitive impairment is less prevalent among the older adults who engage in social or non-social activities. There are sex differences in the structure and function of specific brain regions in depressed patients, according to research. The prefrontal limbic loop is primarily aberrant in female depressed patients, whereas the prefrontal striatum loop is primarily aberrant in male depressed patients. Moreover, the cortico-limbic striatum system abnormalities differ between male and female patients with major depression (61, 62).

This research also has some limitations. Most of the influencing factors of cognitive function involved in this study are selected based on previous studies, but our study is based on the questions in the CLHLS questionnaire. For the analysis of cognitive influencing factors in the older adults population, we only selected the cross-sectional study in 2018 based on the CLHLS database, and more samples may be needed to confirm the sex difference. The size of the questionnaire is limited, and there are many influencing factors that cannot be investigated, so the influencing factors we can select are limited. The cognitive profile of older people changes dynamically over time, however, this study is a cross-sectional study and the data is still not comprehensive. And there are various risk factors that affect cognitive profiles, but variables such as individual socio-economic base, health care conditions, experience before reaching old age, personality traits and healthy diet structure are not addressed in this study. Therefore, future studies need to further integrate tracking data from different time points, conduct longitudinal analyses of the cognitive profile of Chinese older adults and attempt to include more comprehensive variables as well as explore the interaction mechanisms of the included variables.




5. Conclusion

This study elucidates the factors affecting cognitive function in the older adults from the perspective of sex. There are cognitive function differences between the sexes among the older adults. Physiologically and medically, the male older adults with high education, no spouse, depressive symptoms, and lack of social activities and the female older adults with high education and lack of social activities are in a vulnerable position. In order to meet the health needs of various groups, it is necessary to develop targeted medical and social health promotion activities that consider vulnerable groups and pay attention to the gap between groups.
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General competence (12 marks)

Reactivity (3 marks)

Attention and numeracy (6 marks)

Recollection skills (3 marks)

Language, comprehension and self-

coordination skills (6 marks)

Question 1: What time

(correct=1, incorrect or unable to answer =0)
Question 2: What year is it (correct= 1, incorrect or unable to answer=0)

Question 3: What time is the Mid- Autumn Festival (correct = 1, incorrect or unable to answer=0)

Question 4: What season is it (correct= 1, incorrect or unable to answer=0)

Question 5: Name of the district or commune where you live (correct= 1, incorrect or unable to answer=0)

Question 6: Name the things that can be eaten (1 mark for 1 correct answer, 7 marks for 7 or more answers)

Question 1: Name the “table” correctly (correct= 1, incorrect or unable to answer=0)
Question 2: Name the “apple” correctly (correct=1, incorrect or unable to answer =0)

Question 3: Name the “clothes” correctly (correct

=1, incorrect or unable to answer=0)
Question 1: 20-3=7 (correct = 1, incorrect or unable to answer = 0)
Question 2: 20-3-3=7 (correct=1, incorrect or unable to answer =0)

Question 3: 20-3-3-3=7 (correct

. incorrect or unable to answer=0)

)

Question 4: 20-3-3-3-3-3= (correct = 1, incorrect or unable to answer

Question 5: 20-3-3-3-3-3-3=7 (correct= 1, incorrect or unable to answer=0)

Question 6: Draw the figure on the card (correct=

incorrect or incomplete =0)

Question: Repeat “table, apple, clothes” as remembered in the “responsiveness section”(1 mark for 1 correct answer; do not count

order of answers)

Question 1: Name the object the investigator is pointing to as “pen” (correct =1, incorrect or unable to answer =0)
Question 2: Name the “watch” to which the investigator is referring (correct= 1, incorrect or unable to answer=0)
Question 3: Repeat the assigned sentence from the investigator (correct= 1, incorrect or unable to answer=0)
Question 4: Ask the respondent to hold the paper in their right hand (correct = 1, incorrect or unable to complete =0)

Question 5: Ask the respondent o fold the paper in half (correct = 1, incorrect or unable to complete=0)

Question 6: Ask the respondent to place the paper on the floor (correct = 1, incorrect or unable to complet
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There are missing values under a small number of variable entries. This part of data has been statistically processed in the original database and does not affect the overall result.
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