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Abstract

:

Previous studies have investigated the association between diet and cognitive impairment, yet there is limited investigation into the link between edible mushrooms and algae intake and cognitive decline. This study aims to explore the association between edible mushrooms and algae intake and the risk of cognitive impairment in individuals aged 65 years and above in China. Cross-sectional data from the 2018 Chinese Longitudinal Healthy Longevity Survey (CLHLS) formed the basis of this study. Edible mushrooms and algae intake was evaluated using a simplified food frequency questionnaire (FFQ) and cognitive function was assessed using the Mini-Mental State Examination (MMSE). A binary logistic regression model was used to evaluate odds ratios (ORs) and 95% confidence intervals (CIs), with subgroup analysis conducted. Among 14,150 older adults, the average age was (85.33 ± 11.55), with a cognitive impairment prevalence of 22.7; multi-model adjustments showed a 25.3% lower probability of cognitive impairment for those occasionally consuming edible mushrooms and algae (OR: 0.747, 95% CI: 0.675~0.826). Furthermore, a 29% lower risk was observed in those with daily intake (OR: 0.710, 95% CI: 0.511~0.987). Subgroup analysis demonstrated significant risk reduction in women (OR: 0.589, 95% CI: 0.375~0.925, p = 0.022), individuals with disability in activities of daily living (OR: 0.568, 95% CI: 0.367~0.878, p = 0.011), and those with low social activity levels (OR: 0.671, 95% CI: 0.473~0.950, p = 0.025). This study concludes that edible mushrooms and algae intake significantly impacts the risk of cognitive impairment in older adults. These results provide insights and impetus for further research into this area. Additional cohort studies or intervention trials are necessary to confirm the potential benefits of edible mushrooms and algae in promoting cognitive health.
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1. Introduction


Aging has become an important global public health challenge, particularly in China. In the context of escalating population aging, cognitive decline has emerged as a pervasive feature of the aging trajectory. Throughout the process of aging, there is a progressive deterioration in various aspects of cognitive function, encompassing memory, language proficiency, attention span, and executive functioning. This decline in cognitive abilities not only impacts the individual’s quality of life and functional independence in older adults but also gives rise to significant societal and economic implications. In 2020, the prevalences of cognitive decline and dementia among people aged 60 and above in China were 15.54% and 6.04%, respectively [1,2,3]. With advancing age, individuals are prone to neurodegeneration, leading to mild cognitive impairment that may progress to severe cognitive impairment, dementia, or Alzheimer’s disease (AD). This progression often results in a loss of the ability to complete daily tasks, leading to an inability to live independently [4,5,6]. Cognitive impairment serves as a prodromal stage of dementia, presenting an opportunity to implement measures to prevent dementia [7]. To reduce the risk of cognitive impairment, new and effective preventive methods are needed, including the application of dietary strategies.



Numerous studies have investigated the relationship between single diets or dietary patterns and cognitive impairment [8,9,10,11]. These studies revealed that adherence to a “vegetable-pork” diet, a Mediterranean-style diet, tea consumption, and increased intake of vegetables and mushrooms were all significantly associated with better cognitive function, whereas animal-based dietary patterns were identified as a potential risk factor for cognitive decline [12]. However, despite the growing research interest in exploring the link between dietary intake and cognitive health, there remains a paucity of evidence regarding the association between edible mushrooms and algae consumption and cognitive impairment. Edible mushrooms and algae, such as mushrooms, fungus, snow fungus, kelp, seaweed, etc., are rich sources of nutrients and potent antioxidants, including protein, βglucan, minerals, vitamins, and ergothioneine [13,14,15], which are believed to exert a beneficial effect on preserving brain health.



Existing research has indicated a correlation between mushroom consumption and a reduced risk of cognitive impairment. However, the literature on the association between algal food intake and cognitive impairment remains limited. Moreover, studies investigating the relationship between edible mushrooms, algae food, and cognitive impairment have predominantly focused on populations in the United States, Japan, Singapore, and other regions [16,17,18], with relatively little research on the Chinese population and the older persons population, rather than relatively little research on the Chinese older persons population. Furthermore, research involving edible mushrooms and algae is notably scarce. Therefore, there is a pressing need for additional studies in the Chinese population to deepen our understanding of the potential impact of edible mushrooms and algae on the risk of cognitive impairment.



This study aims to address this knowledge gap, utilizing the representative Chinese Longitudinal Healthy Longevity Survey (CLHLS) database to analyze the association between edible mushrooms and algae intake and cognitive impairment in Chinese older adults aged 65 years and above. The goal is to draw attention to a healthy diet and provide the scientific basis for the prevention and control of cognitive impairment.




2. Objects and Methods


2.1. Study Population


This study utilized cross-sectional data from the CLHLS in 2018. The CLHLS is an ongoing prospective cohort study of Chinese adults aged 65 years and older, established in 1998 using multi-stage cluster sampling across 23 provinces in China, representing approximately 85% of the Chinese population. The CLHLS received approval from the Biomedical Ethics Committee of Peking University, China (IRB00001052–13074, Date: 9 November 2021), and all participants signed informed consent.



In 2018, a total of 15,874 participants completed the CLHLS survey. For this study, 103 people under 65 were excluded, and 1621 participants who lacked information about edible mushrooms and algae intake and cognitive function were excluded. Finally, 14,150 people were included in this study (Figure 1).




2.2. Intake of Edible Mushrooms and Algae


The CLHLS database collected self-reported dietary intake data from participants via a simplified food frequency questionnaire (FFQ), which includes 22 food group items. Previous studies have established the reliability and validity of this simplified FFQ for Chinese subjects, and it has been extensively employed in various research investigations [19,20]. In the simplified food frequency questionnaire, edible mushrooms and algae mainly included mushrooms, fungus, snow fungus, kelp, seaweed, etc. The survey inquired about the frequency of edible mushrooms and algae consumption through direct one-on-one interviews, such as “Do you regularly consume edible mushrooms and algae?”. Participants were asked to indicate their consumption frequency using a five-level categorization: “Almost every day”, “At least once a week, but not daily”, “At least once a month, but not weekly”, “Occasionally, but not monthly”, and “Rarely or never”. In the process of analysis, the consumption frequency of edible mushrooms and algae in the questionnaire was divided into three categories: daily (almost daily), occasionally (at least once a week/at least once a month/sometimes), and never (rarely/never).




2.3. Assessment of Cognitive Impairment


The Chinese version of the Mini-Mental State Examination (MMSE) evaluated five dimensions: general ability, reaction ability, attention and calculation ability, recall ability, and language ability. Apart from the inquiry “Can you tell me what people can eat?”, other questions were scored, granting 1 point for correct answers and 0 points for incorrect or unanswerable ones, contributing to a cumulative score ranging from 0 to 30 points. Following established research [21], since the MMSE score may be influenced by the level of education, cognitive impairment was defined in the case of illiteracy as an MMSE score of ≤17; in the case of primary education as an MMSE score of ≤20 points; and for secondary education and above, an MMSE score of ≤24 points.




2.4. Assessment of Covariates


Demographic characteristics, lifestyle and behavior, and population health status served as covariates in this study. The adjusted demographic characteristics comprised age (years), sex (male or female), type of residence (urban or rural), marital status (with or without spouse), and education (illiteracy, primary, or secondary and above). Lifestyle and behaviors encompassed sleep duration (≤6 h, 7–8 h, or ≥9 h), smoking (current, former, or never), alcohol consumption (current, former, or never), vegetable intake (yes or no), fruit intake (yes or no), and social activity level (low or high). Health status covered body mass index (BMI; underweight, normal, overweight or obese), disability in activities of daily living (yes or no), chronic diseases (hypertension, diabetes, heart disease, stroke, and cerebrovascular disease; yes or no).



The assessment of social activity level involved eight activities in the questionnaire: Tai Chi, square dancing, growing flowers and raising pets, reading books and newspapers, raising poultry and livestock, playing cards or mahjong, watching TV and listening to radio, and participating in social activities. Each activity received a score on a scale of 1 (never), 2 (sometimes), and 3 (almost daily), resulting in a cumulative score ranging from 8 to 24. A score below 14 was defined as a low level of social activity [11]. The evaluation of activities of daily living (ADLs) was assessed using the Katz Index and the ADL Scale as a reference. Key assessment indicators included bathing, dressing, toilet use, indoor activities, control of defecation, and eating, evaluated based on the need for assistance. When one or more indicators required support, they were classified as a disability in activities of daily living [22].




2.5. Statistical Analysis


Baseline characteristics were summarized as percentages of categorical variables based on the frequency of edible mushrooms and algae intake. The relationship between characteristics and edible mushrooms and algae intake was analyzed using the Wilcoxon signed rank test and the Kruskal–Wallis test. With cognitive impairment as the dependent variable and the frequency of edible mushrooms and algae intake as the independent variable, the association between edible mushrooms and algae intake and cognitive impairment was analyzed by binary logistic regression model. The model adjusted for several covariables to control the influence of confounding factors. Model 1 controlled for the age and sex of the participants. Model 2 was further adjusted for residence, marital status, and education. Model 3 additionally controlled for sleep duration, smoking, alcohol consumption, vegetable intake, fruit intake, level of social activity, BMI, disability in activities of daily living, and chronic diseases (hypertension, diabetes, heart disease, stroke, and cerebrovascular disease). Multiple imputations by chained equations were conducted to fill in missing values of the covariates. The fully adjusted model was also employed in subgroup analyses to investigate whether the association between edible mushrooms and algae intake and cognitive impairment differed by sex, disability in activities of daily living, and level of social activity. All analyses were performed using SPSS 26.0 and R 4.3.1 statistical software. Test level α = 0.05.





3. Results


A total of 14,150 subjects with an average age of (85.33 ± 11.55) years were included in this study, including 6213 males (43.9%), 7937 females (56.1%), 7911 (55.9%) urban dwellers, and 7207 (50.9%) subjects who were illiterate. Cognitive impairment occurred in 3208 patients (22.7%). The proportions of occasional and daily consumption of edible mushrooms and algae were 54.8% (n = 7751) and 2.9% (n = 409), respectively. Statistically significant differences in the frequency of edible mushrooms and algae intake were observed by age, sex, residence, education, marital status, sleep duration, smoking, alcohol consumption, fruit and vegetable intake, social activity level, BMI, disability in activities of daily living, hypertension, diabetes, heart disease, and stroke and cerebrovascular disease (all p < 0.05) (Table 1).



The binary logistic regression analysis, with cognitive impairment as the dependent variable and the frequency of edible mushrooms and algae intake as the independent variable, demonstrated that after adjusting for age and sex (Model 1), the probability of cognitive impairment was reduced by 32.7% (OR: 0.673, 95% CI: 0.618~0.733) and 38.7% (OR: 0.613, 95% CI: 0.459~0.820), respectively (both p < 0.05), in the older persons who occasionally and daily ate edible mushrooms and algae compared with those who never ate them. Further adjustments were performed for residence, marital status, and education in Model 2 which showed that the probability of cognitive impairment in older adults who consumed edible mushrooms and algae occasionally and daily was reduced by 30.2% (OR: 0.698, 95% CI: 0.639~0.763) and 32.6% (OR: 0.674, 95% CI: 0.501~0.909), respectively (both p < 0.05). Subsequent adjustments in Model 3, incorporating variables such as sleep duration, smoking, alcohol consumption, vegetable intake, fruit intake, social activity level, BMI, disability in activities of daily living, hypertension, diabetes, heart disease, and stroke and cerebrovascular disease, revealed 25.3% (OR: 0.747, 95% CI: 0.675~0.826) and 29% (OR: 0.710, 95% CI: 0.511~0.987) reductions in the probability of cognitive impairment in those who consumed edible mushrooms and algae occasionally and daily, respectively (both p < 0.05). Daily intake of edible mushrooms and algae was associated with a lower risk of cognitive impairment than occasional consumption (Table 2).



In the subgroup analysis, distinctions based on sex, disability in activities of daily living, and social activity level were examined. Following adjustment for relevant confounding factors, the occasional consumption of edible mushrooms and algae (OR: 0.747, 95% CI: 0.632~0.883, p = 0.001) reduced the risk of cognitive impairment in men. Conversely, in women, both occasional and daily consumption of edible mushrooms and algae reduced the likelihood of cognitive impairment. Notably, the probability value was higher among those who consumed edible mushrooms and algae daily, standing at 41.1% (OR: 0.589, 95% CI: 0.375–0.925, p = 0.022).



Among individuals without disabilities in activities of daily living, occasional consumption of edible mushrooms and algae correlated with a 23% lower risk of cognitive impairment (OR: 0.770, 95% CI: 0.669~0.886, p < 0.001). Conversely, in individuals with disability in activities of daily living, whether the consumption was occasional or daily, it led to a reduction in the probability of cognitive impairment. For those with daily consumption of edible mushrooms and algae, this probability value was higher, reaching 43.2% (OR: 0.568, 95% CI: 0.367–0.878, p = 0.011).



Among individuals with low levels of social activity, occasional consumption of edible mushrooms and algae demonstrated an effective risk reduction of 26.2% (OR: 0.738, 95% CI: 0.667~0.818, p < 0.001). Meanwhile, daily consumption of edible mushrooms and algae was associated with a more substantial risk reduction of 32.9% (OR: 0.671, 95% CI: 0.473~0.950, p = 0.025). However, for individuals with higher levels of social activity, there was no statistically significant association between the consumption of edible mushrooms and algae and cognitive impairment (Figure 2).




4. Discussion


This study’s findings indicate that both occasional and daily consumption of edible mushrooms and algae are associated with a lower risk of cognitive impairment compared to those who never consume these foods. Furthermore, daily consumption of edible mushrooms and algae was associated with a decreased risk of cognitive impairment in comparison to occasional edible mushrooms and algae consumption. Subgroup analysis revealed that in women, individuals with disability in activities of daily living, and those with low levels of social activity, the daily consumption of edible mushrooms and algae significantly reduced the risk of cognitive impairment.



Our results basically align with prior studies. Shu Zhang et al. [17] demonstrated a significant association between regular consumption of mushrooms and a reduced risk of dementia among individuals aged 65 years and above in a Japanese cohort study. Specifically, the consumption of mushrooms 1–2 times per week and ≥3 times per week was linked to a reduced risk of dementia. In a recent investigation utilizing data from the Diet and Chronic Disease Study cohort within a European population, researchers discovered that individuals who consumed mushrooms exhibited superior performance in various cognitive domains compared to non-consumers. Moreover, a dose–response relationship was identified, indicating that those who consumed one or more servings of mushrooms per week demonstrated the highest cognitive scores [15]. In the research conducted by Kim et al. [23], the Morris water maze experiment and choline acetyltransferase immunohistochemistry were employed to assess the cognitive enhancement effects of Tremella tremella on scopolamine-induced amnesia in rats. The results demonstrated that oral tremella therapy for 14 consecutive days could reverse learning and memory deficits induced by scopolamine. Another study suggested that tremella water extract promoted neurogenesis in neuron-cultured cells, improving spatial learning and memory tasks in rats [24]. Additionally, a study on the cognitive performance of plant-based food intake in older adults found that those who consumed mushrooms performed better on six cognitive tests than those who did not, and the dose–response relationship between mushrooms and cognitive ability tended to be linear [25]. In their study on algae and cognitive impairment, Reid et al. [26] conducted a randomized, double-blind, controlled study to investigate the potential benefits of algae consumption on cognitive dysfunction in elderly individuals. The study enrolled 60 moderately active participants, and the results revealed that kelp intake played a significant role in preventing aging and in the degradation of short-term memory and physical function.



Previous studies have consistently highlighted that being female, disability in activities of daily living, and low levels of social activity are risk factors for cognitive impairment. Qilin Zhang et al. [27] demonstrated that the mean cognitive scores of male older adults in China from 2005 to 2014 (27.87, 27.07, 26.68, 25.52) were consistently higher than those of female older adults (26.32, 25.33, 24.47, 22.69), with the cognitive decline of males (2.35) significantly lower than in females (3.63). In their investigation of the pathological mechanisms involved, Yan Yan et al. [28] revealed that the expression levels of the protein USP11 in the female brain exceeded those observed in males. This disparity contributed to a higher prevalence of abnormal tau protein deposition in women compared to men, consequently elevating the susceptibility of women to Alzheimer’s disease. Zhou Chuyi et al. [29] found a significant negative correlation (−0.355) between the ability to perform daily living scores of older adults and the MMSE scores. A prospective cohort study in China revealed a 19% increase in the incidence of cognitive impairment in those with lower levels of social activity relative to those with high levels of social activity [27]. In the subgroup analysis results of this study, the daily consumption of edible mushrooms and algae significantly reduced the risk of cognitive impairment in women, people with disability in activities of daily living, and people with low levels of social activity. Therefore, this diet can be considered as an effective intervention.



The consumption of edible mushrooms and algae has potential benefits for cognitive function. Edible mushrooms contain various natural free radical scavengers, including polysaccharides [30], polyphenols [31], vitamins [32,33], and ergosterol [34], providing beneficial effects through these scavengers [35,36,37]. Bioactive compounds in edible mushrooms can protect the brain against neurodegeneration by inhibiting the production of amyloid, phosphorylated tau, and acetylcholinesterase [38]. In addition, the potent antioxidant ergothioneine, a sulfur-containing amino acid that can only be obtained from dietary sources is exceptionally high in edible mushrooms, with mushrooms having the highest concentration among dietary ingredients [39,40,41,42,43]. Some studies suggest that edible mushrooms may have a protective effect against diseases associated with the risk of cognitive impairment, such as atherosclerosis [44,45], hypertension [46,47], and diabetes [48,49], thereby reducing the risk of cognitive impairment. While the exact mechanism by which algal food is associated with cognitive impairment remains unclear, there is evidence suggesting that algal food might counteract age-related degradation by increasing antioxidant capacity [50]. In addition, algae food is rich in vitamin B12, which has the potential to activate brain nerves and prevent memory decline [51,52].



The strength of this study lies in its use of nationally representative data from the Chinese older persons population, providing a strong basis for verifying the association between edible mushrooms and algae intake and cognitive impairment. Edible mushrooms and algae are unique to the Chinese diet and are essential components of the daily food intake of Chinese people. This study conducted comprehensive covariate adjustments and subgroup analyses to minimize potential confounders that could interfere with the results. Subgroup analysis, focusing on social attributes and daily living ability, adds practical guiding significance to the findings. However, this study has certain limitations. First, as a cross-sectional study, it cannot establish a causal relationship. Secondly, the reliance on self-reported information introduces a potential for bias. Thirdly, the simplified food frequency questionnaire used by the CLHLS only collected the frequency of food consumption and failed to calculate the association of intake with cognitive impairment. Lastly, despite extensive adjustments for confounders, confounding bias may still be present.




5. Conclusions


Using nationally representative data from older Chinese adults, our investigation indicates that both occasional and daily consumption of edible mushrooms and algae are linked to a diminished risk of cognitive impairment compared to those who abstain from such consumption. Furthermore, the risk of cognitive impairment is observed to be lower in cases of daily ingestion of edible mushrooms and algae in comparison to occasional consumption. Subgroup analysis reveals a noteworthy reduction in the risk of cognitive impairment among specific demographics, including women, individuals with disabilities in activities of daily living, and those with limited social activity, who incorporate a daily regimen of edible mushrooms and algae into their diet. The outcomes of this study underscored the significant impact of edible mushrooms and algae intake on the risk of cognitive impairment in older persons. These results provide insights and impetus for further research into this area. Such investigations, ideally conducted through cohort studies or intervention trials, will contribute to a more comprehensive understanding of the observed associations and their implications for cognitive health in the aging population.
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Figure 1. Flowchart of participant screening. 
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Figure 2. Subgroup analysis. The sex subgroup was analyzed by removing the sex variable from Model 3, the disability in activities of daily living subgroup was analyzed by removing the disability in activities of daily living variable from Model 3, and the social activity level subgroup was analyzed by removing the social activity level variable from Model 3. 
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Table 1. Baseline characteristics according to edible mushrooms and algae intake frequency.
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Characteristics

	
Total

	
Edible Mushrooms and Algae Intake Frequency

	
p Value




	
Never

	
Occasionally

	
Daily






	
N

	
14,150

	
5990 (42.3)

	
7751 (54.8)

	
409 (2.9)

	




	
Age (years)

	

	

	

	

	
<0.001




	
<80

	
4898 (34.6)

	
1760 (29.4)

	
2954 (38.1)

	
184 (45.0)

	




	
≥80

	
9252 (65.4)

	
4230 (70.6)

	
4797 (61.9)

	
225 (55.0)

	




	
Sex

	

	

	

	

	
<0.001




	
Male

	
6213 (43.9)

	
2503 (41.8)

	
3515 (45.3)

	
195 (47.7)

	




	
Female

	
7937 (56.1)

	
3487 (58.2)

	
4236 (54.7)

	
214 (52.3)

	




	
Residence

	

	

	

	

	
<0.001




	
Urban

	
7911 (55.9)

	
2773 (46.3)

	
4822 (62.2)

	
316 (77.3)

	




	
Rural

	
6239 (44.1)

	
3217 (53.7)

	
2929 (37.8)

	
93 (22.7)

	




	
Education

	

	

	

	

	
<0.001




	
Illiterate

	
7207 (50.9)

	
3714 (62.0)

	
3385 (43.7)

	
108 (26.4)

	




	
Primary

	
4418 (31.2)

	
1721 (28.7)

	
2583 (33.3)

	
114 (27.9)

	




	
Secondary and above

	
2525 (17.8)

	
555 (9.3)

	
1783 (23.0)

	
187 (45.7)

	




	
Marital status

	

	

	

	

	
<0.001




	
Without spouse

	
8291 (58.6)

	
3814 (63.7)

	
4294 (55.4)

	
183 (44.7)

	




	
With spouse

	
5859 (41.4)

	
2176 (36.3)

	
3457 (44.6)

	
226 (55.3)

	




	
Sleep duration

	

	

	

	

	
<0.001




	
≤6 h

	
5303 (37.5)

	
2419 (40.4)

	
2737 (35.3)

	
147 (35.9)

	




	
7–8 h

	
5053 (35.7)

	
1909 (31.9)

	
2984 (38.5)

	
160 (39.1)

	




	
≥9 h

	
3794 (26.8)

	
1662 (27.7)

	
2030 (26.2)

	
102 (24.9)

	




	
Smoking

	

	

	

	

	
<0.001




	
Never

	
9984 (70.6)

	
4331 (72.3)

	
5369 (69.3)

	
284 (69.4)

	




	
Former

	
2072 (14.6)

	
774 (12.9)

	
1229 (15.9)

	
69 (16.9)

	




	
Current

	
2094 (14.8)

	
885 (14.8)

	
1153 (14.9)

	
56 (13.7)

	




	
Alcohol consumption

	

	

	

	

	
<0.001




	
Never

	
10,546 (74.5)

	
4591 (76.6)

	
5660 (73.0)

	
295 (72.1)

	




	
Former

	
1612 (11.4)

	
659 (11.0)

	
901 (11.6)

	
52 (12.7)

	




	
Current

	
1992 (14.1)

	
740 (12.4)

	
1190 (15.4)

	
62 (15.2)

	




	
Fruit intake

	

	

	

	

	
<0.001




	
No

	
3511 (24.8)

	
2043 (34.1)

	
1421 (18.3)

	
47 (11.5)

	




	
Yes

	
10,639 (75.2)

	
3947 (65.9)

	
6330 (81.7)

	
362 (88.5)

	




	
Vegetable intake

	

	

	

	

	
<0.001




	
No

	
545 (3.9)

	
382 (6.4)

	
157 (2.0)

	
6 (1.5)

	




	
Yes

	
13,605 (96.1)

	
5608 (93.6)

	
7594 (98.0)

	
403 (98.5)

	




	
Social activity level

	

	

	

	

	
<0.001




	
Low

	
12,171 (86.0)

	
5527 (92.3)

	
6372 (82.2)

	
272 (66.5)

	




	
High

	
1979 (14.0)

	
463 (7.7)

	
1379 (17.8)

	
137 (33.5)

	




	
BMI (kg/m2)

	

	

	

	

	
<0.001




	
Underweight

	
2452 (17.3)

	
1268 (21.2)

	
1135 (14.6)

	
49 (12.0)

	




	
Normal

	
7344 (51.9)

	
3220 (53.8)

	
3912 (50.5)

	
212 (51.8)

	




	
Overweight or obese

	
4354 (30.8)

	
1502 (25.1)

	
2704 (34.9)

	
148 (36.2)

	




	
Disability in activities of daily living

	

	

	

	

	
0.009




	
No

	
10,154 (71.8)

	
4229 (70.6)

	
5627 (72.6)

	
298 (72.9)

	




	
Yes

	
3996 (28.2)

	
1761 (29.4)

	
2124 (27.4)

	
111 (27.1)

	




	
Hypertension

	

	

	

	

	
<0.001




	
No

	
8228 (58.1)

	
3785 (63.2)

	
4259 (54.9)

	
184 (45.0)

	




	
Yes

	
5922 (41.9)

	
2205 (36.8)

	
3492 (45.1)

	
225 (55.0)

	




	
Diabetes

	

	

	

	

	
<0.001




	
No

	
12,784 (90.3)

	
5614 (93.7)

	
6829 (88.1)

	
341 (83.4)

	




	
Yes

	
1366 (9.7)

	
376 (6.3)

	
922 (11.9)

	
68 (16.6)

	




	
Heart disease

	

	

	

	

	




	
No

	
11,709 (82.7)

	
5179 (86.5)

	
6223 (80.3)

	
307 (75.1)

	
<0.001




	
Yes

	
2441 (17.3)

	
811 (13.5)

	
1528 (19.7)

	
102 (24.9)

	




	
Stroke and cerebrovascular disease

	

	

	

	

	
<0.001




	
No

	
12,591 (89.0)

	
5438 (90.8)

	
6814 (87.9)

	
339 (82.9)

	




	
Yes

	
1559 (11.0)

	
552 (9.2)

	
937 (12.1)

	
70 (17.1)

	











 





Table 2. Association between edible mushrooms and algae intake and cognitive impairment.






Table 2. Association between edible mushrooms and algae intake and cognitive impairment.





	
Model

	
Never

	
Occasionally

	
Daily




	
OR (95% CI)

	
p Value

	
OR (95% CI)

	
p Value






	
Model 1 a

	
1.00 (Ref.)

	
0.67 (0.62, 0.73)

	
<0.001

	
0.61 (0.46, 0.82)

	
0.001




	
Model 2 b

	
1.00 (Ref.)

	
0.70 (0.64, 0.76)

	
<0.001

	
0.67 (0.50, 0.91)

	
0.010




	
Model 3 c

	
1.00 (Ref.)

	
0.75(0.68, 0.83)

	
<0.001

	
0.71 (0.51, 0.99)

	
0.041








a Adjusted for age and sex; b Model 1+ adjusted for residence, marital status, and education; c Model 2+ adjusted for sleep duration, smoking, alcohol consumption, vegetable intake, fruit intake, social activity level, BMI, disability in activities of daily living, and chronic diseases (hypertension, diabetes, heart disease, and stroke and cerebrovascular disease).
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