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 Abstract: Objective: Dietary habits may be related to the development of Alzheimer's disease, but there are relatively 
few related studies. Methods: Data from three cohort studies conducted in the Chinese Longitudinal Healthy 
Longevity Survey (CLHLS) from 2008 to 2018, 2011 to 2018, and 2014 to 2018 were used. The Alzheimer's disease 
diagnosed in the follow-up in 2014 and 2018 was taken as the final outcome variable. Random forest chart method 
was used for variable selection. The multivariate COX regression model was used to predict the risk factors of 
Alzheimer's disease, and the random survival forest model was used to evaluate the importance of the influencing 
factors. Results: As of 2018, among the 11,250 elderly people included in the study, the number of Alzheimer's 
disease cases was 2,421, accounting for 21.5%. The multivariate COX regression model analysis showed that 
compared with the elderly with a long life expectancy, the young elderly (HR = 0.49, 95% CI: 0.34 - 0.70) and the 
general elderly (HR = 0.64, 95% CI: 0.49 - 0.83) were protective factors for Alzheimer's disease. Elderly people who 
consumed lard daily had a 4.70 times higher risk of Alzheimer's disease compared to those who consumed other 
animal oils daily (95% CI: 1.08 - 20.50). Conclusion: Elderly people who mainly consume lard have a higher risk of 
Alzheimer's disease. 
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1. Introduction 

Alzheimer's disease, also referred to as senile dementia, is 
a chronic neurodegenerative disorder that generally entails 
structural alterations in the hippocampal region, resulting in 
severe cognitive impairments as well as non - cognitive 
symptoms such as emotional, behavioral, and psychotic 
symptoms [1-2].  As a disease with an undetermined cause 
and no effective treatment measures, alzheimer's disease 
unquestionably places a substantial burden on individuals, 
families, and society. With the progression of the global aging 
population, the number of alzheimer's disease patients has 
also increased significantly. The world alzheimer report [3] 
forecasts that by 2050, the number of alzheimer's disease 
patients globally will reach 152 million. As one of the 
countries with the most rapid aging rate in the world, china 
had 11.5% of its total population aged 65 and above in 2019 
[4]. A multitude of studies have demonstrated [5-7] that an 
increase in age is accompanied by an elevated risk of 
alzheimer's disease. Under such circumstances, how to 
maintain the health of the elderly and delay the onset of 
alzheimer's disease has become a major issue that 

policymakers need to address. Studies have indicated [8] that 
certain factors that make up a person's lifestyle can influence 
the occurrence and progression of alzheimer's disease. These 
factors encompass physical exercise and dietary habits, and 
controlling these factors may have a certain impact on 
preventing alzheimer's disease. Nevertheless, there are 
relatively few studies on dietary habits in relation to 
alzheimer's disease. Therefore, this study selected elderly 
individuals over 60 years old and employed machine learning 
and cox regression methods to investigate the factors 
influencing the risk of alzheimer's disease onset, with a 
particular emphasis on dietary and lifestyle factors, in order to 
propose practical approaches to delay alzheimer's disease and 
provide a theoretical foundation for policy formulatio. 

2. materials and methods 

2.1 Research subjects  

The data for this study were derived from the chinese 
longitudinal healthy longevity survey (clhls), which included 
33,911 data records from three cohort studies conducted from 
2008 to 2018, 2011 to 2018, and 2014 to 2018. After database 
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merging and cleaning, a total of 1,1250 individuals were 
included in this study. Among them, 5,863 were male (52.12%) 
and 5,387 were female (47.88%), with an age range of 60 to 
114 years, and the average age was (82.19 ± 11.06) years.  

Figure 1 data cleaning and inclusion/exclusion process. 

2.2 Variable definition and inclusion/exclusion criteria 

The main outcome variable of this study is alzheimer's 
disease. In this study, the mini-mental state examination [9] 
(mmse) was used to assess the cognitive status of the elderly. 
The total score of the scale ranges from 0 to 30, including five 
categories of content: orientation, memory, attention and 
calculation ability, recall ability, and language ability. The 
normal cut-off value is defined as follows: illiterate > 17 
points, primary school education > 20 points, junior high 
school education or above > 24 points. Those with scores 
below the standard within the corresponding educational level 
are defined as "alzheimer's disease (dementia)". The 
definition of the elderly age group: 60-74 years old is young-
old, 75-89 years old is old, and ≥ 90 years old is oldest-old. 
Living alone is defined as living alone, and having a live-in 
nanny is defined as living with family members. Smoking, 
drinking, and exercise are defined based on whether there 
were related behaviors in the past 12 months. Among them, 
active exercise for at least 3 days a week, each time for no less 
than 10 minutes, is defined as exercising. The cooking oil 
commonly used is defined as the type of oil used the most 
within a year. 

Inclusion criteria: participants in the cohort study and those 
with a baseline age of 60 or above; exclusion criteria: those 
who cannot complete the questionnaire due to visual or 
hearing impairments; those whose initial mmse score is 
judged as "dementia"; those with other serious diseases. 

2.3 Research methods  

This study employed a multi-stage sampling cohort survey 
method. A baseline survey was conducted in 1998, followed 
by follow-up surveys in 2000, 2002, 2005, 2008-2009, 2011-
2012, 2014, and 2017-2018. The survey covered 23 provinces, 

autonomous regions, and municipalities across the country, 
with a total of 113,000 participants. The survey was conducted 
through questionnaire methods, with the questionnaire 
covering aspects such as family basic conditions, social and 
economic background and family structure, economic sources 
and economic status, self-assessment of health and quality of 
life, cognitive function, personality and psychological 
characteristics, daily activity ability, lifestyle, life care, 
disease treatment, and medical expense bearing. The study 
received approval from the ethics committee of peking 
university (irb00001052-13074), and all respondents provided 
informed consent before participating [10]. 

2.4 Statistical analysis  

Q-q plots and p-p plots were used to verify the normal 
distribution of the data. Measurement data were expressed as 
mean ± standard deviation, and count data were expressed as 
percentages. The sampling design of this study was rigorous, 
so it was assumed that the missing values were random. The 
pmm (predictive mean matching) method in multiple 
imputation was used to handle the missing values, thereby 
better preserving the natural variability of the data. The t-test 
was used to compare the ratios between the two groups, and 
the χ2 test was used to compare the ratios among multiple 
groups. Random forest [11] is an ensemble learning method 
based on decision trees. It builds multiple decision trees by 
randomly selecting features and samples, and combines the 
results of these decision trees through voting or averaging to 
perform classification or regression. In this study, the random 
forest plot method was used for variable selection, and the 
feature importance was evaluated to screen out the variables 
with a greater impact on the prediction results, in order to 
improve the model's prediction performance. The multivariate 
cox regression model was used to predict the risk factors for 
alzheimer's disease, and the non-parametric, nonlinear 
integrated machine learning random survival forest model 
based on survival trees was used to evaluate the importance of 
the influencing factors. All statistical analyses in this study 
were conducted using spss 25.0 and the randomforestsrc 
package, with the significance level set at bilateral α = 0.05. 

3. Results 

3.1 Baseline characteristics of the study subjects  

A total of 11,250 study subjects were included in this study. 
The data cleaning process is shown in figure 1. There were 
3,267 young elderly individuals (aged 60-74), 5,191 general 
elderly individuals (aged 75-89), and 2,792 long-lived elderly 
individuals (aged ≥  90). There were 1,975 single-person 
dwellers, accounting for 17.56%. There were 2,405 smokers, 
accounting for 21.38%. There were 2,229 drinkers, 
accounting for 18.81%. There were 3,823 individuals who 
still exercised regularly, accounting for 33.98%. The 
proportion of cooking oil used was from high to low as other 
vegetable oils (84.30%), lard (15.01%), sesame oil (0.4%), 
and other animal oils (0.28%). 2,421 individuals were 
diagnosed with alzheimer's disease at the end of the follow-
up, accounting for 21.5%. Among them, there were 
statistically significant differences in gender, age groups, 
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whether living alone, smoking, drinking, exercising, the type 
of cooking oil used, years of education, bmi, and baseline 

mmse score between alzheimer's disease patients and elderly 
individuals with normal cognition (p < 0.05). See table 1.

Table 1 baseline characteristics of the included subjects [±sd, n(%)]. 

variables  dementia normal t/x2 p 

total 2421(21.5) 8829(78.5)   

gender    241.969 ＜0.001 

man  923(38.1) 4940(56.0)   

woman  1498(61.9) 3889(44.0)   

age   309.029 ＜0.001 

young-old（60-74） 357(14.7) 2910(33.0)   

old（75-89） 1311(54.2) 3880(43.9)   

oldest-old（≥90） 753(31.1) 2039(23.1)   

live alone   16.521 ＜0.001 

with household member(s) 1910(78.9) 7193(81.5)   

alone  485(20.0) 1490(16.9)   

in a nursing home 26(1.1) 146(1.7)   

smoking   56.478 ＜0.001 

yes 383(15.8) 2022(22.9)   

no 2036(84.2) 6806(77.1)   

drinking   27.868 ＜0.001 

yes 388(16.0) 1841(20.9)   

no 2031(84.0) 6980(79.1)   

exercise   28.682 ＜0.001 

yes 712(29.5) 3111(35.5)   

no 1705(70.5) 5706(64.7)   

oil for cooking at home   9.388 0.025 

other vegetable oils 2004(82.8) 7480(84.7)   

sesame oil 16(0.7) 29(0.3)   
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lard 393(16.2) 1296(14.7)   

other animal oils 8(0.3) 24(0.3)   

i went to school for a few years 1.68±4.69 3.24±4.93 359.530 ＜0.001 

blood glucose 4.63±3.26 4.51±2.07 2.110 0.147 

superoxide dismutase, sod 53.63±16.36 54.92±14.18 0.223 0.637 

malondialdehyde 5.13±3.22 5.22±3.24 0.005 0.941 

body mass index, bmi 20.65±3.55 21.09±3.41 30.530 ＜0.001 

cognitive scores at baseline 27.57±1.89 28.08±1.82 146.739 ＜0.001 

3.2 Variable selection based on machine learning and 
assessment of the importance of influencing factors  

 

Figure 2 results of variable selection using random forest 
graph method 

In this study, the relevant variables of alzheimer's disease 
were screened using the random forest graph method. Among 
them, the average decrease in accuracy and the average 
reduction in gini coefficient both represent important 
indicators for evaluating the contribution of features to the 
purity of nodes in the decision tree model. The larger the value, 
the more important the feature is. Age and bmi are very 
important for the establishment of this model. See figure 2. all 
relevant factors were included in the machine learning random 
survival forest model to obtain the importance ranking of the 
included factors. The average decrease in accuracy is an 
indicator for evaluating the impact of features on the 
prediction performance of the model. The results of this study 
found that age is still the most important factor affecting 
alzheimer's disease. See figure 3. 

 

 

figure 3 ranking of variable importance and partial 
likelihood loss diagram 

3.3 multivariate cox regression results 

Using alzheimer's disease as the outcome variable, the 
survival time was the time when alzheimer's disease occurred 
during the follow-up. These variables were input into the 
multivariate cox regression model. Among them, gender, age 
group, living alone, smoking, drinking, exercise, and the type 
of oil used were all classified variables and were set the last 
one as the reference level. The results showed that compared 
with the elderly who lived a long life, young elderly people 
(hr = 0.49, 95% ci: 0.34, 0.70) and general elderly people (hr 
= 0.64, 95% ci: 0.49, 0.83) were protective factors for the 
occurrence of alzheimer's disease. Compared with other 
animal oils, using lard (hr = 4.70, 95% ci: 1.08, 20.50) was a 
risk factor for the occurrence of alzheimer's disease. See 
figures 4 and 5. 
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figure 4 Cox regression analysis and forest plot of the 
influencing factors related to alzheimer's disease 
(dementia). 

 

figure 5 Cox regression function graph showing the impact 
of different types of edible oil on alzheimer's disease (senile 
dementia). 

 

4. Discussion 

The causes of alzheimer's disease remain unclear. Presently, 
it is generally acknowledged that gender and age are 
significant risk factors for the onset of alzheimer's disease [10]. 
Our research findings did not indicate that gender was a 
contributing factor to the onset of alzheimer's disease. 
However, in comparison with long - lived elderly individuals 
(≥90 years old), young elderly people (60 - 74 years old) and 
general elderly people (75 - 89 years old) were identified as 
protective factors against alzheimer's disease. The machine - 
learning random forest model also demonstrated that, based 
on the ranking of the importance of the variables involved in 
this study, age factors still had the most substantial impact on 
alzheimer's disease, which further suggests that alzheimer's 
disease is an inherent neurodegenerative disorder. Previous 

studies have proposed [11 - 12] that heart and vascular 
diseases can result in reduced blood flow in the brain, thereby 
diminishing the supply of nutrients and even causing 
irreversible brain damage. The resulting vascular dementia is 
also a crucial component of alzheimer's disease. Therefore, in 
addition to these unalterable factors, this study also focused 
on factors related to cardiovascular disease, such as exercise, 
smoking, and alcohol consumption, and the results were not 
statistically significant. Although a higher education level 
may postpone the onset of alzheimer's disease by enhancing 
cognitive reserve [13], this study revealed that there was no 
statistical significance in the association between the number 
of years of education and alzheimer's disease, which is 
consistent with the study by thow et al. [14]. Although 
education level can delay the onset of alzheimer's disease by 
increasing "cognitive reserve/knowledge reserve", the 
correlation between the number of years of education and the 
effect is not significant and will gradually weaken over time, 
eventually reaching a plateau. More research has pointed out 
[15] that a high level of education may delay the onset of 
alzheimer's disease, but once cognitive decline begins, the 
survival period of those with high education levels is shorter. 
Therefore, there may be more complex biological 
mechanisms between education years and alzheimer's disease. 

Some scholars have already proposed that dietary factors, 
including the deficiency of folic acid and b vitamins, may 
have an impact on the development of alzheimer's disease. 
This study shows that compared to other animal oils (such as 
butter and cream), regular consumption of lard increases the 
risk of alzheimer's disease in the elderly by 3.7 times. The high 
saturated fat and high cholesterol content of lard may be 
related to alzheimer's disease. The results of animal 
experiments [16] show that long-term high-fat diet promotes 
the aggregation of β-amyloid protein in the brain, which is one 
of the main characteristics of alzheimer's disease. Population 
studies [17] show that a high-fat diet can cause the occurrence 
of alzheimer's disease by affecting lipid levels and through the 
microbiota-brain-gut axis. However, some studies suggest 
that a high-fat diet can protect mice from damage to the blood-
brain barrier and brain atrophy [18]. Considering that other 
animal oils such as butter and cream also have high fat content, 
and the cholesterol content of butter is twice that of lard, we 
believe that the reason why lard can promote the occurrence 
of alzheimer's disease may be the difference in fatty acid 
structure. Fatty acids account for about 95% of the molecular 
weight in natural oils and are the main components of oils. 
The composition of fatty acids varies, resulting in differences 
in the properties of the oils, and even if the compositions are 
similar, physical properties can still differ due to the 
distribution of fatty acids at the three hydroxyl positions of 
glycerol. Studies [19] show that short-chain fatty acids in the 
diet can promote brain energy metabolism, and long-chain 
polyunsaturated fatty acids have a protective effect on 
cognitive decline [20], while saturated long-chain fatty acids 
are associated with an increased risk of progressing from mild 
cognitive impairment to alzheimer's disease [21]. Thus, 
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different types of fatty acids have different effects on the onset 
and progression of alzheimer's disease. 

In conclusion, as people age, long-term cooking with lard 
may increase the risk of alzheimer's disease to some extent. It 
is recommended that the elderly avoid long-term and 
excessive consumption of lard and choose vegetable oils or 
blended oils with higher contents of polyunsaturated fatty 
acids, which are more beneficial for the protection of 
cognitive function. Commonly used cooking oils, as a 
relatively easy-to-control and change dietary habit, should be 
further studied regarding the usage amount of cooking oil and 
the impact of different types of fatty acids on alzheimer's 
disease, in order to provide theoretical basis for the 
formulation of public nutrition policies. 
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