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Objective: This study aims to explore the role of nutrients with pro-inflammatory or anti- 
inflammatory potential in the risk of mild cognitive impairment in the elderly.
Methods: We evaluated the intake of 22 nutrients in the baseline survey data of 612 elderly people 
in northern China. Meanwhile, the least absolute contraction and selection operator (LASSO) 
regression analysis was used to screen the nutrients with strong correlation with MCI. Bayesian 
kernel machine regression (BKMR) was devoted to explore the possible associations between 
various nutrients with different inflammatory potentials and the risk of mild cognitive impairment.
Results: A total of 253 people (41.3%) were diagnosed with mild cognition. Ten nutrients 
are significantly related to the risk of MCI and were screened by a lasso regression model, 
including 5 pro-inflammatory nutrients (inflammation effect score >0) and 5 anti-inflamma-
tory nutrients (inflammation effect score <0). We incorporated the inflammatory effect scores 
of 10 nutrients into the BKMR model, and the results showed that the inflammatory effect of 
10 nutrients continued to rise with the increase in inflammation scores, proposing that the 
overall effect is pro-inflammatory. The BKMR analysis results of the pro-inflammatory 
group and the anti-inflammatory group showed that multiple nutrients in the two groups 
had a significant combined effect on mild cognitive impairment. We found that by comparing 
the overall effect of inflammation and the effect of a single group, we found that the 
inflammation effect of the pro-inflammatory diet and the anti-inflammatory diet had 
a certain offsetting effect (P < 0.005).
Conclusion: In the elderly population in northern China, pro-inflammatory diets are asso-
ciated with an increased risk of mild cognitive impairment. However, these results need to be 
further evaluated and verified in more prospective studies.
Keywords: anti-inflammatory, pro-inflammatory, mild cognitive impairment, elderly, 
Bayesian kernel machine regression

Introduction
Age-related diseases, including dementia, are gradually putting a heavy burden on 
global public Health, especially Alzheimer’s disease (AD). The proportion of aging 
population is increasing both in developed and developing countries.1 In 2020, it is 
estimated that 5.8 million Americans aged 65 and over have AD. According to 
reports, 9.8 million Chinese people aged 60 and over have AD.2 As we all know, 
MCI is an early manifestation of AD and a middle link between normal cognitive 
aging and AD. In a community Environment, the annual conversion rate from MCI 
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to AD may be 8.1%, and is characterized by forgetting or 
non-forgetting defects,3 thus providing important relevant 
information for people at high risk of AD.4 So far, there 
are still no effective means and methods to slow down the 
progression of AD, but studies have shown that nutrition is 
one of the important factors in the progression of brain 
aging.5,6

Inflammation is instrumental in the pathogenesis and 
pathophysiology of MCI.7,8 Studies have shown that white 
matter neuroinflammation may be an influencing factor in 
the early interaction of metabolic syndrome with MCI and 
pre-AD, and may also lead to the cognitive deficits 
observed in MCI and AD.9 Inflammation may affect the 
interconnection between the hypothalamus and cognitively 
important areas. At the same time, it may affect the mono-
aminergic system and generate hypothalamic-pituitary- 
adrenal (HPA) axis disorders.10 Nutrition and diet have 
been considered to reduce the risk of neurodegenerative 
diseases including cognitive decline.11 As the prevalence 
of cognitive impairment increases, life expectancy is 
increasing. Changeable risk factors such as diet may be 
the most important reason for its epidemic. Undoubtedly, 
a plant-based diet rich in bioactive compounds including 
polyphenols has shown its potential in reducing the risk of 
neurodegenerative diseases. Intake of more dietary pheno-
lic acids is significantly negatively correlated with 
impaired cognitive function. Moreover, studies have 
shown that dietary flavonoids and their subclasses, espe-
cially anthocyanins, flavonoids-3-ols, catechins, and flavo-
nols, are closely related to cognitive health.12,13 

Meanwhile, due to the possible synergistic or antagonistic 
biochemical interactions between nutrients and different 
food sources of the same nutrient, numerous studies sup-
port the relationship between neuroinflammation and nutri-
ents, food or dietary patterns.14–16 Natural antioxidants and 
anti-inflammatory compounds were found in plant foods 
such as fruits, especially berries (such as strawberries, 
blueberries, blackcurrants, blackberries, blueberries, and 
mulberries) have been shown to have neuroprotective 
activity. Recent studies have shown that the defense 
mechanism of fruits against diseases is mainly due to the 
presence of several antioxidants, among which (poly)phe-
nolic compounds are ideal core phytochemicals, with func-
tions and health-promoting properties. The nutritional 
value of phenolic compounds is because they act as sca-
vengers to prevent and protect the proliferation of oxidized 
chains to achieve the effect of delaying and inhibiting 
lipids.17 A diet rich in plant polyphenols can improve 

human memory and cognition while having a positive 
effect on brain function. The direct activity of brain neu-
rons is affected by the ingested phenolics may be one of 
the reasonable mechanisms to explain those data.18,19 

There is research evidence that small-molecule phenolic 
compounds such as anthocyanins exist in the cerebellar 
tissue, while certain phenolic substances can pass through 
the blood-brain barrier and exist in the brain or cerebrosp-
inal fluid.19,20 Polyphenols may affect CNS function 
through various mechanisms such as regulation of micro-
glia and neuroinflammation, impaired neurogenesis and 
synaptic plasticity, decreased cerebral blood flow, mito-
chondrial damage, oxidative stress, and abnormal protein 
aggregation.21,22 Hence, it is crucial to shift the focus to 
the prevention of pre-AD dementia in the process of 
exploring the evidence for the association between dietary 
factors and the risk of MCI in the elderly.

Dietary Inflammatory Index (DII) has the function of 
assessing the potential of dietary inflammation, which is 
a comprehensive index calculated ground on the correla-
tion between nutrients and systemic pro-inflammatory 
cytokine levels.23 Higher DII scores indicate more pro- 
inflammatory diets, and more negative values illustrate 
more anti-inflammatory diets.24 BKMR is a neoteric type 
of statistical method that can fully fit potentially complex 
nonlinear relationships.25,26 In the current study, nutrients 
were divided into two categories: pro-inflammatory and 
anti-inflammatory. We used this new method to examine 
the relationship between different types of nutrients and 
the risk of MCI in the elderly. At the same time, the 
overall effect of nutrients on the risk of depression in the 
elderly and the interaction between different nutrients were 
tested.

Methods
Study Population
Participants in this study came from the baseline of the 
Community Cohort Study of Neurological Disorders 
(CCSNSD), which focused on epilepsy patients over 1 year 
old. Potential factors associated with the risk of Alzheimer’s 
disease (AD) and Parkinson’s disease (PD) over 55 years of 
age. The study used a multi-stage random cluster sampling 
method to extract samples, and was undertaken by National 
Institute for Nutrition and Health, Chinese Center for Disease 
Control and Prevention. This research protocol has been 
reviewed and approved by the Institutional Review Board of 
the National Institute of Nutrition and Health (No. 2017020, 
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November 6, 2017). Furthermore, written informed consent of 
each participant was procured before the survey.

The current study is for participants recruited in the AD 
cohort. Samples included according to screening conditions 
are (1) 55 years and older, (2) permanent population living in 
the sample community, (3) AD without a clinical diagnosis, 
(4) no comorbidities that may affect the assessment, for 
instance MCI and congenital or acquired mental retardation, 
(5) Complete sociodemographic characteristics, cognitive 
examination, medical history, food frequency questionnaire 
(FFQ). We excluded subjects who were unable to perform 
basic activities of daily living such as eating, dressing, bath-
ing, toileting, etc. Eventually, 612 participants were included 
in the analysis (Figure 1).

Assessment of Cognitive Function
The Montreal Cognitive Assessment (MoCA) was used to 
evaluate the cognitive function of participants. MoCA 

includes 52 items, of which the scores of 32 items are 
calculated as the MoCA total score ranges from 0 to 30 
points, which is positively correlated with overall cogni-
tive function. The MCI standard is following the Chinese 
MoCA standard: the total MoCA score of the illiterate is 
≤13, those with 1 to 6 years of education are ≤19, and 
those with 7 years of education or more are ≤24.27,28

Memory index (MIS), Executive performance Index 
(EIS), visuospatial index (VIS), language index (LIS), 
attention index (AIS), and orientation index (OIS) were 
used to assess the functions of cognitive domain memory, 
executive performance, visuospatial, language, attention, 
and orientation. Participants whose scores in each cogni-
tive area are lower than the age-adjusted average education 
level of 1.5 SD are considered impaired in that cognitive 
area. Participants with MCI characterized by different 
cognitive domains were screened out and divided into 
four groups: amnestic MCI single domain (AMCI-SD): 

Figure 1 Selection process of subjects.
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memory impairment only; Nonamnestic MCI single 
domain (NAMCI-SD): deficits in a cognitive domain 
other than memory; Amnestic MCI multidomain (AMCI- 
MD): memory impairment plus one other impaired 
domain; Nonamnestic MCI multidomain (NAMCI-MD): 
Defective in at least two nonmemory domains.29,30

Dietary Measurements
Evaluate dietary consumption through a validated semi- 
quantitative FFQ. Each participant was asked to indicate 
how often they had eaten food or drink on average during 
the previous year. The calculation of energy and nutrient 
intake is to use the China Food Content Database to 
evaluate the composition value of energy and nutrients 
so as to multiply the frequency of consumption per unit 
of food by the energy and nutrient content of a specified 
portion.

Food Parameter Specific DII Score
In this study, DII was calculated based on the baseline 
dietary frequency questionnaire data. The questionnaire 
included 22 of the 45 possible foods and nutrients in the 
DII food parameter database, including carbohydrates, 
protein, total fat, β-carotene, fiber, cholesterol, saturated 
fat, monounsaturated fat, polyunsaturated fat, niacin, thia-
mine, riboflavin, vitamin B12, vitamin B6, Fe, magne-
sium, zinc, selenium, vitamin A, vitamin C, vitamin 
E and folic acid.

The “Inflammatory Effect Score” was created based on 
the influence of each DII food parameter on inflammatory 
cytokines. At the same time, the DII calculation was 
standardized into a regionally representative world data-
base including food consumption from 11 countries around 
the world. The world database provides standard averages 
and deviations of all DII food parameters. For each food 
parameter, the individual dietary intake is subtracted from 
the global average intake and then divided by the world 
standard deviation and converted to a 0 center distribution 
between −1 and +1 to create a z-score. The value was 
multiplied by the inflammatory effect score for each food 
parameter, and then all food parameters are added together 
to create an overall DII score. A positive value means 
a pro-inflammatory diet, a negative value means an anti- 
inflammatory effect.31 Our analysis results showed that 22 
food parameters are divided into 16 pro-inflammatory 
nutrients and 6 anti-inflammatory nutrients.

Least Absolute Shrinkage and Selection 
Operator Regression
As an effective high-dimensional prediction method, 
LASSO regression can show its powerful advantages 
when the number of predictors far exceeds the observed 
value.32 This method used the L1 penalty to reduce the 
coefficient to zero. The penalty parameter λ can control 
the intensity of the penalty. If we reduce λ and relax the 
penalty, more predictors will be able to enter the model. 
Five cross validations were used to determine the best value 
of λ in this study. Ultimately, λ was selected by the 1 
standard error (SE) criterion.33

Bayesian Kernel Machine Regression
Kernel machine regression is a famous device in laptop 
learning, which flexibly simulates the relationship between 
a giant wide variety of variables to a particular result, by 
way of mapping or projecting one records sequence to 
every other in a one-to-one manner.34 BKMR can flexibly 
mannequin publicity to get to the bottom of interplay and 
nonlinear relationships. The mannequin used in this learn 
about is below:
Proinflammatory:

Yi ¼ h
Fei; β� Carotenei; vitamin B6i; vitamin B1i;

polyunsaturated fatty acidsi

� �

þβT Ci þ s datei; kð Þ þ εi 

Anti-inflammatory:

Yi ¼ h
Fati; carbohydratei; proteini; saturated fati;
vitamin B12i

� �

þ βT Ci þ s datei; kð Þ þ εi 

The function h () that allows interaction terms is mod-
eled using Gaussian kernel exposure-response machine 
function. The estimated value of the C-th covariate effect 
of the i-th individual is the coefficient βT. The natural 
spline of the visit date is represented by the function s (), 
using the above nodes, and εi is the residual. Visually, the 
Gaussian kernel assumes that two subjects with similar 
exposure characteristics will have more similar MCI risk 
characteristics, and the use of the kernel function is this 
similarity. This method uses h ()’s kernel exposure- 
response machine representation when dealing with this 
complexity. Non-informative priors are used for all model 
parameters.35

Through model fitting, it will be used to evaluate the 
exposure-outcome change relationship between a single 

https://doi.org/10.2147/JIR.S342672                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2022:15 328

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


nutrient and the result, the overall relationship between the 
total nutrient effect and the result, and the potential interaction 
between each two nutrients. 10 Bayesian kernel machine 
regression models were run, which contained 5 pro-inflamma-
tory nutrients (Fe, vitamin B1, vitamin B6, β-carotene, poly-
unsaturated fatty acids) and 5 anti-inflammatory nutrients 
(fats, carbohydrates, protein, saturated fat, vitamin B12) are 
the results of MCI, and all covariates have been adjusted in all 
models.

Covariates
Baseline characteristics include self-reported age (years), 
BMI (<18.5 kg/m2, 18.50–23.9 kg/m2, 24–28 kg/m2 and 
≥28 kg/m2), gender (female or male), education level 
(Illiteracy, elementary school, junior high school and 
above), place of residence (urban or rural), employment 
status (yes or no); smoking (yes or no), drinking (yes or 
no), physical activity [mild (< 600 METs/week)), moder-
ate (600–3000 METs/week) and strenuous exercise 
(> 3000 METs/week)/week)], daily energy intake (kcal), 
diabetes (yes or no), high blood pressure (yes or no).

Statistical Analysis
Continuous variables are presented as mean ± standard 
deviation (SD) or median (interquartile range), and cate-
gorical variables are expressed as percentages. Where 
appropriate, compare the baseline characteristics between 
the MCI group and the non-MCI group with independent- 
sample T-tests or non-parametric tests. Through the use of 
least absolute shrinkage and selection operator (LASSO) 
regression to screen important nutrients to assess the asso-
ciation with the risk of MCI.

In order to clarify the non-linear and non-additive asso-
ciations between multiple dietary patterns and depressive 
symptoms in the elderly, we used the BKMR model, which 
is a statistical method for a mixture of multiple pollutants, 
which can flexibly simulate the combined effects of mix-
tures. BKMR flexibly models the exposure-response func-
tion for each relationship without pre-specifying the 
function, allowing potential non-linear associations and 
interactions between eating patterns. The core of the 
BKMR model is kernel machine regression (KMR), also 
known as Gaussian process regression (Gaussian process 
regression), which combines Bayesian and statistical learn-
ing methods and uses Gaussian kernel function to perform 
iterative regression on the exposure-response function. We 
applied the Bayesian Kernel Machine Regression (BKMR) 

model and 20,000 iterations through the Markov Chain 
Monte Carlo algorithm.

The above analyses were all performed using 
R software (version 3.6.3), the statistically significant dif-
ference was determined to be two-sided P< 0.05.

Results
The study included 612 elderly participants over 55 years 
of age, of which 253 (41.3%) were diagnosed with mild 
cognitive impairment. Table 1 shows the demographic 
characteristics of the participants. Compared with non- 
MCI residents, MCI residents are younger [64 (61–71) 
years old vs 66 (62–72) years old], mostly males and 
smokers, and more people live in rural areas. Table 2 
provides the distribution of 22 dietary nutrients. There 
were significant differences in the levels of fiber, vitamin 
B6, Fe, magnesium, vitamin E, and folic acid between 
MCI residents and non-MCI residents (P<0.05), and 
there were no significant differences in other nutrients.

The LASSO method can extract the most important 
predictors from the original data set and is suitable for 
regression of high-dimensional data. In the present 
research, The linear combination of factors weighted by 
its coefficients is used to calculate the MCI risk score for 
each subject. The LASSO regression model reduces 22 
nutritional variables to 10 potential predictors. Then, 
a coefficient distribution map was built. Figure 2A exhibits 
the cross-validation error graph of the LASSO regression 
model. In the most regularized and simplified model, the 
cross-validation error includes 10 variables within 1 stan-
dard error of the minimum value. Figure 2B shows that the 
coefficient paths included in the model have different 
logarithmic transformation lambda values. The model con-
tains 10 independent predictors (Fe, vitamin B1, vitamin 
B6, β-carotene, polyunsaturated fatty acids, fat, carbohy-
drate, protein, saturated fat, vitamin B12).

The 10 nutrients selected by LASSO regression were 
calculated to obtain their dietary inflammatory effect 
scores. Then, according to the positive or negative of the 
average score, the nutrients were divided into pro-inflam-
matory group and anti-inflammatory group. [Pro-inflam-
matory nutrients: Fe, vitamin B1, vitamin B6, β-carotene, 
polyunsaturated fatty acids; Anti-inflammatory nutrients: 
fat, carbohydrate, protein, saturated fat, vitamin B12] 
(Table 3).

The inflammatory effect scores of 10 nutrients were 
included in the analysis of the BKMR model. The results 
of the study showed that the overall inflammatory effect of 
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the 10 nutrients increased with the increase of the total 
inflammation score, indicating that the overall effect was 
pro-inflammatory (Figure 3A). 3 nutrients (Fe, polyunsa-
turated fatty acids and carbohydrates) from 25% to 75% 
significantly increase the risk of MCI, while the three 
nutrients (vitamin B6, fat and vitamin B12) have a certain 
degree of negative correlation with the risk of mild cogni-
tive impairment (Figure 3B).

The overall effect of 10 nutrients has been analyzed 
and proved to be pro-inflammatory, but if all the pro- 
inflammatory and anti-inflammatory ingredients are con-
sidered at the same time, such results may be meaningless 
in the general population. In this study, we evaluated the 
pro-inflammatory nutrients and anti-inflammatory nutri-
ents in each group separately to verify whether there is 
a certain deviation between the two groups.

Table 1 Baseline Characteristics of the 612 Subjects [Median (IQR) or Frequency (%)]

Characteristic Frequency (%) or Median (IQR) P-value

Non-MCI (n=359) MCI (n=253)

Age (years) 0.103

66 (62–72) 64 (61–71)
Daily energy intake (kcal/day) 0.083

1385.3 (1109.0–1610.5) 1253.9 (1107.7–1568.7)

Sex 0.081
Male 142.0 (39.6) 118.0 (46.6)

Female 217.0 (60.4) 135.0 (53.4)

Employment 0.685
No 311.0 (86.6) 222.0 (87.7)

Yes 48.0 (13.4) 31.0 (12.3)

BMI (kg/m2) 0.007
BMI<18.50 (underweight) 5.0 (1.4) 12.0 (4.7)

18.50≤BMI<24.00 (normal weight) 127.0 (35.4) 105.0 (41.5)

24.00≤BMI<28.00 (overweight) 153.0 (42.6) 102.0 (40.3)
BMI≥28.00 (obese) 74.0 (20.6) 34.0 (13.4)

Residence <0.001

Urban 124.0 (34.5) 42.0 (16.6)
Rural 235.0 (65.5) 211.0 (83.4)

Physical activity 0.492

Light (<600 METs/week) 99.0 (27.6) 62.0 (24.5)
Moderate (600–3000 METs/week) 163.0 (45.4) 127.0 (50.2)

Vigorous (>3000 METs/week) 97.0 (27.0) 64.0 (25.3)

Education level 0.081
Illiteracy 113.0 (31.5) 59.0 (23.3)

Primary school 106.0 (29.5) 87.0 (34.4)
Junior high school/above 140.0 (39.0) 107.0 (42.3)

Smoking <0.001

No 314.0 (87.5) 192.0 (75.9)
Yes 45.0 (12.5) 61.0 (24.1)

Drinking 0.268

No 273.0 (76.0) 181 (71.5)
Yes 86.0 (24.0) 72 (28.5)

Diabetes 0.099

No 296.0 (82.5) 221.0 (87.4)
Yes 63.0 (17.5) 32.0 (12.6)

Hypertension 0.120

No 153.0 (42.6) 92.0 (36.4)
Yes 206.0 (57.4) 161.0 (63.6)

Abbreviation: MCI, mild cognitive impairment.
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The results of the BKMR model are visually displayed. 
First, we can find the cumulative inflammatory effect of 
mixed nutrients from the pro-inflammatory nutrient group. 

The risk of MCI increases with the increase of the inflam-
matory effect score. In particular, when all metabolites are 
at or above their 55th percentile, the overall effect is 

Table 2 Nutrient Content of Study Participants

Characteristic Median (IQR) P-value

Non-MCI (n=359) MCI (n=253)

Carbohydrates (g/day) 198.3 (166.6–240.7) 189.1 (159.3–232.7) 0.121

Protein (g/day) 56.3 (45.6–69.8) 53.1 (43.5–64.8) 0.080
Total fat (g/day) 35.2 (28.8–46.5) 34.0 (26.8–43.8) 0.160

β-Carotene (μg/day) 1658.6 (864.8–2825.9) 1423.9 (669.8–2874.7) 0.136

Fiber (g/day) 9.5 (6.9–12.2) 8.7 (6.0–11.4) 0.006
Cholesterol (mg/day) 382.1 (240.7–429.1) 397.1 (229.3–447.2) 0.303

Saturated fat (g/day) 4.0 (2.5–6.2) 4.0 (2.5–6.3) 0.899

Monounsaturated fat (g/day) 5.6 (4.2–7.7) 5.8 (4.1–7.5) 0.503
Polyunsaturated fats (g/day) 4.9 (2.9–7.1) 4.4 (2.6–6.5) 0.080

Niacin (mg/day) 9.0 (7.3–11.5) 8.7 (6.7–10.7) 0.067

Thiamine (mg/day) 0.8 (0.6–0.9) 0.7 (0.6–0.9) 0.056
Riboflavin (mg/day) 0.7 (0.5–0.9) 0.7 (0.5–0.9) 0.447

Vitamin B12 (μg/day) 0.2 (0.1–0.3) 0.2 (0.1–0.3) 0.810

Vitamin B6 (mg/day) 0.08 (0.06–0.10) 0.07 (0.05–0.09) 0.003
Fe (mg/day) 16.3 (12.9–20.1) 15.6 (12.2–18.7) 0.024

Magnesium (mg/day) 231.4 (176.3–276.8) 207.1 (162.6–256.2) 0.005

Zinc (mg/day) 7.5 (5.9–9.0) 7.0 (5.7–8.5) 0.082
Selenium (μg/day) 41.1 (34.4–49.4) 40.0 (33.8–47.0) 0.128

Vitamin A (RE/day) 461.2 (292.5–679.0) 421.1 (271.5–681.9) 0.376

Vitamin C (mg/day) 55.0 (30.6–86.5) 46.5 (25.3–84.9) 0.143
Vitamin E (mg/day) 12.5 (9.2–15.5) 11.3 (8.1–14.6) 0.007

Folic acid (μg/day) 124.6 (89.5–159.8) 115.8 (81.0–154.6) 0.033

Abbreviation: MCI, mild cognitive impairment.

Figure 2 Factor selection using the LASSO logistic regression model. (A) LASSO coefficients of 22 candidate variables. (B) Identification of the optimal penalization 
coefficient (λ) in the LASSO model was achieved by 10-fold cross-validation and the minimum criterion. The left vertical line represents the minimum error, and the right 
vertical line represents the cross-validated error within 1 standard error of the minimum. 
Abbreviation: LASSO, least absolute shrinkage and selection operator.
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statistically significant compared to when all metabolites 
are at their median value. At the same time, similar results 
can be observed in the anti-inflammatory nutrition group 
(Figures 4A and 5A). Then, while trying to fix all other 
nutrients at a certain threshold (25th, 50th, or 75th percen-
tile), by estimating the univariate of the MCI risk change 
associated with a single nutrient change from 25% to 75% 
Summarize to understand the single effect of nutrients. In 
the pro-inflammatory nutrient group, the results of the 
study showed that Fe, vitamin B1, vitamin B6, β-carotene 
and polyunsaturated fatty acids showed significant positive 
effects. The change in the content of five nutrients from 

25% to 75% is associated with a significant increase in the 
risk of MCI. Similarly, fat, carbohydrate, protein, saturated 
fat, and vitamin B12 showed significant positive effects in 
the anti-inflammatory nutrient group (Figures 4B and 5B). 
In order to study the potential nonlinearity of the expo-
sure-response function, the univariate relationship between 
each nutrient in the pro-inflammatory nutrient group and 
the MCI risk was estimated when all the remaining nutri-
ents were fixed at the 50th percentile. Fe, vitamin B6, β- 
carotene, and polyunsaturated fatty acids have increased 
levels of inflammation, and the risk of MCI is significantly 
increased (Figures 4C and 5C). Similarly, in the anti- 
inflammatory nutrition group, the results of the study 
showed increased levels of inflammation of fats, carbohy-
drates, saturated fats, and vitamin B12, and a significant 
increase in the risk of non-MCI. The research evidence did 
not indicate that there is an interaction between the nutri-
ents in the pro-inflammatory nutrient group and the anti- 
inflammatory nutrient group (Figures 4D and 5D).

By estimating the overall impact of all nutrients asso-
ciated with MCI, the diet in this study was characterized as 
a pro-inflammatory diet. After comparing the results of the 
overall and the pro-inflammatory grouping, it is suggested 
that the overall effect results are significantly different 
from the results of the pro-inflammatory grouping. The 
combined effect and the single nutritional result of the 
pro-inflammatory group can draw the same conclusion. 
These results indicate that the diet in this study does 

Table 3 Food Parameter Specific DII Score

Food Parameter Specific 
DII Score

Median (IQR)

Overall (n=612)

Anti-inflammatory
Protein (g/day) −0.0017 (−0.0070–0.0015)
Total fat (g/day) −0.0816 (−0.1518 - −0.062)

Carbohydrates (g/day) −0.0289 (−0.0457 - −0.0075)

Saturated fat (g/day) −0.0615 (−0.1752–0.0152)
Vitamin B12 (μg/day) −0.0682 (−0.0862 - −0.0106)

Pro-inflammatory
Vitamin B6 (mg/day) 0.0685 (−0.0488–0.1601)
β-Carotene (μg/day) 0.3364 (0.1373–0.4584)

Polyunsaturated fats (g/day) 0.1826 (0.1085–0.2562)

Fe (mg/day) 0.0062 (−0.0062–0.0248)
Vitamin B1 (mg/day) 0.0145 (−0.0159–0.0399)

Figure 3 Associations between dietary nutrients and mild cognitive impairment among the study population by BKMR model. The model is based on age, BMI, sex, 
education level, residence, employment status, smoking, drinking, physical activity, daily energy intake, diabetes, hypertension, and other nutrients. (A) Cumulative effects of 
dietary pro-inflammatory nutrients (estimated value and 95% confidence interval). Compared with other nutrients in the 50th percentile, the nutrients are in a specific 
percentile (X-axis). (B) The single-nutrient effect (estimates and 95% credible intervals).
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have a counteracting effect between the pro-inflammatory 
diet and the anti-inflammatory diet. Meanwhile, the com-
parison of the dietary inflammation scores between the 
normal group and the pro-inflammatory group suggests 
that there is a significant difference between the two 
groups (1.02±1.26 VS 4.12±0.96, P<0.05).

Discussion
For the present study, the Lasso regression model observed that 
the consumption of 10 nutrients was once notably associated to 
the incidence of mild cognitive impairment in the elderly. 
According to the inflammatory effect scores of the 10 selected 

nutrients, the nutrients were divided into the pro-inflammatory 
group and the anti-inflammatory group [5 anti-inflammatory 
nutrients (fat, carbohydrate, protein, saturated fat, vitamin B12) 
and 5 pro-inflammatory nutrients (Fe, vitamin B1, vitamin B6, 
β-carotene, polyunsaturated fatty acids)]. After the inflamma-
tory effect scores of the 10 nutrients were simultaneously 
included in the analytical BKMR model, it was found that 
the overall inflammatory effect of the 10 nutrients increased 
with the increase of the total inflammatory score, suggesting 
that the overall effect is pro-inflammatory. The results of 
BKMR analysis showed that in the anti-inflammatory group, 
fat, carbohydrates, saturated fat, and vitamin B12 were 

Figure 4 Associations between dietary pro-inflammatory nutrients and mild cognitive impairment among the study population by BKMR model. The model is based on age, 
BMI, sex, education level, residence, employment status, smoking, drinking, physical activity, daily energy intake, diabetes, hypertension, and other nutrients. (A) Cumulative 
effects of dietary pro-inflammatory nutrients (estimated value and 95% confidence interval). Compared with other nutrients in the 50th percentile, the nutrients are in 
a specific percentile (X-axis). (B) The single-nutrient effect (estimates and 95% credible intervals). (C) The univariate nutrient response function of each dietary pro- 
inflammatory nutrient has a 95% confidence band, and the other nutrients are fixed at the median. (D) Bivariate exposure response function of each two pro-inflammatory 
nutrients in mild cognitive impairment.
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significantly related to mild cognitive impairment, while in the 
pro-inflammatory group, Fe, vitamin B6, β-carotene and poly-
unsaturated fatty acids were significantly related to Mild cog-
nitive impairment is significantly related. The combined effect 
of the mixture of two groups of nutrients on the MCI of the 
elderly is significant when the nutrient concentration is higher 
than the 55th percentile. By evaluating the usual and team 
effects, we located that the inflammatory outcomes of the 
pro-inflammatory weight-reduction plan and the anti-inflam-
matory weight loss plan in the study’s food regimen are offset 
by using every different (P<0.005).

It is generally believed that peripheral inflammation 
can reach the central nervous system and cause 

neuroinflammation. The neuroinflammation can lead to 
some problems related to the pathophysiology of mild 
cognitive impairment, including hypothalamic-pituitary- 
adrenal axis disorders, reduced neuroplasticity and 
neurogenesis;36,37 increased glutamate, which boosted 
neurotoxicity; varied monoamine metabolism and 
decreased serotonin additionally increases the quinine 
pathway; reduces brain-derived neurotrophic issue 
(BDNF); increases oxidative stress, amongst which 
inflammatory oxidative stress plays a vital role.38,39

MCI is a syndrome characterized by cognitive decline 
but relatively complete activities of daily living. People 
with MCI have an increased risk of dementia, and MCI is 

Figure 5 Associations between dietary anti-inflammatory nutrients and mild cognitive impairment among the study population by BKMR model. The model is based on age, 
BMI, sex, education level, residence, employment status, smoking, drinking, physical activity, daily energy intake, diabetes, hypertension, and other nutrients. (A) Cumulative 
effects of dietary anti-inflammatory nutrients (estimated value and 95% confidence interval). Compared with other nutrients in the 50th percentile, the nutrients are in 
a specific percentile (X-axis). (B) The single-nutrient effect (estimates and 95% credible intervals). (C) The univariate nutrient response function of each dietary anti- 
inflammatory nutrient has a 95% confidence band, and the other nutrients are fixed at the median. (D) Bivariate exposure response function of each two anti-inflammatory 
nutrients in mild cognitive impairment.
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generally thought of as a transitional period between 
healthy aging and dementia.40 Studies have shown that 
among MCI patients at risk for developing AD, the man-
ufacturing of pro-inflammatory cytokine TNFα is 
increased, and the production of anti-inflammatory cyto-
kine TGFbeta is decreased, indicating that this affected 
person group tends to inflammation.41 One possible source 
of infection is the gut, which contains pro-inflammatory 
microbes that promote neuroinflammation.42 Systemic 
infection is closely related to neuroinflammation and low 
levels of brain-derived neurotrophic thing (BDNF) in the 
systemic circulation and brain. The cholinergic glial inter-
action between centered neurons and glial cells α-7nACh 
receptors can regulate neuroinflammation and oxidative 
stress, which is associated with the treatment of a range 
of neurodegenerative diseases.43 This evidence demon-
strates that anti-inflammatory interventions might also 
achieve correct results in the cure of neurodegenerative 
diseases.

It has been established that there is a certain two-way 
relationship between mental retardation (such as cognitive 
dysfunction) and stimulation. Although neuropsychiatric 
diseases can stimulate inflammation;44,45 irritation can 
affect neuropsychiatric disorders to a certain extent, 
including cognitive dysfunction. According to some 
accounts, patients with neuropsychiatric diseases will 
manifest the classic elements of inflammation.46 Pro- 
inflammatory cytokines may regulate cognitive and emo-
tional behaviors by promoting excitotoxicity, inhibiting 
neuroendocrine responses and reducing Genius monoa-
mine levels. Metabolism and diet/microbiota adjustment, 
and neuroendocrine regulation are the main reasons for 
susceptibility to inflammation and cognitive dysfunction. 
Unhealthy weight loss programs may cause changes in the 
characteristics of the gut and gut microbiota. Some studies 
on the microbiota-gut-brain axis have been very extensive. 
But there is still much to be discovered. As we all know, 
language communication between these two organs can 
occur through multiple mechanisms, including intestinal 
hormones and neurotransmitters, neurotrophic factors, 
metabolites, bacteria, neuroendocrine components, and 
inflammatory mediators. And neuroanatomical communi-
cation (produced with the help of the vagus nerve). 
Specific gut microbiota may play a role in several chronic 
non-communicable diseases and health conditions, includ-
ing inflammatory bowel disease and cognitive function. 
The other thing is that among the several exogenous fac-
tors that regulate the intestinal microbiota, undigested 

(poly)phenols may help positively change the intestinal 
type of the colon. What’s really interesting is that an 
opposite relationship has been shown that dietary (poly) 
phenols can affect the gut microbiota.47 Studies have 
shown that polyphenols affect systemic inflammation 
through augmenting the presence of bifidobacteria and 
lactobacilli in feces, thereby achieving better microbes 
profile, better integrity of gut barrier, lower production 
and LPS release, etc. (Poly) phenols have a wide range 
of antibacterial effects, and there is no niche occupied by 
competing bacteria so that beneficial intestinal bacteria can 
multiply. And (poly)phenols promote the ability of bene-
ficial intestinal bacteria through their direct and synergistic 
bacterial utilization and their inhibitory effect on potential 
pathogenic bacteria. Additionally, (poly) phenol dual bio-
logical effects can participate in slowing down metabolic 
disorders and intestinal flora imbalance.48 Although part of 
the mechanism remains to be further verified, There is 
research evidence that the intestinal flora of patients with 
cognitive dysfunction has changed, and there is a certain 
basis to consider adjusting the flora-gut-brain axis to 
achieve the purpose of preventing and treating cognitive 
dysfunction.45

B nutritional vitamins are water-soluble vitamins, 
which are essential for maintaining the body’s normal 
metabolic process. It cannot be synthesized by human 
cells, and needs to be absorbed through exogenous sources 
or other resources in the body for absorption and 
transformation.49,50 The B group nutritional vitamins par-
ticipate in metabolic physiological processes with different 
functions, including the production of monoamine oxidase 
and the synthesis of important biological molecules (such 
as DNA, RNA, protein and phospholipids) to maintain the 
normal progress of cell metabolism. In addition, the body 
needs enough vitamin B to maintain the homeostasis.51 

B6, folic acid (B9) and B12 metabolize homocysteine 
(Hcy), which is a non-protein, sulfur-containing amino 
acid produced during single-carbon metabolism. Studies 
have shown that Hcy is a biomarker of inflammation, and 
as the level of Hcy increases, the risk of cardiovascular 
disease and neurological disease increases significantly. 
Because folic acid is related to the metabolism of B12 
and Hcy, it can be assumed that daily supplementation of 
these vitamins can minimize the high levels of Hcy in the 
body, thereby reducing inflammation and oxidative stress 
levels, and may reduce the symptoms of neurological 
diseases.52
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Nutritional factors may be the key to preventing and 
mitigating certain effects of many chronic debilitating 
brain diseases including MCI.53 B vitamins have anti- 
inflammatory effects, and may play a certain protective 
effect on neurodegenerative mechanisms by regulating 
glutamate currents and reducing calcium currents.54 In 
addition, they additionally have extraordinary antioxidant 
properties. Meanwhile, all the proof most strongly sup-
ports the position of metabolism-related vitamin B12 in 
slowing down the manner of cognitive decline and possi-
bly lowering the risk of cognitive impairment all through 
aging.55 The low VB12 concentration in the ordinary range 
is related to poor memory, which is an impact mediated in 
part via a decrease in the integrity of the hippocampus 
microstructure. In the future, intervention trials are wished 
to evaluate whether or not supplementation with VB12 can 
improve the cognition of MCI patients, even if there is no 
medical manifestation of VB12 deficiency.56 Some studies 
have proven that the more subcutaneous fats in the abdo-
men and thighs, the decrease the likelihood of dementia in 
female, and the extra muscle in the thighs, the lower the 
possibility of dementia in male and female. Ketone our 
bodies are the product of fat metabolism and are the 
strongest source for the brain.57 They are nevertheless 
available even when there is inadequate glucose supply 
(such as an extreme lack of carbohydrates) or metabolic 
failure (such as Alzheimer’s disease). Research evidence 
suggests that even the production of hint ketones may 
beautify the early contextual memory of AD and the 
vitality of affected person reports.58

Fatty acids in the diet may be one of many influencing 
factors in the development of cognitive decline associated 
with aging or dementia.59,60 However, some studies have 
pointed out that dietary fatty acid intake has nothing to do 
with MCI events.61 Interestingly, it was found in this study 
that it seems that a high saturated fatty acid intake seems 
to have a marginally insignificant protective effect on the 
development of MCI. Meanwhile, carbohydrates have 
a similar effect. Carbohydrates are important and easily 
available macronutrients that affect cognitive ability. If 
there is a deeper understanding of carbohydrate-driven 
cognitive changes in normal cognition and mild cognitive 
impairment, it may provide a way to prevent or reduce 
cognitive decline.62

The research has the following advantages. Firstly, 
LASSO regression was used to screen variables. LASSO 
regression can weigh potential deviations when estimating 
a single parameter, and it also has the function of identifying 

variables that lead to the model to minimize the prediction 
errors of high-dimensional data and the corresponding 
regression coefficients. And our study is the first to classify 
nutrients into anti-inflammatory and pro-inflammatory based 
on their dietary inflammatory potential to assess the associa-
tion with cognitive dysfunction. Eventually, the BKMR 
model assesses the relationship between nutrients and the 
risk of cognitive dysfunction as a whole while identifying 
a single potential interaction.

Whereas, There are some limitations in this study. At 
first, All the nutrients contained in the diet are not fully 
included, which may bring latent bias to the evaluation of 
the results. Subsequently, since all the participants in the 
selected cohort are from the same province, it may not 
accurately reflect the true situation of the elderly across the 
country. Ultimately, There are few studies on the relation-
ship between the inflammatory potential of nutrients and 
the risk of cognitive dysfunction. Hence, we still need 
more mechanism research to affirm these findings.

Conclusion
Our research shows that a pro-inflammatory diet is asso-
ciated with an increased risk of mild cognitive impairment in 
the elderly in northern China. However, these results need to 
be further evaluated and verified by more prospective stu-
dies in the future. In addition, implementing anti-inflamma-
tory dietary patterns may help protect the cognitive health of 
the elderly, including unprocessed foods that do not contain 
trans fatty acids, limited amounts of saturated fatty acids, 
and high levels of polyunsaturated fatty acids. Such a diet 
can help reduce the risk of cognitive decline.
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