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Backgroud: The potential for dietary inflammation has been shown to be associated with 
a variety of chronic diseases. The relationship between the potential for dietary inflammation 
and depression in the elderly is unclear.
Objective: This study aimed to exam the relationship between different nutrients and the 
risk of depression symptoms in the elderly.
Methods: In total, 1865 elderly in northern China were investigated at baseline from 2018 to 
2019 and followed up in 2020. We measured the baseline intake of 22 nutrients and used Least 
Absolute Shrinkage and Selection Operator(LASSO) regression analysis and Bayesian Kernel 
Machine Regression (BKMR) to explore the association between exposure to a variety of 
nutrients with different inflammatory potentials and the risk of depressive symptoms.
Results: A total of 447 individuals (24.0%) were diagnosed with depressive symptoms. 
Through the lasso regression model, it was found that 11 nutrients are significantly related to 
the risk of depressive symptoms, of which 6 nutrients are pro-inflammatory nutrients 
(inflammation effect score>0), and 5 are anti-inflammatory nutrients (inflammation effect 
score<0). We incorporated the inflammatory effect scores of 11 nutrients into the BKMR 
model at the same time, and found that the overall inflammatory effect of 11 nutrients 
increased with the increase of total inflammatory scores, suggesting that the overall effect 
was pro-inflammatory. BKMR subgroup analysis shows that whether in the pro- 
inflammatory nutrient group or the anti-inflammatory nutrient group, multiple nutrients 
have a significant combined effect on depressive symptoms. By comparing the overall and 
group effects, we found that the inflammatory effects of the pro-inflammatory diet and the 
anti-inflammatory diet in the study’s diet are offset by each other (P<0.005).
Conclusion: We determined the combined effect of multiple nutrients of different inflam
matory potential classifications on depressive symptoms in the elderly.
Keywords: depression, anti-inflammatory, pro-inflammatory, elderly, Bayesian kernel 
machine regression approach

Introduction
Due to rapid economic growth and changes in lifestyles, China is undergoing 
a rapid epidemiological transition from infectious diseases to non-communicable 
diseases (NCDs). Mental disorders such as depression are an important but often 
overlooked non-communicable disease, and they are becoming an increasingly 
serious cause of disability, suicide and disease burden. It is estimated that 
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depression and depressive symptoms accounted for 14.7% 
of China’s personal medical expenditure in 2012, almost 
three times that of obesity and overweight.1 The elderly in 
rural China have experienced a series of mental disorders, 
the most common of which is depression.2

In terms of clinical manifestations, there is heteroge
neity in depression of different ages. Elderly patients with 
depression tend to show more activity retardation, cogni
tive impairment, and a large number of somatic com
plaints. Among physiological factors, vascular depression 
is regarded as a type of depression disorder in the elderly 
and an important cause of depression.3 On the one hand, 
evidence from neuroimaging suggests that white matter 
lesions in patients with late-onset depression may be 
related to the decreased vasogenic connection of the fron
tal lobe-limbic system and the decreased functional con
nection of the amygdala to the anterior cingulate gyrus, but 
the exact cause is not clear.On the other hand, late onset 
depression is also associated with more cardiovascular 
disease. So depression in the elderly is a chronic disease 
that needs urgent attention.4

Depression is a intricate public health problem with the 
characteristics of large differences in response to treat
ment.The systemic complexity of depression, or the feed
back process between the different drivers of the disorder, 
leads to the persistence of depression.5 According to 
reports, systemic chronic low-grade inflammation is 
related to the progression of Major depressive disorder 
(MDD) by affecting monoaminergic and glutamatergic 
neurotransmission.However, whether various pro- 
inflammatory cytokines are abnormally elevated before 
the first onset of depression remains unclear.6 Recent stu
dies have found that depression is related to chronic, low- 
grade inflammation. It is characterized by an increase in 
circulating pro-inflammatory cytokines, a change in the 
frequency of white blood cell populations in the blood, 
the accumulation of immune cells in tissues including the 
brain, and the activation of these immune cells. Under 
chronic stress, some evidence suggests that these cytokines 
promote depression through similar behaviors that disrupt 
neurotransmitter synthesis and signal transduction.7 

Meanwhile, studies have shown that inflammation is clo
sely related to the pathogenesis of depression.8 The role of 
inflammation can be understood as affecting complex neu
robiological, cognitive and emotional processes, rather 
than directly affecting the widespread depression 
syndrome.9

Nutrition, as part of the changeable lifestyle factors, 
can be considered an important way to control 
inflammation.10 The relationship between diet and inflam
mation has been fully proven, and the inflammation 
mediated by it can increase the risk of related chronic 
diseases.11 Dietary Inflammatory Index (DII) is 
a instrument to quantify personal dietary inflammation 
potential The goal is to evaluate the impact of diet- 
related inflammation on health outcomes.12,13 In short, 
DII is a weighted index of the degree of influence of diet 
on known serum inflammatory markers. Each food para
meter has its own inflammation score.14 “+” stands for 
pro-inflammatory, and “-” stands for anti-inflammatory.

Bayesian Kernel Machine Regression is a original sta
tistical approach that settles interactions and nonlinear 
relationships by flexibly modeling exposure.15,16 Here, 
we use this method to test the association of 11 nutrients 
with the risk of depressive symptoms in the elderly. 
Nutrients are divided into two categories, including 6 pro- 
inflammatory nutrients (Fe, zinc, selenium, vitamin B1, 
vitamin B2, polyunsaturated fatty acids) and 5 anti- 
inflammatory nutrients (fat, carbohydrate, cholesterol, 
saturated fat, vitamin B12). The objective is to inspect (1) 
the relationship between different nutrients and the risk of 
depressive symptoms among the elderly; (2) the overall 
impact of nutrients; (3) the interaction between different 
nutrients.

Methods
Study Participants
Participants in the current study were derived from the base
line of the Community Cohort Study of Nervous System 
Diseases (CCSNSD), an ongoing longitudinal study estab
lished by the project in 2018–2019, focusing on potential 
factors related to the risk of three neurological diseases, 
including epilepsy in patients >1-year-old and Alzheimer’s 
disease (AD), Parkinson’s disease (PD) in people ≥55 years 
old. The project is undertaken by the Institute of Nutrition 
and Health of the Chinese Center for Disease Control and 
Prevention, in cooperation with the Center for Disease 
Control and Prevention. The project applies a multistage 
random cluster sampling method to extract samples. The 
protocol of this study was reviewed and approved by the 
Institutional Review Board of the National Institute for 
Nutrition and Health (No. 2017020, November 6, 2017). In 
addition, the written informed consent of each participant 
was obtained before the investigation.
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In allusion to subjects recruited in the CCSNSD cohort, 
the samples eligible for inclusion were (1) 55 years old and 
older, (2) resident population living in the sampled commu
nity, (3) absence of clinically diagnosed depressive symp
toms, (4) be able to perform a normal depressive symptoms 
assessment, (5) completed data of sociodemographic char
acteristics, disease history, and food frequency questionnaire 
(FFQ). We excluded subjects because of (1) no depressive 
symptoms assessment results, (2) lack of baseline status 
such as education and physical activities, (3) nutrient defi
ciency, (4) abnormal energy intake. Finally, a total of 1865 
participants were involved in the analysis (Figure 1).

Depressive Symptoms
We defined depressive symptoms according to the 
Geriatric Depression Scale (GDS),This scale is one of 
the most widely used scales assess the depressive 

symptoms of the elderly.17 It consists of 30 self- 
assessment items with yes/no response options. A score 
of 0–10 indicates no depressive symptoms, a score of 11– 
20 indicates mild depressive symptoms, and a score of 21– 
30 indicates severe depressive symptoms.18

Dietary Measurements
A previously validated 116 semi-quantitative FFQ (24) 
was used to assess diet. For each item, participants were 
asked to specify how often they consumed food or bev
erages on average in the previous year. The frequency of 
consumption response is divided into never, <1 time/ 
month, 1–3 times/month, 1 time/week, 2–4 times/week, 
5–6 times/week, 1 time/day, 2–3 times /day, 4–5 times/ 
day, ≥6 times/day. Energy and nutrient intake is calculated 
by multiplying the frequency of consumption per unit of 
food by the energy and nutrient content of a specified 

Figure 1 Selection process of subjects.
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serving. Evaluate the composition value of energy and 
nutrients by using the Chinese food content database.

Food Parameter Specific DII Score
In our study, DII was calculated using baseline FFQ 
data, which captured 22 of the 45 possible foods and 
nutrients in the original DII. The 22 parameters are 
carbohydrates, protein, total fat, β-carotene, fiber, cho
lesterol, saturated fat, monounsaturated fat,polyunsatu
rated fats, niacin, thiamine, riboflavin, vitamin B12, 
vitamin B6, Fe, magnesium, Zn, selenium, vitamin A, 
vitamin C, vitamin E and folic acid.

we use a representative global database to get the 
standardized intake and convert it to a percentile score; 
in order to obtain a symmetrical distribution centered on 
0, we multiply the percentile score by 2 and subtract 1. 
Then, we multiply the percentile score by the inflamma
tory effect score, as defined by “Food parameter specific 
DII score”. A positive value of the DII score is consid
ered a pro-inflammatory diet, while a negative value is 
considered an anti-inflammatory diet.19 For our analysis, 
among 22 food parameters, 16 are pro-inflammatory 
nutrients and 6 are anti-inflammatory nutrients.

Least Absolute Shrinkage and Selection 
Operator Regression
LASSO regression is an effective method for high- 
dimensional predictors, especially when the number of predic
tors far exceeds the number of observations.20 This method 
uses the L1 penalty to reduce the coefficient to zero. The 
penalty parameter λ, also known as the tuning constant, con
trols the intensity of the penalty. If we reduce λ and relax the 
penalty, then more predictors can enter the model. In this study, 
five cross-validation was used to determine the optimal value 
of λ. Finally, select λ through the 1 standard error (SE) 
criterion.21

Bayesian Kernel Machine Regression
Kernel machine regression is a popular tool in machine learn
ing, which flexibly simulates the relationship between a large 
number of variables to a specific result, by mapping or project
ing one data sequence to another in a one-to-one manner.22 

BKMR can flexibly model exposure to resolve interaction and 
nonlinear relationships.15,16 The model used in this study is 
below:

Proinflammatory

Yi ¼ h ironi; zinci; seleniumi; vitaminB1i; vitaminB2i;

polyunsaturatedfattyacidsi

� �

þ βT Ci þ s datei; kð Þ þ εi 

Anti-Inflammatory

Yi ¼ h fati; carbohydratei; cholesteroli;
saturatedfattyacidi; vitaminB12i

� �

þ βT Ci

þ sðdatei; kÞ þ εi 

The function h() is modeled using the Gaussian kernel 
exposure-response machine function, which allows inter
action terms to be included.The coefficient βT is the esti
mated value of the effect of the Cth covariate for the ith 
individual. The function s() represents the natural splines 
for date of visit, using kknots as described above. The 
residual is represented by εi. Intuitively, the Gaussian 
kernel assumes that two subjects with similar exposure 
characteristics will have more similar depressive symp
toms risk characteristics, and this similarity is the use of 
the kernel function.The method handles this complexity by 
using a kernel exposure–response machine representation 
for h(). We used noninformative priors for all model 
parameters.21,23

Once fitted, summary statistics of the model for the 
estimation of the exposure-response function and the con
fidence interval (CI) for each nutrient, the overall link 
between the total nutrient level and the result, and the 
interaction between each nutrient pair are provided. We 
ran 11 Bayesian kernel machine regression models, which 
contained 6 pro-inflammatory nutrients (Fe, Zn, selenium, 
vitamin B1, vitamin B2, polyunsaturated fatty acids) and 5 
anti-inflammatory nutrients (fat, carbohydrate, cholesterol, 
saturated fat, vitamin B12) as a result of depressive symp
toms. All models adjusted for all covariates.

Covariates
The incorporated 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 (illiterate, elementary school, junior 
high school and above), employment status (yes or no); 
lifestyle and health-related variables include smoking (yes 
or No), drinking (yes or no), physical activity (yes or no), 
daily energy intake (kcal), diabetes (yes or no), high blood 
pressure (yes or no). The missing values of all variables 
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are less than 5%, so the median and mode of quantitative 
and qualitative variables are used for inference.

Statistical Analysis
Continuous variables are expressed as mean ± standard 
deviation or median (interquartile range), and the number 
of categorical variables (percentage) is expressed. 
Continuous variables, where appropriate, were compared 
by independent samples, unpaired, 2-sided t-test or the 
Mann–Whitney U-test. Categorical variables were com
pared by the X2 test or Fisher’s exact test. The glmnet 
package in R is used for Least Absolute Shrinkage Sum 
Selection Operator (LASSO) logistic regression, where 
important nutrients are used to assess the association 
with the risk of depressive symptoms.

In addition, considering the nonlinearity and interaction 
of multiple nutrient exposures on depressive symptoms, 
BKMR analysis was performed to evaluate the combined 
effects of multiple nutrients based on Gaussian process 
regression. BKMR uses Bayesian variable selection to facil
itate exposure-response functions and improve the inference 
of highly correlated nutrients. First, analyze the cumulative 
effect on depressive symptoms by fixing all other nutrients to 
a specific percentile and increasing the 5th percentile. Then, 
while keeping other nutrients at the median, use the expo
sure-response function to explore the association between 
a single nutrient and depressive symptoms. Finally, the pre
dicted response function of a single nutrient to other nutrients 
at different quantiles (and the rest of the nutrients are fixed at 
the median) is studied. By using the Markov Chain Monte 
Carlo algorithm, the model can run up to 10,000 iterations.

Analyses were performed on R software (version 3.6.0; 
R Core Team), and the two-sided statistical significance 
level was set at α = 0.05.

Results
The study included 1865 elderly participants older than 55 
years old, of which 447 individuals (24.0%) were diag
nosed with depressive symptoms. The demographic char
acteristics of the participants are shown in Table 1. 
Compared with non-depressed residents, depressed resi
dents are younger [65(61–70) years old vs 68(63–72) 
years old], most of them are women, and more people 
live in rural areas. Table 2 shows the distribution of 22 
dietary nutrients. There were significant differences in the 
levels of carbohydrates, protein, Total fat, Fiber, Saturated 
fat, Monounsaturated fat, Polyunsaturated fats, Niacin, 
Thiamine, Riboflavin, Fe, Magnesium, Zinc, Selenium, 

and Vitamin E between depressed residents and non- 
depressed residents(P<0.05), while no significant differ
ences were found in other nutrients.

The LASSO method is suitable for regression of high- 
dimensional data because it can be used to extract the most 
important predictors from the original data set. In this 
study, the depressive symptoms risk score of each subject 
was calculated by linear combination of factors weighted 
by its coefficient. 22 nutrition variables are reduced to 11 
potential predictors by the LASSO regression model. 
Then, a coefficient distribution map is generated. The 
cross-validation error graph of the LASSO regression 
model is shown in Figure 2A. The most regularized and 

Table 1 Baseline Characteristics of the 1865 Subjects 
[Median(IQR) or Frequency(%)]

Characteristic Frequency (%) or Median(IQR)

Non-Depression 

(n=1418)

Depression 

(n=447)

p-value

Age (years) 68(63–72) 65(61–70) 0.036

BMI(kg/m2) 24.70 

(22.22–27.01)

24.98 

(22.55–27.54)

0.078

Daily energy intake 

(kcal/day)

1398.97 

(1100.57–1582.35)

1304.99 

(1122.20–1610.83)

0.952

Sex <0.001

Male 576(40.6%) 140(31.3%)

Female 842(59.4%) 307(68.7%)

Residence 0.033

Urban 380(26.8%) 143(32.0%)

Rural 1038(73.2%) 304(68.0%)

Employment 0.051

No 1211(85.4%) 398(89.0%)

Yes 207(14.6%) 49(11.0%)

Education level 0.422

Illiteracy 368(26.0%) 103(23.0%)

Primary school 460(32.4%) 146(32.7%)

Junior high school/above 590(41.6%) 198(44.3%)

Tobacco Smoking 0.941

No 1198(84.5%) 377(84.3%)

Yes 220(15.5%) 70(15.7%)

Alcohol Drinking 0.555

No 1281(90.3%) 408(91.3%)

Yes 137(9.7%) 39(8.7%)

Diabetes 0.757

No 1192(84.1%) 373(83.4%)

Yes 226(15.9%) 74(16.6%)

Hypertension 0.153

No 514(40.5%) 164(36.7%)

Yes 844(59.5%) 283(63.3%)
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reduced model, the cross-validation error is within 1 stan
dard error of the minimum value, including eleven vari
ables. The coefficient paths included in the model have 
different logarithmic conversion lambda values, as shown 
in Figure 2B. The model contains eleven independent 
predictors (Fe, Zn, selenium, vitamin B1, vitamin B2, 

polyunsaturated fatty acidsfat, carbohydrate, cholesterol, 
saturated fat, vitamin B12).

Calculate the dietary inflammatory effect scores of 11 
nutrients after LASSO regression screening, and divide the 
nutrients into pro-inflammatory and anti-inflammatory 
groups according to the positive or negative of the mean 

Table 2 Nutrient Content of Study Participants

Characteristic Median(IQR)

Non-Depression (n=1418) Depression (n=447) p-value

Carbohydrates (g) 195.25(160.29–235.58) 198.02(169.06–271.63) 0.002

Protein (g) 53.66(42.76–66.40) 58.36(47.25–71.69) <0.001
Total fat (g) 35.00(26.82–44.47) 36.84(29.07–47.22) 0.002

β-Carotene (μg) 1516.91(781.85–2745.53) 1489.11(703.49–2665.51) 0.933

Fiber (g) 8.83(6.49–11.62) 9.01(6.81–12.08) 0.027
Cholesterol (mg) 381.02(230.35–435.12) 400.13(247.34–439.07) 0.070

Saturated fat (g) 4.00(2.51–6.01) 4.21(2.82–6.27) 0.025

Monounsaturated fat (g) 5.85(4.12–7.70) 6.13(4.62–7.71) 0.014
Polyunsaturated fats (g) 4.61(2.80–6.93) 5.37(3.15–7.58) 0.001

Niacin (mg) 8.87(6.86–11.00) 9.25(7.43–11.58) 0.004

Thiamine (mg) 0.72(0.57–0.89) 0.74(0.60–0.97) 0.013
Riboflavin (mg) 0.66(0.51–0.83) 0.70(0.54–0.87) 0.012

Vitamin B12 (μg) 0.22(0.14–0.33) 0.24(0.15–0.35) 0.124

Vitamin B6 (mg) 0.07(0.05–0.10) 0.07(0.05–0.10) 0.144
Fe (mg) 15.68(12.20–19.11) 16.48(13.31–20.14) <0.001

Magnesium (mg) 217.65(167.20–266.38) 227.80(174.39–283.04) 0.002

Zn (mg) 7.19(5.66–8.70) 7.54(6.26–9.22) <0.001
Selenium (μg) 40.64(32.48–48.53) 41.94(35.65–50.99) 0.001

Vitamin A (RE) 432.60(283.42–660.53) 453.87(277.51–683.43) 0.386

Vitamin C (mg) 51.88(27.52–86.17) 47.68(29.36–85.71) 0.923
Vitamin E (mg) 11.73(8.22–14.96) 12.43(9.18–16.52) 0.001

Folic acid (μg) 116.79(83.59–156.07) 121.04(88.64–165.75) 0.127

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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value of each nutrient [pro-inflammatory nutrients: Fe, Zn, 
selenium, vitamin B1, vitamin B2, polyunsaturated fatty 
acids; anti-inflammatory nutrients: fat, carbohydrate, cho
lesterol, saturated fat, vitamin B12] (Table 3).

We incorporated the inflammatory effect scores of 11 
nutrients into the analytical BKMR model at the same 
time, and found that the overall inflammatory effect of 
11 nutrients increased with the increase of total inflamma
tory scores, suggesting that the overall effect was pro- 
inflammatory (Supplementary Figure 1A). We also found 
that Fe, Zn, vitamin B1, vitamin B2 and polyunsaturated 
fatty acids had significant positive effects. Variations in 
five nutrients (Fe, Zn, Se, vitamin B1, and vitamin B2) 
from 25% to 75% significantly increased the risk of 
depressive symptoms, while three nutrients (cholesterol, 
SFA, and vitamin B12) were significantly negatively asso
ciated with depression risk (Supplementary Figure 1B). 
Observing the effects of different quantiles and the inter
action between nutrients at the same time, the results 
showed no significant significance (Supplementary 
Figure 1C and D).

Although the overall effect of nutrients is shown to be 
pro-inflammatory, it may be meaningless to consider all 
pro-inflammatory and anti-inflammatory elements in the 
general population at the same time. Therefore, in this 
study, we further evaluated the pro-inflammatory nutrients 
and anti-inflammatory nutrients in groups to prove 
whether there is a certain offset between the two groups.

We show the visualization of the BKMR model. First, 
we found the cumulative inflammatory effect of mixed 
nutrients in the pro-inflammatory nutrient group. We can 

see that the risk of depressive symptoms increases with the 
inflammatory effect score. In particular, when all metabo
lites are at or above their 55th percentile, compared to 
when all metabolites are at their median value, the overall 
effect is statistically significant. We observed similar 
results in the anti-inflammatory nutrient group 
(Figures 3A and 4A). Then, we tried to understand the 
single effect of a nutrient by estimating a univariate sum
mary of the change in depressive symptoms risk associated 
with a change in a single nutrient from 25% to 75%, where 
all other nutrients are fixed at a certain threshold (25th, 
50th or 75th) Percentile). In the pro-inflammatory nutrient 
group, we found that Fe, Zn, vitamin B1, vitamin B2 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 depressive symptoms. Similarly, we show signifi
cant positive effects on fats, carbohydrates, saturated fat, 
and vitamin B12 (Figures 3B and 4B). To study the poten
tial nonlinearity of the exposure-response function, we 
then estimated the univariate relationship between each 
nutrient and depressive symptoms risk in the proinflam
matory nutrient group, with all the remaining nutrients 
fixed at the 50th percentile. The graph shows that the 
levels of inflammatory effects of Fe, Zn, vitamin B1 and 
vitamin B2, and polyunsaturated fatty acids are increased, 
and the risk of depressive symptoms is significantly 
increased (Figures 3C and 4C). Similarly, in the anti- 
inflammatory nutrient group, increased levels of inflam
matory effects of fats, carbohydrates, saturated fat and 
vitamin B12 were observed, and the risk of depressive 
symptoms was significantly decreased. There is no evi
dence that there is an interaction between the nutrients in 
the pro-inflammatory nutrient group and the anti- 
inflammatory nutrient group (Figures 3D and 4D).

The results of the overall effect of all nutrients asso
ciated with depression estimated that the diet in this study 
was characterized as a pro-inflammatory or anti- 
inflammatory diet. Comparing with the pro-inflammatory 
grouping and anti-inflammatory grouping, it is found that 
the overall effect result is significantly different from the 
pro-inflammatory grouping result effect map, and the sin
gle nutrient result and the pro-inflammatory grouping can 
reach the same conclusion. It shows that the diet in this 
study does have an offsetting effect between the pro- 
inflammatory diet and the anti-inflammatory diet. At the 
same time, the dietary inflammation scores of the overall 
group and the pro-inflammatory group are compared, and 

Table 3 Food Parameter Specific DII Score

Food Parameter Specific DII Score Median(IQR)

Overall(n=1865)

Anti-inflammatory

Carbohydrates (g) –0.0289(–0.0457 – –0.0075)

Total fat (g) –0.0919(–0.1484 – –0.0170)

Cholesterol (mg) –0.0040(–0.0418 – 0.0189)

Saturated fat (g) –0.0708(–0.1836 – 0.0890)

Vitamin B12 (μg) –0.0518(–0.0702 – –0.0239)

Pro-inflammatory

Thiamine (mg) 0.0145(–0.0159 – 0.0399)

Riboflavin (mg) 0.0135(–0.0068 – 0.0311)

Polyunsaturated fats (g) 0.1880(0.1085 – 0.2562)

Fe (mg) 0.0031(–0.0080 – 0.0145)

Zn (mg) 0.0872(0.0164 – 0.1569)

Selenium (μg) 0.0757(0.0424 – 0.1067)
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the results show that there is a significant difference 
between the two groups (1.20±1.40 VS 4.06±1.08, 
P<0.05).

Discussion
In this study, we found that the intake of 11 nutrients are 
significantly related to the occurrence of depressive symp
toms in the elderly through the Lasso regression model. By 
calculating the inflammatory effect scores of 11 nutrients 
after each lasso regression screening, and divided the nutri
ents into pro-inflammatory and anti-inflammatory groups 
based on the scores[6 pro-inflammatory nutrients((Fe, Zn, 
selenium, vitamin B1, vitamin B2, polyunsaturated fatty 
acids) and 5 anti-inflammatory nutrients (fat, carbohydrate, 
cholesterol, saturated fat, vitamin B12)]. By incorporating 
the inflammatory effect scores of 11 nutrients into the 

analytical BKMR model at the same time, and found that 
the overall inflammatory effect of 11 nutrients increased 
with the increase of total inflammatory scores, suggesting 
that the overall effect was pro-inflammatory. BKMR analy
sis shows that Iron, zinc, vitamin B1, vitamin B2, and poly
unsaturated fatty acids are significantly associated with 
depression in the pro-inflammatory group, while in the anti- 
inflammatory group, fats, carbohydrates, Saturated fat and 
vitamin B12 are significantly associated with depressive 
symptoms. There is no interaction both in the pro- 
inflammatory and anti-inflammatory group. When the nutri
ent concentration is higher than the 55th percentile, the 
mixture of nutrients in the two groups has a significant 
combined effect on depressive symptoms in the elderly. 
By comparing the overall and group effects, we found that 
the inflammatory effects of the pro-inflammatory diet and 

Figure 3 Associations between dietary pro-inflammatory nutrients and depression among the study population by BKMR model. The model is based on age, gender, 
education level, body mass index, employment status, smoking status, drinking status, daily energy intake, hypertension and diabetes, 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 depression.
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the anti-inflammatory diet in the study’s diet are offset by 
each other (P<0.005).

It has been widely recognized that peripheral inflam
mation can reach the central nervous system and cause 
neuroinflammation. This neuroinflammation can cause 
several issues related to the pathophysiology of depres
sion, including: disorders of the hypothalamic-pituitary- 
adrenal axis; reduced neuroplasticity and 
neurogenesis;24,25 increased glutamate, which stimulates 
neurotoxicity; altered monoamine metabolism, reduce ser
otonin and increase quinine pathway; reduce BDNF; 
increase oxidative stress, etc., among which inflammatory 
oxidative stress plays a role that cannot be ignored.26,27

The mechanism by which a pro-inflammatory diet 
increases the risk of depressive symptoms may be through 
the activation of the innate immune system through pro- 
inflammatory nutrients, leading to low-grade inflammation 
and chronic diseases such as cardiovascular disease 
(CVD), diabetes, and mental health disorders. At the mole
cular and cellular level, more and more studies have 
shown that dietary factors affect neuronal function and 
synaptic plasticity markers, and these mechanisms are 
related to the etiology of depression.28–30 For example, 
in mice, a combination of exercise and an anti- 
inflammatory diet has been found to increase the expres
sion of genes that have a positive effect on neuronal 

Figure 4 Associations between dietary anti-inflammatory nutrients and depression among the study population by BKMR model. The model is based on age, gender, 
education level, body mass index, employment status, smoking status, drinking status, daily energy intake, hypertension and diabetes, 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 depression.
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plasticity and decrease the expression of genes involved in 
harmful processes including inflammation.31

The two-way relationship between mental disorders 
(including depression) and inflammation has been estab
lished. Although neuropsychiatric diseases (such as 
depression) can promote inflammation; inflammation can 
promote neuropsychiatric disorders including depression. 
It has been repeatedly reported that patients with neurop
sychiatric disorders exhibit all the classic features of 
inflammation.32,33 Pro-inflammatory cytokines regulate 
cognitive and emotional behaviors by reducing brain 
monoamine levels, inhibiting neuroendocrine responses, 
and promoting excitotoxicity. Neuroendocrine regulation, 
metabolism and changes in diet/microbiota are the main 
triggers leading to inflammation and susceptibility to 
depression.An unhealthy diet can also cause changes in 
the function of the gut and gut microbiota.34 The micro
biota-gut-brain axis has been extensively studied. Much 
remains to be discovered, but it is well known that com
munication between these two organs can occur through 
a variety of mechanisms, including neuroanatomical com
munication (generated through the vagus nerve), intestinal 
hormones and neurotransmitters, neurotrophic factors, 
metabolites, bacteria, Neuroendocrine factors and inflam
matory mediators. Although some mechanisms still need 
to be further elucidated, a number of clinical studies and 
reviews have shown that the gut microbiota of patients 
with depression has changed, and it is necessary to con
sider adjusting the microbiota-gut-brain axis to prevent 
and treat depression.35

B vitamins are water-soluble vitamins necessary to 
maintain the normal metabolic process of the human 
body. Human cells cannot synthesize by themselves and 
need to be ingested through external sources or absorbed 
and transformed by other substances in the body to obtain 
them.36,37 B vitamins participate in cell metabolism in 
different roles, including the production of monoamine 
oxidase and the synthesis of DNA, RNA, protein and 
phospholipids during cell repair. In addition, sufficient 
levels of B vitamins are required to maintain the balance 
of inflammation in the human body.As part of single- 
carbon metabolism, B6, folic acid (B9) and B12 metabolize 
homocysteine (Hcy), which is a non-protein, sulfur- 
containing amino acid.Hcy is a recognized marker of 
inflammation, and high levels of Hcy are independent 
risk factors for cardiovascular disease and neuropsychia
tric problems.38,39 A study found that an increase of 
5-μmol/l in plasma Hcy may increase the risk of 

schizophrenia by 70%. Considering the relationship 
between B6, folic acid and B12 and Hcy metabolism, it 
can be assumed that supplementation of these vitamins 
may reduce high levels of Hcy, thereby reducing inflam
mation and oxidative stress, and may improve symptoms 
of neurological diseases.40

As essential trace elements, Zn and Fe play a vital role 
in growth and development. Zn and Fe play an important 
biological role in regulating cell function and nerve func
tion.There is now some evidence that major depression is 
accompanied by the activation of the inflammatory 
response system (IRS).41 According to reports, in patients 
with depression, the level of pro-inflammatory cytokines 
increases, the number of activated macrophages, T helper 
cells increases, the ratio of CD4+/CD8+ cells increases, 
and the level of activated CD4+ cells increases, with high 
expression of CD25+, in the acute phase Increased levels 
of positive proteins, such as C-reactive protein, reduce 
serum zinc (Zn) and serum albumin (Alb) concentrations. 
Studies have shown that the decrease of serum zinc level 
was significantly positively correlated with the decrease of 
negative proteins (albumin-zinc transporter, transferrin) in 
the acute phase.42,43 The level of neopterin increased, and 
the ratio of CD4+/CD8+ was negatively correlated with 
IL-6. The pro-oxidant-antioxidant imbalance in depressed 
patients may lead to oxidative damage to red blood cells, 
making red blood cells more fragile, thereby reducing the 
lifespan of red blood cells, and possibly leading to suicidal 
death (erythema) and red blood cell phagocytosis.44 Red 
blood cell maturation and lifespan disorders can be 
reflected by changes in red blood cell and Fe status. 
When senile-damaged red blood cells are cleared, Fe 
remains in the reticuloendothelial macrophages.45,46 In 
addition to playing a role in innate immunity, macrophages 
are also at the center of the Fe cycle of the system, and 
these functions are interrelated. Iron overload has been 
shown to induce uncontrolled activation of macrophages, 
which is considered a key event in the pathogenesis of 
chronic inflammatory diseases, and can further affect red 
blood cells and Fe metabolism.47,48

There is ample evidence supporting the role of inflamma
tion in the pathophysiology of mental health disorders, includ
ing depression. Meta results showed a significant association 
between a pro-inflammatory diet and an increased risk of 
depression diagnosis or symptoms.30 Moreover, adults with 
depression have a higher inflammatory potential.49 

Population-based research data shows that there is 
a correlation between the quality of habitual diet and systemic 
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inflammation. The quality of diet affects immune function and 
systemic inflammation levels, which can lead to depression.50 

Diet is the main factor that determines the composition of the 
gut microbiota,51 which can directly and indirectly affect 
health through inflammation and gut microbiota.52 Changes 
in the gut microbiome increase the release of microbial lipo
polysaccharide (LPS), which activates the intestinal inflam
matory response. Intestinal pro-inflammatory cytokines 
stimulate the afferent vagus nerve, which in turn affects the 
hypothalamus-pituitary-adrenal (HPA) axis and induces 
symptoms related to depression. Recent studies have shown 
that intestinal inflammation can induce neuroinflammation, 
which in turn stimulates the activation of microglia and the 
kynurenine pathway, and can activate systemic inflammation- 
induce depressive symptoms.53

Our research has the following advantages. First of all, our 
research is the first time that nutrients are divided into anti- 
inflammatory and pro-inflammatory according to dietary 
inflammation potential to evaluate the association with depres
sion. Secondly, we use LASSO regression when selecting 
variables. LASSO regression aims to identify the variables 
that lead to the model and the corresponding regression coeffi
cients, thereby minimizing the prediction errors of high- 
dimensional data, and weighing potential deviations when 
estimating individual parameters. Finally, the BKMR model 
was used to identify a single potential interaction and to assess 
the relationship between nutrients and depression risk as 
a whole.

However, the present study has some limitations. First 
of all, the nutrients we included did not include all the 
nutrients contained in the diet, which would bring poten
tial bias to the evaluation of the results. Secondly, due to 
all of participants recruited into the cohort are from the 
same province, the true state of the nation’s elderly may 
not be accurately reflected. Finally, there are few studies 
on the relationship between the inflammation potential of 
the nutrients and the risk of depression, and further 
mechanism studies are needed to verify our results.
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