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Background: Dietary fatty acids have been shown to be associated with the

development of cognition. However, research on the role of fatty acid intake in

dietary patterns and fatty acid patterns (FAPs) in the development of cognitive

function is limited. The aim of this study was to explore the correlation

between dietary patterns and FAPs and to provide available evidence for

preventing mild cognitive impairment (MCI) through these patterns.

Materials and methods: The 973 participants aged between 65 and 85

were recruited from 2020 to 2021 for this multicenter research in Beijing.

Neuropsychological tests were used for cognitive evaluation, and data of

dietary intake in the past 12 months were collected with semi-quantitative

food frequency questionnaire. The erythrocyte membrane fatty acid profile

was tested by chromatography and mass spectrometry lipid profiling. Factor

analysis was used to derive the main dietary patterns and FAPs. Pearson’s

correlation or Spearman’s correlation was used to explore the association

between dietary patterns and FAPs. Binary logistic regression was applied to

examine the relationship between patterns and cognitive function.

Results: Six dietary patterns and six FAPs were identified, explaining 53.4

and 80.9% of the total variance separately. After adjusting all potential

confounders, T3 of the pattern 1 and FAP2 were the independent protect

factors for MCI, respectively (OR 0.601, 95% CI [0.395, 0.914]; OR 0.108,

95% CI [0.019, 0.623]). Rich of SM (26:0), SM (24:1), and SM (26:1) is the

characteristic of FAP2. A positive correlation was found between component

scores of dietary pattern1 and FAP2 (r = 0.441, p = 0.001). People who adhered

to a reasonable intake of animal flesh consumed more various long-chain

fatty acids as well.

Conclusion: The erythrocyte membrane metabolites, SM (26:0), SM (24:1), and

SM (26:1), might function as early biomarkers for predicting or monitoring

of cognitive aging in the elderly. The dietary pattern with recommended

animal flesh consumption was significantly associated with FAP characterized
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by very long-chain SMs. This dietary pattern affected FAP, which might

achieve the ultimate goal of neuroprotection through the very long-chain

SMs. A rational intake of dietary fatty acids might be an effective way on

preventing MCI in the elderly.

KEYWORDS

fatty acid, cognitive impairment, dietary pattern, erythrocyte membrane fatty acid
profile, sphingomyelin

Introduction

Mild cognitive impairment (MCI) is a situation in which
individuals show cognitive impairment with minimal damage of
instrumental activities of daily living (IADL) (1–3). This refers
to an intermediate stage from normal aging to dementia (1).
Older adults with MCI have the highest risk of progression to
dementia (4). By 2050, it is estimated that there will be 2 billion
people aged 60 years and over, and 131 million of whom are
expected to be influenced by dementia (5).

Dietary nutrition is an important way to promote healthy
aging and prevent age-related diseases (6). In recent years,
dietary factors, especially fat intake (7), have been shown to
be involved in the development of hippocampal neurogenesis
and cognition (8–10). Fatty acids in tissues, the important
composition of fat, can reflect both the quantity and quality
of dietary fat intake and have been recognized as reliable
biomarkers in epidemiologic studies (11). Previous studies
have shown associations between intake of dietary nutrients or
dietary patterns and cognition function (10, 11). Long-chain
polyunsaturated fatty acids (LCPUFAs) have been reported
to be potential mediators that might protect nervous system.
They also get involved in the mechanisms leading to cognitive
impairment or inflammation in elderly subjects (12). However,
evidence indicates that saturated fatty acids (SFAs) with different
carbon chain lengths have various effects on the process
of Aβ generation, and fatty acids with longer chain (C20:0
and C26:0) are more likely to promote Aβ production (13).
In addition, dietary fatty acid saturation is reported to be
harmful to cognitive function in human studies (14). Studies
about the circulating fatty acid patterns (FAPs) further find
that neuroprotective potential fatty acids binding to specific
phospholipids are more valuable to improve neuro-function
(15). For example, the major components of polyunsaturated
fatty acids (PUFAs, C20:3, C20:4, C22:5, and C22:6) in
sphingomyelin (SM) and ceramide (Cer) are believed to decline
more preferentially in the brain of aged mouse. However,
compared with the plasma fatty acid profiles, the erythrocyte
membrane fatty acid profile could reflect a long-term intake
of fatty acids (16–18). Therefore, the aim of this study was
to explore dietary patterns with suitable fatty acid intake

and FAPs by principal components analysis (PCA), find the
correlation of both two patterns, and provide available evidence
for preventing MCI.

Materials and methods

Study design and participants

Participants aged 65–85 in this study were collected
in several centers of our research in Beijing from 2020
to 2021 (ChiCTR2100054969). The workflow and standards
were referenced from our prior study (19, 20). Finally, 973
participants were collected in this study, and 50 of them
were selected for lipid analyses. This study was carried
out in accordance with the Declaration of Helsinki and
ethically approved by the Ethics Committee of Capital Medical
University (Z2019SY052). All informed consents were signed by
participants before they were included.

Cognitive assessment

Cognitive impairment was assessed by the Montreal
Cognitive Assessment (MoCA), while mini-mental state
examination (MMSE) score was applied to exclude any AD
(21). Two-step procedure was used to diagnose MCI individuals
according to our previous study (20). Briefly, neurologists
would perform a secondary examination of participants to
determine the clinical diagnosis, if they were suspected of
having MCI based on their MoCA presentation.

Dietary assessment

The information of dietary intake was collected by the
food frequency questionnaire (FFQ) of 2002 China National
Nutrition and Health Survey (CNHS 2002) (22) that asked
about habitual intake of food over the past year. The energy
and nutrient intake were calculated by using the China Food
Composition Database (Version 6) (23). The energy-adjusted
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amounts of all dietary nutrients were calculated by the residual
method (24).

Lipid analysis

Erythrocytes were prepared for lipidomic detection. About
250 µl of water was added into each 50 µl of erythrocyte
lysates. After 30s vortex, the samples were frozen and thawed
with liquid nitrogen for three times. The samples were then
sonicated for 10 min in the ice-water bath. Then, 50 µl of
normalized protein concentration of the sample was mixed
with 150 µl water and 480 µl extraction liquid (VMTBE:
Vmethanol = 5:1) containing internal standard. After 60s vortex,
the samples were sonicated for 10 min in the ice-water bath.
Then, the samples were centrifuged at 3,000 rpm for 15 min
at 4◦C. About 250 µl of the supernatant was transferred to
a fresh tube. The rest of the sample was added with 250 µl
of MTBE, followed by vortex, sonication, and centrifugation,
and another 250 µl of the supernatant was taken out. This
step was repeated twice. The final supernatants were combined
and dried in a vacuum concentrator at 37◦C. Then, the dried
samples were reconstituted in 100 µl of resuspension buffer
(Vdichloromethane: Vmethanol: Vwater = 60:30:4.5) by 30s
vortex and sonication on ice for 10 min. The constitution
was then centrifuged at 12,000 rpm for 15 min at 4◦C,
and 30 µl of the supernatant was transferred to a fresh
glass vial for LC-MS analysis. The quality control (QC)
sample was prepared by mixing 15 µl of the supernatants
from all samples.

The UHPLC separation was carried out using a SCIEX
ExionLC series UHPLC System. Lipid profiling was performed
by a UHPLC system (1290 series, Agilent Technologies, USA)
equipped with a Kinetex C18 column (2.1 × 100 mm, 1.7 µm,
Phenomen) coupled to Q Exactive (QE)-MS/MS (Thermo
Fisher Scientific, Bremen, Germany). Therefore, a binary solvent
system consisting of 40% water, and 60% acetonitrile (solvent
A) and 10% acetonitrile, and 90% isopropanol (solvent B),
both acidified with ammonium acetate (10 mM), was used
to establish a gradient elution program following the set
of solvent B: 0–12.0 min, 40–100%; 12.0–13.5 min, 100%;
13.5–13.7 min, 100–40%; 13.7–18.0 min, 40%. The injection
volume was 4 µl for positive ion mode and 6 µl for negative
ion mode, respectively. The column temperature was 40◦C.
The auto-sampler temperature was 6◦C, and the injection
volume was 2 µl. Typical ion source parameters were as
follows: Ionspray voltage: +5,500/−4,500 V, curtain gas: 40 psi,
temperature: 350◦C, ion source gas 1:50 psi, ion source gas
2:50 psi, DP: ± 80 V.

In this study, the UHPLC separation was carried out by
using a SCIEX ExionLC series UHPLC System. AB Sciex
QTrap 6,500 + mass spectrometer was applied for analytical
development. Multiple reaction monitoring (MRM) mode was

used in mass spectrometry analysis. These analyses resulted in
350 lipids, including 12 SM species and 15 Cer species.

Statistical analysis

Data of continuous variables were presented as
means ± standard deviation (SD) or medians (interquartile
ranges, IQR). Discrete variables were expressed as percentages
(%). Analysis of variance (ANOVA) or the Kruskal–Wallis rank
test was applied for continuous variables, while the chi-square
test and Wilcoxon rank-sum test were used for descriptive
analysis. Component scores were obtained by dietary pattern
of each subject.

PCA was used to identify major dietary patterns and FAPs.
The factors were rotated by an orthogonal rotation (varimax)
for increasing the explanation and simplifying the structure
(25). In the final analysis, factor scores of each participant were
produced by multiple regression for each component, and factor
loadings were based on the dietary intake or levels of fatty acids.

Factor analysis revealed six major dietary patterns which
explained 53.3% of the total variance together in dietary
intake. An eigenvalue cutoff > 1, scree plot, and component
interpretability were used to decide the number of components
to retain. A significant chi-square (p < 0.001) for the Bartlett’s
test of sphericity and the Kaiser–Meyer–Olkin test > 0.6 could
indicate the strong correlation among the variables to allow
for factor analysis. Dimension reduction was performed on
the original 12 SMs and 15 Cers by PCA. Factor analysis
revealed six major FAPs which together explained 80.9% of
the total variance.

Tertiles were classified based on the distribution of scores
for each pattern across the whole population. They were used
to characterize each pattern, build regression models, and so on
(26). The effect of each factor on MCI was analyzed by logistic
regression model.

For all analyses, the lowest tertile of dietary pattern score
or lipid pattern score was considered as reference. Pearson’s
correlation and Spearman’s correlation were used to analyze
the association between dietary pattern parameters and lipid
pattern parameters. Statistical significance was set at a two-sided
p < 0.05. All statistical analyses were performed through the
IBM SPSS Statistics 26. Graphs were drawn using the software
program GraphPad Prism 8 and R studio.

Results

Demographic characteristics of
participants

The demographic characteristics of all subjects are described
in Table 1. About 59.8% of 973 participants were female. No
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TABLE 1 Demographic characteristics of subjects.

Total Control MCI p

N 973 442 531

Age 69 (67, 73) 70 (67, 73) 69 (67, 73) 0.857

Female, n (%) 627 (59.8%) 313 (65.1%) 314 (55.4%) <0.003**

MoCA score 21 (17, 23) 22 (20, 25) 19 (15, 22) <0.001**

BMR, kcal 1,259 (1,156, 1,385) 1,265 (1,157, 1,376) 1,254 (1,155, 1,388) 0.844

Education, n (%) <0.001**

Illiterate 218 (22.4%) 153 (34.6%) 65 (12.2%)

Primary school 323 (33.2%) 175 (39.6%) 148 (27.9%)

Junior high school 350 (36.0%) 81 (18.3%) 269 (50.7%)

High school and above 82 (8.4%) 33 (7.5%) 49 (9.2%)

BMR, basal metabolic rate; MCI, mild cognitive impairment. **p < 0.01.

TABLE 2 Factor-loading matrix for the dietary patterns and food groups in sample.

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5 Pattern 6

Fish 0.634* −0.115 0.175 0.206 −0.086 0.002

Liquor 0.614* −0.013 −0.201 −0.320 0.165 −0.131

Poultry 0.606* 0.096 −0.067 0.120 0.001 0.003

Red meat 0.600* −0.013 0.205 0.079 0.139 0.157

Fats and oil −0.047 0.825* −0.048 −0.114 0.017 0.046

Condiment 0.049 0.815* 0.09 0.087 0.052 −0.007

Legumes and nuts 0.364 0.001 0.582* −0.055 −0.098 0.061

Vegetables 0.184 −0.092 0.56* 0.275 0.241 −0.166

Coarse grains −0.109 0.079 0.546* 0.006 0.071 0.063

Dairy 0.112 −0.03 −0.026 0.677* −0.213 0.040

Fruits −0.028 −0.033 0.338 0.590* 0.076 0.027

Eggs 0.287 0.085 −0.358 0.544* 0.230 0.018

Tubers 0.042 0.053 −0.082 −0.078 0.739* 0.122

Wheats and rice 0.056 0.018 0.235 0.021 0.732* −0.001

Beverages 0.077 −0.050 0.078 −0.025 −0.031 0.790*

Cakes −0.019 0.087 −0.041 0.088 0.146 0.712*

Percentage of variance explained 11.2% 8.8% 8.7% 8.6% 8.4% 7.7%

*Means factor loading with absolute value ≥0.5.

difference was found between MCI and control individuals
in age and basal metabolic rate (BMR). Compared to control
individuals, MCI participants were more likely to be male
(p = 0.001) and had higher levels of education (p < 0.001).

Dietary pattern

The characteristics of six dietary patterns are shown in
Table 2. These were strongly correlated within the pattern, if
food groups with absolute factor loading coefficients are greater
than or equal to 0.5. Pattern 1, which explained 11.2% of
the total variance, was characterized by the consumption of
alcohol and animal flesh which included fish, liquor, poultry,
and red meat (pork, beef, and mutton). People in pattern 2,
which explained 8.8%, were more likely to consume oil, salt,

and soy sauce. Pattern 3, which explained 8.7%, had higher
consumption of soybean, nuts, vegetables, and coarse grains.
Pattern 4, which explained 8.6%, included milk, fruits, and
eggs. The characteristic of pattern 5 (explained 8.4%) was
that tubers were the main source of potatoes and cereals.
Pattern 6, which explained 7.7%, included sugary beverages
and desserts.

The effect of dietary pattern on mild
cognitive impairment

The results of the logistic regression analysis are manifested
in Table 3. Subjects were divided into three subgroups based
on tertiles of factor scores of each dietary pattern. First,
six dietary patterns were tested separately after adjusting
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TABLE 3 Effect of dietary pattern on MCI.

T1 T2 T3

OR (95%CI) p OR (95%CI) p OR (95%CI) p

Pattern 1 1[Ref.] NA 0.957 (0.678, 1.352) 0.804 0.636 (0.443, 0.913) 0.014*

Pattern 2 1[Ref.] NA 0.93 (0.663, 1.305) 0.675 0.884 (0.63, 1.242) 0.478

Pattern 3 1[Ref.] NA 1.119 (0.794, 1.578) 0.520 0.678 (0.481, 0.956) 0.026*

Pattern 4 1[Ref.] NA 0.74 (0.526, 1.042) 0.085 0.658 (0.467, 0.928) 0.017*

Pattern 5 1[Ref.] NA 1.332 (0.948, 1.872) 0.098 1.11 (0.787, 1.565) 0.552

Pattern 6 1[Ref.] NA 1.082 (0.769, 1.522) 0.652 1.182 (0.839, 1.664) 0.339

Data were all adjusted by age, gender, education, and BMR. OR, odds ratio. *p < 0.05.

TABLE 4 Dietary intake across tertiles of dietary pattern 1.

Fatty
acids,
g/d

Pattern 1 p

T1 T3

Total
fatty
acid

40.3124 (24.1172, 55.1897) 45.4194 (22.0369, 74.287) 0.014*

SFA 15.1984 (10.4227, 18.0028) 18.1353 (12.7871, 24.2102) <0.001**

C14:0 1.1675 (0.7280, 2.2506) 1.3452 (0.6115, 2.4480) 0.001**

C16:0 8.0887 (5.9447, 9.8052) 10.3661 (7.3520, 13.6752) <0.001**

C17:0 0.2396 (0.1326, 0.3214) 0.3375 (0.2713, 0.4003) <0.001**

C18:0 3.0782 (2.1903, 3.7259) 4.1063 (2.8245, 5.3274) <0.001**

C19:0 0.0214 (0.0153, 0.0259) 0.0281 (0.0204, 0.0384) <0.001**

MUFA 14.3328 (8.0274, 19.936) 16.1768 (7.6206, 27.999) 0.003**

C14:1 0.0073 (0.0042, 0.0143) 0.0100 (0.0046, 0.0169) <0.001**

C15:1 0.0003 (0.0002, 0.0005) 0.0004 (0.0002, 0.0006) 0.005**

C16:1 0.2297 (0.1698, 0.2908) 0.3682 (0.2914, 0.4638) <0.001**

C17:1 0.0194 (0.0112, 0.0263) 0.0267 (0.0209, 0.0309) <0.001**

C18:1 5.2796 (2.9140, 7.4868) 6.2249 (2.9700, 11.8298) 0.001**

C20:1 0.0694 (0.0000, 0.1534) 0.0071 (0.0000, 0.1800) 0.004**

C24:1 0.0034 (0.0000, 0.0083) 0.0000 (0.0000, 0.0097) 0.003**

PUFA 10.8729 (4.1025, 16.7700) 9.3347 (0.7928, 24.5094) 0.996

C16:2 0.0034 (0.0021, 0.0054) 0.0054 (0.0034, 0.0074) <0.001**

C20:2 0.0027 (0.0018, 0.0035) 0.0033 (0.0021, 0.0049) <0.001**

C20:3 0.0052 (0.0000, 0.0114) 0.0007 (0.0000, 0.0132) 0.003**

C20:4 0.0052 (0.0031, 0.0068) 0.0065 (0.0041, 0.0100) <0.001**

C22:3 0.0000 (0.0000, 0.0000) 0.0000 (0.0000, 0.0001) <0.001**

C22:4 0.0003 (0.0002, 0.0004) 0.0005 (0.0003, 0.0008) <0.001**

C22:5 0.0000 (0.0000, 0.0001) 0.0001 (0.0000, 0.0003) <0.001**

C22:6 0.0023 (0.0022, 0.0024) 0.0026 (0.0023, 0.0031) <0.001**

T1, the lowest tertile of dietary patterns; T3, the highest tertile of dietary patterns.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *p < 0.05, **p < 0.01.

for age, gender, education, and BMR. Compared with the
reference group, T3 of the pattern 1 was an independent
protective factor for MCI (OR 0.636, 95% CI [0.443, 0.913]).
Besides, T3 of the pattern 3 and T3 of pattern 4 were

TABLE 5 Dietary intake across tertiles of dietary pattern 1.

Dietary intake Pattern 1 p

T1 T3

Fish, g/d 21.00 (12.25, 35.75) 73.13 (47.06, 109.25) <0.001**

Liquor, g/d 0.00 (0.00, 3.50) 10.50 (4.88, 21.00) <0.001**

Poultry, g/d 1.50 (0.00, 4.50) 14.00 (7, 24.50) <0.001**

Red meat, g/d 0.00 (0.00, 0.00) 1.26 (0.00, 32.53) <0.001**

SM, mg/d 2.78 (1.57,3.50) 5.66 (4.59,7.27) <0.001**

T1, the lowest tertile of dietary patterns; T3, the highest tertile of dietary patterns.
SM, sphingomyelin. **p < 0.01.

independent protective factors for MCI (OR 0.678, 95% CI
[0.481, 0.956]; OR 0.658, 95% CI [0.467, 0.928]). No difference
could be found between MCI and control individuals in other
dietary patterns.

Dietary intake across tertiles of pattern
1, pattern 3, and pattern 4

Compared with T1 participants of pattern 1, the uptake
of C14:0, C16:0, C17:0, C18:0, C19:0, C14:1, C15:1, C16:1
(palmitoleic acid, POA), C17:1, and C18:1 (oleic acid, OA) was
significantly elevated in T3 of pattern 1 (p = 0.001, p < 0.001,
p < 0.001, p < 0.001, p < 0.001, p < 0.001, p = 0.005,
p < 0.001, p < 0.001, and p = 0.001). They were all long-chain
saturated fatty acids (LCSFAs) or long-chain monounsaturated
fatty acids (LCMUFAs). However, the consumption of C20:1
and C24:1, which are very long-chain monounsaturated fatty
acids (VLCMUFAs), was significantly higher in T1 than T3
of pattern 1 (p = 0.004, p = 0.003). In addition, most of
the LCPUFA and very long-chain polyunsaturated fatty acids
(VLCPUFAs), such as C16:2, C20:2, C20:4 (arachidonic acid,
AA), C22:3, C22:4, C22:5 (docosapentaenoic acid, DPA), and
C22:6 (docosahexenoic acid, DHA), were significantly elevated
in T3 of pattern 1 (p < 0.001) (Table 4).
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Besides, food group and SM intake across tertiles of pattern
1 are shown in Table 5. Compared with T1, the consumption of
fish, poultry, red meat, liquor, and SM was significantly higher
in participants in the top tertile of pattern 1 (p < 0.001).

We also explored the fatty acid profiles in pattern 3 and
pattern 4. In T3 of pattern 3, people tended to consume
fewer fatty acids (Supplementary Table 1). Compared with T1
participants of pattern 4, the consumption of total fatty acids,
MUFA, and PUFA (Supplementary Table 2) was significantly
lower in T3 of pattern 4 (p < 0.001). However, the results of the
consumption of C14:1, C15:1, C16:1 (POA), C17:1, C16:2, C20:4
(AA), and C22:4 were reversed in pattern 4 (p < 0.001).

Between-group differences in SM and
Cer FAPs

Dimension reduction with PCA resulted in six FAPs
with eigenvalues > 1 (Supplementary Table 3). The main
contributors to each rotational FAP were defined as those
with a factor loading > 0.7. All other contributors to each
rotational FAP (with a factor loading < 0.7) were excluded from
further consideration. Finally, five of six components, FAP1,
FAP2, FAP3, FAP4, and FAP6, remained to be further analyzed.
Figure 1 illustrates the profile of group difference between
control and MCI for FAP2 (p < 0.05). FAP2 was characterized
by SM (26:0), SM (24:1), and SM (26:1), which were three very
long-chain saturated fatty acids (VLCSFAs) and VLCMUFA
(Supplementary Table 3).

Association between dietary patterns
or SM intake with FAP2

Associations between dietary pattern1 or SM intake and
FAP2 are shown in Figures 2A–C. The significantly positive
correlations were found between component scores of dietary
pattern 1 and FAP2 either in total subjects or in each groups,
respectively (r = 0.441, p = 0.001; r = 0.635, p = 0.003; r = 0.475,
p = 0.008). Furthermore, there was no linear correlation between
FAP2 and patterns 3 or 4 (r = 0.021, p = 0.884; r = −0.134,
p = 0.355). Moreover, the intake of SM was positively correlated
with FAP2 overall score (r = 0.293 p = 0.039) and was also
shown in Figure 2, and the same relationship could be found
in the consumption of SM with FAP2 scores in MCI (r = 0.398,
p = 0.029).

The effect of FAP2 on mild cognitive
impairment

There were no statistically differences in age, gender,
and education among between control and MCI participants

who take the quantitative lipidomic analysis (Supplementary
Table 4). The results of the logistic regression analysis are
manifested in Table 6. Subjects were divided into three
subgroups according to the tertiles of FAP2 factor score.
Compared with T1 of FAP2, T3 was an independent protective
factor for MCI (OR 0.152, 95% CI [0.032, 0.713]). They also
showed that the model was improved in predicting MCI when
adjusted for BMR. The p-value was lower than before, and the
odds ratio of T3 on MCI was decreased (adjusted OR 0.108,
adjusted 95% CI [0.019,0.623]) as well.

Discussion

The relationship between dietary patterns and cognition has
received increasing attention due to the complex interactions
between various nutrients and food (27–29). The association
between circulation or tissue FAPs with cognitive decline has
been identified (30, 31). However, few studies have combined
dietary patterns with FAPs to explore the association between
nutrition and MCI. The main findings of the present study
indicated that MCI was cross-sectionally associated with dietary
patterns that differ in fatty acid intake. Dietary pattern was
closely correlated with erythrocyte membrane FAP. The elderly
with higher levels of long-chain SM (LCSMs) had a lower risk
of developing MCI.

First, the results showed that males and highly educated
people were at higher risk of MCI. This is similar to other studies
(32–34). It is indicated that higher education is related with
faster cognitive decline on global cognition (35). In this cross-
sectional study, six different dietary patterns were identified.
Pattern 1 was characterized by high intakes of animal flesh
which included fish, liquor, poultry, and red meat (pork, beef,
and mutton). It was indicated that people who adhered to
a reasonable intake of animal flesh (especially fish) had a
lower risk of MCI after considering all potential confounding
variables. These foods play a potentially beneficial role in
cognition, which have showed in previous studies (36–38).
Specifically, we found that participants in the T3 of pattern
1 had much lower ORs on MCI than T1. Moreover, a large
longitudinal study demonstrates that lower animal flesh intake is
significantly associated with an increased risk of MCI compared
with regular intake (39). However, there is another opinion
that higher animal flesh consumption leads to high intake
of SFA, which can increase inflammation to make a negative
impact on cognition (14). In the present study, the intake of
poultry plus red meat in the top tertile of pattern 1 score was
just up to the recommended amount (300–500 g/week) of the
Chinese Dietary Guidelines, and so did fish. It was implied
that adequate intake of animal flesh is crucial for neurological
health. In addition, less than 40 g/d alcohol consumption has
anti-inflammatory effects (40, 41). In general, people in the top
tertile of pattern 1 consumed less PUFA, but more total fatty
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FIGURE 1

(A–E) The differences of FAPs of Cer and SM between control and MCI. Cer, ceramide; SM, sphingomyelin; FAP, fatty acid pattern. ∗p < 0.05.

acids, SFA, and MUFA. However, in terms of carbon chain
length, those people consumed more LCSFAs, LCMUFAs, and
LCPUFAs, but less VLCMUFAs. It showed that VLCMUFAs
had no effect on preventing cognitive decline. The percentage
of VLCMUFAs and VLCPUFAs in VLCFAs might be related
to MCI. Furthermore, an in vitro study reports that SFAs with
longer chain (C20:0 and C26:0) were more likely to promote
Aβ production (42). Therefore, the reasonable ratio of fatty acid
intake and its effect on cognitive function for elderly people
remains needs more evidence.

The pattern 3 was also positively associated with cognitive
functions. The brain-friendly food groups in pattern 3 are
legumes, nuts, vegetables, and grains. They are rich in
antioxidants such as fiber, beta-carotene, vitamins, folate, and
magnesium (38, 43). It has been established that oxidative stress
and inflammation contribute to cognitive decline (44). It has
been proved that these antioxidants have anti-inflammatory
effect and significant association with the prevention of
cognitive impairment (45). Our findings also showed that eggs,

milk, and dairy products, which are included in pattern 4, are
nutritious foods that contain a variety of nutrients associated
with improving cognitive function, such as folate, vitamin B12,
choline, and protein (38). A systematic review in 2019 indicates
that dairy products may help prevent cognitive decline (46). This
is consistent with our results. However, fatty acid patterns were
no linear correlated with dietary patterns 3 and 4, which might
affect cognitive function through the aforementioned non-fatty
acid pathways, but it is worth noting that some fatty acids
believed having neuroprotection were also found in mode 4 and
that might be another way of neuroprotection.

We further focused on LCFAs in our lipidomic results. SM
and Cer, as major components of myelin sheath, are related
to synaptic dysfunction, neuroinflammation, and neuronal
apoptosis in AD (47). Membrane-associated oxidative stress is
closely related to activating sphingomyelinases, which cleave SM
to generate Cer (48). Excessively, high amounts of ceramide can
trigger a form of programmed cell death called apoptosis (48).
Cer generated in response to membrane-associated oxidative
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FIGURE 2

Association between dietary pattern 3 and FAP2. (A) The association between component scores of dietary pattern 1 and FAP2 in all subjects.
(B) The association between component scores of dietary pattern 1 and FAP2 in control. (C) The association between component scores of
dietary pattern 1 and FAP2 in MCI. (D) The association between SM intakes and component scores of FAP2 in all subjects. (E) The association
between SM intakes and component scores of FAP2 in control. (F) The association between SM intakes and component scores of FAP2 in MCI.
FAP, fatty acid pattern; SM, sphingomyelin.

TABLE 6 Logistic regression analyses of FAPs for predicting MCI.

Unadjusted Adjusteda

β OR (95%CI) p β OR (95%CI) p

FAP1 0.403 0.297

T1 1[Ref.] 1[Ref.] NA 1[Ref.] 1[Ref.] NA

T2 −0.724 0.485 (0.122, 1.922) 0.303 −1.100 0.333 (0.072, 1.529) 0.157

T3 0.182 1.200 (0.281, 5.124) 0.806 −0.132 0.876 (0.184, 4.173) 0.868

FAP2 0.024* 0.018*

T1 1[Ref.] 1[Ref.] NA 1[Ref.] 1[Ref.] NA

T2 −0.143 0.867 (0.187, 4.007) 0.855 −0.048 0.953 (0.185, 4.907) 0.954

T3 −1.887 0.152 (0.032, 0.713) 0.017* −2.223 0.108 (0.019, 0.623) 0.013*

FAP3 0.172 0.226

T1 1[Ref.] 1[Ref.] NA 1[Ref.] 1[Ref.] NA

T2 −0.608 0.544 (0.137, 2.167) 0.388 −0.465 0.628 (0.147, 2.690) 0.531

T3 0.822 2.275 (0.518, 9.989) 0.276 0.897 2.453 (0.521, 11.558) 0.257

FAP4 0.649 0.571

T1 1[Ref.] 1[Ref.] NA 1[Ref.] 1[Ref.] NA

T2 0.671 0.867 (0.187, 4.007) 0.356 0.790 2.204 (0.487, 9.975) 0.305

T3 0.239 0.152 (0.032, 0.713) 0.730 0.180 1.197 (0.285, 5.033) 0.806

FAP6 0.268 0.393

T1 1[Ref.] 1[Ref.] NA 1[Ref.] 1[Ref.] NA

T2 −0.857 0.424 (0.104, 1.724) 0.231 −0.819 0.441 (0.102, 1.910) 0.274

T3 0.269 1.309 (0.310, 5.533) 0.714 0.135 1.145 (0.254, 5.169) 0.860

OR, odds ratio; FAP, fatty acid patterns. aData were adjusted by BMR. *p < 0.05.

Frontiers in Nutrition 08 frontiersin.org

https://doi.org/10.3389/fnut.2022.1005857
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1005857 November 4, 2022 Time: 10:3 # 9

Wang et al. 10.3389/fnut.2022.1005857

stress is implicated in the dysfunction and death of cells
in a range of disorders, including Alzheimer’s disease and
amyotrophic lateral sclerosis (48, 49). Therefore, SMs and Cers
were included in PCA in this study. It is certain that reduced
plasma concentrations of SM are associated with AD (50, 51).
The component score of FAP2 was found significantly different
between MCI and control group, and SM (26:0), SM (24:1), and
SM (26:1) were the main characteristics of this FAP. Dietary
intake of SM was significantly correlated with the levels of
SM in FAP2. This result suggested that the levels of SM in
the erythrocyte membrane fatty acid profile might be affected
by dietary SM intake. A systematic review showed that the
results of C26:0 levels are not consistent. One study suggests
that aMCI and AD patients have lower levels of C26:0, and
another research shows upregulation of C26:0 in erythrocytes
in AD subjects (52). One more study demonstrated that the
levels of SM (OH) C24:1 and several serum metabolites have
significant differences between patients of MCI and early-stage
AD and that might be potential biomarkers to distinguish
MCI patients who will develop to early-stage AD from stable
MCI patients (53). In our linear correlation analysis results,
the significantly positive correlations were found between
component scores of dietary pattern1 and FAP2 no matter
in all subjects or in MCI/control groups, respectively. These
results not only demonstrated that erythrocyte membrane
fatty acids were affected by long-term dietary habits, but also
suggested that dietary fatty acids might exert neuroprotective
effects by affecting erythrocyte lipid profiles. This result
validated that the dietary patterns with different consumption
characteristics of fatty acid might affect FAPs. Our results
supported that erythrocyte membrane metabolites, SM (26:0),
SM (24:1), and SM (26:1), might function as early biomarkers for
predicting or monitoring cognitive aging in elderly (13). Dietary
pattern 1 affected FAP2, and this pattern might achieve the
ultimate goal of neuroprotection through the very long-chain
SMs.

There were some limitations in this study. First, it is
the cross-sectional design so that evidence of any causal
conclusions between dietary patterns, FAPs, and MCI could
not be provided. Therefore, validation in clinical trials was
required. Moreover, FFQ is a semi-quantitative questionnaire,
and the information of dietary intake depends on subject’s
memory, which may lead to recall bias. Finally, it should
be carried out with caution to generalize the results we
obtained. However, this study combined dietary patterns and
FAPs to explore the association between nutrition and MCI.
From the perspective of rational intake of dietary fatty acids,
the results provided more available data and precise dietary
advice to prevent cognitive decline. It provides novel scientific
evidence and strategies for nutritional intervention, and it
has significant theoretical support and social significance for
encouraging healthy aging.

Conclusion

In conclusion, this study found the suitable dietary patterns
and FAPs which have the potential effect on preventing
cognitive decline and examined the relationship between dietary
patterns and FAPs. It was supported that erythrocyte membrane
metabolites, SM (26:0), SM (24:1), and SM (26:1), might
function as early biomarkers for predicting or monitoring
cognitive aging in the elderly. The dietary pattern with
recommended animal flesh intake was significantly associated
with FAP characterized by very long-chain SMs. This dietary
pattern affected FAP, which might achieve the ultimate goal of
neuroprotection through the very long-chain SMs. A rational
intake of dietary fatty acids might be an effective way on
preventing MCI in the elderly.
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