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Abstract
In this study, we evaluated the cognitive function of 372 Chinese patients (214 males and 158 females; the average age was 57.09 ± 9.00 years) with type 2
diabetes mellitus (T2DM) by using the mini-mental state examination (MMSE) and the Montreal cognitive assessment (MoCA), with Plasma fatty acids
measured by gas chromatography analysis and in�ammatory cytokines determined by immune turbidimetric analysis and enzyme-linked immunosorbent
assay (ELISA) to investigate whether there was a correlation between the plasma fatty acids, plasma in�ammatory cytokine levels and cognitive test scores in
Chinese patients with T2DM. We found the increasing of body mass index (BMI) might lead to cognitive impairment and induce in�ammatory response.
Higher saturated fatty acids (SFAs) levels in plasma were linked to cognitive decline, while higher monounsaturated fatty acids (MUFAs) intake might be a
protective factor for cognitive function. In addition, most polyunsaturated fatty acids (PUFAs) levels stood out as having increasing trends that were positively
correlated to cognitive function scores. In our study, we found higher SFAs led to higher proin�ammatory factor levels. Apart from that, MUFAs and stearoyl-
CoA desaturase-18 (SCD-18) were positively related to hypersensitive C-reactive protein (hs-CRP) (P<0.05; P<0.05; P<0.05). Meanwhile, our result also indicated
that the increasing of C18:0 might reduce MoCA language skill scores by regulating plasma IL-10 levels. Plasma fatty acids could improve or damage
cognitive function by regulating IL-10, which suggested plasma fatty acids could be evaluated as a potential indicator of cognitive function decline in T2DM.

Introduction
Diabetes mellitus, exhibited an important in�uence on the central nervous system, is a group of metabolic diseases in which a person has a high blood
glucose level over a prolonged period. According to the report of the International Diabetes Mellitus (IDF) [1] there were 463 million living with diabetes in
2017, and the number was predicted to rise to 700 million in 2045, which con�rmed that diabetes is one of the largest global health emergencies. The
situation is more serious in China. From 2015 to 2017, a nationally representative cross-sectional survey in mainland China was conducted, which showed
that the weighted prevalence of diabetes was 11.2% (using the WHO criteria)[2].

The discovery that attention and memory of patients with diabetes were worse than normal individuals date back to 1922 reported by Miles [3]. There were a
growing number of �ndings indicated that diabetes was associated with accelerated cognitive decline, mild cognitive impairment (MCI), Alzheimer's disease
(AD) and dementia [4-7]. Cognitive impairment in patients with diabetes was often presented as impaired learning and memory, orientation, execution and
language skill [8, 9]. According to epidemiological research, the risk to develop dementia in diabetes patients was higher than normal individuals [10, 11]. A
cohort study showed that the presence of cognitive decline had a 2.5 to a 3.6- fold increase of type 2 diabetes mellitus (T2DM) patients compared with
patients without diabetes [12]. This conclusion was also con�rmed in animal experiments that the synaptic plasticity of obese Zucker rats reduced,
accompanied with the decline in spatial learning and memory compared with lean Zucker rats.

A number of studies suggested that high fat diet could induce increased obesity [13, 14] and diabetes [15], and dietary fatty acids could regulate in�ammatory
responses [16-18], alleviating or aggravating cognition [19]. For instance, long chain saturated fatty acids (LCSFAs), such as palmitic acid (16:0) and stearic
acids (18:0), would have adverse effects on glucose metabolism, and increase the risk of T2DM [20]. Saturated fatty acids (SFAs) could activate toll-like
receptor (TLR), especially TLR2 and TLR4 [21], then activate nuclear factor kappa B (NF-κB), resulting in in�ammatory responses [22]. By contrast,
monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) could reduce the concentration of interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α), and relived in�ammatory reaction [18, 23, 24]. However, the role of n-6 PUFAs plays in was still controversies. Recent studies had clearly
showed that in�ammation is considered as the contributor to diabetic-induced neurodegeneration and cognitive impairment [25]. Moreover, the fatty acid
pro�le in plasma, which re�ected short-term effects of diets, could reduce desaturase and elongase enzyme activities, considered as biomarkers for the
incident T2DM [26]. Researchers found the higher percentages of linoleic acid biomarkers of total fatty acids, the risk of T2DM lower in a study of patients[27].
However, the role of in�ammation in the progression of diabetes-associated cognitive decline remains unknown in patients with T2DM.

Therefore, we investigated whether there was a correlation between the plasma fatty acids, plasma in�ammatory cytokine levels and cognitive test scores in
Chinese patients with T2DM.

Methods
2.1 | Participants

Our cross-sectional study included 372 participants with T2DM, recruited among outpatients from the Department of nutrition Beijing Friendship Hospital,
Capital Medical University (Beijing, China). Of all the participants, 214 (57.5%) were males and 158 (42.5%) were females: the average age was 57.09 ± 9.00
years (26-75 years). The study protocol was approved by the ethics committee of Beijing Friendship Hospital, Capital Medical University (Beijing, China) and
was performed according to the ethical guidelines of the latest Declaration of Helsinki. All participants have signed an informed consent and had the right to
withdraw from the study at any time for any reason. This research was approved by the Ethics Committee of the Beijing Friendship Hospital, Capital Medical
University (Beijing, China) (2015-P2-090-02). 

Individuals were excluded if they had: (1) severe heart, lung and kidney dysfunction or malignancy; (2) history of encephalitis, head trauma and other central
nervous diseases; (3) any type of de�nite mental illness; (4) reading, hearing, or vision impairments; (5) losing self-caring ability.

TADM was diagnosed according to the World Health Organization (WHO) criteria: (1) fasting glucose≥7.0mmol/L; and/or (2) postprandial blood
glucose≥11.1 mmol/L; and/or (3) the subjects have been diagnosed T2DM clinically before.

2.2 | Cognitive function assessments
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All of the participants completed the Chinese versions of the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA) to
provide a general cognitive status[28, 29]. MMSE scale includes MMSE Orientation (maximum 10 points)  MMSE Computation (maximum 5 points) MMSE
Memory (maximum 6 points)  MMSE Language skill (maximum 9 points)  and the total score of MMSE is 30. MOCA scale includes MoCA Naming ability
(maximum 3 points), MoCA Orientation ability (maximum 6 points), MoCA Delayed recall ability (maximum 5 points), MoCA Abstract thinking ability
(maximum 2 points), MoCA Language skill (maximum 3 points), MoCA Visual spatial ability (maximum 5 points) and MoCA Attention ability (maximum 6
points), with a total score of 30 points. 

2.3 | Anthropometric and laboratory measurements

Height and weight were measured, and body mass index (BMI)was calculated as weight (kg) divided by height (m) squared. Also, we measured waist
circumference and calculated waist hip ratio. Following overnight fasting, we used a vacuum tube system (Becton-Dickinson) to take a fasting peripheral
blood sample (4 mL) from the antecubital vein of each participant and centrifuged the sample at 3000g for 15 minutes to obtain plasma. And the plasma
samples were stored in the dark at -80°C. Fasting plasma glucose level was measured by glucose oxidase method (Olympus, Japan). The 2-hour oral glucose
tolerance test (OGTT) was performed to assess insulin sensitivity. Next, by using immune turbidimetric analysis (Siemens Healthcare Diagnostics Inc), we
measured each participant’s plasma hypersensitive C-reactive protein (hs-CRP) and C-reactive protein (CRP). Plasma insulin was measured using a
chemiluminescence assay (Beckman Coulter, USA). 

2.4 | Fatty acids analysis

We used gas chromatography analysis was performed to determine the fatty acid compositions in plasma (ug/ml). The detailed steps were as follows. Firstly,
after added 100 ul internal standard in 100 ul plasma samples, KOH methanol solution (1 ml 0.5 mol / L) was then added and the mixture was shaken in a 60
°C water bath for 10 min. Second, 13% BF3-methanol reagent (3 mL) was added, and kept the hybrid liquid at 60 °C for 40 min, then cooled it to room
temperature. Then the mixture was added in hexane (1.5 mL) and shaken with vortex for 1min immediately. After that, the mixture was added in sodium
chloride (2 mL) in mixture, and centrifuged at 3000 rpm (15 min), then the upper layer was transferred to a vial for measurement. Finally, fatty acid methyl
esters were analyzed using a GC-2010 gas chromatograph (Shimadzu, Japan), equipped with SP-2560 gas chromatographic column (Supelco, USA).

2.5 | Measurement of plasma in�ammatory cytokines

We measured each participant’ s in�ammatory cytokines (Lipopolysaccharide , IL-1β, IL-10, NFκBP65 and TNF-α) according to manufacturer instructions
using specialized enzyme-linked immunosorbent assay kits (Nanjing Jiancheng Bioengineering Institute, China).

2.6 | Calculations

Homeostatic model assessment-IR (HOMA-IR) score was calculated using the formula (fasting insulin µU/mL x fasting glucose mmol/L)/22.5 [30].
Quantitative sensitivity check index (QUICKI) score was calculated as follows: 1/ (log (fasting insulin µU/mL) + log (fasting glucose mg/dL) [31]. Desaturase
activity including stearoyl-CoA desaturase (SCD), delta-5-desaturase (D5D) and delta-6-desaturase (D6D) were estimated using fatty acid product/precursor
ratios as following: SCD-16 = C16:1n-7/C16:0, SCD-18 = C18:1n-9/C18:0, D6D = C18:3n-6/C18:2n-6 and D5D = C20:4n-6/C20:3n-6 [32].

2.7 | Statistical analysis

Data were presented as the mean and standard deviation. Multiple linear regression was used to obtain coe�cients between plasma fatty acids, cognition
scores, in�ammation markers, biochemistry biomarker and diet balance index. Potential confounders including age, gender, energy, BMI, education, smoking
habit, alcohol and energy intakes were also included in the model. Multiple linear regression was carried out using lm function of base R program (version
3.5). Simple mediation model was used to evaluate indirect, direct and total effects between plasma fatty acids, in�ammation markers and cognition scores.
A thousand bootstrap samples were drew to estimate β coe�cient indirect, direct and total effects using Mplus version 7.4 [33]. Missing values were handled
using the full information maximum likelihood implemented within Mplus software. P<0.05 was considered to indicate a statistically signi�cant difference.

Results
3.1 | The relationship between adiposity indicators, biochemistry biomarkers and in�ammation

Firstly, we measured the relationship between adiposity indicators, biochemistry biomarkers and in�ammation after adjusting for age, gender, energy, BMI,
education, smoking habit, alcohol and energy intakes. As shown in Table 1, BMI, waist circumference and waist hip ratio were negatively associated with
QUICKI (P<0.01; P<0.05). AT the same time, BMI and waist circumference both positively correlated with HOMA-IR (P<0.01). In addition, Table 2 indicated that
BMI and waist circumference might be linked to the increase of plasma hs-CRP and CRP level (P<0.01). 

3.2 | The relationship between adiposity indicators and cognitive function score

We did not �nd any signi�cant difference in total MoCA score or total MMSE score (P>0.05) (Table 3 and Table 4). However, the increasing of BMI may lead to
a drop of the score of Language skill in MoCA (P<0.05) (Table 4).

3.3 | The relationship between plasma fatty acids, biochemistry biomarkers and in�ammation

In our study, we found different plasma fatty acid had different effects on in�ammatory responses and biochemistry biomarkers (Table 5 and Table 6). There
was positive relationship between C14:0 level and OGTT, OGTT2 and HOMA-IR (P<0.05), while it also had a negative relationship
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with QUICKI (P<0.01). C16:0 level was positively correlated with HOMA-IR (P<0.05), while it was negatively related to QUICKI (P<0.05). C17:0 level was
negatively correlated with insulin (P<0.05). C17:0 level was negatively correlated with OGTT2 (P<0.05). MUFAs and C18:1n-9 levels were
both positively correlated with OGTT and OGTT2 (P<0.01). PUFAs was negatively correlated with HOMA-IR (P<0.01) and positively correlated
with QUICKI (P<0.01), as well as n-6 PUFAs and C18:2n-6 levels. In addition, C18:3n-3 level was positively correlated with OGTT and OGTT2 (P<0.05), and
C22:6n-3 level was positively correlated with QUICKI (P<0.05). C20:4n-6 level was negatively correlated with OGTT (P<0.05). SCD-18 was positively correlated
with OGTT and OGTT2 (P<0.01). (Table 5) As shown in Table 6, SFAs level was positively correlated with LPS (P<0.05). C16:0 and C18:0 levels were positively
correlated with IL-10 and LPS (P<0.05), while C18:0 and C17:0 levels were both negatively correlated with hs-CRP and CRP levels in plasma (P<0.05). MUFAs,
C16:1 and C18:1n-9 levels were positively associated with hs-CRP (P<0.05), but negatively correlated with LPS level. n-3 PUFAs level was negatively correlated
with TNF-α and hs-CRP levels (P<0.05), and C20:5n-3 level was also negatively correlated with hs-CRP and CRP levels (P<0.05). C18:3n-3, n-6 PUFAs, C18:2n-6
and C18:3n-6 levels were negatively correlated with IL-10 level. C18:3n-3 and C18:2n-6 levels were respectively and negatively correlated with LPS level. SCD-
16 and SCD-18 both had a positive relationship with hs-CRP level (P<0.05), and a negative relationship with LPS level (P<0.01). 

3.4 | The relationship between plasma fatty acids and cognitive function score

From Table 7, we found signi�cant difference in total MMSE score and MMSE orientation for SFAs, C16:0 and C18:0 levels (P<0.05). In our study, C18:0 level
was negatively associated with MMSE orientation and delayed recall (P<0.05). Our result also indicated the increasing of MMSE delayed recall scores might
result from higher C15:0 and C18:3 n-6 intake and lower D6D. In addition, the level of plasma of SCD-18 higher, total MMSE score higher and accompanied
with the orientation ability increasing in participants. However, the result showed greater D5D level was associated with higher MMSE computation scores
(P<0.05). As shown in Table 8, SFAs, C16:0 and C18:0 levels were negatively associated with MoCA orientation and language skill, and the growth of C18:0
level in plasma accompanied by a lower MoCA score. In addition, the data exhibited in Table 8 suggested higher MUFAs, C18:1n-9 and SCD-18 levels were
associated with increasing of total MoCA and MoCA delayed recall scores (P<0.05). What’s more, C18:3n-3 and C20:3n-6 levels were both negatively
associated with MoCA naming scores (P<0.05), while PUFAs and C18:2n-6 both had a positive relationship with MoCA orientation scores (P<0.05). C16:1,
C18:3n-6, C20:3n-6, SCD-16, D6D levels had a positive relationship with MoCA abstract thinking scores (P<0.05). On the contrast, the relationship between D5D
and MoCA abstract thinking scores was negatively (P<0.05). Moreover, C18:2n-6 and SCD-18 levels both were positively associated with MoCA Language
skill scores (P<0.05). Finally, higher MoCA attention scores were accompanied by the increasing of C18:3n-6 level and a decreasing of D5D level in plasma
(P<0.05).

3.5 | The relationship between cognitive function score, biochemistry biomarkers and in�ammation

To be verify our hypothesis, we estimated the relationship between cognitive function score, biochemistry biomarkers and in�ammation (Table 9 and Table
10). I Elevated levels of IL-1β and NFκBp65 both might cause cognitive function decline, especially orientation, delayed recall and attention function (P<0.05).
Except that, IL-10 might impair language skill. Aside from this, results for MoCA scale supported high insulin level in plasma also led to cognitive function
decline (P<0.05). 

3.6 | Summary of mediation models

All the results above showed that certain plasma fatty acids may be the protective or risk factors of the cognitive function in those living with T2DM in our
study, and these effects might be achieved by regulating in�ammatory response. Meanwhile, IL-10 was signi�cantly related to plasma fatty acids (C16:0,
C18:0, C18:2n-6) and also to MoCA Language skill score. Similarly, HOMA-IR was signi�cantly related to C18:0, C18:2n-6 and MoCA Language skill score. After
adjusting for age, gender, energy intakes, BMI, education, smoking and drinking habits, we use Mplus version 7.4 to estimate mediation effect. The result was
shown in Table 11 and table 12. Because the total effect was not signi�cant, C16:0 might affect cognitive function by other biological pathway instead of
regulating IL-10 levels. However, C18:0 might reduce MoCA Language skill scores by regulating plasma IL-10 levels completely. 

Discussion
Although some previous studies suggested that diabetes-related in�ammation may be one of the biological pathways linked fatty acids and cognitive
decline [34], de�nite evidence also need to be veri�ed. Thus, the mediation model was established to examine whether in�ammation statistically mediated the
relationship between plasma fatty acids and cognition function, which was evaluated by MMSE and MoCA scale.

Previous studies pointed that overweight and obesity were linked to insulin resistance [35], which was frequently associated with in�ammation [36]. On the
contrary, those who were obesity might become insensitive to insulin [37]. In the present study, we observed similar results. We found a higher HOMA-IR, hs-
CRP and CRP levels were related to higher BMI and waist circumference, while QUICKI was negatively related to the markers of obesity. Early studies also
revealed waist circumference was signi�cantly related to high prevalence of cognitive dysfunction, which is independent of other related metabolic diseases
and lifestyle risk factor, including smoking and drinking [38]. Based on neuroimaging �ndings, those who were obesity showed damaged brain structure (brain
volume loss and brain atrophy of the grey matter) [39, 40], which indeed lead to cognitive impairment [41]. Similarly, in our study, BMI was negatively
correlated with MoCA Language skill scores and the increasing of waist circumference may lead to a drop of the score of language skill in MoCA. These
�ndings suggested that in�ammation from obesity might cause cognitive decline in T2DM.

Most previous studies indicated high SFAs may be a risk factor of learning and memory ability, while MUFAs and PUFAs had protective effects of age-related
cognitive decline [42, 43]. Yu [44]found high SFAs diet resulted in obesity in mice and subsequently damaged the function of spatial learning and memory in
mice. In a follow-up study, a conclusion was drawn by using structured interviews, which indicated high intake of dietary SFAs could aggravate clinical
symptoms in AD patients and increase the risk of AD [45]. Our study gave similar conclusion that SFAs might destroy the orientation and language skill of
patients with T2DM. In a prospective population-based study on elder participants with a typical Mediterranean diet, high PUFAs and MUFAs intakes seemed
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might be protective measure to against age-related cognitive decline [46]. n-3 PUFAs could improve cognitive function [47], while the effect on cognitive
function of n-6 PUFAs still remained controversial [48, 49]. Some previous studies showed n-6 PUFAs enhanced the tissue in�ammatory response [50], and
increased the risk of cognitive impairment [51], whereas another study pointed that difference may result from the n-6/n-3 PUFAs ratio in diet [52, 53]. Our
result was consistent with previous studies. Higher SFAs levels in plasma were linked to cognitive decline (SFAs, C16:0 and C18:0), and higher MUFAs intake
might be a protective factor for cognitive function, except C16:1. In addition, although PUFAs and C18:2n-6 had a positive association with MoCA Orientation,
and most PUFAs levels stood out as having increasing trends that were positively correlated to cognitive function scores, the C18:3n-3, C18:3n-6 and C20:3n-6
gave opposite results. However, we didn’t �nd signi�cant difference between cognition function and n-3 PUFAs. This may due to the fact that plasma fatty
acids re�ect more short-term intake of dietary fatty acids. In addition, ratio of n-3: n-6 fatty acids might affect the PUFAs metabolism. As reported, the activity
of SCD, D5D, D6D was associated with metabolic-related diseases [54]. In this study, similarly, SCD-18 and D5D had positive relationships with cognitive
function scores, instead, SCD-16 and D6D showed opposite results. SCD converted a portion of 16:0 into palmitoleic (16:1) and 18:0 into oleic acid (18:1),
which might contribute to the moreabundant of MUFAs species. Arachidonic acid (C20:4n-6) and g-linoleate (C18:3n-6) were derived from g-arachidonic acid
(C20:3n-6) and linoleate (C18:2n-6) through desaturation (D6D and D5D) and elongation[55]. So the activity of D5D and D6D could change the proportion of n-
6 PUFAs. Previous studies showed that increasing SCD-1 activity was associated AD[56]. Moreover, previous studies indicated higher D5D was associated
with better insulin sensitive, while lower D6D activity led to lower risk of insulin resistance[56], which might result in different effect on cognitive function. And
the genotype of related genes might affect the metabolic e�ciency of PUFAs and desaturase activity, such as FADS1, which encoded D5D[57]. 

Several researches existed that in�ammation is involved in the development and/or progression of T2DM [58, 59]. And the in�ammatory response could be
impacted by diet fatty acids. High fat diet may reduce synaptic plasticity and destroy insulin signaling/glucose homeostasis, which activate the innate
immune system, including increased in�ammatory cytokines, such as IL-6, IL-1β, TNFα [60]. In our study, we found higher SFAs led to higher HOMA-IR and LPS
levels, and positive correlation trends had been found between SFAs and NFκBp65, TNF-α. Another study also showed that high SFAs diet led to activated
protein kinase, TLR4 and higher HOMA-IR values [61]. SFAs was reported that contributed to in�ammatory response and higher levels of plasma in�ammatory
factors (e.g., IL-1β, IL-6) [21, 62]. While treating the high fat diet fed mice with palmitoleic acid or oleic acid daily by oral gavage decreased the expression of IL-
1β and IL-12 in PPAR-α-knockout mice[24]. There was another study showed that n-3 PUFAs supplementation could reduce IL-6 and TNF-α production in
T2DM [63]. In this research, MUFAs, SCD-16 and SCD-18 were positively related to hs-CRP. That might due to the proportion of MUFAs in the diet and diet
pattern. In addition, IL-10 has been pointed out to be associated with the occurrence of AD as an anti-in�ammatory mediator [64]. IL-10 could reduce synthesis
of pro-in�ammatory and in�ammatory responses in the brain as a suppressor so that it could negatively control the immunomodulatory action of IL-1, IL-2, IL-
6, IL-8, IL-12 and TNF-α [65], and the effects may have been considerably in�uenced by single nucleotide polymorphisms [66]. Interestingly, we found PUFAs
were negatively related to IL-10 which might result from the ratio of n-3: n-6 fatty acids. In an animal experiment, researchers found that compared the
subjects fed with Mediterranean diet (balanced n-6/n-3 PUFAs ratio), the rats fed with Western diet (high n-6/n-3 PUFAs ratio) showed lower IL-10 levels and
accompanied by memory de�cits [67]. In addition, higher PUFAs led to lower in�ammatory cytokines levels, such as hs-CRP, CRP and LPS. This �nding
provided evidence that the intake of PUFAs could reduce in�ammatory response. These increased in�ammatory cytokines could induce activation microglia
and result in neuroin�ammation [68], accompanied by disrupt neurogenesis and brain structures [69]. For example, in a case-control study, the serum levels of
hs-CRP, IL-6 and TNF-α in T2DM subjects with MCI were signi�cantly higher than type 2 diabetic patients [70]. Consistently, we showed that higher IL-1β, IL-10
and NFκBp65 levels were related to lower cognitive function scores.

In order to verify the effects of fatty acids on in�ammation and cognition function, the mediating effect analysis was conducted. There was a signi�cant
negative relationship between IL-10 and MoCA language skill in our study. This study found C18:0 could reduce MoCA language skill scores by regulating
plasma IL-10 levels. More speci�cally, through decreasing IL-10 levels of patients with diabetes, higher C18:0 might damage their language skill, which was
evaluated by MoCA. In the past few years, some researchers found fatty acids in diet could change IL-10 levels. Supplementation with n-3 PUFA can reduce
the in�ammatory response in rat, increase levels of IL-10, but decreasing levels of TNF-α, IL-6, IL-1β, and IL-17 [71] and higher n-6: n-3 fatty acids ratio might
reduce IL-10 levels and lead to cognitive impairment [35]. Some evidence was given to prove IL-10 could improve spatial cognitive decline in transgenic AD
mice [72]. In a cross-sectional analysis, however, higher IL-10 levels were associated with greater odds of MCI diagnosis [73]. As we previously reported
(Preprint)[74], though we found the mediating effect of IL-10 on C18:0 and MoCA language skill, more researches were still needed to support this �nding. 

There were still some limitations in our study. We need expand the sample size and choose different sources of participants instead of limited to hospital
patients. Apart from that, erythrocyte membrane fatty acid components of T2DM should be tested to evaluate the dietary fatty acid intake. 

Conclusions
In conclusion, our study supports the hypothesis that plasma fatty acid can in�uence cognitive function by regulating in�ammation, which suggested that
plasma fatty acids can be evaluated as a potential indicator of cognitive function decline.
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Tables
Table 1. Multiple linear regression between adiposity and biochemistry biomarkers (n=372)

OGTT 
(mmol/L)

OGTT2 (mmol/L) Insulin
(uIU/ml)

HOMA-IR QUICKI

β P  β P  β P  β P  β P 

BMI (kg/m2) -0.024  0.779  -0.057  0.859  0.683  0.036*  0.011  0.001**  -0.003  0.003** 

Waist circumference (cm) -0.003  0.821  0.014  0.469  0.149  0.106  0.004  0.003**  -0.001  0.001** 
Waist hip ratio (cm) -0.518  0.759  6.552  0.258  13.182  0.360  0.387  0.090  -0.137  0.041* 

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. OGTT, oral
glucose tolerance test. HOMA-IR,  homeostatic model assessment-insulin resistance. QUICKI, quantitative sensitivity check
index. *Significant at P<0.05. **Significant at P<0.01.
 
Table 2. Multiple linear regression between adiposity and inflammation (n=372) 

IL-1β
(pg/ml)

IL-10
(pg/ml)

NFκBp65
(pg/ml)

TNF-α
(pg/ml)

hs-CRP
(mg/l)

CRP
(mg/l)

LPS
(eu/l)

β P  β P  β P  β P  β P  β P  β P 

BMI (kg/m2) 0.003  0.672  -0.016  0.258  0.031  0.321  -0.001  0.964  0.053  ≤0.001**  0.040  ≤0.001**  -0.212  0.581 

Waist 
circumference (cm)

0.000  0.844  -0.001  0.931  0.008  0.448  -0.001  0.895  0.017  0.001**  0.013  0.004**  -0.136  0.660 

Waist hip ratio (cm) 0.185  0.719  -0.347  0.852  0.178  0.858  -0.200  0.832  1.029  0.426  1.248  0.225  1.897  0.612 
Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. IL, Interleukin.
NFκB, nuclear factor kappa-B. TNF-α, tumor necrosis factor-α. hs-CRP, hypersensitive C-reactive protein. CRP, C-reactive protein. LPS,
Lipopolysaccharide. *Significant at P<0.05. **Significant at P<0.01.
 

Table 3. Multiple linear regression between cognitive function score measured by MMSE and adiposity (n=372)
MMSE MMSE Orientation MMSE Computation MMSE Memory MMSE Language skill

 β P β P β P β P β P

BMI (kg/m2) -0.005  0.514  -0.015  0.069  0.004  0.995  -0.001  0.634  0.000  0.755 
Waist circumference (cm) -0.007  0.125  -0.005  0.066  -0.001  0.531  -0.001  0.323  -0.001  0.464 
Waist hip ratio (cm) -2.246  0.126  -0.590  0.322  -0.977  0.251  -0.219  0.168  0.034  0.977 

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. MMSE, Mini-
mental State Examination. *Significant at P<0.05. **Significant at P<0.01.
 
Table 4. Multiple linear regression between cognitive function score measured by MoCA and adiposity (n=372) 

MoCA MoCA Naming MoCA
Orientation

MoCA Delayed
recall

MoCA
Abstract
thinking

MoCA
Language skill

MoCA Visual
spatial ability

MoCA
Attention

 β P  β P  β P  β P  β P  β P  β P  β P 

BMI (kg/m2) -0.033  0.154  0.005  0.329  -0.008  0.179  -0.015  0.274  0.002  0.900  -0.022  0.049*  0.010  0.912  -0.004  0.449 

Waist
circumference
(cm)

-0.013  0.090  0.001  0.493  -0.002  0.208  -0.004  0.194  0.004  0.457  -0.009  0.026*  -0.001  0.515  -0.002  0.226 

Waist hip ratio
(cm)

1.726  0.830  0.030  0.860  -0.609  0.157  0.707  0.869  0.846  0.183  -0.308  0.611  1.788  0.199  -0.872  0.183 

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. MoCA, Montreal
Cognitive Assessment. *Significant at P<0.05. **Significant at P<0.01.
 

Table 5. Multiple linear regression between plasma fatty acids (%) and biochemistry biomarkers (n=372)
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OGTT 
(mmol/L)

OGTT2 
(mmol/L)

Insulin
(uIU/ml)

HOMA-IR QUICKI

 β P β P β P β P β P
SFA (%) -0.015  0.862  -0.102  0.249  0.099  0.980  0.002  0.810  0.000  0.903 
C14:0 (%) 2.387  0.011*  2.107  0.041*  -3.189  0.833  0.183  0.007**  -0.069  ≤0.001**   
C15:0 (%) 1.266  0.724  4.655  0.720  -24.863  0.445  -0.328  0.377  0.036  0.686 
C16:0 (%) 0.061  0.395  -0.085  0.181  0.609  0.358  0.014  0.020*  -0.004  0.036* 
C17:0 (%) 3.012  0.378  11.447  0.296  -83.194  0.010*  -0.231  0.325  -0.096  0.463 
C18:0 (%) -0.073  0.186  -0.165  0.036*  0.483  0.359  0.008  0.189  -0.002  0.396   
MUFA (%) 0.174  0.010*  0.279  0.009**  -0.631  0.647  0.000  0.253  -0.001  0.123 
C16:1 (%) 0.387  0.353  -0.143  0.918  -2.079  0.646  0.022  0.245  -0.009  0.155 
C18:1n-9 (%) 0.174  0.010*  0.279  0.009**  -0.631  0.647  0.000  0.253  -0.001  0.123 
PUFA (%) -0.087  0.139  -0.013  0.345  -0.087  0.568  -0.010  0.008**  0.003  0.001** 
n-3 PUFA (%) -0.282  0.396  0.399  0.304  -0.440  0.851  -0.019  0.389  0.007  0.326 
C18:3n-3 (%) 1.564  0.031*  3.696  0.002**  -2.626  0.545  0.023  0.587  -0.017  0.237 
C20:5n-3 (%) -0.425  0.743  1.594  0.159  -5.509  0.532  -0.013  0.788  -0.002  0.977 
C22:6n-3 (%) -0.527  0.081  0.266  0.400  -0.736  0.541  -0.042  0.079  0.014  0.037* 
n-6 PUFA (%) -0.069  0.222  -0.012  0.542  -0.024  0.549  -0.009  0.006**  0.003   0.001** 
C18:2n-6 (%) -0.018  0.683  0.007  0.998  -0.338  0.245  -0.011   0.001**  0.003  0.001** 
C18:3n-6 (%) -2.195  0.181  -1.721  0.991  3.449  0.373  -0.017  0.656  0.011  0.953 
C20:3n-6 (%) -0.982  0.139  -1.410  0.675  0.618  0.810  0.021  0.335  -0.002  0.433 
C20:4n-6 (%) -0.171  0.045*  -0.121  0.826  0.709  0.400  0.001  0.889  0.000  0.977 
SCD-16 9.091  0.467  -2.213  0.694  -72.070  0.554  0.160  0.436  -0.117  0.287 
SCD-18 0.847  0.008**  1.442  0.004**  -2.278  0.605  -0.006  0.641  -0.003  0.353 
D6D -45.842  0.275  -42.343  0.914  138.495  0.256  1.921  0.207  -0.375  0.310 
D5D 0.031  0.607  0.081  0.430  0.098  0.949  0.000  0.425  0.000  0.582 

             
Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. SFA, saturated
fatty acids. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids. SCD: stearoyl-CoA desaturase; D5D: delta-5-
desaturase; D6D: delta-6-desaturase. OGTT, oral glucose tolerance test. HOMA-IR,  homeostatic model assessment-insulin resistance.
QUICKI, quantitative sensitivity check index. *Significant at P<0.05. **Significant at P<0.01.
 

Table 6. Multiple linear regression between plasma fatty acids (%) and inflammation (n=372)
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IL-1β
(pg/ml)

IL-10
(pg/ml)

NFκBp65
(pg/ml)

TNF-α
(pg/ml)

hs-CRP
(mg/l)

CRP
(mg/l)

LPS
(eu/l)

 β P β P β P β P β P β P β P
SFA (%) -0.002  0.857  0.020  0.207  0.051  0.186  0.015  0.370  -0.016  0.073  -0.014  0.150  1.136  0.043* 
C14:0 (%) -0.316  0.152  0.180  0.822  0.325  0.514  -0.020  0.991  -0.059  0.226  -0.121  0.443  -5.514  0.318 
C15:0 (%) -0.571  0.520  -0.334  0.810  3.774  0.326  -0.587  0.851  -0.248  0.575  0.274  0.958  -52.829  0.433 
C16:0 (%) -0.017  0.230  0.058  0.004**  0.002  0.700  -0.003  0.881  -0.003  0.847  0.000  0.966  1.461  0.014* 
C17:0 (%) -0.174  0.629  0.448  0.853  4.309  0.131  1.476  0.198  -1.742  0.007**  -1.846  0.005**  31.483  0.218 
C18:0 (%) -0.007  0.503  0.040  0.012*  0.034  0.298  0.002  0.759  -0.019  0.019*  -0.020  0.020*  1.686  ≤0.001** 
MUFA (%) 0.011  0.342  0.003  0.870  0.037  0.488  0.019  0.384  0.017  0.016*  0.008  0.109  -1.070  0.064 
C16:1 (%) -0.117  0.179  -0.043  0.664  -0.090  0.742  0.017  0.870  0.040  0.046*  0.052  0.065  -5.025  0.025* 
C18:1n-9 (%) 0.011  0.342  0.003  0.870  0.037  0.488  0.019  0.384  0.017  0.016*  0.008  0.109  -1.070  0.064 
PUFA (%) 0.011  0.447  -0.034  0.071  -0.008  0.654  -0.011  0.475  -0.003  0.590  0.012  0.534  -0.547  0.206 
n-3 PUFA (%) -0.038  0.314  -0.005  0.907  -0.181  0.303  -0.165  0.028*  -0.117  0.034*  -0.088  0.078  -3.916  0.116 
C18:3n-3 (%) -0.073  0.543  -0.385  0.042*  -0.270  0.569  -0.218  0.272  -0.114  0.993  -0.100  0.858  -16.313  0.007** 
C20:5n-3 (%) -0.075  0.611  -0.198  0.718  -0.725  0.366  -0.359  0.241  -0.545  0.009**  -0.391  0.033*  -17.344  0.119 
C22:6n-3 (%) -0.049  0.325  0.012  0.941  -0.185  0.378  -0.099  0.233  -0.075  0.385  -0.049  0.564  -0.610  0.817 
n-6 PUFA (%) 0.011  0.375  -0.036  0.037*  -0.016  0.598  -0.006  0.732  0.003  0.631  0.009  0.778  -0.392  0.407 
C18:2n-6 (%) 0.005  0.753  -0.033  0.005**  -0.019  0.252  -0.013  0.161  0.004  0.618  0.005  0.839  -0.734  0.049* 
C18:3n-6 (%) -0.290  0.548  -0.902  0.044*  -1.085  0.510  0.189  0.648  -0.377  0.970  -0.016  0.346  -14.444  0.201 
C20:3n-6 (%) -0.189  0.200  -0.261  0.069  -0.153  0.986  -0.059  0.739  0.036  0.065  -0.099  0.356  -1.580  0.413 
C20:4n-6 (%) 0.024  0.127  -0.032  0.259  -0.059  0.518  0.034  0.169  0.014  0.359  0.024  0.139  -0.824  0.265 
SCD-16 -2.884  0.294  -2.363  0.415  -0.403  0.958  0.974  0.770  1.572  0.020*  1.695  0.038*  -188.223  0.006** 
SCD-18 0.069  0.282  -0.091  0.367  0.112  0.752  0.019  0.900  0.117  0.012*  0.083  0.054  -9.615  0.001** 
D6D -9.942  0.449  -16.988  0.172  -32.305  0.464  8.422  0.515  -10.779  0.993  -2.775  0.483  -346.911  0.277 
D5D 0.015  0.199  -0.004  0.982  -0.006  0.685  0.010  0.512  0.000  0.211  0.012  0.881  -0.138  0.979 

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. SFA, saturated
fatty acids. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids. IL, Interleukin. NFκB, nuclear factor kappa-B. TNF-
α, tumor necrosis factor-α. hs-CRP, hypersensitive C-reactive protein. CRP, C-reactive protein. LPS, Lipopolysaccharide. *Significant at
P<0.05. **Significant at P<0.01.
 

Table 7. Multiple linear regression between plasma fatty acids (%) and cognitive function score measured by MMSE (n=372)
 MMSE MMSE Orientation MMSE Computation MMSE Memory MMSE Language skill
 β P β P β P β P β P

SFA (%) -0.064 0.002** -0.019 0.010* -0.014 0.271 0.001 0.751 -0.018 0.059
C14:0 (%) -0.885 0.161 -0.085 0.568 -0.350 0.383 0.013 0.860 -0.260 0.255
C15:0 (%) 1.991 0.506 0.603 0.435 -1.319 0.473 0.069 0.908 0.957 0.503
C16:0 (%) -0.057 0.107 -0.035 0.018* 0.008 0.870 0.001 0.933 -0.015 0.271
C17:0 (%) 0.194 0.371 0.894 0.125 0.582 0.492 -0.080 0.807 -0.790 0.991
C18:0 (%) -0.052 0.014* -0.028 0.008** -0.008 0.385 0.002 0.675 -0.003 0.372
MUFA (%) 0.015 0.299 0.021 0.096 0.012 0.438 -0.003 0.386 -0.005 0.778
C16:1 (%) -0.309 0.137 0.031 0.738 -0.116 0.430 -0.007 0.754 -0.141 0.054

C18:1n-9 (%) 0.015 0.299 0.021 0.096 0.012 0.438 -0.003 0.386 -0.005 0.778
PUFA (%) 0.057 0.082 0.013 0.140 0.012 0.626 0.001 0.763 0.014 0.431

n-3 PUFA (%) 0.154 0.094 -0.031 0.967 0.088 0.204 -0.004 0.936 0.037 0.308
C18:3n-3 (%) -0.061 0.550 0.026 0.735 0.132 0.372 -0.035 0.454 -0.200 0.546
C20:5n-3 (%) 0.194 0.827 -0.054 0.920 0.203 0.674 -0.008 0.932 -0.117 0.617
C22:6n-3 (%) 0.040 0.347 -0.041 0.732 0.050 0.417 0.000 0.844 0.029 0.355
n-6 PUFA (%) 0.050 0.148 0.012 0.156 0.004 0.904 0.001 0.708 0.014 0.382
C18:2n-6 (%) 0.030 0.066 0.010 0.157 -0.011 0.627 0.000 0.737 0.008 0.182
C18:3n-6 (%) -0.410 0.118 0.541 0.471 -0.493 0.155 0.047 0.673 -0.189 0.192
C20:3n-6 (%) 0.128 0.584 0.198 0.569 -0.349 0.085 -0.008 0.910 0.219 0.586
C20:4n-6 (%) 0.089 0.373 0.042 0.084 0.049 0.218 0.000 0.949 0.018 0.835

SCD-16 -7.385 0.224 1.824 0.471 -4.110 0.331 -0.226 0.745 -3.488 0.092
SCD-18 0.266 0.033* 0.118 0.038* 0.124 0.163 -0.004 0.772 0.031 0.339

D6D -20.981 0.056 14.523 0.593 -7.201 0.324 0.715 0.762 -12.021 0.065
D5D 0.022 0.362 0.002 0.506 0.041 0.032* -0.001 0.847 -0.013 0.426
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Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. SFA, saturated
fatty acids. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids. SCD: stearoyl-CoA desaturase; D5D: delta-5-
desaturase; D6D: delta-6-desaturase. MMSE, Mini-mental State Examination. *Significant at P<0.05. **Significant at P<0.01.
 
Table 8. Multiple linear regression between plasma fatty acids (%) and cognitive function score measured by MoCA (n=372)
 MoCA MoCA Naming MoCA Orientation MoCA Delayed

recall
MoCA Abstract

thinking
MoCA Language skill MoCA Visual

spatial ability
 β P β P β P β P β P β P β P
SFA
(%)

-0.039  0.146  0.002  0.297  -0.013  0.031*  0.014  0.682  0.011  0.769  -0.037  0.003**  -0.009  0.294

C14:0
(%)

-0.375  0.554  0.010  0.704  -0.166  0.324  0.257  0.667  -0.277  0.193  -0.480  0.083  0.323  0.460

C15:0
(%)

1.309  0.811  0.154  0.643  0.724  0.338  -0.620  0.857  -0.523  0.787  -1.022  0.660  1.722  0.570

C16:0
(%)

0.002  0.840  0.002  0.481  -0.032  0.003**  0.030  0.360  0.017  0.309  -0.044  0.020*  0.033  0.405

C17:0
(%)

0.443  0.394  -0.198  0.402  -0.061  0.850  2.815  0.061  -1.048  0.590  0.366  0.508  -0.169  0.765

C18:0
(%)

-0.075  0.030*  -0.002  0.596  -0.022  0.004**  -0.004  0.585  0.012  0.634  -0.052  ≤0.001**  -0.002  0.379

MUFA
(%)

0.126  0.020*  0.003  0.456  0.016  0.090  0.066  0.034*  -0.007  0.802  0.034  0.100  0.023  0.138

C16:1
(%)

-0.118  0.662  -0.015  0.752  0.001  0.934  -0.060  0.640  -0.154  0.036*  0.053  0.771  0.052  0.564

C18:1n-
9 (%)

0.126  0.020*  0.003  0.456  0.016  0.090  0.066  0.034*  -0.007  0.802  0.034  0.100  0.023  0.138

PUFA
(%)

0.005  0.970  -0.002  0.250  0.016  0.028*  0.003  0.885  -0.012  0.279  0.011  0.553  -0.007  0.773

n-3
PUFA
(%)

0.049  0.486  0.007  0.655  -0.067  0.293  0.050  0.448  -0.071  0.320  0.068  0.171  0.017  0.675

C18:3n-
3 (%)

-1.012  0.609  -0.086  0.011*  0.032  0.612  -0.364  0.593  -0.100  0.870  -0.015  0.772  -0.598  0.153

C20:5n-
3 (%)

0.290  0.871  0.050  0.389  -0.068  0.865  -0.210  0.627  -0.105  0.581  0.275  0.251  0.298  0.599

C22:6n-
3 (%)

-0.045  0.571  0.025  0.276  -0.085  0.162  0.091  0.233  -0.072  0.334  0.083  0.129  -0.056  0.995

n-6
PUFA
(%)

0.007  0.960  0.000  0.747  0.014  0.056  0.001  0.976  -0.005  0.590  0.012  0.488  -0.010  0.581

C18:2n-
6 (%)

-0.019  0.742  -0.001  0.559  0.012  0.040*  -0.031  0.225  -0.004  0.946  0.024  0.010*  -0.020  0.456

C18:3n-
6 (%)

0.306  0.249  -0.016  0.881  0.128  0.906  0.290  0.761  -0.927  0.001**  0.842  0.482  0.097  0.525

C20:3n-
6 (%)

-0.207  0.112  -0.059  0.028*  0.144  0.517  -0.133  0.380  -0.288  0.003**  0.047  0.571  0.083  0.770

C20:4n-
6 (%)

0.115  0.673  -0.005  0.514  0.036  0.050  -0.001  0.703  0.011  0.819  0.027  0.554  0.003  0.797

SCD-16 -3.830  0.606  -0.563  0.639  0.752  0.612  -1.721  0.625  -5.411  0.012*  2.370  0.597  0.978  0.650
SCD-18 0.718  0.005**  0.018  0.365  0.072  0.069  0.268  0.047*  -0.061  0.918  0.272  0.004**  0.129  0.112
D6D 18.230  0.367  -0.478  0.924  3.491  0.796  6.005  0.694  -21.470  0.004**  22.931  0.440  6.714  0.749
D5D 0.045  0.203  0.004  0.105  0.008  0.214  -0.004  0.984  0.023  0.037*  0.015  0.182  -0.008  0.868

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. SFA, saturated
fatty acids. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids. SCD: stearoyl-CoA desaturase; D5D: delta-5-
desaturase; D6D: delta-6-desaturase. MoCA, Montreal Cognitive Assessment. *Significant at P<0.05. **Significant at P<0.01.
 

    Table9. Multiple linear regression between cognitive function score measured by MMSE, inflammation and biochemistry biomarkers
(n=372) 
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 MMSE MMSE Orientation MMSE Computation MMSE Memory MMSE Language skill  
 β P β P β P β P β P
IL-1β (pg/ml) -0.423  0.008**  -0.166  0.007**  -0.047  0.561  0.009  0.598  -0.058  0.274 
IL-10 (pg/ml) 0.010  0.940  -0.005  0.836  0.102  0.236  0.002  0.918  -0.037  0.534 
NFκBp65 (pg/ml) -0.124  0.002**  -0.026  0.070  -0.066  0.012*  0.004  0.496  0.001  0.728 
TNF-α(pg/ml) -0.061  0.493  0.021  0.568  -0.029  0.607  -0.004  0.738  -0.055  0.252 
hs-CRP (mg/l) 0.188  0.405  0.012  0.689  -0.008  0.995  -0.006  0.744  0.099  0.316 
CRP (mg/l) 0.142  0.738  0.015  0.672  0.036  0.714  -0.001  0.952  0.058  0.832 
LPS (eu/l) 0.000  0.873  0.000  0.825  0.000  0.892  0.000  0.841  0.001  0.258 
OGTT (mmol/L) 0.007  0.928  -0.010  0.565  0.024  0.392  -0.006  0.118  0.002  0.921 
OGTT2 (mmol/L) 0.016  0.607  -0.003  0.420  0.011  0.791  -0.001  0.764  0.008  0.856 
Insulin (uIU/ml) -0.004  0.105  -0.002  0.054  0.000  0.810  0.000  0.945  0.000  0.744 
HOMA-IR 0.035  0.651  -0.019  0.510  0.312  0.396  -0.012  0.621  0.080  0.823 
QUICKI -1.555  0.668  -0.962  0.311  -1.489  0.214  0.096  0.489  -0.301  0.792 

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. IL, Interleukin.
NFκB, nuclear factor kappa-B. TNF-α, tumor necrosis factor-α. hs-CRP, hypersensitive C-reactive protein. CRP, C-reactive protein.
OGTT, oral glucose tolerance test. HOMA-IR, homeostatic model assessment-insulin resistance. QUICKI, quantitative sensitivity check
index. LPS, Lipopolysaccharide. MMSE, Mini-mental State Examination. *Significant at P<0.05. **Significant at P<0.01.
 
Table10. Multiple linear regression between cognitive function score measured by MoCA, inflammation and biochemistry biomarkers
(n=372)

 MoCA MoCA Naming MoCA Orientation MoCA Delayed
recall

MoCA Abstract
thinking

MoCA Language
skill

MoCA Visual
spatial ability

MoC

 β P β P β P β P β P β P β P β
IL-1β
(pg/ml)

-0.412  0.101  0.024  0.310  -0.061  0.173  -0.223  0.070  0.068  0.533  -0.050  0.446  -0.043  0.659  -0.10

IL-10
(pg/ml)

-0.114  0.753  0.005  0.717  0.001  0.806  -0.026  0.774  0.036  0.390  -0.156  0.035*  0.069  0.368  -0.05

NFκBp65
(pg/ml)

-0.172  0.008**  0.008  0.149  -0.009  0.282  -0.055  0.088  0.007  0.924  -0.036  0.064  -0.019  0.328  -0.05

TNF-
α(pg/ml)

-0.207  0.274  0.012  0.371  0.019  0.628  -0.069  0.499  0.022  0.790  -0.097  0.127  -0.025  0.604  -0.06

hs-CRP
(mg/l)

0.054  0.738  0.024  0.292  -0.007  0.627  -0.096  0.332  0.055  0.706  0.004  0.546  0.016  0.895  0.009

CRP
(mg/l)

0.164  0.769  0.015  0.429  -0.003  0.626  -0.040  0.474  0.084  0.508  0.117  0.651  -0.126  0.208  0.038

LPS
(eu/l)

0.005  0.532  0.000  0.354  0.000  0.720  0.001  0.769  0.001  0.409  -0.002  0.375  0.006  0.058  0.001

OGTT
(mmol/L)

-0.013  0.683  0.006  0.391  -0.005  0.735  0.009  0.780  -0.001  0.987  -0.020  0.283  0.016  0.821  -0.00

OGTT2
(mmol/L)

0.026  0.359  0.003  0.673  -0.007  0.170  0.033  0.419  0.007  0.875  -0.025  0.012*  0.026  0.582  -0.00

Insulin
(uIU/ml)

-0.017  0.009**  0.000  0.954  -0.003  0.022*  -0.002  0.269  -0.002  0.469  -0.004  0.033*  -0.006  0.073  -0.00

HOMA-IR -0.980  0.094  -0.039  0.770  -0.010  0.648  0.028  0.648  -0.102  0.654  -0.412  0.036*  -0.294  0.365  -0.09
QUICKI 1.209  0.360  0.155  0.693  -0.558  0.458  -0.857  0.864  0.013  0.941  1.409  0.053  1.149  0.345  -0.34

Multiple linear regression adjusted for age, gender, energy, BMI, education, smoking habit, alcohol and energy intakes. IL, Interleukin.
NFκB, nuclear factor kappa-B. TNF-α, tumor necrosis factor-α. hs-CRP, hypersensitive C-reactive protein. CRP, C-reactive protein.
OGTT, oral glucose tolerance test. HOMA-IR, homeostatic model assessment-insulin resistance. QUICKI, quantitative sensitivity check
index. LPS, Lipopolysaccharide. MoCA, Montreal Cognitive Assessment. *Significant at P<0.05. **Significant at P<0.01.
 

Table 11. Summary of mediation models when mediator is IL-10
Independent
variable

Mediator Dependent
variable

Direct
effects

P Indirect
effects

P Total effects P

C16:0 (%) IL-10 (pg/ml) MoCA Language skill -0.033 0.115 -0.007 0.142 -0.04 0.053
C18:0 (%) -0.046 0.007** -0.005 0.182 -0.05 0.003**
C18:2n-6 (%) 0.024 0.054 0.003 0.168 0.027 0.029*
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Simple mediation analysis adjusted for age, gender, energy intakes, BMI, education, smoking and drinking habits. IL, Interleukin. MoCA,
Montreal Cognitive Assessment. *Significant at P<0.05. **Significant at P<0.01.


