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Aims: Cognitive impairment is an increasingly urgent global public health
challenge. Dietary Inflammatory Index (DIl) is a literature-derived score
that links diet to inflammation. The relationship between DIl and cognitive
impairment remains controversial. Therefore, our study aimed to analysis the
role of DIl on the risk of cognitive impairment by meta-analysis.

Methods: PubMed, Cochrane Library, MEDLINE, Web of Science and EMBASE
databases were searched up to July 2022. Newcastle—Ottawa scale (NOS) and
Joanna Briggs Institute (IJBI) Checklist were performed to estimate the quality
of studies.

Results: Nine observational studies with 19,379 subjects were included. Our
study found that higher DIl could elevate the risk of cognitive impairment (OR
= 146, 95%Cl = 1.26, 1.69). Meanwhile, the OR of cognitive impairment was
1.49 (95%Cl = 1.21, 1.83) for cross-sectional studies and 1.42 (95%Cl = 1.12,
1.79) for cohort studies, respectively.

Conclusion: Our meta-analysis indicated that higher DIl (indicating a more
pro-inflammatory diet) is related to increased risk of cognitive impairment.

KEYWORDS

cognitive impairment, mental disorders, dietary inflammatory index (DIl), pro-
inflammatory diet, meta-analysis

Introduction

Cognitive impairment is an increasingly urgent global public health challenge,
with more than 100 million adults predicted to develop dementia by 2050
(Skoczek-Rubinska et al., 2021a). Cognitive impairment is represented by a series
of neurological symptoms, including difficulties with memory, concentration and
decision making (Wen et al., 2022). And it has been related to adverse health
consequences, including heart disease, poor diabetes control and functional
decline in daily activity (Almeida and Flicker, 2001; Mehta et al, 2002;
Munshi et al, 2006). Notably, although cognitive impairment does not cause
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dementia certainly, even mild declines in cognitive function can
lead to depression to people (Sartori et al., 2012).

Growing evidence has connected inflammation with
cognitive impairment and risk of dementia (Johnson and
Godbout, 2007; Godbout and Johnson, 2009). Chronic and
excessive inflammatory responses may lead to the progression
of cognitive impairment (Sartori et al., 2012). Specially, as
a complex set of exposures, diet could affect inflammatory
responses cumulatively or interactively, and many foods
and nutrients can modulate the inflammatory status both
acutely and chronically (de Mello et al., 2011; Khoo et al,
2011; Minihane et al., 2015). For example, inflammation
could be increased via taking an inflammatory diet which
is characterized by high consumption of sweets, fries,
red and processed meats, and refined grains (Chen et al,
2019). The Dietary Inflammatory Index (DII), proposed
by Shivappa via literature review, is a literature-derived

10.3389/fnagi.2022.1007629

score that links diet to inflammation, thus evaluating the
potential inflammatory levels of dietary components and
providing a comprehensive way to evaluate relationships
of inflammatory potential of diet with different health-
related outcomes (Shivappa et al, 2014; Charisis et al,
2021).

Previous meta-analysis found that higher DII score was
related to symptoms of mental disorder, including depression,
anxiety, distress and schizophrenia (Chen et al, 2021).
Meanwhile, as a useful tool of dietary inflammatory potential,
some studies indicated that DII played a role in the
pathophysiology of neurodegenerative diseases (Kheirouri and
Alizadeh, 2019). Moreover, although some literatures propose
the effect of pro-inflammatory diet on cognitive impairment,
the opposite conclusion also exists (Kesse-Guyot et al., 2017;
Zabetian-Targhi et al., 2021). The relationship between DII
and cognitive impairment remains controversial. Therefore, our
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TABLE 1 Characteristics of studies evaluating the association between DIl and cognition function.

References Study area Study type Quality n Age (years) Gender Cognition Cognitive
assessment of function
study assessment
(NOS/JBI)

Poland Cross-sectional study 16 (JBI) 222 61.0£0.4 Women Cognitive MMSE
Skoczek- . .
impairment
Rubinska et al.,
2021a
Korea Cross-sectional study 14 (JBI) 239 >65 Women + men Mild or moderate K-MMSE
Shin et al., 2018 ..
cognitive
impairment
USA Cohort study 8 (NOS) 7,085 71.0+3.9 Women MCI or probable 3MS and further
Hayden etal., dementia clinical evaluation
2017
USA Cross-sectional study 19 (JBI) 1,198 >60 Women + men Cognitive CERAD-WL, DSST,
Sun et al., 2022 impairment AF
China Cross-sectional study 18 (JBI) 3,386 >60 Women + men MCI Petersen’s criteria
Liu et al., 2021
Greece Cohort study 8 (NOS) 1,059 73.1+5.0 Women + men Dementia DSM-IV-TR criteria
Charisis et al.,
2021
USA Cross-sectional study 18 (JBI) 2,901 69.6 + 6.8 ‘Women/Men Lower cognitive CERAD-WL,
Songetal,, 2022 functioning CERAD-DR, DSST,
AF
China Cohort study 7 (NOS) 2,239 58.8+4.7 Women + men MCI MMSE, MoCA
Zhang et al., 2021
China Cross-sectional study 15 (JBI) 1,050 65-85 Women + men MCI MMSE, MoCA

Wang et al., 2022

NOS, Newcastle-Ottawa Scale; JBI, Joanna Briggs Institute (JBI) Checklist; MCI, Mild cognitive impairment; MMSE, Mini-Mental State Examination; K-MMSE, Korean-adjusted version of Mini-Mental State Examination; 3MS, Modified Mini-Mental
State Examination; CERAD-WL, Consortium to Establish a Registry for Alzheimer’s Disease Word Learning; DSST, Digit Symbol Substitution Test; AF, Animal Fluency test; MoCA, Montreal Cognitive Assessment.
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TABLE 2 The summary of findings (SoF) with GRADE system.

The association between DII and cognitive function

10.3389/fnagi.2022.1007629

Population: Subjects with cognitive impairment vs. normal subjects

Settings: Four studies were conducted in Asia, three studies were conducted in Americas, and two studies were conducted in Europe.

Outcomes Effect size (95% CI)*

Risk of cognitive 1.46 (1.26, 1.69)

impairment

No of participants (studies)

19,379 (9 cohort/cross-sectional studies)

Quality of the evidence Comments (GRADE)
® @ @® MIDDLE®

GRADE working group grades of evidence.

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

DII, Dietary Inflammatory Index; CI, confidence interval.
2Results for Risk of cognitive impairment due to increased DII level.

bUpgraded by one level due to all the results of the included studies were almost identical (subjects with cerebrovascular diseases had higher triglyceride glucose index).

study aimed to explore the role of DII on the risk of cognitive
impairment by meta-analysis.

Materials and methods

Sources and methods of data retrieval

We  searched the PubMed, Cochrane Library,
MEDLINE, Web of Science and EMBASE databases
up to July 2022, and used keywords include dietary
inflammatory  index,  anti-inflammatory  diet,  pro-

inflammatory diet, dietary inflammatory score, DII,

cognition, cognitive  function, cognitive impairment
and cognitive disorder to screen and identify published
literatures. The search had no restriction on publication date

or language.

Inclusion criteria

The inclusion criteria were as follows: (1) observational
study including cohort, case-control and cross-sectional design;
(2) exposure: inflammatory diet evaluated via DII score;
(3) effect size for the highest (pro-inflammatory diet) to
the lowest (anti-inflammatory diet) DII scores were reported
in these studies; (4) occurrence of cognitive impairment
as an study outcome; (5) Animal and in vitro studies,
duplicate and conference literatures, or reviews were excluded.
Two authors assessed all studies independently, resolved
disagreements via discussion, and collected final included
studies (Figure 1).

Frontiersin Aging Neuroscience

Data extraction and quality within
individual studies

All included studies were examined and following data
were collected: first author, study area, publication year,
study type, numbers, age, gender and cognitive situation of
subjects. Meanwhile, the Newcastle-Ottawa scale (NOS) and the
Joanna Briggs Institute (JBI) Checklist were used to evaluate
the quality for cohort and cross-sectional study, respectively.
Moreover, GRADE system was performed to assess quality of the
evidence comments.

Statistical analysis

All statistical analysis were performed via the software Stata
(version 12.0, StataCorp LLC, College Station, TX, USA). The
I? statistic was used to assess the statistical heterogeneity and P
< 0.05 was defined significant for heterogeneity. In our study,
random effects models were used in all analyses based on the
level of heterogeneity. Egger’s test was performed to evaluate
the publication bias, and the trim-and-fill method (sensitivity
analysis) was conducted to analysis the influence of bias on the
results. Meanwhile, subgroup analyses were performed based
on the study area (Europe, Asia and Americas), gender of
subjects (women, men and women+men) and study type (cross-
sectional study and cohort study).

Results

A total of 9 studies met inclusion criteria, which contained
19,379 subjects (Hayden et al., 2017; Shin et al., 2018; Charisis
et al.,, 2021; Liu et al., 2021; Skoczek-Rubinska et al., 2021a;
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Study %
D ES (95% Cl) Weight
Aleksandra Skoczek-Rubirnska (2021) i + > 11.10(2.22, 55.56) 0.83
Dayeon Shin (2018) i + 6.32(1.18,33.78) 0.77
Kathleen M. Hayden (2017) —- 1.27 (1.06, 1.52) 15.51
Mengzi Sun (2022) —IO— 1.48 (1.01,2.17) 8.69
Qian Liu (2021) —— 1.69(1.19,2.14) 11.31
Sokratis Charisis (2021) —E—'O— 2.89(1.20,6.96) 254
Wenlei Song(1) (2022) —E—O—— 1.97(1.08,3.58) 477
Wenlei Song(2) (2022) — 1.24 (0.87, 1.76) 9.50
Wenlei Song(3) (2022) —OI—i' 0.93(0.57,1.51) 643
Wenlei Song(4) (2022) ;0— 1.76 (1.30, 2.37) 11.10
Xiaona Zhang (2021) —;— 1.46 (1.14, 1.87) 12.94
Xuan Wang (2022) + 1.23(1.03, 1.47) 15.60
Overall (l-squared = 51.7%, p = 0.019) 0 1.46 (1.26, 1.69) 100.00
i
NOTE: Weights are from random effects analysis i
T T
018 1 558
FIGURE 2
Meta-analysis results of higher DIl for the risk of cognitive impairment.

Zhang et al,, 2021; Song et al., 2022; Sun et al., 2022; Wang
etal., 2022). Two studies were performed in Europe, four studies
were performed in Asia and three studies were performed in
Americas. The study outcomes of all included literatures were
varying degrees of cognitive impairment or reduced cognitive
function. The NOS are all > 7 for cohort study (n = 3) and
the JBI are all > 14 for cross-sectional study (n = 6) (Table 1).
Meanwhile, the GRADE system was conducted to determine the
quality of evidence, and the grades of evidence were considered
moderate quality (Table 2).

Our meta-analysis showed that higher DII scores had a
46% elevated risk of cognitive impairment (OR = 1.46, 95%CI
1.26, 1.69; Figure 2). In subgroup analysis, a significant

positive association between DII and cognitive impairment was
found both in cross-sectional and cohort studies (Figure 3).
And consistent results were also observed for the subgroup
analysis based on study area (Figure 4). In addition, the OR of
cognitive impairment for women, men and women+men were
1.46 (95%CI = 1.12, 1.91), 1.44 (95%CI = 0.87, 2.36) and 1.48
(95%CI = 1.22, 1.79), respectively (Figure 5).

Publication biases were observed in our meta-analysis (f =
3.22, P =0.009). However, there was no significant difference for

Frontiersin Aging Neuroscience
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results after using trim-and-fill method. Therefore, the effect of
publication bias was considered slight and the results were stable
(Table 3). And the funnel plot after using trim-and-fill method
was performed in Figure 6.

Discussion

Continuously elevated levels of inflammation are related
to neurodegeneration, atherosclerotic processes, and chronic
diseases (Paul et al., 2004; Raz and Rodrigue, 2006; Russo et al.,
2011). Meanwhile, inflammation has been closely linked to diet
(Giugliano et al., 2006). Higher DII scores, also known as larger
inflammatory potential of the diet, have been related to increased
levels of inflammatory biomarker including IL-6, CRP, and TNF-
a, thus linking to cognitive impairment (Hayden et al., 2017;
Shin et al., 2018). Our meta-analysis found similar results.

Diet is now recognized as an important factor in modifying
inflammation (Li et al., 2021). Evidence suggests that a pro-
inflammatory diet could elevate levels of inflammatory cytokines
through oxidative stress and immune mechanisms (Li et al,
2021). After ingesting a pro-inflammatory diet, free radicals
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Study
D

Cross-sectional study

Aleksandra Skoczek-Rubiriska (2021)
Dayeon Shin (2018)

Mengzi Sun (2022)

Qian Liu (2021)

Wenlei Song(1) (2022)

Wenlei Song(2) (2022)

Wenlei Song(3) (2022)

Wenlei Song(4) (2022)

KXuan Wang (2022)

Subtotal (l-squared = 57.8%, p = 0.015)

Cohort study

Kathleen M. Hayden (2017)

Sokratis Charisis (2021)

Xiaona Zhang (2021)

Subtotal (l-squared = 45.9%, p = 0.158)

Overall (l-squared = 51.7%, p=0.019)

NOTE: Weights are from random effects analysis
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== 159 (1.19,2.14)  11.31
—_— 1.97 (1.08,3.58)  4.77
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| — 176(1.30,237) 1110
= 123(1.03,147) 1560
<O 149 (121,183)  69.00
1
1
|
- 127 (1.06,152) 1551
—_— 289 (120, 6.96) 254
—— 146 (114,187) 1294
Q 142 (112,179)  31.00
|
O 146 (1.26, 1.69)  100.00
i
1
1
' T
55.6

Meta-analysis results of higher DIl for the risk of cognitive impairment (subtotals on the basis of study type).

were produced via macrophages and were released into tissues,
thereby promoting cell oxidative stress. Meanwhile, a pro-
inflammatory diet could also disturb the integrity of the
intestinal immune cell barrier and cause intestinal cytotoxic
effects, further producing effects on immune function (Li et al.,
2021). Chronically inflamed gut leads to systemic immunologic
activation and further promotes neuroinflammation, and
triggering cognitive decline and dementia (Daulatzai, 2014).
Correspondingly, a variety of inflammation-related proteins
including LPS, complement factors, acute-phase proteins, and
pro-inflammatory cytokines increase in the brains (Zhang et al.,
2009). Subsequently, long-term inflammation could damage the
blood-brain barrier, and some inflammatory cytokines (IL-1p,
IL-6 and TNF-a) can cross the blood-brain barrier elevating
neuroinflammation, thus leading to cognitive impairment
(Engelhart et al., 2004; Heneka et al., 2015; d'Avila et al.,
2018; Godos et al, 2020). For example, high levels of IL-1f
are detected in microglial cells surrounding amyloid p (Ap)
plaques in Alzheimer’s disease (AD) patient brains. Meanwhile,
in vitro, IL-18 can favor AP deposition by modulating APP
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expression and proteolysis. And pathological accumulation of
AP is a key factor that drives neuroinflammatory responses
in AD (Heneka et al, 2015). In addition, overexpression of
TNF-a has been proved to trigger chronic central nervous
system inflammation and white matter degeneration (Probert
et al,, 1997). Meanwhile, as a major regulator of inflammatory
response in the central nervous system, microglia is critical
for maintaining brain homeostasis, and its activation is both
characterized and modulated by above cytokines (Gomez-
Nicola and Perry, 2015; Heneka et al., 2015). Evidence
indicated that aging microglia could overreact when acute
inflammation occurs, and the changes may further affect
cognitive function (d’Avila et al., 2018). Notably, clinical studies
have documented increased incidence of memory loss in
inflammatory bowel disease (IBD) patients, attention deficits
and declining executive functions. The potential mechanism
may also be related to hippocampal neurogenesis and local
innate immune response (Gampierakis et al, 2021). In a
word, there is an intriguing interaction between the gut, brain
and the immune systems, while any dysregulation in this
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Study
D

Europe

Aleksandra Skoczek-Rubiriska (2021)
Sokratis Charisis (2021)

Subtotal (l-squared = 51.6%, p = 0.150)

Asia

Dayeon Shin (2018)

Qian Liu (2021)

Xiaona Zhang (2021)

KXuan Wang (2022)

Subtotal (l-squared =49.0%, p=0.117)

Americas

Kathleen M. Hayden (2017)
Mengzi Sun (2022)
Wenlei Song(1) (2022
Wenlei Song(2) (2022
Wenlei Song(3) (2022
Wenlei Song(4) (2022
Subtotal (l-squared = 34.6%, p = 0.177)

e e

Overall (l-squared = 51.7%, p = 0.019)
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Meta-analysis results of higher DIl for the risk of cognitive impairment (subtotals on the basis of study area).

communication is considered to affect the balance between
central nervous system (CNS) homeostasis and neuropathology
(Bonaz and Bernstein, 2013).

Symptoms of cognitive impairment range from mild to
severe, and the prevalence varies with age, gender and
geographical location (Wen et al, 2022). Our meta-analysis
performed subgroup analysis based on study area and gender
of subjects. Different regions have different dietary habits. For
example, in some Asian countries, the diet is carbohydrate-
based and mainly consists of rice (Park et al, 2010). And
excessive intake of refined carbohydrates has been related
to higher risks for cognitive impairment (Alley et al., 2008;
Marioni et al,, 2010; Trollor et al., 2012). In addition, the
results of subgroup analysis based on gender of subjects
indicated that the significant relationship between DII and
cognitive impairment was only found in women, which was
consistent with Shin’s research (Shin et al., 2018). Meanwhile,
previous studies have found that unhealthy dietary habits
were found among postmenopausal women (Ryu et al,
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2019; Skoczek-Rubinska et al., 2021b). One possible reason
is that appetite-control mechanisms in hypothalamus become
imbalanced in the postmenopausal state, leading to increased
high-fat and high-carbohydrate foods intake, thus causing
inflammation (Christensen and Pike, 2015; Stachowiak et al,,
2015; Kozakowski et al., 2017).

In our meta-analysis, we noted that some included studies
assessed the relationship between DII and mild cognitive
impairment (MCI). MCI is a transitional state between
healthy aging and dementia, characterized by cognitive decline
but relatively complete activities of daily living (Anderson,
2019). The prevalence of MCI in elderly is 6.7-25.2%
(Jongsiriyanyong and Limpawattana, 2018). And people with
MCI have an higher risk of dementia, with an annual rate
of growth in 10-15% (Eshkoor et al, 2015). Notably, in
fact, brain lesions occur long before cognitive symptoms
appear, and could be irreversibly altered by the time of
diagnosis (Sperling et al., 2013). Therefore, many researchers
have turned their attention to people in the preclinical
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Study %
ID ES (95% CI) Weight
Women X
Aleksandra Skoczek-Rubinska (2021) ! + > 11.10 (2.22, 55.56) 0.74
Kathleen M. Hayden (2017) - 1.27 (1.06, 1.52) 1446
Wenlei Song(5) (2022) —r—— 1.92(1.00, 3.85) 355
Wenlei Song(6) (2022) —_— 1.32 (0.80, 2.18) 557
Wenlei Song(T) (2022) —0—;— 1.11 (055, 2.23) 334
Wenlei Song(8) (2022) [—— 1566 (1.03,231) 7.4
Subtotal (l-squared = 43.6%, p=0.114) (2} 146(1.12,1.91) 35.06
. 1
Men |
I
Wenlei Song(1) (2022) —_—r— 1.97 (1.06, 3.95) 3.69
Wenlei Song(2) (2022) —_ 1.49(0.80, 2.74) 410
Wenlei Song(3) (2022) —_— : 0.73(042,1.27) 42383
Wenlei Song(4) (2022) —f—b— 209(118,3.71) 458
Subtotal (l-squared = 63.8%, p = 0.041) -ﬂ¢> 1.44 (0,87, 2.36) 17.20
I
Women+men |
Xiaona Zhang (2021) —— 146 (1.14,1.87) 1196
Xuan Wang (2022) - 1.23(1.03,1.47) 1455
Dayeon Shin (2018) N + 6.32 (1.18, 33.78) 0.68
Mengzi Sun (2022) F—— 148 (1.01,217) 7.90
Qian Liu (2021) — 1.59(1.19,214) 1038
Sokratis Charisis (2021) 289(1.20,6.96) 226
Subtotal (l-squared = 42.5%, p=0.122) <D 148 (1.22,1.79) 4774
I
& I
Overall (l-squared =42 2%, p=0.038) 0 146 (1.27,1.68) 100.00
I
NOTE: Weights are from random effects analysis :
I I
0a 1 556
FIGURE 5
Meta-analysis results of higher DIl for the risk of cognitive impairment (subtotals on the basis of the gender of subjects).

TABLE 3 Publication bias (Egger test) and sensitivity analysis (method
of trim and fill) for included studies.

Original variation

OR (95%CI)
1.46 (1.26, 1.69)

Egger test (1, P)
3.22,0.009
Variation after trim and fill
OR (95%CI) Number of trim and fill

1.39 (1.17, 1.66) 3

stages of the disease. And MCI could be viewed as a
“window” in which it could be access to intervene and
postpone development to dementia (Anderson, 2019). More
studies on DII and MCI is needed in the future to evaluate
their relationship.

Some limitations are existed in our study. All included
literatures are all observational study, it is difficult to clear
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FIGURE 6
Funnel plot of included studies (after trim and fill).

the cause-effect relationship of DII on cognitive impairment.
Meanwhile, although all results of original studies were almost
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identical, the dose-response association between DII and
cognitive impairment could not be evaluated due to lack of
corresponding data. Therefore, the true effect is likely to be close
to the estimated effect, but the possibility of a difference exists.
In addition, due to limited original studies, we were unable to
perform subgroup analysis on the age and level of cognitive
impairment of subjects. More data are needed to assess the role
of these factors.

Conclusion

Our meta-analysis indicated that higher DII (representing a
more pro-inflammatory diet) could increase the risk of cognitive
impairment. More data from clinical trials are needed to verify
the association.
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