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ABSTRACT
The objective of the review was to assess the relationship between insulin resistance and cognitive impairment. Medline,
Embase, Web of Science and Cochrane Library were searched. Two independent authors selected studies and extracted data.
Quality of included studies was assessed by NOS (Newcastle-Ottawa quality assessment scale). A random-effects model with its
95% confidence intervals (CIs)  was considered for meta-analysis.  Eight articles including 1,399 subjects were included in this
meta-analysis. The article showed a negative association between insulin resistance and cognition (R = − 0.262; 95% CI−0.309,
− 0.215). There is evidence that insulin resistance may be a mechanism of cognitive impairment.
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INTRODUCTION

Cognitive impairment generally refers to the degree of cogni-
tive  impairment  caused  by  various  causes,  including  mild
cognitive impairment,  vascular  dementia,  which causes by
stroke, and Alzheimer's disease (AD) etc. Symptoms of cogni-
tive impairment may include learning and memory impair-
ment, also accompanied with loss of speech, use, recognition,
and behaviour. Alzheimer's Disease International (ADI) report
estimated that in 2019, over 50 million people were living with
dementia globally, and a figure set to increase to 152 million by
2050.1  Meanwhile,  research  by  Jianping’s  team shows  that
among the population over 60 years old in China, the number
of dementia patients is 10-11 million, and more than 60% of
dementia patients suffer from AD.2

Moreover, AD is the number one neurodegenerative disease of
the central nervous system. Because of the multiple causative
factors  of  cognitive  impairment  and  the  severity  of  the
disease, coupled with the fact that there is no effective preven-
tion or treatment, it is clinically important to study its mech-
anisms.3-5
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At present, there has been a great deal of research on the mech-
anism  of  cognitive  impairment  including  oxidative  stress,
inflammation,  and insulin  resistance.6-8  Insulin  resistance is
one of the most studied mechanisms in recent years, which
can  be  defined  as  decreased  sensitivity  of  brain  cells  to
insulin.9,10 Many studies have showed that insulin affects physi-
ological and pathological processes in the body through its two
main effector pathways: The MAPK pathway and the phos-
phatidylinositol (PI) 3-kinase (PI3K) / Akt pathway, which often
involves neuronal survival, synaptic maintenance, dendritic
development, cognition, neural circuit formation, BBB trans-
porter expression/localisation and so on.11-15 Insulin receptors
are present in many areas of the brain, such as the cerebral
cortex, choroid plexus, hypothalamus, and the hippocampus,
the  area  most  associated  with  cognition.16  Current  study
confirms that disorders of insulin and insulin receptors (IRs)
signalling, play a crucial pathophysiological role in the onset
and progression of central nervous system disorders such as
neurodegenerative diseases and neuropsychiatric disorders,
especially  in  the  development  of  cognitive  impairment.17-20

Alzheimer's disease is also known as type 3 diabetes.

The purpose of this systematic review was to evaluate the asso-
ciation between insulin resistance and cognitive impairment,
and to provide rigorous study results.

METHODOLOGY

This systematic review and meta-analysis was conducted in
line with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) standard.21
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Table I: Characteristics of the studies included in this meta-analysis.

Author Country Study design N Population Age(years)
mean±SD(range)

Cognitive rating
scale

Insulin
resistance

measurement
R value P value Convert

R value

Lin, 2019 China Case-control 133 Diabetics 45-75 MOCA HOMA-IR -0.239 - -
Kong, 2018 Korea Cohort 422 Elderly people >45 K-MMSE HOMA-IR -0.155 - -

Ekblad, 2018 Finland Cohort 60 Elderly volunteers
without dementia 55.4 CERAD HOMA-IR - <0.0001 -0.064

Yang, 2017 China Case-control 282 PD patients 70.23±7.54 MOCA HOMA-IR -0.027 - -
Sun, 2016 China Case-control 75 patients with MCI 40-80 MOCA HOMA-IR -0.619 - -
Hishikaw, 2015 Japan Case-control 182 Diabetics 64.7±18 MOCA HOMA-IR - <0.05 -0.146
Zhong, 2012 China Case-control 328 Normal elderly >70 MMSE HOMA-IR -0.226 - -

Rasgo, 2011 United States Longitudinal 50 Postmenopau-
sal women 50-65 MMSE HOMA-IR - 0.08 -0.232

N: Number of participants; SD: Standard deviation; PD: Parkinson's disease; MCI: Mild cognitive impairment; CERAD: Finnish version of the consortium to establish a registry for Alzheimer’s disease; K-MMSE:
Korean mini-mental status examination.

Table II: Quality evaluation of cohort studies.

Author Year Representativeness
of exposed cohort

Selection of
nonexposed

cohort
Ascertainment

of exposure

Demonstration
that outcome of
interest was not

present at start of
study

Comparability
of cohorts on

basis of design
or analysis

Assessment
of outcome

Was follow-up
long enough

for outcome to
occur

Adequacy of
follow up of

cohorts
Total
points

Kong 2018 1 1 1 1 1 1 1 1 8
Ekblad 2018 1 1 1 1 1 1 1 1 7

Table III: Quality evaluation of case-control studies.

Author Year
Is the case
definition
adequate?

Representativeness
of the cases

Selection
of Controls

Definition of
Controls

Comparability of
cases and

controls on the
basis of the

design or analysis

Ascertainment
of exposure

Same method
of ascertain-

ment for cases
and controls

Non-Resp-onse
rate

Total
points 

Lin 2019 1 1 0 1 2 1 1 0 6
Yang 2017 1 1 0 1 1 1 1 0 6
Sun 2016 1 1 0 1 1 1 1 1 7
Hishikw 2015 1 1 0 1 1 1 1 1 7
Zhong 2012 1 1 1 1 1 1 1 1 7
Rasgon 2011 1 1 1 1 0 1 1 1 6

PubMed, Embase, Web of Science, and Cochrane Library were
searched without language restriction from January 2010 until
December 2019 by three authors.  MeSH and Emtree terms
were used in the search equation. Search terms were insulin
resistance,  cognition,  cognitions.  Furthermore,  bibliographic
references list of included articles was also searched manually
in  order  to  identify  other  articles  that  meet  the  inclusion
criteria. The details are given in Table I.

The criteria for  inclusion were:  measuring the insulin resis-
tance index by HOMA-IR; cognitive rating scale be a compre-
hensive scale such as MMSE or MOCA or CERAD; and p or r
values availability. The criteria for exclusion were: animal or
basic science research; non-availability of full text; result data;
not extractable; summaries; and letters.

From each included article, two authors extracted study char-
acteristics  (title,  name  of  the  first  author,  publication  year,
inclusion  crowd);  sample  characteristics  (age,  gender  etc.);
cognitive rating scale and the evaluation index of insulin resis-
tance; p or r- value. P-values to r-values were converted by Eq.
Any disagreement was resolved through communication. The
Newcastle-Ottawa quality assessment scale was used to eval-
uate the methodological  quality of  case-control  studies and
cohort studies. A NOS score of more than 3 is considered qual-
ified, and the higher the score, the higher the quality (Tables II
& III).22

R-value and 95% confidence interval (CI) were calculated to
evaluate  the  overall  degree  of  relevance.  Heterogeneity
among  the  included  studies  was  evaluated  by  the  Chi-
based Q statistic. If there was a significant heterogeneity (I2

>50%  or  p  >0.10),23  the  random-effects  model  was
performed to pool the outcomes; otherwise, the fixed effect
model  was  applied.  Sensitivity  analysis  was  used  to
discover the source of heterogeneity and tried to explain it.
All statistical analyses were conducted by comprehensive
meta-analysis software 3.0 (CMA 3.0).

RESULTS

Figure 1 shows the entire search process. By searching four
databases, a total of 5,522 documents were obtained. After
removing duplicates and excluding documents according to
the selection criteria, eight documents were included.

There were 1,399 participants in the eight documents, each
with  a  different  condition  and  a  wide  age  range  that  was
unevenly distributed (Table I). From Table I, it can be seen
that one literature was based on patients with cognitive
impairment,  four  on  cognitively  normal  people,  two  on
diabetics,  and  one  on  people  with  Parkinson's  disease.
Overall, differences in the study population and its age may
lead to high heterogeneity.
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Figure 1: Flow diagram of bibliographic retrievals and results.

Figure 2: Forest plots of meta-analysis of the included studies on the
association between IR and cognition impairment parameters.

The ‘R’ or ‘p’ value in the eight articles were extracted to eval-
uate the relationship between insulin resistance and cognitive
impairment. At the same time, the HOMA-IR and the cognitive
assessment scale of each article were extracted to assess for
insulin  resistance  and  cognitive  impairment  respectively
(Table I). From Figure 2, the forest plot of the R values was
based  on  a  fixed-effect  model  ,  and  showed  that  cognition  is
negatively associated with insulin resistance after the merger
effect  volume  (R  =  −0.179;  95%  CI  −0.227,  −0.130).  The
authors tested heterogeneity of R values between the studies
(I2  = 77.029% >50%, p <0.001), suggesting that there was
statistically  significant  heterogeneity  among  included  studies
(Figure 3). Sensitivity analysis was then performed in order to
determine the source of heterogeneity. From Figures 4 and 5,
after removing a single study (Sun, 2016), the heterogeneity
between the rest studies has changed (I2 = 26.929% <50%, p
= 0.223), which is acceptable (Figures 4 & 5).

DISCUSSION

This systematic review and meta-analysis included eight arti-
cles with 1,399 participants. Consistent with the expecta-
tions,  the  results  demonstrated  that  there  is  a  negative
correlation  between  cognitive  function  and  insulin  resis-
tance, which is statistically significant.

As  mentioned  above,  heterogeneity  becomes  acceptable
after removing an outlier. The population included in that

study was diabetic patients, and the population was divided
into groups with and without MCI, based on MOCA scores.
The correlation  between HOMA-IR  and MOCA scores  was
performed only in the MCI group; whereas, in the rest of the
literature, the correlation between the two was performed in
all  included  populations,  which  may  lead  to  a  large  differ-
ence  in  the  correlation  coefficients.  In  addition,  the  sample
size of people included in the MCI group was small, so the
results may lead to bias.

Insulin resistance refers to a decrease in the sensitivity and
responsiveness of insulin target organs or tissues to insulin,
resulting in a lower than normal amount of insulin producing
biological  effects  and  an  increase  in  fasting  plasma  insulin
levels  to  maintain  normal  insulin  action.23  Studies  have
shown that insulin resistance is associated with increased
nutrient-derived toxic metabolites (DAG, ceramides, acylcar-
nitines, circulating branched-chain amino acids), overdrive
of  nutrient  utilisation  processes  (endoplasmic  reticulum
stress and oxidative stress), and response to nutrient stress--
mediated  cytotoxicity  (inflammatory  response).24  Of  these,
the inflammatory response is  also an important mechanism
leading to cognitive impairment.25  The literature suggests
that neuroinflammation is an important process in neurode-
generation in AD, which is  involved in a vicious cycle of
amyloid deposition, neuronal damage, entanglement forma-
tion, and death.26  Heneka et al.  demonstrated that Aβ-in-
duced NLRP3 inflammasome activation promotes AD progres-
sion  by  mediating  deleterious  chronic  inflammatory  tissue
responses,  that  its  activation-induced  inflammatory  media-
tors  may  be  involved  in  synaptic  dysfunction,  cognitive
deficits,  and  limitations  in  beneficial  microglial  clearance;
and that blocking NLRP3 inflammasomes has the potential to
effectively  intervene  in  the  progress  in  AD.27  Another  study
confirmed  that  NLRP3  inflammatory  microsomes  are  also
involved in Aβ-induced Tau protein phosphorylation.28  The
use of NSAIDs ibuprofen in an AD transgenic (Tg) mouse
model has been shown to reduce Aβ deposition and astro-
cyte and microglial cell activation and Tau protein phosphory-
lation in the hippocampus.29,30

In addition, several large clinical studies have confirmed that
some  inflammatory  factors  such  as  elevated  sensitivity  to
CRP,  TNF-α,  and  IL-6  are  associated  with  cognitive
decline.31-33

This  meta-analysis  provided (yielded)  evidence of  a  linear
negative correlation between insulin resistance and cognitive
function.  As  mentioned  earlier,  the  mechanisms  of  both
insulin resistance and cognitive dysfunction include inflamma-
tory responses, so inflammatory responses may be one of the
reasons why there is a negative correlation between insulin
resistance and cognitive function.  According to one study,
neuroinflammation increases insulin resistance by increasing
serine phosphorylation in the IRS, and increased insulin resis-
tance can lead to cognitive decline in the brain.34,35
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Figure 3: Heterogeneity test.

Figure 4: Heterogeneity test after removal of the more heterogeneous literature.

Figure 5: Forest plots of meta-analysis of after removal of the more
heterogeneous literature.

An  animal  study  showed  that  yeast  polysaccharides  can
cause  impaired  insulin  signalling  through  inflammatory
pathway, leading to insulin resistance and subsequent cogni-
tive decline.36

Insulin has complex effects on metabolism, cell proliferation
and  differentiation,  with  the  main  effects  being  the  promo-
tion of tissue glucose utilisation, fatty acid uptake and inhibi-
tion  of  glucose  production.37  In  addition  to  its  peripheral
effects,  insulin  also  plays  a  role  in  the  central  nervous
system. Hippocampal neurons are particularly susceptible to
altered insulin sensitivity.38 It is established that insulin-medi-
ated activation of the PI3K/AKT pathway enhances glucose
and energy metabolism in the brain.39 It has been demons-
trated that AD has decreased sensitivity to insulin signalling
in  the  IRS-1/PI3K  pathway;  and  thus  insulin  resistance
occurs.40  In addition, decreased activation of PI3K/AKT can
lead  to  increased  activation  of  GSK-3β,  resulting  in  tau
protein phosphorylation as well as increased Aβ deposition.41

The increased Aβ oligomers may inhibit insulin signalling,
which may lead to a vicious cycle.42 Most importantly, a posi-
tive  correlation  between  increased  GSK-3βmRNA  gene
expression  and  tau  protein  phosphorylation  has  been
reported.43 In addition, Hui et al. demonstrated that intra-
nasal administration of insulin enhances cognitive function
and hippocampal neurogenesis in mice, with brain insulin
resistance by activating the IRS-1-PI3K-Akt pathway.44

However, there are still some shortcomings. Firstly, the time
limit of the literature search is between 2010-2019; thus,

some valuable experiments may be missed. Secondly, the
database  contains  mostly  literature  in  English;  and  non-
English literature were not considered. Besides, there is a
lack of  data,  necessary to further discuss the sources of
heterogeneity.

CONCLUSION

Overall,  this  is  the first  meta-analysis  of  whether  there is  a
correlation between insulin resistance and cognitive impair-
ment, providing high-level evidence for the clinical use of
insulin in cognitive impairment as well as clinical and basic
research. In summary, insulin resistance is negatively corre-
lated with cognition.  This  evidence contributes to  further
understanding of the mechanisms by which cognitive impair-
ment occurs; and future therapies could consider interven-
tions, targeting insulin resistance in cognitive impairment.
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