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Abstract.
Background: Considering the strong correlation made between Alzheimer’s disease (AD) and the pathology of glucose
metabolism disorder, we sought to analyze the effects of fasting blood glucose (FBG) level, fasting plasma insulin (FINS)
level, and insulin resistance index (HOMA-IR) on the risk and severity of AD.
Objective: Reveal the pathological relationship between AD and insulin resistance.
Methods: We searched 5 databases from inception through April 4, 2022. Meta-regression was conducted to identify if there
were significant differences between groups. Shapiro-Wilk test and the Q-Q diagram were applied to evaluate the normality
of variables. A multiple logistic regression model was employed to explore the association between FBG, FINS, HOMA-IR,
and Mini-Mental State Examination scale score (MMSE).
Results: 47 qualified articles including 2,981 patients were enrolled in our study. FBG (p < 0.001), FINS (p < 0.001), and
HOMA-IR (p < 0.001) were higher in AD patients than in controls. HOMA-IR was negatively correlated with MMSE
(p = 0.001) and positively related to the sex ratio (male versus female) (p < 0.05). HOMA-IR obeyed lognormal distribution
(p > 0.05), and the 95% bilateral boundary values were 0.73 and 10.67. FBG (p = 0.479) was positively correlated to MMSE,
while FINS (p = 0.1657) was negatively correlated with MMSE.
Conclusion: The increase in the levels of FBG, FINS, and HOMA-IR served as precise indicators of the risk of AD. HOMA-IR
was found to be correlated to the increasing severity of AD, especially in male AD patients.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative
disease that mostly affects the elderly. The pathogen-
esis of AD is complex and unclear. Its pathological
features include extraneuronal toxic amyloid-�
protein (A�) accumulation and the formation of
senile plaques, hyperphosphorylation of tau protein
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that forms tangles in the nerve fibers, a decline in the
regional specific-brain glucose metabolism, synaptic
dysfunction, and mitochondrial dysfunction of the
brain neurons [1]. In recent years, a close correlation
has been reported between blood glucose levels and
AD. There are several common pathological mech-
anisms between diabetes and AD. Therefore, AD is
also known as “type-3 diabetes” [2]. However, it is
unclear as to how the blood glucose levels mediate
the pathology of AD. Some studies suggest that the
HOMA-IR level of AD patients is relatively higher
than that of healthy people [3], while others assert
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Table 1
The specific retrieval process of PubMed

Serial number Strategy

#1 (((dementia[MeSH Major Topic]) OR (Alzheimer’s disease[MeSH Major Topic])) OR (memory[MeSH Major
Topic])) AND ((blood sugar[MeSH Major Topic]) OR (blood glucose[MeSH Major Topic]))

#2 ((dementia[MeSH Major Topic]) OR (Alzheimer’s disease[MeSH Major Topic])) AND (((insulin sensitivity[MeSH
Major Topic]) OR (insulin[MeSH Major Topic])) OR (insulin resistance[MeSH Major Topic]))

#3 #1 AND #2
#4 Animals(MeSH Terms)
#5 Humans(MeSH Terms)
#6 #4 NOT #5
#7 #3 NOT #6

*#4 NOT #5 means that the documents retrieved in strategy #5 were excluded from the documents retrieved in strategy #4. #3 NOT #6 means
only human studies were collected.

no significant difference in the insulin level between
AD patients and healthy people [4]. Moreover, some
studies reported no correlation between the blood
glucose level and the Braak stage [5]. Braak stages
I to VI mark the progression of tau-based neurofib-
rillary tangle pathology from least to greatest within
the medial temporal lobe memory circuit in AD [6].
Rather, they considered that the plasma insulin index
and the insulin resistance index were positively
correlated with the severity of AD [7]. This present
study collected and arranged the reported literature
on the related indexes of glucose metabolism and
the incidence and severity of AD across the world
to analyze the fasting blood glucose level (FBG),
plasma insulin level (FINS), insulin resistance
index (HOMA-IR, HOMA-IR = FBG × FINS/22.5),
and the prevalence and severity of AD through a
meta-analysis to explore whether the blood glucose
level-related indicators can act as a biological marker
of the risk and severity of AD, which is conducive
to timely clinical diagnosis and treatment of AD.

METHODS

Adoption principle and exclusion criteria

We adopted the (patient/intervention/comparison/
results/study design) PICOS framework as our
qualification criteria, and hence only considered case-
control studies that met the following requirements:
1) Participants: the case group included patients
diagnosed with AD but did not suffer from sugar
metabolism diseases, such as diabetes. The control
group was composed of healthy individuals. The
participants were not limited by nationality, race,
age, gender, and disease duration; 2) Intervention
and comparison: neither the patient group nor the
control group received treatment to regulate blood

glucose level or insulin resistance; 3) Results: the
main outcomes of this systematic analysis were the
relationship between the changes in the FBG, FINS,
and HOMA-IR levels and the risk and severity of AD.
In addition, the normality test of continuous variables
was the secondary outcome of this analysis. 4) Study
design: only case-control studies were considered in
the current survey study.

The following criteria were considered as the
exclusion criteria for the case-control trials: 1) the
patient group and the control group received treat-
ment to regulate their blood glucose level or insulin
resistance during the trial; 2) publications were
reproduced; 3) difficulty in extracting any of the
four indicator data; 4) no relevant outcomes; 5) the
patients had serious complications, such as glucose
metabolism diseases like diabetes.

Retrieval strategy

We searched PubMed, Embase, the Web of Sci-
ence, Wan-Fang database (WF), and China National
Knowledge Infrastructure (CNKI) for the search.
The included studies were published from the base
of each database until April 4, 2022. The topic
search employed combined medical topic title ter-
minology with free-text terminology. The search
terms included the following: “blood glucose”,
“insulin”, “insulin sensitivity”, “insulin resistance”,
“memory”, “dementia”, and “Alzheimer’s disease”.
Table 1 shows the specific search process adopted
for PubMed. In addition, we manually searched for
references from the literature.

Document collection and data extraction

Two researchers completed the literature collec-
tion independently, and the Endnote20.0 software
was used to create the obtained article library. First,
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the repetitive articles were eliminated. Then, the
researchers read the titles and the abstracts of the
article based on the inclusion and exclusion criteria in
advance for preliminary screening. The next step was
to re-screen the articles by reading the full text with
reference to the inclusion and exclusion criteria. If
the results were controversial at any stage, the third
researcher participated in additional discussions on
the inclusion of the disputed literature. Furthermore,
relevant data were fetched, including the publica-
tion date, the name of the first author, title, specific
characteristics of the participants (such as the sam-
ple size, age, and gender), biochemical parameters,
and the scale scores (such as FBG, FINS, HOMA-
IR, and Mini-Mental State Examination (MMSE)
scores), results (such as the primary and secondary
outcomes), and the elements used to assess the risk
of bias. Because the sample size of each existing rel-
evant study on the correlation was small, it was our
expectation to expand the sample size and collect
more FBG, FINS, HOMA-IR, and MMSE data of
patients and control group to obtain scientific con-
clusions. Relevant data in each literature meeting the
inclusion criteria were collected and recorded in the
form of mean ± SD. These data constituted a large
sample size, which was systematically analyzed to
draw conclusions.

Deviation risk assessment

Based on the Newcastle-Ottawa Scale (NOS) [8],
the quality assessment of all accepted case-control tri-
als was independently conducted by two researchers.
According to the three dimensions of the NOS scale,
there were 8 items in total: 4 items were selected by
the research object (1 item of inter-group compara-
bility and 3 items of result measurement). In addition
to the highest 2 points for the comparability between
groups, the highest 1 point could be obtained for other
items, ranging from 0 to 9 points. The higher the
total score, the greater the research quality. In case of
an inconsistency between two researchers, the final
result was resolved by reaching an agreement with
the third researcher.

Subject information

The control group was composed of age- and
gender-matched elderly with normal cognition. The
control group had no signs of AD, past or present
mental disorder, alcoholism, head trauma, hypoxia
or nervous system disease, kidney or liver disease,

diabetes, chronic obstructive pulmonary disease,
hypertension, previous myocardial infarction, con-
gestive heart failure, or arrhythmia. In the literature,
according to the specific questionnaire evaluation, the
control group had a negative history of local neu-
rological signs and symptoms. In the research of
Kilander et al. [9], two people in the control group
suffered from mild hypertension and three people suf-
fered from coronary heart disease. No one received
medication that affected glucose metabolism, all of
them did physical activity.

In order to exclude the impact of insulin resis-
tance in diabetes, the included AD group were AD
patients without diabetes, severe diabetes, or family
history of diabetes. Only in the research of Kilander
et al. [9], there were two patients with diet controlled
mild diabetes, and the fasting blood glucose level
was about 7 mmol /L. The patient did not take any
antidiabetic drugs and other drugs that affect glucose
metabolism. Except for the study of Kilander et al. [9]
with 13 patients had a family history of AD positive,
other research did not clarify whether patients had
a family history of AD. In the research of Kilander
et al. [9], 3 patients had a history of mild hyperten-
sion and 1 patient had mild angina. The remaining
included research excluded dementia patients with
previous stroke or transient ischemic attack, ischemic
heart disease history, previous myocardial infarction,
congestive heart failure or arrhythmia, alcoholism,
head trauma, hypoxia or neurological diseases other
than AD, kidney or liver diseases, diabetes, chronic
obstructive pulmonary disease, hypertension.

Statistical processing and analysis

For binary variables, the results were presented as
odds ratios (OR) and 95% confidence intervals (95%
CIs). The OR value is (number of people exposed in
the case group /number of people not exposed) /(num-
ber of people exposed in the control group /number
of people not exposed). For continuous variables, the
results were expressed as standardized mean differ-
ence (SMD) as well as 95% CIs. In addition, the
results were considered to indicate a statistically sig-
nificant difference when the 95% CIs of the SMD did
not contain 0 or the 95% CIs of OR did not contain 1.
Moreover, for experiments with at least two studies
for each result, a paired meta-analysis was performed
using the random-effect model. The normality of vari-
ables was evaluated by Shapiro–Wilk test, assisted by
the Q-Q diagram. If necessary, the logarithm of vari-
ables was derived to test the normality. If the variable
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Fig. 1. Literature screening flow chart (CNKI, China National Knowledge Infrastructure; n, number of articles).

conformed to the normal distribution or lognormal
distribution, the 95% bilateral boundary value of the
variable was calculated. In addition, after control-
ling the potential and potential confounding variables
(such as age and gender) that could affect the results,
linear regression analysis was conducted for each bio-
chemical parameter as an independent variable and
the MMSE score as a dependent variable to evaluate
the relationship between AD severity and relevant
biochemical parameters. The t-test was used when-
ever necessary.

In a standard paired meta-analysis, statistical het-
erogeneity was tested by calculating the I2 statistics.
If I2 ≤50%, the heterogeneity was not deemed
obvious. When the number of studies was suffi-
cient, a funnel chart was prepared to determine any
publication bias. Finally, a sensitivity analysis was
conducted: we adopted the method of elimination
one-by-one to conduct a meta-analysis in order to
determine the independent effect of each research
on the aggregated estimates. Stata16.0 software was
used to obtain the statistical results and the relevant
statistical charts of the data collected in this system-
atical analysis.

RESULTS

Literature collection

Initially, 9,036 articles were retrieved, including
311 articles from CNKI, 407 articles from the Wan-
fang data, 6,608 articles from the Web of Science, 893
articles from Embase, and 817 articles from PubMed.
After eliminating the duplicate articles, 8,291 articles
were considered. We eliminated research unrelated
to our systematic analysis based on the title and
abstract of each publication. Furthermore, we care-
fully read all the contents of the remaining 202
articles to retrieve articles agreeing with the PICOS
principles. Finally, a total of 47 articles were con-
sidered for further assessment. In conclusion, only
case-control studies were selected for the comparison
of relevant biochemical parameters between the AD
patients and control groups. In addition, the patient’s
condition was required to meet our prerequisites.
Moreover, the results in the literature were required to
have the main result. The PRISMA diagram depicted
in Fig. 1 shows in detail the literature screening
process.
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Study characteristics

Overall, a total of 58 case-control trials (Table 2)
involving 2,981 AD patients were assessed. Among
them, in the studies of Zhang et al. [10], Liu et
al. [11], Yue et al. [12], Xia et al. [13], and Fu et
al. [14], the researchers divided AD patients into
different subgroups according to MMSE scores. In
our systematic analysis, these different subgroups
had been carried out case-control trails one by one
with the corresponding control groups. Therefore,
there are 58 sets of case-control trials included in
the analysis. Patients included in the study were
mostly middle-aged or elderly and none suffered from
sugar metabolism diseases such as diabetes. All arti-
cles included the comparison of relevant biochemical
parameters between AD patients and healthy indi-
viduals. The following three groups of comparison
formed part of our systematic analysis: FBG in con-
trol group versus AD patient group (n = 47), FINS
in control group versus AD patient group (n = 39),
and HOMA-IR in control group versus AD patient
group (n = 36). Moreover, some articles involved the
correlation between biochemical parameters and AD
severity in AD patients. The following three groups
of correlation formed part of our systematic analy-
sis: FBG and MMSE scores in the patient groups,
FINS and MMSE scores in the patient groups, and
HOMA-IR and MMSE scores in the patient groups.
As previously listed, the researchers divided the sub-
component types of AD patients according to MMSE
scores, we adopted the various data of sub-component
types of patients to compare with the corresponding
data in control group.

Index detection

Blood samples were obtained in the morning after
at least 8-h overnight fasting. Fasting plasma glu-
cose was measured by standard enzymatic methods
and fasting plasma insulin was measured by radioim-
munoassay. Among them, Xia et al. [13], Li et al.
[15], and Chen et al. [16] applied hexokinase method
to measure fasting plasma glucose level. Pan et al.
[4], Fu et al. [14], Li et al. [15], Chen [17], Li [18],
Wang et al. [19, 20], Li et al. [21], Li et al. [22],
Zhang et al. [23], Liu et al. [24], Li et al. [25], Mu
et al. [26], Li et al. [27], and Wu et al. [28] utilized
ChemiLuminescence to detect fasting plasma insulin
level. Liu et al. [11], Monacelli et al. [29], Khemka et
al. [30], and Sharifipour et al. [31] adopted enzyme-
linked immunosorbent assay (ELISA) assessment to

detect fasting plasma insulin level. Hejazi et al. [3]
and Sharifipour et al. [31] utilized ELISA assessment
to determine fasting plasma glucose level and fast-
ing plasma insulin level respectively. Chen et al. [16]
adopted metrology to detect fasting plasma insulin
level.

The MMSE [32] includes 30 items, including time
orientation, place orientation, immediate memory,
attention and computational power, delayed mem-
ory, language, and visual space. The correct answer
is 1 point, the error is 0 point, and the maximum
total score is 30 points. The higher the MMSE score,
the better the mental state of the subjects. Mild cog-
nitive impairment (MCI) is generally considered as
the transitional stage between normal cognition and
dementia. MCI is a stage of cognitive dysfunction,
and the MMSE score is between 23 and 27 [33].
In another study [1], AD subtypes were divided into
groups according to MMSE scores. MMSE scores of
16∼27 were included in the mild group, and MMSE
scores of <16 were included in the moderate and
severe group.

Risk of bias assessment

After our evaluation, in the selection of research
objects, the definition and diagnosis of cases in
all articles were appropriate, the cases were well-
representative, the definition of control was clear, and
no disease history required studying. However, in the
control selection, 4 articles adopted hospital control
and 43 articles adopted community control or the
source of control was not described in the article. As
for comparability, all articles were selected and ana-
lyzed according to the most important factors, and 34
articles were adjusted for important confounding fac-
tors (such as age, body mass index, and gender). In
addition, in terms of exposure, all articles exhibited
reliable records in the investigation and evaluation
methods of exposure, and the investigation methods
of case and control were the same. Among these, the
response rate of the case group was different from that
of the control group in 1 article. Table 3 depicts the
summary of deviation risk, wherein 35 articles scored
as high as 8– 9 points, 8 articles scored 7 points, and
4 articles scored 6 points.

Outcomes

Age
Among the 47 selected articles, 43 introduced the

correlation between age and the risk of AD. Among
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Table 2
Characteristic of the articles included in this systematical analysis

AD group Control group
Study First author’s year Sample Sex Age (y) FBG FINS HOMA-IR MMSE Sample Sex Age (y) FBG FINS HOMA-IR MMSE
ID name size (M/F) size (M/F)

1 Bucht et al.
[52]

1983 45 22/23 70.1 ± 7.8 4.31 ± 0.62 – – – 31 16/15 67.6 ± 3.5 4.53 ± 0.54 – – –

2 Kilander et al.
[9]

1993 24 10/14 72.5 ± 7.2 5.1 ± 0.7 7.1 ± 4.3 – – 24 11/13 71.5 ± 4.3 5.1 ± 0.5 6.0 ± 3.8 – –

3 Craft et al.
[53]

1998 25 – 72.4 ± 5.6 92.3 ± 15.3 – – – 14 – 71.2 ± 5.9 90.9 ± 8.0 – – –

4 Craft et al.
[54]

1999 32 22/10 72.0 ± 9.0 104.8 ± 11.0 – – – 23 14/11 70.6 ± 7 100.5 ± 6.9 – – –

5 Carantoni et
al. [45]

2000 24 6/14 83 ± 7 102 ± 3 9 ± 2 – – 66 32/34 85 ± 2 90 ± 2 6 ± 0.3 � U/ml – –

6 Yue et al. [55] 2008 73 38/35 71.54 ± 11.64 – – 2.51 ± 1.46 – 60 34/26 70.96 ± 9.97 – – 1.76 ± 1.61 –
7 Sun et al. [56] 2010 45 16/29 – 5.07 ± 0.93 12.36 ± 8.627 2.938 ± 2.440 – 44 14/30 – 5.16 ± 2.44 6.541 ± 9.120 4.446 ± 3.287 –
8 Garcı́a-Lara et

al. [57]
2010 90 27/63 81.0 ± 6.8 126.9 ± 50.2 – – – 180 54/126 80.8 ± 6.7 108.9 ± 35.6 – – –

9 Ramdane et al.
[58]

2011 150 84/66 75.3 ± 7.7 88.9 ± 13.2 – – – 320 160/160 74.3 ± 11.6 90.2 ± 12.4 – – –

10 Chen [17] 2012 32 22/11 76 ± 9 5.23 ± 0.62 7.91 ± 6.56 1.80 ± 1.41 – 30 20/10 77 ± 7 4.98 ± 0.47 9.28 ± 5.40 2.07 ± 1.23 –
11 Li [18] 2013 55 25/30 72.69 ± 4.13 5.78 ± 0.50 97.18 ± 10.31 3.21 ± 0.12 – 30 14/16 72.67 ± 5.44 5.61 ± 0.50 67.93 ± 14.75 2.83 ± 0.24 –
12 Li et al. [6] 2013 55 20/35 73.25 ± 9.85 5.04 ± 0.53 5.75 ± 4.23 1.31 ± 1.01 – 70 36/34 73.56 ± 8.19 5.16 ± 0.39 3.71 ± 1.87 0.86 ± 0.43 –
13 Huang et al.

[59]
2013 51 20/31 77.09 ± 5.36 5.77 ± 1.30 – – – 30 15/15 78.26 ± 4.78 4.95 ± 0.51 – – –

14 Morris et al.
[60]

2014 20 12/8 72.4 ± 5.1 102.4 ± 14.5 16.25 ± 5.9 2.15 ± 0.81 – 21 14/7 71.7 ± 6.2 93.4 ± 4.6 10.95 ± 4.3 1.45 ± 0.54 –

15 Wang et al.
[19]

2014 30 17/13 67.3 ± 7.6 5.50 ± 0.61 7.94 ± 5.51 1.77 ± 1.53 – 20 12/8 64.7 ± 12.4 4.96 ± 0.43 9.25 ± 5.51 2.09 ± 1.26 –

16 Wang et al.
[20]

2014 68 43/25 74.1 ± 5.8 5.38 ± 0.32 7.82 ± 6.46 2.73 ± 1.51 – 36 26/10 76.3 ± 2.9 4.79 ± 0.55 8.37 ± 5.31 1.21 ± 1.36 –

17 Monacelli et
al. [29]

2015 84 36/48 73.37 ± 1.05 92.40 ± 1.31 9.14 ± 0.50 1.19 ± 0.07 – 62 31/31 73.74 ± 0.81 89.07 ± 1.43 8.63 ± 0.43 1.57 ± 0.16 –

18 Li et al. [21] 2015 80 42/38 72.9 ± 1.9 5.51 ± 0.05 7.94 ± 0.83 1.77 ± 1.52 – 70 38/32 72.8 ± 3.1 4.28 ± 0.52 8.23 ± 1.04 2.01 ± 1.05 –
19 Li et al. [22] 2015 126 66/60 76.96 ± 7.58 7.39 ± 1.23 11.78 ± 6.6 2.77 ± 1.78 – 120 60/60 75.14 ± 12.98 5.31 ± 1.04 6.28 ± 3.36 1.52 ± 1.02 –
20 Zhang et al.

[10]
2015 61 – 69.7 ± 5.5 5.7 ± 0.9 17.87 ± 2.25 4.65 ± 1.61 – 60 25/35 69.1 ± 5.6 4.1 ± 1.5 11.15 ± 1.60 2.05 ± 1.02 –

21 Zhang et al.
[10]

2015 46 – 67.9 ± 6.1 5.6 ± 1.2 27.69 ± 1.91 6.65 ± 1.67 – 60 25/35 69.1 ± 5.6 4.1 ± 1.5 11.15 ± 1.60 2.05 ± 1.02 –

22 Zhang et al.
[10]

2015 29 – 68.3 ± 5.0 4.8 ± 1.0 35.30 ± 1.70 8.53 ± 1.65 – 60 25/35 69.1 ± 5.6 4.1 ± 1.5 11.15 ± 1.60 2.05 ± 1.02 –

23 Morris et al.
[61]

2016 14 9/5 71.2 ± 4.0 102.8 ± 9.1 8.73 ± 7.8 2.01 ± 2.3 – 37 13/24 72.4 ± 6.6 102.6 ± 17.5 4.19 ± 3.8 1.09 ± 1.1 –

24 Pan et al. [4] 2016 45 26/19 68.9 ± 3.4 5.5 ± 0.5 7.7 ± 4.5 2.7 ± 1.4 – 45 24/21 68.7 ± 2.9 4.7 ± 0.6 9.4 ± 4.9 1.2 ± 0.9 –
25 Zhang et al.

[23]
2016 43 22/21 76.54 ± 7.59 7.38 ± 1.22 11.79 ± 6.62 2.79 ± 1.76 – 43 25/18 75.16 ± 12.95 5.30 ± 1.02 6.25 ± 3.34 1.50 ± 1.04 –

26 Macesic et al.
[62]

2017 62 18/44 73.1 ± 5.8 5.6 ± 1.0 18.6 ± 8.2 4.6 ± 2.2 – 40 20/20 68.4 ± 5.5 5.1 ± 0.4 7.2 ± 4.3 1.5 ± 1.0 –
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27 Liu et al. [24] 2017 46 25/21 72.78 ± 1.96 5.96 ± 0.13 7.98 ± 0.73 2.13 ± 1.02 – 46 24/22 72.65 ± 1.78 5.31 ± 0.16 8.36 ± 0.98 1.47 ± 0.62 –
28 Mu et al. [63] 2017 78 36/42 77.05± 5.28 ± 1.33 8.73 ± 5.81 2.05 ± 1.40 – 33 19/14 75.06± 4.84 ± 0.46 6.67 ± 2.16 1.46 ± 0.62 –
29 Li et al. [15] 2018 87 – – 5.21 ± 0.66 7.76 ± 1.62 1.79 ± 0.48 – 40 – All > 55 4.95 ± 0.48 9.25 ± 2.43 2.08 ± 0.41 –
30 Yu et al. [64] 2019 100 69/31 72.8 ± 5.7 10.34 ± 1.19 1.05 ± 0.23 1.05 ± 0.23 – 100 61/39 71.5 ± 5.6 4.38 ± 2.06 – 0.66 ± 0.14 –
31 Xu et al. [65] 2019 60 29/31 72.8 ± 5.7 10.34 ± 1.19 – 1.05 ± 0.23 – 60 31/29 71.5 ± 5.6 4.38 ± 2.06 – 0.66 ± 0.14 –
32 Li et al. [25] 2020 75 – 69.6± – – – – 40 13/27 69.4 ± 5.8 5.99 ± 1.22 6.17± 1.59± –
33 Huang et al.

[66]
2020 32 14/18 64.22 ± 2.87 5.62 ± 0.44 7.74 ± 3.76 1.93 ± 0.36 17.12 ± 4.93 30 13/17 63.16 ± 2.92 4.86 ± 0.28 9.20 ± 4.25 1.98 ± 0.31 –

34 Liu et al. [11] 2007 55 30/25 72.3 ± 5.3 – – – – 70 36/34 71.1 ± 5.8 5.26 ± 0.18 6.82 ± 2.48 – 29.4 ± 0.5
35 Liu et al. [11] 2007 31 – – 5.15 ± 0.42 7.91 ± 1.95 – 22.3 ± 3.2 70 36/34 71.1 ± 5.8 5.26 ± 0.18 6.82 ± 2.48 – 29.4 ± 0.5
36 Liu et al. [11] 2007 24 – – 5.18 ± 0.25 7.98 ± 2.37 – 12.3 ± 5.1 70 36/34 71.1 ± 5.8 5.26 ± 0.18 6.82 ± 2.48 – 29.4 ± 0.5
37 Burns et al.

[67]
2007 31 16/15 75.8 ± 6.3 101.9 ± 15.9 7.8 ± 5.6 – 25.2 ± 3.9 31 19/12 76.1 ± 6.1 95.0 ± 11.2 7.4 ± 5.3 – 29.5 ± 0.7

38 Isik et al. [68] 2007 70 51/19 – 5.82 ± 1.73 – 2.81 ± 3.06 16.4 ± 4.5 126 75/51 – 5.82 ± 1.76 – 2.79 ± 3.56 26.5 ± 2.4
39 Domı́nguez et

al. [69]
2008 29 6/23 73.3 ± 5.4 95.72 ± 14.31 8.18 ± 3.78 – 21.19 ± 2.10 19 12/7 73.9 ± 8.9 96.47 ± 10.34 7.59 ± 2.55 – 28.76 ± 2.42

40 Mu et al. [26] 2010 34 10/24 81.03 ± 6.22 7.79 ± 7.14 18.25 ± 33.93 2.5± 8.97 ± 6.93 32 12/20 68.19 ± 7.13 8.16 ± 8.06 20.75 ± 21.51 3.38± 26.22 ± 3.24
41 Khemka et al.

[30]
2014 60 33/27 66.97 ± 6.36 82.62 ± 15.34 16.66 ± 8.44 – 10.27 ± 3.77 60 34/26 64.75 ± 4.40 80.32 ± 9.17 9.15 ± 2.79 – 29.10 ± 0.72

42 Yue et al. [12] 2014 81 49/32 69.1 ± 9.0 5.8 ± 0.9 17.90 ± 5.60 4.64 ± 1.62 21.02 ± 2.68 76 42/34 71.3 ± 5.7 4.2 ± 2.1 11.15 ± 1.60 2.01 ± 1.06 26.12 ± 2.12
43 Yue et al. [12] 2014 72 42/30 75.1 ± 6.0 5.5 ± 1.6 27.08 ± 1.60 6.64 ± 1.66 15.09 ± 3.69 76 42/34 71.3 ± 5.7 4.2 ± 2.1 11.15 ± 1.60 2.01 ± 1.06 26.12 ± 2.12
44 Yue et al. [12] 2014 34 22/12 79.1 ± 6.0 4.6 ± 1.6 34.10 ± 1.61 8.55 ± 1.61 8.01 ± 3.26 76 42/34 71.3 ± 5.7 4.2 ± 2.1 11.15 ± 1.60 2.01 ± 1.06 26.12 ± 2.12
45 Willette et al.

[70]
2015 60 22/38 75.25 ± 7.26 100.59 ± 20.88 2.41 ± 1.46 0.60 ± 0.40 23.90 ± 1.92 26 11/15 75.69 ± 5.68 104.68 ± 30.17 2.98 ± 3.10 0.87 ± 1.10 28.73 ± 1.43

46 Chen et al.
[16]

2015 95 51/44 78.41 ± 6.58 5.76 ± 1.62 97.58 ± 7.42 3.21 ± 0.54 13.76 ± 4.62 80 43/37 77.32 ± 5.92 5.83 ± 1.28 63.84 ± 5.89 2.73 ± 0.57 27.93 ± 2.45

47 Xia et al. [13] 2015 60 18/42 69.8 ± 5.2 – 36.49 ± 21.10 – 18.1 ± 3.3 30 9/21 69.6 ± 5.0 5.10 ± 0.50 20.15 ± 20.50 – 29.0 ± 3.1
48 Xia et al. [13] 2015 34 10/24 70.2 ± 5.3 5.13 ± 0.51 30.29 ± 20.00 – 21.3 ± 3.2 30 9/21 69.6 ± 5.0 5.10 ± 0.50 20.15 ± 20.50 – 29.0 ± 3.1
49 Xia et al. [13] 2015 26 8/18 69.1 ± 5.1 5.20 ± 0.52 49.29 ± 21.10 – 12.1 ± 3.0 30 9/21 69.6 ± 5.0 5.10 ± 0.50 20.15 ± 20.50 – 29.0 ± 3.1
50 Song et al.

[71]
2018 94 50/44 78.36 ± 6.57 5.77 ± 1.61 97.59 ± 7.44 3.22 ± 0.53 13.74 ± 4.61 94 48/46 77.39 ± 6.62 5.84 ± 1.26 63.82 ± 5.86 2.72 ± 0.54 27.92 ± 2.43

51 Li et al. [27] 2018 92 52/40 73.50 ± 5.74 5.68 ± 0.68 9.06 ± 1.15 2.28 ± 0.41 20.59 ± 2.28 84 46/38 72.72 ± 6.7 5.61 ± 0.69 7.75 ± 1.71 1.95 ± 0.57 28.98 ± 1.23
52 Wu et al. [28] 2018 33 20/13 71.56 ± 4.32 5.04 ± 0.57 8.45 ± 6.76 1.92 ± 1.39 22.12 ± 3.21 31 19/12 70.12 ± 4.26 4.88 ± 0.43 9.65 ± 5.53 2.05 ± 1.27 28.32 ± 1.04
53 Fu et al. [14] 2019 126 69/57 – – 21.47 ± 1.73 21.47 ± 1.73 – 100 54/46 66.24 ± 3.19 – 10.85 ± 1.45 10.85 ± 1.45 27.35 ± 2.48
54 Fu et al. [14] 2019 59 32/27 65.98 ± 2.97 – 18.84 ± 1.57 4.67 ± 0.85 20.42 ± 2.34 100 54/46 66.24 ± 3.19 – 10.85 ± 1.45 10.85 ± 1.45 27.35 ± 2.48
55 Fu et al. [14] 2019 44 24/20 67.05 ± 3.81 – 28.69 ± 2.01 6.15 ± 1.03 14.39 ± 2.18 100 54/46 66.24 ± 3.19 – 10.85 ± 1.45 10.85 ± 1.45 27.35 ± 2.48
56 Fu et al. [14] 2019 23 13/10 65.21 ± 3.47 – 37.76 ± 2.28 9.01 ± 1.27 8.25 ± 1.93 100 54/46 66.24 ± 3.19 – 10.85 ± 1.45 10.85 ± 1.45 27.35 ± 2.48
57 Sharifipour et

al. [31]
2020 34 – 71.9 ± 9.4 147.4 ± 43.7 15.4 ± 13.0 5.2 ± 4.2 11.6 ± 6.7 26 – 70.2 ± 7.1 102.9 ± 15.5 11.3 ± 8.8 2.9 ± 2.8 29 ± 0.9

58 Hejazi et al.
[3]

2020 34 16/18 71.40 ± 11 146.50 ± 44.50 15.20 ± 13.10 5.10 ± 4.30 11.60 ± 6.70 26 18/8 70.50 ± 7.20 103.00 ± 15.50 11.30 ± 8.80 2.90 ± 2.85 29.04 ± 1.00
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Table 3
Results of quality assessment using Newcastle-Ottawa Scale for case-control studies

Study Selection Comparability Exposure Scores
Adequate Representativeness Selection of Definition of Control for Ascertainment Same method of None-Response
definition of the cases controls controls important factor of exposure ascertainment for rate

of case cases and controls

Bucht et al. [52] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Kilander et al. [9] ✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9
Craft et al. [53] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Craft et al. [54] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Carantoni et al. [45] ✩ ✩ – ✩ ✩ ✩ ✩ – 6
Yue et al. [55] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Sun et al. [56] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Garcı́a-Lara et al. [57] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Ramdane et al. [58] ✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9
Chen et al. [17] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Li [18] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Li et al. [6] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Huang et al. [59] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Morris et al. [60] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Wang et al. [19] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Wang et al. [20] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Monacelli et al. [29] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Li et al. [21] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Li et al. [22] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Zhang et al. [10] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Morris et al. [61] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Pan et al. [4] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Zhang et al. [23] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Macesic et al. [62] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Liu et al. [24] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Mu et al. [63] ✩ ✩ – ✩ – ✩ ✩ ✩ 6
Li et al. [15] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Yu et al. [64] ✩ ✩ ✩ ✩ ✩ ✩ ✩ ✩ 8
Xu et al. [65] ✩ ✩ – ✩ – ✩ ✩ ✩ 6
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Li et al. [25] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Huang et al. [66] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Liu et al. [11] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Burns et al. [67] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Isik et al. [68] ✩ ✩ – ✩ ✩ ✩ ✩ ✩ 7
Domı́nguez et al. [69] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Mu et al. [26] ✩ ✩ – ✩ – ✩ ✩ ✩ 6
Khemka et al. [30] ✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9
Yue et al. [12] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Willette et al. [70] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Chen et al. [16] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Xia et al. [13] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Song et al. [71] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Li et al. [27] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Wu et al. [28] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Fu et al. [14] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Sharifipour et al. [31] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
Hejazi et al. [3] ✩ ✩ – ✩ ✩✩ ✩ ✩ ✩ 8
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Table 4
The correlation variables and significance in patients with Alzheimer’s disease

Age Gender MMSE

FBG Correlation Coefficient –0.217 –3.707 0.020 (0.007)
p 0.466 0.731 0.479 (0.745)

FINS Correlation Coefficient –0.055 –4.869 –0.090 (–0.093)
p 0.835 0.659 0.157 (0.113)

HOMA-IR Correlation Coefficient –0.315 34.623 –1.986 (–1.064)
p 0.109 0.013∗ 0.001∗ (0.037∗)

Age means the physiological age of the subject at the time of data collection in the study. Gender
means the ratio of the number of males to the number of females in the subject. MMSE means the
Mini-Mental State Examination scale score of the subject. The correlation coefficient and p-value
between metabolic parameters and MMSE when age and gender variables are not controlled are in
parentheses.

these, the age data of AD patients such as Caixia et
al., Zhihua et al., and Hongmei et al. were incomplete,
and the age data of Central Asian ethnic typing in the
article were used. Finally, there were 49 case-control
studies. The analysis revealed significant differences
in age between the two groups (p < 0.001, 95% CIs
(0.03, 0.22)), which, however, may be attributed to
the lack of sufficient data for assessment.

Gender
There were 43 articles involving 47 case-control

trials. There was no striking difference in gender
between the two groups (p > 0.05, OR = 1.02).

FBG
A total of 43 articles introduced the correlation

between FBG and morbidity risk in patients with
AD, which involved 47 case-control trials. The dif-
ference in FBG between the AD (n = 2,592) and
control (n = 2,708) groups was found to be statisti-
cally significant (p < 0.001, 95% CIs (0.65, 1.23)),
while the average FBG level in the patient group was
higher than that in the control group as Fig. 2 showed
(5.78 mmol/L versus 5.10 mmol/L).

A total of 22 case-control trials involved both the
FBG and MMSE scores. After controlling the role
of age and gender, multiple logistic regression anal-
ysis revealed a positive correlation between the FBG
level and MMSE score in AD patients (the correlation
coefficient was 0.020), albeit there was no statistical
significance (t = 0.73, p > 0.05).

FINS
A total of 39 case-control trials involved the cor-

relation between FINS level and the risk of AD.
An apparent difference was noted in the FINS
level between the patient (n = 2,155) and control
(n = 1,954) groups, with a statistical significance

Fig. 2. Distribution of the average FBG in the AD patient group
and the control group

(p < 0.001, 95% CIs (2.13, 3.40)); the average level of
FINS in the patient group was higher than that in the
control group as Fig. 3 showed (19.57 versus 7.73).

A total of 20 case-control trials involving FINS and
the MMSE scores were noted. After controlling for
gender and age, multiple logistic regression analyses
revealed that the level of FINS in the AD patients
was negatively correlated with the MMSE score
(the correlation coefficient was –0.090), albeit there
was no statistically significant difference (t = –1.49,
p > 0.05).

HOMA-IR
There were 36 case-control trials involving the

HOMA-IR level and the risk of AD. The analysis
revealed a statistically significant difference in the
HOMA-IR between the patient (n = 2,196) and con-
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Fig. 3. Distribution of the average FINS level in the AD patient
group and the control group. *When collecting FINS data, we
found that each study had different methods of detecting FINS and
different units. Although the units among the studies are not unified
here, the units between the control group and the AD group in each
study are the same. Therefore, we only show the significance of
the data differences between FINS in the studies.

trol (n = 2,038) groups (p < 0.001, 95% CIs (0.70,
1.57)), and the average HOMA-IR level in the patient
group was higher than that in the control group as
Fig. 4 presented (3.71 versus 2.15). As shown in
Fig. 5, HOMA-IR in AD group presented a lognor-
mal distribution (p > 0.05) while HOMA-IR in the
control group did not conform (Fig. 6). The 95% bilat-
eral boundary values of HOMA-IR in AD group were
0.73 and 10.67 as per the Shapiro–Wilk test and the
Q-Q diagram.

A total of 17 case-control trials involving HOMA-
IR and the MMSE scores were detected. Multiple
logistic regression analysis revealed that the HOMA-
IR level in AD patients was significantly inversely
related to the MMSE score (t = –4.27, p = 0.001), con-
sidering age and gender (the correlation coefficient
was –1.986). In addition, the sex ratio (male versus
female) of AD patients was positively correlated with
the HOMA-IR level (t = 4.34, p = 0.013) (the correla-
tion coefficient was 34.623).

Publication bias

The comparison-adjusted funnel plots for recurrent
stroke were plotted in order to test for publication
bias. As listed in Figs. 8–10, we found that most of
the scatters of the research parameters FBG, FINS,

Fig. 4. Distribution of the average HOMA-IR in the AD patient
group and the control group.

Fig. 5. HOMA-IR in AD group presents the lognormal distribution
(n = 2,196).

Fig. 6. HOMA-IR in control group does not present the lognormal
distribution (n = 2,038).
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Fig. 7. lnHOMA-IR Q-Q graphing (n = 36). Each scatter point in
the figure is the logarithm of HOMA-IR of each patient included
in the analysis. The results show that the data distribution of
lnHOMA-IR is mostly along a straight line, which conforms to
the normal distribution.

Fig. 8. Funnel plot for FBG (n = 43).

and HOMA-IR were basically symmetrical on both
sides of the centerline. Some scatters were sepa-
rately distributed on the right. The results indicated a
publication bias, suggesting a possible small-sample
effect.

Sensitivity analysis

If the number of studies was at least 5, the statisti-
cal heterogeneity was tested by calculating I2 in the
standard pairwise meta-analysis. I2 ≥50% indicated a
high heterogeneity. In addition, we adopted the elim-
ination method to assess the independent impact of
each research on the results. After evaluation, the
outcomes suggested no need to exclude any stud-
ies, which could have added a slight deviation to the
results of each study.

Fig. 9. Funnel plot for FINS (n = 39).

Fig. 10. Funnel plot for HOMA-IR (n = 36).

DISCUSSION

Presently, the occurrence and severity of AD
can mostly be identified accurately by post-mortem
analysis of A� protein [31]. Based on the case-
control research data of researchers on the correlation
between the level of glucose metabolism index and
the occurrence of AD in recent years, we system-
atically sorted and analyzed the relevant existing
literature and summarized the correlation among
FBG, FINS, and HOMA-IR, which reflect the func-
tion of glucose metabolism and the risk and severity
of AD.

This paper statistically analyzed the data from the
various research literature. We found that the levels
of FBG, FINS, and HOMA-IR in the AD group were
higher than those in the control groups and that the
average HOMA-IR of AD patients was 3.71 (>2.69).
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This observation indicates that AD patients have
impaired glucose metabolism regulation and insulin
resistance. The association between diabetes and AD
is extremely complex, with the involvement of some
common cellular and molecular mechanisms. A study
found that higher than average blood glucose lev-
els may increase the risk of dementia in non-diabetic
patients [34]. A high blood glucose level can be a
result of impaired glucose metabolism, reduced sen-
sitivity of the insulin receptor, and the development of
insulin resistance. In the brain, insulin receptors are
mainly distributed in the hippocampus and a portion
of the cerebral cortex that bears the functions of learn-
ing and memory [35]. Therefore, when blood glucose
level increases and the insulin receptor sensitivity
decreases, learning and memory processing ability
gets affected, cognitive function declines, the risk of
AD and the acceleration of AD progression increases.
In addition, a study reported that insulin receptors in
AD patients get reduced or locally dysregulated and
insulin receptor which is located out of the membrane
surface or in the brain has a decreased affinity towards
insulin [36]. Impaired glucose metabolism causes
insulin resistance, which in turn leads to mitochon-
drial dysfunction of the nerve cells and inflammatory
response [37, 38], microtubule-associated protein tau
(tau) and A� elevated levels [39], ultimately causing
AD. Insulin resistance may also be related to the dam-
age of the neuronal structure and the establishment
of synaptic plasticity [37], which leads to mem-
ory impairment and abnormal behavioral outcomes.
One study reported that, in asymptomatic APOE
�4 carriers, insulin resistance is connected with the
hyperphosphorylation of tau leading to its release
from the microtubules and aggregation inside the cell
[40]. Insulin reduces the phosphorylation level of tau
protein in the neurons by inhibiting the activity of
glycogen synthase kinase-3 [41]. The decrease in the
plasma insulin level, enhancement of the glycogen
synthase kinase-3 activity, and the hyperphosphory-
lation of tau protein leads to neuronal fiber tangle,
which is one of the basic pathological characteristics
of AD [42]. Meanwhile, elevated blood glucose levels
can increase the activity of glycogen synthase kinase-
3�, promote tau protein phosphorylation, and induce
nerve cell damage [43]. Hyperglycemia caused by
reduced insulin secretion or impaired insulin receptor
of the islet cells can also lead to the accumulation of
advanced glycation endproducts, which in turn pro-
motes the aggregation of amyloid oligomers and have
direct toxic effects on nerve cells; as a result, the nerve
cells wither or get damaged [44].

Past studies have demonstrated that the expres-
sion of insulin-like growth factor receptors (IGF-I
and IGF-II receptors) decreases gradually with the
progress of the Braak phase and that the insulin func-
tion deteriorates with the progression of AD [45].
This finding is consistent with our conclusion of a
significant negative correlation between the HOMA-
IR level and MMSE score. The efficiency of insulin
in promoting glucose uptake and utilization decreases
with the severity of AD. The latest research suggests
that the comparative phosphorylation proteomics of
nerve-2a cells under insulin resistance may be a new
molecular feature of AD [46], providing a possible
link between insulin resistance and AD. In a study on
the transformation between early amnestic MCI and
AD, it can be considered that insulin resistance and
glucose oxidation serve as early biomarker clusters
[47]. Recent studies on rats conclude that peripheral
insulin resistance may be a potential biomarker of
pre-symptoms of AD [48].

As early as 2007, some studies identified that
acupuncture and moxibustion with traditional Chi-
nese medicine can have beneficial effects on the
brain by increasing the brain glucose metabolism
in patients with vascular dementia [49]. This find-
ing suggests that traditional Chinese medicine can
improve the brain glucose metabolism of AD patients
and achieve the curative effect of treating cognitive
impairment.

In order to analyze the correlation between
HOMA-IR level and MMSE scores, two variables,
age and sex ratio, were controlled. But we found
that when HOMA-IR was the dependent variable,
MMSS scores was the independent variable, and age
and sex ratio were the control variables, the sex ratio
(male versus female) was proportional to HOMA-
IR, and MMSE scores were inversely proportional
to HOMA-IR. The result might reveal the gender
difference of insulin resistance on the incidence of
AD, which was more common in men, indicating
that the combined effect of estrogen deficiency and
insulin resistance may aggravate the disease of AD.
It is believed that moderate or severe reduction of
serum estrogen level will increase the prevalence of
insulin resistance in men and women [50]. A review
evaluated the protective effect of estrogen on insulin
resistance related pathways in cardiac metabolism
[51]. Their interaction in the occurrence and devel-
opment of human AD may provide new strategies for
primary prevention and treatment of AD. However,
this requires more targeted research to illustrate this
conclusion.
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Innovations and limitations of the research

This is the first systematic evaluation of the correla-
tion between various biochemical parameters (FBG,
FINS, HOMA-IR) and the risk and severity of AD.
In addition, this is a pioneering study in its field.
According to the lognormal distribution character-
istics of HOMA-IR, 95% bilateral boundary values
were obtained, providing a high-quality basis for
clinical diagnosis. As the included case-control tri-
als were sourced from across the world, the regional
applicability of the conclusion was reduced. Strict
inclusion and exclusion criteria were formulated to
conduct a comprehensive search of the article.

Nevertheless, the risk of bias in most accepted
articles is unclear, contributing to some extent of
analysis error. The number of participants in all case-
control trials was less, creating a lack of evidence.
Hence, further case-control trials are warranted to
determine the universal applicability of the conclu-
sions in the future. In addition, owing to the diversity
of diet and regional environment of the internal and
external patients, clinical heterogeneity may have
occurred. Despite these shortcomings, this is the first
study to systematically explore the risk and severity
of AD from blood glucose-related indicators and to
provide some valuable evidence supporting clinical
practice.

Conclusions

In summary, our systematic analysis revealed that
an increase in the FBG, FINS, and HOMA-IR levels
act as a good indication of the risk of AD, especially
an increase in HOMA-IR signifies an increasing
severity of AD. In addition, HOMA-IR exhibited a
lognormal distribution, and the 95% bilateral bound-
ary values were 0.73 and 10.67. However, owing to
some limitations in the present study, double-blinded
multicenter case-control controlled trials of higher
quality and larger sample sizes are warranted to verify
our conclusions in the future.
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