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Abstract
Background. Alzheimer’s disease (AD) is the most common type of dementia. At present, some drug and 
non-drug therapies can be used to slow disease progression or prevent cognitive deterioration. More treat-
ment options still need to be explored.

Objectives. A meta-analysis was performed to compile the relevant evidence for the use of glucagon-like 
peptide-1 (GLP-1) receptor agonists in preventing AD.

Materials and methods. We systematically searched English and Chinese databases, including Embase, 
PubMed, Cochrane Library, China National Knowledge Infrastructure (CNKI), Wanfang Data Knowledge 
Service Platform, and Weipu website (VIP), based on the PICOS (Participants, Interventions, Comparisons, 
Outcomes, Study design) principles. The reviewers evaluated the search results and conducted the analysis; 
5 articles with a total sample size of 184 patients were included. Changes in cognitive function, body mass 
index (BMI), blood glucose level, and insulin content were analyzed.

Results. A low risk of bias and no publication bias were found in these studies. The following results 
were obtained: 1) cognitive function: mean difference (MD) = 2.16, 95% confidence interval (95% CI): 
1.45–2.88; 2) BMI change: MD = −1.16, 95% CI: −1.71–−0.61; and 3) blood glucose change: standard MD 
(SMD) = −0.64, 95% CI: −1.21–−0.88. No statistically significant difference was found in insulin content.

Conclusions. In this review, we showed that GLP-1 receptor agonists can effectively change cognitive 
function, BMI and blood glucose levels in patients with AD. This provides relevant clues for the prevention 
of AD. However, more studies are needed to refine these conclusions.
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Introduction

The nervous system is  a very important component 
of  the human body, as  it mediates many life activities. 
The available research has shown that cognition and emo-
tion are regulated by the prefrontal lobe of the brain,1 so 
when the nervous system is damaged, related functions 
are also affected. Several previous studies have revealed 
possible mechanisms for nervous system damage, includ-
ing mitochondrial damage and associated inflammation 
in nerve cells2,3; therefore, neurologically related diseases 
need to be studied in depth.

Alzheimer’s disease (AD), which is associated with pro-
gressive neurodegeneration, affects millions of  people 
worldwide. The prevalence of AD is 10% in people over 
65 years of age and 40% in people over 85 years of age. This 
amounts to a tremendous global health burden. Globally, 
there are nearly 46.8 million people suffering from AD, and 
treatment costs were estimated at USD 818 billion in 2015.4 
The main pathological features of AD include inflammation 
in the nervous system, amyloid plaques and neurofibril-
lary tangles in the brain.5,6 Previous studies have shown 
that emotions such as fear are closely related to the central 
and peripheral nervous systems.7 Synaptic dysfunction, 
neurotransmitter imbalance and neuroinflammation are 
closely related to the progression of AD.8 Thus, homeo-
stasis of the nervous system is essential for maintaining 
cognitive integrity. Thus far, only a few drugs that have been 
approved for the treatment of AD are being used in clinical 
environment, such as the acetylcholinesterase inhibitors 
and the non-competitive N-methyl-D-aspartate receptor 
antagonists. While these drugs can provide partial symp-
tomatic relief, they cannot alter the progression of AD.9 Al-
though the U.S. Food and Drug Administration (FDA) ap-
proved aducanumab as the first disease-modifying therapy 
(DMT) for AD in June 2021,10 there has been considerable 
medical and scientific controversy regarding its curative 
effect.11 Two phase III trials of aducanumab have shown 
opposite results12; thus, currently available data do not 
provide sufficient evidence to support the clinical efficacy 
of aducanumab.13 Therefore, the identification of a safe and 
effective DMT is a matter of critical importance.14

Diabetes is an endocrine disease characterized by abnor-
mally high blood glucose levels.15 There is a strong correla-
tion between type 2 diabetes mellitus (T2DM) and AD16; 
the former is gradually being recognized as a risk factor for 
AD. There are many clinical and pathological similarities 
between T2DM and AD, including damage to the insulin 
signaling pathway.17 In the central nervous system, insulin 
contributes to synaptic maintenance, neuron growth and 
survival, as well as maintenance and regulation of learn-
ing and memory18; therefore, insulin resistance becomes 
a potential risk factor for AD. Furthermore, hyperglycemia 
is strongly associated with the occurrence of AD. Karmi 
et al. conducted a magnetic resonance imaging (MRI) 
study and found that long-term chronic hyperglycemia 

can mediate hippocampal dysfunction,19 and hypergly-
cemia inflammatory mediators, rheological factors, and 
dysregulation of the hypothalamic–pituitary–adrenal axis 
also may exacerbate cognitive decline.20 In addition, some 
clinical evidence has found that diabetes patients with 
higher A1C levels are associated with diminished cognitive 
function.21 Thus, it is believed that increasing insulin levels 
in the body may slow the progression of AD.

In recent years, glucagon-like peptide-1 (GLP-1) recep-
tor agonists have been used to control blood glucose lev-
els in patients with diabetes. The pharmacological action 
of GLP-1 is to promote β-cell regeneration, growth and dif-
ferentiation, and to inhibit β-cell apoptosis.22 At the same 
time, GLP-1 can protect the nervous system, as  it acts 
as a kind of growth factor.23 A recent study found that 
GLP-1 improves the supportive ability of astrocytes to neu-
rons, which explains the neuroprotective mechanism.24 
Importantly, GLP-1 can cross the blood–brain barrier, and 
it has also been reported that cells in the hypothalamus and 
hippocampus highly express GLP-1 receptors. However, 
abnormalities in the structure and function of the hippo-
campus and prefrontal cortex can cause cognitive impair-
ment.25 Thus, GLP-1 could help to slow the progression 
of AD. The GLP-1 can also induce neurite growth, thus 
achieving the effect of an AD intervention.26,27 Animal 
studies have shown that the administration of a GLP-1 re-
ceptor agonist in rat ventricles can reduce nerve cell dam-
age caused by neurotoxic stimulation, which may improve 
learning and memory function.28 According to a mouse 
model of AD, treatment with the GLP-1 analog liraglutide 
can prevent the progression of memory decline.29 Another 
recent study found that liraglutide can reduce associated 
brain complications when T2DM and AD occur simultane-
ously.30 In 2019, Femminella et al. conducted the Evaluating 
Liraglutide in Alzheimer’s Disease (ELAD) study to assess 
the effect of the novel GLP-1 analog liraglutide on AD, but 
they have not yet published their conclusions.31 Therefore, 
relevant clinical evidence needs to be further studied.

This meta-analysis was conducted based on the P (Partici-
pants), I (Interventions), C (Comparisons), O (Outcomes), 
and S (Study design) (PICOS) principles. High-quality ran-
domized controlled trials reported in both Chinese and Eng-
lish were included in this analysis. All patients had a clear 
diagnosis of AD or cognitive impairment. All the interven-
tions in the trial were GLP-1 receptor agonist monotherapy, 
and the outcomes of all trials had clear data support.

Objectives

Although GLP-1 receptor agonists appear to be effi-
cacious in treating AD, there is not yet enough clinical 
evidence to support this claim. Therefore, we conducted 
a meta-analysis to summarize what is known regarding 
the efficacy of these drugs in AD patients. We selected 
randomized controlled clinical studies on GLP-1 receptor 
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agonists in the treatment of AD to determine whether 
patients with AD can have changes in memory ability, 
skills and other dimensions of cognitive function after 
treatment, based on a scale test before and after the study. 
We evaluated changes in cognitive function and other in-
dicators after GLP-1 receptor agonist interventions in pa-
tients with AD to provide a relevant basis for the preven-
tion of the disease.

Materials and methods

Literature search and search strategy

Searches were conducted in a comprehensive manner 
for publications of relevant peer-reviewed papers and dis-
sertations between 1990 and 2022 in the Embase, PubMed, 
Cochrane Library, China National Knowledge Infrastruc-
ture (CNKI), Wanfang Data Knowledge Service Platform, 
and Weipu website (VIP) databases for all clinical studies 
on GLP-1 interventions in AD without language restric-
tions, using the Medical Subject Headings (MeSH) terms 
such as “glucagon-like peptide 1”, “Alzheimer’s disease” and 
“cognitive function”. We also added all entry terms with 
the same meaning under all MeSH terms, such as “GLP-
1”, “AD” and “cognitions” into the search strategy. Then, 
the MeSH terms and entry terms of the same noun were 
connected by “OR”, and words with different meanings 
were connected by “AND”. Finally, the selection scope was 
limited to randomized controlled trials. The references 
of the included studies were searched manually as litera-
ture supplements.

Inclusion and exclusion criteria

The following criteria were used to determine which stud-
ies were eligible based on the PICOS principles32: 1) partici-
pants were aged ≥18 years with a diagnosis of AD or with 
cognitive impairment without a diagnosis of AD; 2) the in-
tervention consisted of administration of a GLP-1 recep-
tor agonist; 3) the outcome of the study included at least 
changes in cognitive function (not limited to type of cogni-
tive function); 4) the study type was a randomized controlled 
trial; and 5) the baseline data were complete and included 
the number of observations, source of cases, follow-up time, 
and other indicators.

The exclusion criteria were as follows: 1) studies involv-
ing pregnant or breastfeeding patients; 2) studies on pa-
tients with other brain diseases or brain injuries; 3) review 
articles and animal or cell experiments; and 4) literature 
for which the outcome data could not be extracted.

Data extraction

An EndNote X9 (Clarivate Analytics, London, UK) library 
was initially created. A review of titles and abstracts was 

conducted. Based on the inclusion criteria, 2 researchers 
(ZB and WW) consulted the guidelines on data extraction 
for systematic reviews and meta-analyses, independently 
screened the literature, and extracted and cross-checked 
the data.33 The basic information of the article was re-
corded, including the first author, publication date, sam-
ple size, average age, and sex of the patients, type of study 
design, diagnostic criteria for AD, intervention methods, 
and assessment methods of cognitive function. The 3rd 
investigator (LW) was consulted to resolve disagreements.

Quality assessment

A 5-dimensional evaluation of the included studies was 
conducted using the Cochrane Risk of Bias Assessment 
Tool (RoB v. 2.0; The Cochrane Collaboration, London, 
UK): 1) randomization process; 2) deviations from the in-
tended interventions; 3) missing outcome data; 4) mea-
surement of the outcome; and 5) selection of the reported 
result. When all the items of a dimension were satisfied, 
the  quality level was considered low-risk; when some 
of the items were satisfied, the quality level was considered 
medium-risk; and when the reference did not meet the key 
requirements, the quality level was considered high-risk.

Statistical analyses

The STATA v. 16.0 (STATA Corp., College Station, USA) 
and Review Manager v. 5.4 (RevMan; The Cochrane Col-
laboration) were used to process the data. There was a single 
point representing each study connected to a forest plot 
with a regression line. After the effect size was log-trans-
formed and divided by standard error (SE) (z-score), it was 
represented on the y-axis and expressed as the reciprocal 
of SE on the x-axis. Statistical heterogeneity across trials 
was assessed using the Cochran’s Q test (with p < 0.1 in-
dicating significance) and quantified using the I2 statistic 
(I2 > 50% for significant heterogeneity).34,35 Considering that 
clinical heterogeneity and methodological heterogeneity 
could exist in any trial, we used the random effects model 
for the meta-analysis. Publication bias was assessed using 
funnel plots and Begg’s test. In order to investigate publica-
tion bias, we constructed a funnel plot using Egger’s test.36

Results

Search results and study characteristics

Based on the search strategy (Fig. 1), there were 427 ar-
ticles in total; CNKI yielded 14 articles, Wanfang Data 
Knowledge Service Platform – 39 articles, VIP – 0 arti-
cles, PubMed – 316 articles, Embase – 31 articles, and 
Cochrane Library – 27 articles.  We excluded 43 duplicate 
studies using EndNote X9.37 In accordance with the ti-
tle of the article, preliminary screening was conducted. 
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There were 97 exclusions after browsing the title, including 
79 review articles or meta-analyses, and another 18 stud-
ies were excluded because their subjects were unrelated. 
Next, we reviewed the abstracts and excluded 105 studies 
that did not meet the study requirements. Of the remain-
ing 182 articles, 171 were animal studies, and 6 studies 
had inconsistent methods, so they were excluded. Finally, 
5 randomized controlled trials were included.

The inclusion and exclusion criteria were clearly stated 
in each of the 5 trials (Table 1). In all trials, the treated groups 
had similar baseline demographics, including age and gender. 
The total enrollment was 177. The mean patient age was 
68 years. All patients were diagnosed with AD before the trial. 
In 3 of the studies, patients were treated with liraglutide, 
whereas exenatide was used in the other 2 studies. All cogni-
tive function tests were conducted using a scale. The scales 
used were the Mini-Mental State Examination (MMSE) and 
the Wechsler Memory Scale–Fourth Edition (WMS-IV).

Study quality

The quality of all studies included in the meta-analysis 
was carefully evaluated using the Cochrane Risk of Bias 
Assessment Tool (RoB v. 2.0). The risk of bias was catego-
rized as low, high or unclear, under the guidance of the Co-
chrane Handbook (https://training.cochrane.org/hand-
book). The risk of bias in all included studies is shown 
in Fig. 2,3. Overall, all 5 studies displayed a low risk of bias.

Results of GLP-1 intervention in AD

Four indicators were extracted from the 5 included stud-
ies,38–42 all of which were randomized controlled trials. 
The major outcome included effects on cognitive function 
before and after the use of GLP-1 receptor agonists (Fig. 4). 
Additionally, insulin, blood glucose level and body mass in-
dex (BMI) were measured as secondary outcomes (Fig. 5–7).

Fig. 1. Flow diagram of the literature 
search strategy used in this study
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Fig. 3. Assessment of risk of bias

Fig. 2. Risk of bias graph

Table 1. Characteristics of the selected studies

Author Year Randomization 
blinding

Study 
popula-

tion

Diagnostic 
criteria for 

AD/MCI
Duration Sample 

size, n
Cognitive 

measurement Treatment Sex (M/F) Age 
(M ±SD)

Zheng38 2017 open-controlled
AD with 

DM
NINCDS-
ADRDA

12 
months

57 MMSE and ADL
exenatide 

+ other
28/0

80.5 ±10.3
placebo 29/0

Mullins 
et al.39 2019 open-controlled AD or MCI CDR 6 months 21

MMSE and 
WMS-IV

exenatide 7/4 71.7 ±6.9

placebo 4/6 74.0 ±6.4

Watson 
et al.40 2019 open-controlled AD or MCI MMSE 12 weeks 41 WMS-IV

liraglutide 
1.8 mg

11/14 60.88 ±5.79

placebo 5/11 59.56 ±5.69

Gejl et al.41 2016 double-blind AD MMSE 26 weeks 34 WMS-IV
liraglutide 

1.8 mg
6/8 66.6

placebo 15/5 63.1

Isik et al.42 2012 open-controlled
AD with 

DM
MMSE 6 months 24 MMSE

liraglutide 
1.8 mg

– 71 ±6

placebo – 70 ±6

M – male; F – female; M ±SD – mean ± standard deviation; AD – Alzheimer’s disease; DM – diabetes mellitus; MCI – mild cognitive impairment; NINCDS-
ADRDA – National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; 
CDR – Clinical Dementia Rating; MMSE – Mini-Mental State Examination; WMS-IV – Wechsler Memory Scale–Fourth Edition; ADL – activities of daily living.

0 20 40 60 80 100

Randomization process

Deviations from intended interventions

Missing outcome data

Measurement of the outcome

Selection of the reported result

Overall Bias

As percentage (intention-to-treat)
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Cognitive function was assessed using a random effects 
model that included 177 patients. In the test of heteroge-
neity, I2 = 0% and p = 0.62, indicating low heterogeneity. 
After combining effect size, the meta-analysis showed 
that mean difference (MD) = 2.16, 95% confidence interval 
(95% CI): 1.45–2.88 and p < 0.05, and no publication bias 
was found (Begg’s Test = 0.806, Egger’s test = 0.153) after 
using STATA v. 16.0 to analyze the data.

Among the secondary outcomes, the results of insulin 
change concerned 51 patients, in which I2 = 0% and p = 0.77 
after the heterogeneity test. However, after combining 
the effect sizes, the p-value equaled 0.60, which indicated 
that there was no statistical significance; thus, there was 

no need to discuss this result in further detail. Owing 
to the different units in the included articles, a fixed-effect 
model was used to assess changes in blood glucose content. 
According to the heterogeneity test, I2 = 0% and p = 0.7, 
indicating low heterogeneity, and the standard mean dif-
ference (SMD) = −0.64, 95% CI: −1.21–−0.08, and p = 0.03, 
indicating statistical significance. The BMI changes were 
studied using a  random effects model, and the results 
showed that heterogeneity was low (I2 = 0%, p = 0.72), with 
MD = −1.16, 95% CI: −1.71–−0.61 and p < 0.05. The re-
sults of the sensitivity analysis showed that all the studies 
had little influence on the total combined effect size, and 
the results were reliable and acceptable.

Fig. 7. Changes in body mass index (BMI)

SD – standard deviation; 95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 6. Changes in blood glucose content

SD – standard deviation; 95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 5. Changes in insulin content

SD – standard deviation; 95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 4. Changes in cognitive function

SD – standard deviation; 95% CI – 95% confidence interval; df – degrees of freedom; GLP-1 – glucagon-like peptide-1.



Adv Clin Exp Med. 2023;32(11):1223–1231 1229

Discussion

Currently, clinical evidence regarding the  efficacy 
of GLP-1 in treating AD patients is  lacking. Therefore, 
we conducted a meta-analysis to summarize what is known 
about the effectiveness of this class of drugs in AD.

There is a strong link between cognitive dysfunction 
and obesity, hypertension, dyslipidemia, and T2DM.43 
There is extensive experimental evidence that patients 
with T2DM may suffer from cognitive decline accompa-
nied by deterioration of memory, attention, intelligence, 
processing speed, and executive function. In addition, 
there are white matter abnormalities and brain atrophy 
(particularly in the cortical, subcortical and hippocam-
pal regions).44,45 Considering the pathologic similarities 
between T2DM and AD, and the characteristic effects 
of GLP-1 receptor agonists, treatment with enterosecre-
tin analogs may be helpful in treating the cognitive defi-
cits that occur in AD.46 Therefore, a meta-analysis was 
conducted to address the efficacy of GLP-1 receptor ago-
nists in patients with AD. The included studies reported 
changes in cognitive function before and after treatment 
in patients with AD, as well as BMI and levels of blood 
glucose and insulin after treatment. The following tools 
were used: MMSE, WMS-IV and Activities of Daily Liv-
ing (ADL). The MMSE is a screening tool for detecting 
changes in cognitive skills, and WMS-IV and ADL are 
used to measure memory ability in patients with AD; all 
these tests are used to measure the cognitive function 
of AD patients. These results indicate that GLP-1 receptor 
agonist treatment can significantly improve the cognitive 
function of AD patients.

The treatment of T2DM with GLP-1 receptor agonists, 
such as liraglutide, has been approved. According to ex-
tensive animal studies, neuroprotection may be achieved 
with GLP-1 receptor agonists. It promotes the prolifera-
tion and differentiation of neurons, neurite outgrowth, 
synaptic plasticity, and memory formation, and reduces 
the  toxicity of  β-amyloid.47 Furthermore, β-amyloid 
toxicity is mediated by insulin resistance.48 Meanwhile, 
a recent in vitro model study found that as a result of re-
ducing the activity of β-secretase 1 (BACE-1), an enzyme 
in insulin-resistant cells, liraglutide can decrease the pro-
duction of β-amyloid.49 Gejl et al. used positron emission 
tomography (PET) and found that glucose fluctuation 
levels in patients’ brains can be reduced with GLP-1 re-
ceptor agonists.50 Therefore, we hypothesized that GLP-1 
receptor agonists could be used as potential drugs for 
preventing AD.

There is a strong association between unhealthy life-
styles, weight gain and obesity, and an  increased risk 
of T2DM worldwide, as 60–90% of patients with T2DM 
are obese.51 It has become a risk factor for AD, as a longi-
tudinal study measured the sagittal abdominal diameter 
of 6583 individuals and found there is a nearly threefold 
risk of developing dementia for patients with the largest 

diameter compared to those with the smallest. Thus, they 
concluded that central obesity in midlife increased the risk 
of  dementia.52 Therefore, it  is  necessary to  determine 
the effect of weight on T2DM patients. Liraglutide therapy 
has been reported to cause weight loss as an additional 
benefit. A higher dose formulation was developed specifi-
cally for obesity by the manufacturer in response to these 
findings. In December 2014, the FDA formally approved 
liraglutide 3 mg/day for this indication.53 For BMI changes, 
the results of our study showed that MD = −1.16, 95% CI: 
−1.71–−0.61 and p < 0.05. This result was statistically sig-
nificant and suggested that the BMI (or weight) of patients 
can be effectively changed after GLP-1 receptor agonist 
treatment, which is consistent with reports of relevant clin-
ical trials. Ng and Wilding observed significant weight loss 
(1–3 kg) after 20–30 weeks of clinical liraglutide treatment 
in patients with T2DM.54 Moreover, weight loss has been 
reported in T2DM patients treated with liraglutide (either 
monotherapy or combination therapy).55 In patients with 
diabetes, there was a close correlation between BMI and 
GLP-1 receptor agonist use.56 These results may be related 
to the mechanism underlying GLP-1 secretion. Kyriacou 
and Ahmed verified that exenatide can slow gastric empty-
ing and reduce food intake.57 Furthermore, the direct effect 
of GLP-1 on satiety signaling in the central nervous system, 
independent of vagal afferents, has been demonstrated 
to inhibit food intake.58–60 The above studies indicate that 
GLP-1 can cause weight loss and reduce BMI. Meanwhile, 
Mansur et al. provided an explanation for the association 
between body weight and cognitive function, suggest-
ing that the positive treatment effect on cognition may 
be partly due to the weight loss observed with liraglutide 
administration.61

We also analyzed changes in insulin and blood glucose 
levels after GLP-1 receptor agonist treatment in patients 
with AD. For the change in insulin content, the meta-anal-
ysis showed that p = 0.60 (>0.05), indicating no significant 
difference in the results. For the change in blood glucose, 
the  meta-analysis showed that SMD  =  −0.64, 95%  CI: 
−1.21–−0.08 and p = 0.03, which was statistically signifi-
cant. The results showed that GLP-1 receptor agonists 
effectively reduced blood glucose levels in patients with 
AD. For changes in insulin level, although the result was 
not statistically significant, the effect size showed that 
GLP-1 receptor agonists could increase insulin content 
in vivo, which is consistent with the pharmacological ef-
fects of the drug.

Limitations

Meta-analyses review published literature to evaluate 
and quantitatively analyze the results of multiple stud-
ies in a comprehensive manner. This meta-analysis, how-
ever, has some limitations owing to the limited number 
of referenced studies. First, because of the small number 
of studies meeting the inclusion criteria, only 5 reports 
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were extracted and merged, which increased the uncer-
tainty of the results. Second, the sample size of the study 
was small; therefore, verification of the results may be 
weak. More recent research reports should be included 
to supplement this meta-analysis. However, this study 
is the first to report the effect of GLP-1 receptor agonists 
during the treatment of AD, which is undoubtedly sig-
nificant, and more research in similar direction should be 
conducted in the future.

Conclusions

Our study summarized current clinical studies and 
found that GLP-1 receptor agonists can effectively im-
prove cognitive function, BMI and blood glucose levels 
in AD patients. There have been several previous animal 
studies demonstrating the effectiveness of GLP-1 receptor 
agonists on AD, based on neural or metabolic pathways. 
Therefore, we would suggest that GLP-1 receptor agonists 
may help slow the progression of AD. These findings pro-
vide a relevant basis for the prevention of AD. However, 
more clinical trials will need to be included to overcome 
the limited sample size and complement these findings.
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