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ORIGINAL RESEARCH

Activation of Glucagon-Like Peptide-1 
Receptor Ameliorates Cognitive Decline 
in Type 2 Diabetes Mellitus Through a 
Metabolism-Independent Pathway
Qiang Li, MD*; Mengxiao Jia, MS*; Zhencheng Yan, MD*; Qiang Li, MS; Fang Sun, MD; Chengkang He, MD; 
Yingsha Li, MD; Xunmei Zhou, MD; Hexuan Zhang, MD; Xiaoli Liu, MS; Xiaona Bu, MS; Peng Gao, MD;  
Hongbo He, MD; Zhigang Zhao , MD; Zhiming Zhu , MD

BACKGROUND: Patients with hypertension and diabetes mellitus are susceptible to dementia, but regular therapy fails to reduce 
the risk of dementia. Glucagon-like peptide-1 receptor agonists have neuroprotective effects in experimental studies. We 
aimed to assess the effect of liraglutide, a glucagon-like peptide-1 receptor agonist, on cognitive function and whether its ef-
fect was associated with metabolic changes in patients with type 2 diabetes mellitus.

METHODS AND RESULTS: Fifty patients with type 2 diabetes mellitus were recruited in this prospective study. All patients under-
went cognitive assessment and brain activation monitoring by functional near-infrared spectroscopy. At 12 weeks, patients 
in the glucagon-like peptide-1 group acquired better scores in all cognitive tests and showed remarkable improvement in 
memory and attention (P=0.040) test compared with the control group after multivariable adjustment. Compared with the 
control group, liraglutide significantly increased activation of the dorsolateral prefrontal cortex and orbitofrontal cortex brain 
regions (P=0.0038). After liraglutide treatment, cognitive scores were significantly correlated with changes in these activating 
brain regions (P<0.05), but no correlation was observed between the changes in cognitive function and changes of body mass 
index, blood pressure, and glycemic levels.

CONCLUSIONS: We concluded that liraglutide improves cognitive decline in patients with type 2 diabetes mellitus. This benefi-
cial effect is independent of its hypoglycemic effect and weight loss. The optimal intervention should be targeted to cognitive 
decline in the early stages of dementia.

REGISTRATION: URL: https://www.Clini​calTr​ials.gov; Unique identifier: NCT03707171.
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Alzheimer disease (AD) is highly prevalent world-
wide.1 Type 2 diabetes mellitus (T2DM), hyper-
tension, and obesity have been recognized 

as major risk factors for cognitive decline and AD.2 
Importantly, patients with hypertension with diabetes 
mellitus usually display features of cognitive decline, 

such as defects in verbal memory and fluency, at-
tention, and executive function.3 The underlying 
mechanism linking metabolic disorders and cognitive 
decline remains elusive although numerous studies 
have suggested that vascular and/or metabolic dys-
function might be involved.4,5 However, several large 
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trials did not show that anti-hypertensive or hyper-
glycemic therapy benefited the cognitive function in 
patients with diabetes mellitus or hypertension with 
high cardiovascular risk.6 During the past 2 decades, 
a novel class of antidiabetic drugs, glucagon-like 
peptide-1 (GLP-1) receptor agonists (RAs), have been 
extensively used to improve hyperglycemia, promote 
weight loss, and to reduce cardiovascular events in 
the clinic.7,8 Importantly, experimental studies have 
demonstrated that GLP-1 RAs display potent protec-
tive effect against cognitive impairment.9,10 Several 
small trials have found that liraglutide improves 
the cognitive decline in patients with obesity with 

diabetes mellitus, which might be associated with 
weight loss.11,12 Furthermore, a recent large trial sug-
gests that dulaglutide administration might reduce the 
cognitive impairment in patients with T2DM through 
ameliorating the cerebrovascular injury.13 However, it 
is unknown whether the effect of GLP-1 RAs on the 
improvement of cognitive decline directly acts on the 
central nervous system or indirectly ameliorates met-
abolic abnormality.14

Currently, various cognitive tests are used as major 
tools to assess the fundamental cognitive deficit in 
clinical trials.11,15,16 However, these cognitive tests are 
easily influenced by age, education, adherence, and 
the assessors’ qualifications. Over the last decade, 
several neuroimaging techniques, such as functional 
magnetic resonance imaging, positron emission to-
mography, and functional near-infrared spectroscopy 
(fNIRS) have been used to characterize behavioral and 
cognitive processes in patients with AD.11,15–17 These 
up-to-date techniques, which combine with cognitive 
tests, provide a more reliable assessment of cognitive 
impairment.

In this study, we aimed to evaluate whether admin-
istration of liraglutide can improve cognitive decline in 
patients with T2DM through fNIRS neuroimaging com-
bined with in-person cognitive tests, and investigate 
whether its neuroprotective effect is associated with 
metabolic improvement.

METHODS
Study Design and Participants
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. This study is a 12-week prospec-
tive, parallel assignment, open-label, phase III study. 
Between October 2018 and May 2019, 50 patients 
with T2DM (diagnosed on the basis of the American 
Diabetes Association criteria) aged 18 to 65  years 
with a glycated hemoglobin (HbA1c) value of >7.0% 
who were treated with oral antidiabetic drugs or 
insulin for at least 3  months were enrolled in the 
study at Daping Hospital, Army Medical University, 
Chongqing, China.

At week 0 (baseline), patients who were overweight/
obese (body mass index [BMI]: overweight, ≥25 kg/m2; 
obese, ≥28 kg/m2) were allocated to the GLP-1 group 
(liraglutide at an initial dose of 0.6 mg/day and a maxi-
mum dose of 1.8 mg/day adjusted once a week when 
hyperglycemia was uncontrolled) or the control group 
(treated with oral antidiabetic drugs alone or combined 
with insulin). Previous treatments in both groups were 
continued with titration of the oral antidiabetic drug 
dose and/or combined with other oral antidiabetic 
drugs or insulin.

CLINICAL PERSPECTIVE

What Is New?
•	 We examined liraglutide-related cognitive im-

provement and demonstrated its neuropro-
tective effect in patients with diabetes mellitus 
without severe obesity.

•	 Liraglutide significantly improved brain activities 
and alleviated cognitive decline in patients with 
diabetes mellitus, compared with other oral an-
tidiabetic drugs.

•	 The neuroprotective effect of liraglutide was 
not related to metabolic improvement, includ-
ing blood pressure, blood lipids, glycemia. and 
body weight in patients with diabetes mellitus.

What Are the Clinical Implications?
•	 This study provided evidence of glucagon-like 

peptide-1 effects on the central nervous system 
in patients with diabetes mellitus.

•	 Early liraglutide treatment might have a benefi-
cial effect on cognitive decline in patients with 
diabetes mellitus.

•	 Glucagon-like peptide-1 receptor agonists 
might be promising drugs to improve cognitive 
dysfunction, however, these findings need to be 
confirmed in randomized controlled trials.

Nonstandard Abbreviations and Acronyms

DLPFC	 dorsolateral prefrontal cortex
fNIRS	 functional near-infrared 

spectroscopy
GLP-1 RAs	 glucagon-like peptide-1 receptor 

agonists
MMSE	 Mini-Mental State Examination
OFC	 orbitofrontal cortex
VFT	 verbal fluency task
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The withdrawal criteria included: (1) a fasting plasma 
glucose concentration >11.1 mmol/L after week 6; (2) 
intolerance to liraglutide (ie, nausea, vomiting, and other 
gastrointestinal adverse events). This study was con-
ducted according to the principles of the Declaration 
of Helsinki. All protocols and experimental procedures 
were approved by the ethics committee at Daping 
Hospital. Written informed consent was obtained from 
all patients before initiation of any trial-related activi-
ties. This study was registered on Clini​calTr​ials.gov 
(NCT03707171).

The exclusion criteria included: (1) T2DM with 
acute diabetic complications; (2) type 1 diabetes 
mellitus; (3) other diseases affecting cognitive func-
tion (eg, congenital dementia, brain trauma, epilepsy, 
severe hypoglycemic coma, cerebrovascular dis-
ease, ischemic heart disease, renal dysfunction); (4) 
alcohol abuse, mental illness, and psychoactive sub-
stance abuse; (5) history of thyroid disease; (6) any 
surgical or medical conditions that could significantly 
influence the absorption, distribution, metabolism, or 
excretion of interventional drugs; (7) unwillingness to 
provide informed consent.

Study Outcomes
The primary outcome was the change in cognitive 
function from baseline to 12  weeks. The secondary 
outcomes included changes in HbA1c, fasting plasma 
glucose, BMI, lipid profile, waist circumference, and 
blood pressure.

Sample Size Estimation
The sample size in this study was based on previous 
reports of cognitive improvement induced by GLP-1 
RA as evaluated by the Mini-Mental State Examination 
(MMSE).11,15,16 We assumed at least a between-group 
difference of 1.2 and an SD of 1.0 in the change in 
MMSE score from baseline to 12 weeks. Assuming a 
dropout rate of 20%, a total sample of 30 patients was 
targeted. Finally, 50 patients were enrolled in the study.

Biochemical and Anthropometric 
Measurements
Fasting plasma glucose, HbA1c, total cholesterol, tri-
glycerides, high-density lipid cholesterol (HDL-c),and 
low-density lipid cholesterol were measured after 
overnight fasting for 8 hours. Anthropometric meas-
urements, including blood pressure, waist circumfer-
ence, height, and body weight, were performed by 
trained assessors. Office blood pressure measure-
ments were performed on both arms in the sitting po-
sition after 10 minutes of resting. BMI was defined as 
body weight (kg) divided by the square of body height 
(meters).

Cognitive Function Assessment
We used neuropsychological cognition tests to eval-
uate individual cognition. Those tests were widely 
used in previous neurological and chronic disease-
associated cognition assessment.18–20 A well-trained 
examiner who was masked to the participants’ treat-
ments conducted the cognitive tests at baseline and 
again at 12  weeks. The general cognition evalua-
tion was performed using the MMSE. The following 
tests were used to evaluate cognitive subdomains: 
(1) memory evaluation: Digit Span Test (including for-
ward and backward), Rey Auditory Verbal Learning 
Test (including total learning, long-delay free recall, 
and recognition); (2) executive function and atten-
tion: Trail Making Test, Clock Drawing Test; (3) ver-
bal function: Animal Naming Test. Memory and 
Executive Screening is also a measurement of objec-
tive cognitive function used to evaluate both memory 
and executive function. All tests required 50 minutes 
to complete in a fixed order.

fNIRS Data Acquisition and Analysis
fNIRS permits real-time, in-situ measurement of 
changes in cortical oxyhemoglobin and deoxyhemo-
globin that comprise brain activity and cerebral blood 
flow in different body positions with varying func-
tional tests. Participants were seated in a light- and 
sound-attenuated room. We performed a verbal flu-
ency task (VFT), which is an experimental paradigm 
that is widely used in fNIRS studies for cognitive 
evaluation.17 The VFT is a task used to generate as 
many phrases that begin with a specified word as 
possible within a certain time frame. Each block of 
the VFT consisted of a 30-second pre-task baseline 
and a 20-second VFT, then followed by a 30-second 
resting period. The designated word was selected 
and presented in a random order from the following 
2 groups of 4 words: “Da,” “Xiao,” “Chang,” “Gao”, 
or “Ren,” “Tian,” “Ri,” and “Zhong” (Figure  S1). The 
fNIRS signals were recorded using a multi-channel, 
continuous-wave NIRScout system (NIRx Medical 
Technologies LLC, Minneapolis, MN) with 8 emitters 
and 7 detectors (yielding 20 channels) placed over 
the prefrontal cortex region (Figure S2). The distance 
between the emitter and the detector was 3  cm. 
The wavelengths used for oxyhemoglobin and de-
oxyhemoglobin detection were 760 and 850 nm, re-
spectively, with a sampling frequency of 7.81 Hz. The 
recorded fNIRS signals were assessed with NIRS-
SPM software using MATLAB (2013a, MathWorks, 
Natick, MA). A band-pass filter with cut-off fre-
quencies of 0.01 to 0.5  Hz was applied to remove 
artefacts arising from heartbeat and respiration. 
Optical density data were converted to oxyhemo-
globin and deoxyhemoglobin concentration changes 
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throughout the whole experiment according to the 
Modified Beer-Lambert Law. We mainly focused on 
the oxyhemoglobin signals because they had a bet-
ter signal-to-noise ratio and were more sensitive to 
changes in cerebral blood flow.17 Block average was 
performed to obtain the average response of each 
patient during the VFT from the 20 channels at base-
line and after 12 weeks treatment.

Statistical Analyses
Numerical results are presented as mean±SD, median 
with interquartile range, or n (%). The Kolmogorov–
Smirnov test or the Shapiro–Wilk test was used to 
determine whether each variable had a normal distri-
bution. The baseline characteristics of patients were 
compared between groups using the Chi-squared test 
for categorical variables, the independent 2-sample 
t-test for continuous variables with a normal distribu-
tion, and the Mann–Whitney non-parametric U test for 
data with a non-normal distribution. The paired t-test 
was used to compare the cognitive assessments of 
patients at baseline and at 12 weeks after treatment 
in both groups. The independent 2-sample t-test was 
used to compare the cognitive assessments between 
groups after 12 weeks treatment. To determine the in-
fluence of metabolic parameters on cognitive tests be-
tween groups at 12 weeks, multivariable adjustment, 
including adjustment for age, sex, insulin usage, edu-
cational background, duration of T2DM, BMI, HbA1c, 
total cholesterol, triglycerides, HDL-c, LDL-c, and sys-
tolic and diastolic blood pressure, and corresponding 
95% CIs were estimated using covariance analysis and 
the Univariate General Linear Model. The Wilcoxon 
matched-pairs signed-rank test was conducted to 
investigate the effects of liraglutide on brain activity 
during cognitive tasks at baseline and 12 weeks after 
treatment. The Mann–Whitney non-parametric U test 
was used to analyze differences in mean oxyhemo-
globin concentration indifferent channels between the 
control and GLP-1 groups. Spearman non-parametric 
correlation analysis was performed to assess the rela-
tionship between mean oxyhemoglobin concentration 
changes in significant channels (Ch13 and Ch15), BMI, 
blood pressure, fasting blood glucose (FBG), HbA1c, 
and cognitive assessments. Numerical statistical anal-
yses were conducted using SPSS software, version 
13.0 (SPSS, Inc.) or GraphPad Prism software, ver-
sion 5.0 (GraphPad Software), and a 2-sided P value of 
<0.05 was considered statistically significant.

RESULTS
Baseline Characteristics
Fifty patients with T2DM were allocated to either the 
GLP-1 group or control group in a 1:1 ratio. After the 

initial assessment, 2 patients in the control group and 
1 patient in the GLP-1 group quit the trial. A total of 47 
patients completed the trial (Figure S3).

At baseline, all general characteristics, includ-
ing age, sex, education, duration of T2DM, FBG, 
HbA1c, blood pressure, type of hypoglycemic drug 
(excluding metformin), and blood lipid concentrations 
were matched in the 2 groups (Table 1). Patients in 
the GLP-1 group had a higher BMI and higher tri-
glycerides and HDL-c concentrations compared with 
the control group. There were no differences in cog-
nitive performance at baseline between the 2 groups 
(Table 2).

Effect of Liraglutide on Cognitive Function 
and Metabolic Parameters
After 12  weeks of treatment, patients in the GLP-1 
group demonstrated better performance in all cogni-
tive tests, which included the total learning (P=0.039), 
Animal Naming Test (P=0.025), and MMSE (P=0.001) 

Table 1.  Baseline Characteristics of the Patients With 
Type 2 Diabetes Mellitus

Control Group 
(n=23)

GLP-1 Group 
(n=24)

Age, y 59.5±7.4 55.0±11.9

Male sex, n (%) 9 (39.13) 14 (58.33)

College degree and above, 
n (%)

6 (26.09) 10 (41.67)

Duration of type 2 diabetes 
mellitus, y

9.00 [4.00, 
12.75]

9.50 [0.88, 
17.00]

Body mass index, kg/m2 24.7±1.8 28.1±2.2*

Fasting blood glucose, mmol/L 8.56±3.33 9.63±3.50

HbA1c, % 8.71±2.14 9.54±1.99

Blood pressure, mm Hg

Systolic 128±11 129±11

Diastolic 80±8 81±8

Patients receiving (drug class)

Insulin 15 (65.22) 17 (70.83)

Metformin 5 (21.74) 13 (54.17)*

Sulfonylureas (2nd 
generation)

3 (13.04) 1 (4.17)

Thiazolidinediones 0 (0.00) 2 (8.33)

α-glucosidase inhibitors 3 (13.04) 5 (20.83)

Glinides 0 (0.00) 1 (4.17)

TC, mmol/L 5.09±1.49 4.58±1.35

Triglycerides , mmol/L 1.75±1.10 3.14±2.28*

HDL-c, mmol/L 1.23±0.27 0.95±0.14*

LDL-c, mmol/L 2.81±0.95 2.80±0.87

Data are mean±SD, median with interquartile range, or n (%). The body 
mass index is the weight in kilograms divided by the square of the height 
in meters. GLP-1 indicates glucagon-like peptide-1; HbA1c, glycated 
hemoglobin; HDL-c, high-density lipid cholesterol; LDL-c, low-density lipid 
cholesterol; and TC, total cholesterol.

*P<0.05 GLP-1 group vs control group.
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tests, compared with the control group. In con-
trast, only total learning and Memory and Executive 
Screening memory scores increased in the control 
group after treatment (Table 2). FBG and HbA1c con-
centrations significantly decreased in both groups 
after treatment, but no significant difference was 
observed between the 2 groups. Administration of 
liraglutide significantly decreased BMI (P=0.001) and 
increased HDL-c concentration (P=0.0046) com-
pared with the control group (Table S1). In the GLP-1 
group, patients maintained a higher MMSE score 
compared with the control group (P=0.040) after 
adjustment for age, sex, insulin usage, educational 
background, duration of T2DM, BMI, HbA1c, total 
cholesterol, triglycerides, HDL-c, LDL, and systolic 
and diastolic blood pressure (Table 2).

Effect of Liraglutide on Cognition-
Associated Brain Function
At baseline and after liraglutide treatment for 
12 weeks, we simultaneously evaluated brain activa-
tion using the VFT and fNIRS monitoring. Compared 
with baseline, liraglutide significantly increased brain 
activation (represented by the increment in oxyhemo-
globin concentration) in the dorsolateral prefrontal 
cortex (DLPFC) and orbitofrontal cortex (OFC) (chan-
nels 2, 8, 13, and 17; Figure 1). The effect of liraglutide 
on the mean oxyhemoglobin concentration in these 

brain regions was analyzed (Figure  1, Table  S2). In 
contrast, brain activation was not different between 
baseline and after 12 weeks of treatment in the con-
trol group. Compared with the control group, it fur-
ther showed that liraglutide significantly increased 
brain activation in the DLPFC (channel 13: GLP-1 ver-
sus control: 0.2248 [0.1136, 0.4036] versus 0.0286 
[−0.0674, 0.2650], respectively; P=0.0224) and brain 
activation in the OFC (channel 15: GLP-1 versus con-
trol: 0.1248 [0.0353, 0.2254] versus 0.0352 [−0.0551, 
0.0990], respectively; P=0.0038) (Figure 2). However, 
these activating effects on brain regions were absent 
in the control group.

Correlation Between Metabolic Changes 
and Cognition-Associated Brain Function
To determine whether brain activation was associated 
with cognitive performance in these regions, we ana-
lyzed the correlation between mean oxyhemoglobin 
concentration changes in activated brain regions and 
metabolic parameters, as well as cognitive perfor-
mance (Figure 2, Table S3). No significant correlation 
between mean oxyhemoglobin concentration changes 
in activated brain regions and BMI or FBG in patients 
were observed after liraglutide treatment. Importantly, 
MMSE scores were significantly correlated with mean 
changes of oxyhemoglobin concentration in these ac-
tivated brain regions (channel 13, r=0.3056, P=0.0367; 

Table 2.  Cognitive Assessments of the Patients at Baseline and at 12-Weeks of Treatment in Both Groups

Control Group (n=23) GLP-1 Group (n=24)

P Value
Adjusted-P 

Value0-wk 12-wk P Value* 0-wk 12-wk P Value†

Digit Span Test- forwards 6.96±1.49 7.17±1.07 0.3647 6.71±1.20 7.63±1.28 <0.001 0.198 0.505

Digit Span 
Test- backwards

3.91±1.00 4.26±1.39 0.2009 4.21±1.28 4.96±1.30 0.0064 0.082 0.889

Total Learning 23.48±6.86 25.70±6.27 0.0078 24.83±7.31 29.88±7.15 <0.001 0.039 0.444

Long-Delay Free Recall 6.10±2.61 6.67±3.52 0.3343 5.00±2.35 7.13±2.83 0.0236 0.692 0.842

Recognition 20.09±5.34 20.94±3.09 0.8914 19.58±3.34 22.00±1.81 0.0049 0.182 0.725

Animal Naming Test 17.91±7.01 17.39±4.67 0.7382 17.67±4.82 20.75±5.20 <0.001 0.025 0.726

Clock Drawing Test 3.09±1.11 3.52±0.73 0.0706 2.96±1.00 3.42±0.78 0.0183 0.635 0.623

Trail Making Test 49.68±30.52 52.55±31.06 0.7336 44.78±20.77 39.29±18.22 0.0100 0.081 0.658

Minimum Mental State 
Examination

27.39±2.04 27.48±1.73 0.8171 27.92±1.86 28.96±1.00 0.0087 0.001 0.040

Memory and executive 
screening—memory

40.43±7.65 43.74±4.27 0.0222 41.00±5.88 44.92±5.15 <0.001 0.399 0.499

Memory and executive 
screening—executive

46.04±7.45 47.26±6.20 0.3605 46.04±3.43 47.67±2.04 0.0072 0.762 0.385

Memory and executive 
screening—total

86.48±11.77 90.09±9.38 0.0817 87.04±8.16 92.58±5.94 <0.001 0.279 0.892

Adjusted for data at week 12. Variables include age, sex, insulin usage, educational background, duration of type 2 diabetes mellitus, body mass index, 
glycated hemoglobin, total cholesterol, triglyceride, HDL-c, high-density lipid cholesterol; LDL, low-density lipid cholesterol; and systolic and diastolic blood 
pressure. GLP-1 indicates glucagon-like peptide-1.

*cognitive tests comparison between 0-week and 12-week in Control group.
†cognitive tests comparison between 0-week and 12-week in GLP-1 group.
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channel 15, r=0.3120, P=0.0328) in patients after lira-
glutide treatment. Similarly, mean changes of oxy-
hemoglobin concentration in channel 15 were highly 
correlated with long-delay free recall score (r=0.4303, 
P=0.0176) in patients after liraglutide treatment.

DISCUSSION
Main Findings
The novel findings in this study included: (1) treatment 
with liraglutide for 12 weeks remarkably improved cog-
nitive function in patients with T2DM compared with 
regular hypoglycemic treatment; (2) Relative to control 
group, liraglutide significantly activated certain brain re-
gions, including the DLPFC and the OFC, which were 

highly associated with improvements in cognitive perfor-
mance; (3) The neuroprotective effect of liraglutide was 
not related with changes of blood pressure, glycemia, 
and body weight in patients with T2DM. These findings 
clearly suggest that the beneficial effects of liraglutide 
were independent of metabolic improvement.

Interpretation of Study Findings and 
Comparison With Existing Literature
Although epidemiological evidence indicates that diabe-
tes mellitus, obesity, and hypertension increase the risk 
of dementia, remission of cardiometabolic risk factors 
through medical treatment failed to ameliorate cognitive 
decline in patients, as shown by several large and pro-
spective clinical trials.21–24 In these trials, patients had 

Figure 1.  The grand averaged oxyhemoglobin concentration in relevant channels during verbal fluency task between 
baseline and 12 weeks after glucagon-like peptide-1 treatment.
The thick curves showed the averaged oxyhemoglobin concentration over patients in significant channels (channels 2, 8, 13, and 
17). The shaded area indicated the SEM. The extracted mean oxyhemoglobin concentration during verbal fluency task in relevant 
channels after glucagon-like peptide-1 treatment were expressed as median with interquartile range and were compared using the 
Wilcoxon matched-pairs signed-rank test. T-map of mean oxyhemoglobin concentration changes for 12-week vs 0-week contrast in 
glucagon-like peptide-1 group with the distribution of the significant channels was presented in the middle row panel (P<0.05). The 
mean oxyhemoglobin concentration differences (between 0 and 12 weeks) as a function of significant channels and time of all patients 
in glucagon-like peptide-1 group was presented in the middle row right panel. Ch2, Ch8, Ch13, and Ch17 indicate Channels 2, 8, 13 
and 17; DLFPC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; and OxyHb, Oxyhemoglobin.
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higher cardiovascular risk and multiple complications, 
thus cardiovascular outcomes were a primary end point 
and cognitive function was a secondary end point. 
GLP-1 RAs are a new class of hypoglycemic drug that 
can stimulate insulin release, reduce glucagon release, 
slow gastric emptying, and induce satiety.25 Importantly, 
plenty of experimental studies have demonstrated 
that GLP-1 administration or activation of the GLP-1 

receptor have neuroprotective actions, including lower-
ing of amyloid-β plaque loads in the brain, preventing 
age-dependent tau hyperphosphorylation, and improv-
ing cognitive performance in animal models of AD.9,26 
However, the beneficial effect of GLP-1 RAs on cogni-
tive impairment is controversial in patients with AD. In a 
randomized trial, Gejl et al reported that liraglutide did 
not improve cognitive function although brain glucose 

Figure 2.  The grand averaged oxyhemoglobin concentration in relevant channels during verbal fluency task at 12weeks 
between control and GLP-1 groups, and the correlation of significant channels with metabolic factors and cognitive tests.
The thick curves showed the averaged oxyhemoglobin concentration over patients in significant channels (channels 13 and 15) in both 
groups. The shaded area indicated the SEM. T-map of mean oxyhemoglobin concentration difference at 12 weeks of GLP-1 group 
vs control group contrast with the distribution of the significant channels was presented in the upper row right panel (P<0.05). The 
comparisons of grand mean oxyhemoglobin concentration in significant channels at 12-weeks between control and GLP-1 groups. 
Data were expressed as median with interquartile range. The correlations of metabolic parameters and cognitive assessments with 
the mean oxyhemoglobin concentration in significant channels were presented by heat map in the lower row panel. ANT indicates 
Animal Naming Test; BMI, body mass index; BP, blood pressure; Ch13, and Ch15, Channels 13 and 15; CDT, Clock Drawing Test; DST, 
Digit Span Test; GLP-1, glucagon-like peptide-1; HbA1c, glycated hemoglobin; HDL-c, high-density lipid cholesterol; LDFR, long-delay 
free recall; LDL-c, low-density lipid cholesterol; MES, Memory and Executive Screening; MMSE, Mini-Mental State Examination; 
OxyHb, Oxyhemoglobin; TC, total cholesterol; TG, triglycerides; and TMT, Trail Making Test.
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transport was enhanced in patients with AD after treat-
ment.16,27 Another study using exenatide was prema-
turely terminated because of a lack of clear conclusions 
in patients thought to have AD.15 However, some posi-
tive results in patients with diabetes mellitus with obesity 
were reported in several small trials. Zhang et al found 
that treatment with GLP-1 RAs improved cognitive im-
pairment and olfactory dysfunction, which was partially 
associated with weight loss in patients with obesity and 
T2DM.11 Vadini et al showed that liraglutide could slow 
the decline in memory in patients with severe obesity 
with pre- or early diabetes mellitus, which was related to 
weight loss.12 It is worthy to note that cognitive improve-
ment was a primary outcome in these studies. In this 
study, we showed that liraglutide remarkably improved 
cognitive decline, even after adjusting for BMI and blood 
glucose concentrations in patients with T2DM. The ef-
fects of liraglutide were not associated with a reduction 
in glycemia or body weight. One prominent difference 
between our study and the others was that our patients 
treated with liraglutide had a higher HbA1c value (mean, 
9.6%) and a lower BMI (mean, 28 kg/m2) compared with 
patients enrolled in Zhang’s (HbA1c, 8.1%; BMI, 32 kg/
m2) and Vadini’s (HbA1c, 5.9%; BMI, 36.7 kg/m2) reports. 
Therefore, these studies cannot exclude the effect of 
GLP-1 RA-mediated weight loss on cognitive improve-
ment in patients with obesity and T2DM. Recently, a 
large clinical trial reported that dulaglutide might reduce 
cognitive decline in patients with T2DM with high car-
diovascular risk, implying that this effect may be derived 
from its cardiovascular benefits.13 By contrast, our pa-
tients with liraglutide treatment had lower cardiovascular 
risk. Therefore, our findings could reflect a direct neuro-
protective effect of liraglutide because GLP-1 receptor 
is found in many brain regions associated with memory 
and learning.28 Meanwhile, the brain insulin resistance 
was suggested contributing to the AD development, 
and intranasal insulin administration has been shown 
to improve memory in human studies.29,30 In this study, 
the dosage of insulin was comparable in both groups, 
but we did not find its beneficial effect on cognitive im-
provement in patients with T2DM. Currently, there are 
some controversial results on this issue, because insulin 
could cause hypoglycemia related cognitive damage in 
patients with T2DM.31,32 Importantly, GLP-1 RA activa-
tion was found to increase in the cAMP levels leading to 
the modulation of downstream kinases that are related 
to growth factor signaling, which may thereby restore 
brain insulin resistance and reduce levels of amyloid-β 
peptide.26

Strengths and Limitations
We used a neuroimaging technique for further validating 
our assumption. At present, the major assessments of 
cognitive status are neuropsychological tests. However, 

these methods are subject to interference by subjec-
tive judgments and personal qualities. Over the past 
decade, functional magnetic resonance imaging and 
positron emission tomography have been used to char-
acterize behavioral and cognitive processes in patients 
with AD.11,15,16,33 However, functional magnetic reso-
nance imaging is limited to postural changes and can-
not be used to obtain real-time information about brain 
activation during execution of cognitive tasks. fNIRS is a 
non-invasive neuroimaging technique that has a spatial 
resolution similar to functional magnetic resonance im-
aging with a high temporal resolution and portability.17 
This approach permits in-situ measurement of brain ac-
tivity and cerebral blood flow in different body positions 
using varying functional tests. In this study, we evaluated 
the effect of liraglutide on cognitive status using the VFT 
combined with real-time fNIRS. It clearly showed that 
liraglutide activated the DLPFC and OFC brain regions, 
which have long been recognized to participate in regu-
lation of appetite and eating behaviors, especially for re-
ward evaluation.34 Activation of the DLPFC and the OFC 
was also reported to be associated with better cognitive 
performance in patients with AD.35,36 In this study, im-
provements in MMSE scores also correlated with activa-
tion of these brain regions, as shown by fNIRS analysis. 
Thus, we provide a novel modality for assessing brain 
function in clinical studies. We validate that the beneficial 
effect of liraglutide on cognitive impairment is independ-
ent of metabolic improvements in patients with T2DM. 
This study has several limitations. First, our study was 
not a randomized controlled clinical trial. Second, it is 
unclear whether other GLP-1 RAs have similar effects as 
liraglutide in patients with T2DM. Third, repeating cogni-
tive tests could increase the deviation in memorization, 
which is often difficult to avoid in this type of study.

Perspective
Overall, our study has demonstrated that the improve-
ment of cognitive decline by liraglutide is independent 
of its blood pressure and metabolic changes in pa-
tients with diabetes mellitus. The optimal treatment for 
cognitive impairment should be targeted in the patients 
with mild cognitive impairment. In addition, cognitive 
tests integrating the fNIRS are reliable approaches 
to evaluate brain function in clinical practice. If rand-
omized controlled trials confirm these findings in the 
future, GLP-1 RAs might be a promising drug to im-
prove the patients with cognitive dysfunction.
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Table S1. Metabolic parameters changes between baseline and 12-week after treatment in both groups. 

 Control group (n=23) GLP-1 group (n=24) P value 

0-week 12-week P value* 0-week 12-week P value† 

Body-mass index —kg/m2 24.7 ± 1.8 24.8 ± 1.9 0.8488 28.1 ± 2.2 27.2 ± 2.5 0.001 0.001 

Fasting blood glucose — mmol/L 8.56 ± 3.33 7.24 ± 3.32 0.0172 9.63 ± 3.50 7.93 ± 2.63 0.0447 0.433 

HbA1c — % 8.71 ± 2.14 7.69 ± 2.09 0.0084 9.54 ± 1.99 7.44 ± 1.55 <0.001 0.643 

Blood pressure — mmHg        

Systolic 128 ± 11 125 ± 12 0.3816 129 ± 11 126 ± 10 0.3280 0.866 

Diastolic 80 ± 8 78 ± 8 0.4011 81 ± 8 79 ± 8 0.3910 0.786 

TC —mmol/L 5.09 ± 1.49 4.59 ± 1.30 0.0141 4.58 ± 1.35 4.42 ± 1.61 0.6569 0.696 

TG —mmol/L 1.75 ± 1.10 1.51 ± 0.89 0.3250 3.14 ± 2.28 2.79 ± 2.88 0.6112 0.049 

HDL-c —mmol/L 1.23 ± 0.27 1.13 ± 0.23 0.0312 0.95 ± 0.14 1.19 ± 0.34 0.0046 0.538 

LDL-c —mmol/L 2.81 ± 0.95 2.59 ± 1.05 0.1465 2.80 ± 0.87 2.73 ± 0.81 0.7490 0.614 

Data are mean ± SD. The body-mass index is the weight in kilograms divided by the square of the height in meters. SD = standard deviation; HbA1c=Glycated Hemoglobin; 

TC= total cholesterol; TG=triglycerides; HDL-c: high density lipid-cholesterol; LDL-c: low density lipid-cholesterol. 



 
 

Table S2. Mean OxyHb concentration during VFT in relevant channels after GLP-1 treatment. 

channel Area 0-week 12-week Pvalue 

Ch2 DLPFC -0.0589 [-0.1052, 0.1081] 0.1852 [0.0426, 0.2771] 0.0016 

Ch8 DLPFC -0.0491 [-0.1619, 0.0416] 0.1521 [0.0607, 0.2757] 0.0086 

Ch13 OFC -0.0463 [-0.1662, 0.2294] 0.2248 [0.1136, 0.4036] 0.0229 

Ch17 DLPFC -0.0628 [-0.2092, 0.0844] 0.1722 [0.0366, 0.3289] 0.0150 

Data are median with interquartile range. DLPFC: dorsolateral prefrontal cortex. OFC: orbitofrontal 

cortex. 



 
 

Table S3. Correlations of metabolic parameters and cognitive assessments with the mean OxyHb 

concentration in significant channels during VFT after liraglutide treatment.  

 Ch13 Ch15 

BMI r = 0.1859, P = 0.2108 r = 0.1423, P = 0.3399 

Fasting blood glucose r = 0.1437, P = 0.3354 r = 0.0375, P = 0.8024 

HbA1c r = -0.0102, P = 0.9458 r = -0.0190, P = 0.8993 

Blood pressure — mmHg   

Systolic r = -0.0715, P = 0.6332 r = 0.0425, P = 0.7765 

Diastolic r = 0.0071, P = 0.9622 r = 0.0384, P = 0.7977 

TC r = 0.0947, P = 0.5267 r = 0.1207, P = 0.4192 

TG r = 0.3987, P = 0.0055 r = 0.4163, P = 0.0036 

HDL-c r = 0.2016, P = 0.1741 r = -0.0297, P = 0.8427 

LDL-c r = 0.0960, P = 0.5208 r = 0.1118, P = 0.4543 

Digit Span Test (DST)- forwards r = -0.0024, P = 0.9872 r = 0.0333, P = 0.8239 

Digit Span Test (DST)- backwards r = 0.1639, P = 0.2710 r = 0.1742, P = 0.2417 

Total Learning r = -0.0200, P = 0.8940 r = 0.1291, P = 0.3869 

Long-Delay Free Recall (LDFR) r = 0.0738, P = 0.6985 r = 0.4303, P = 0.0176 

Recognition r = 0.2608, P = 0.1041 r = 0.2746, P = 0.0864 

Animal Naming Test (ANT) r = 0.2262, P = 0.1263 r = 0.2438, P = 0.0986 

Clock Drawing Test (CDT) r = -0.0442, P = 0.7681 r = -0.1494, P = 0.3163 

Trail Making Test (TMT) r = 0.0346, P = 0.8192 r = -0.1288, P = 0.3934 

Minimum Mental State Examination 

(MMSE) 

r = 0.3056, P = 0.0367 r = 0.3120, P = 0.0328 

Memory and executive screening 

(MES)- Memory 

r = -0.0308, P = 0.8374 r = 0.0172, P = 0.9089 

Memory and executive screening 

(MES)-Executive 

r = -0.0610, P = 0.6839 r = -0.0373, P = 0.8036 

Memory and executive screening 

(MES)-Total 

r = 0.0384, P = 0.7977 r = 0.0349, P = 0.8159 



 
 

Figure S1. Experiment design. 

 

All patients were performed cognitive tests and fNIRS at baseline and at 12 weeks after treatment. 

Each block of the VFT consisted of a 30-s pre-task baseline and a 20-s VFT, then followed by a 30-s 

resting period. The designated word was selected and presented in a random order from the following 

two groups of four words: “Da,” “Xiao,” “Chang,” “Gao”, or “Ren,” “Tian,” “Ri,” and “Zhong”.  



 
 

Figure S2. The configuration of the fNIRS probe array arrangement in the OFC region 

during the experiment (front view), which consists of 8 emitters (red) and 7 detectors (green) 

in the arrangement resulted in a total of 20 channels. 

 

The anatomical brain areas of fNIRS channels were listed as following: orbitofrontal cortex (OFC): 

channels 4, 11, 13 and 19; ventrolateral prefrontal cortex (VLPFC): channels 1, 3, 18, and 20; 

dorsolateral prefrontal cortex (DLPFC): channels 2, 5, 8, 9, 10, 15, and 17; and frontopolar cortex 

(FPA): channels 6, 7, 12, 14, and 16. 

 



 
 

Figure S3. Flowchart of participant enrollment and follow-up during 12 weeks. 

 


