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Abstract
Background: Obesity is a chronic disease associated with in-
creased morbidity and mortality due to its complications. 
The aims of obesity treatment are primarily to accomplish 
weight loss, and prevention or treatment of its complica-
tions. Lifestyle changes along with behavioral therapy con-
stitute the first-line treatment of obesity followed by phar-
macotherapy. Glucagon-like peptide receptor analogs (GLP-
1 RAs) are among the approved pharmacotherapy options. 
Their central effect on suppressing appetite results in con-
siderable weight loss. However, their effect on the complica-
tions of obesity has not been very well recognized. This re-
view aims to analyze the effects of GLP-1 RAs on the compli-
cations of obesity, as diabetes mellitus, hypertension, 
nonalcoholic steatohepatitis (NASH), cardiovascular diseas-
es, polycystic ovary syndrome, infertility, obstructive sleep 

apnea (OSA), osteoarthritis, cancer and central nervous sys-
tem problems. Summary: Data from preclinical studies and 
clinical trials have been thoroughly evaluated. Effects re-
garding the complications as far as the scope of this review 
have covered can be summarized as blood glucose lowering, 
blood pressure lowering, resolution of NASH, improving ma-
jor cardiovascular events, improving fertility and sex hor-
mone levels, and improvement in OSA symptoms and in 
cognitive scores. Although the mechanisms are not fully elu-
cidated, it is clear that the effects are not solely due to weight 
loss, but some pleiotropic effects like decreased inflamma-
tion, oxidative stress, and fibrosis also play a role in some of 
the complications. Key Messages: Treating obesity is not 
only enabling weight loss but ameliorating complications 
related to obesity. Thus, any antiobesity medication has to 
have some favorable effects on the complications. As far as 
the GLP-RA’s analogs are concerned, there seems to be an 
improvement in many of the complications regardless of the 
weight loss effect of these medications.
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Introduction

Obesity is a chronic disease associated with multiple 
complications [1] that lead to increased morbidity and 
mortality [2]. Main aims of treatment of obesity are 
weight loss, weight maintenance, prevention of weight re-
gain, and prevention or treatment of its complications. 
Lifestyle changes along with behavioral changes form 
first-line treatment of obesity followed by pharmacother-
apy, when lifestyle changes do not suffice. Among medi-
cal therapeutics, glucagon-like peptide receptor analogs 
(GLP-1 RAs) have started to play an important role. Lira-
glutide (LIRA), followed by semaglutide (SEMA), has 
Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) approval for obesity treatment. 
GLP-1 RAs act through hypothalamic hunger and satiety 
centers by decreasing appetite, along with delaying gas-
tric emptying and increasing insulin secretion. Much em-
phasis has been previously made on the effects of GLP-1 
RAs on weight loss, but evidence about the effect on com-
plications is relatively scarce. This review aims to put to-
gether data about how GLP-1 RAs are effective on com-
plications of obesity, and possible mechanisms playing a 
role other than weight loss.

GLP-1 is expressed in L cells in the gastrointestinal 
tract, alpha pancreatic cells, and in the brain [3]. GLP-1 
receptor (GLP-1 R) has been identified in many tissues, 
with the highest expression in lung and pancreas, less ex-
pression in stomach, intestine, kidney, heart, and brain 
[4]. Thus, the targets of GLP1-RAs are far beyond the pre-
specified effects. Type 2 diabetes mellitus (T2DM), hy-
pertension (HT), cardiovascular disease, nonalcoholic 
fatty liver disease (NAFLD), polycystic ovary syndrome 
(PCOS), infertility, obstructive sleep apnea (OSA) syn-
drome, osteoarthritis (OA), cancers and central nervous 
system disorders are among major complications of obe-
sity.

Type 2 Diabetes Mellitus

The risk of developing T2DM increases with adiposity 
and increasing body mass index (BMI) [5]. There is a 
common pathophysiological pathway between these dis-
eases, possibly through compromised incretin function 
[6]. LIRA is an agent that is initially approved for the 
treatment of T2DM; thus, the data about LIRA come 
mostly from clinical trials with diabetes.

Clinical Data
GLP-1RAs improved glycemic profile and decreased 

body weight (BW) compared with placebo [7]. LIRA (3.0 
mg) caused more weight loss among overweight and 
obese participants with T2DM than placebo and LIRA 1.8 
mg [8]. Prediabetic subjects who continued on LIRA 3.0 
mg or placebo for two more years showed a decreased risk 
of diabetes in the LIRA group (HR, 0.21; 95% CI, 0.13–
0.34; p < 0.001). This advantage remained after a 12-week 
follow-up after discontinuation of treatment. Further-
more, LIRA enabled regression from prediabetes to nor-
moglycemia more when compared to placebo (OR, 3.6; 
95% CI, 3.0–4.4; p < 0.001). Reduction of BW was more 
prominent in the group that remained normoglycemic, 
indicating that BW reduction plays a primary role in de-
laying T2DM [9]. Additionally, GLP-1 preserves beta-
cells [10–12]. Taken together, improved beta-cell func-
tion and insulin resistance (IR) followed by LIRA-in-
duced BW reduction prevent diabetes in high-risk 
patients [9].

Other GLP-1 RAs include exenatide twice daily (EXE 
BID) and EXE QW (Bydureon) once weekly, lixisenatide 
(Lyxumia) once daily, dulaglutide (Trulicity) once week-
ly, and albiglutide (Tanzeum or Eperzan) once weekly 
[13]. The data comparing GLP-1 RAs head to head are 
limited in terms of weight loss and HbA1c reduction [13]. 
Studies suggest a similar HbA1c-lowering effect between 
lixisenatide and EXE BID, while showing more weight 
loss with EXE BID. Albiglutide was less effective at both 
lowering HbA1c and achieving weight loss compared 
with LIRA. Dulaglutide once weekly was more effective 
than EXE BID and was noninferior to LIRA at HbA1c re-
duction. Weight loss was similar between dulaglutide and 
EXE BID but was greater with LIRA than dulaglutide [14] 
(Fig. 1).

GLP-1 RAs improved glycemic profile and decreased 
BW compared with placebo [7]. A systemic review of 
GLP-1 RAs in T2DM showed that LIRA was as efficient 
as dulaglutide, and EXE and albiglutide were inferior to 
LIRA in achieving glycemic goals [15].

SUSTAIN 1-6 trials assessed the glucose-lowering ef-
ficacy of SEMA compared to placebo, DPP-4 inhibitor, 
GLP-1 RAs, and long-acting insulin. A significant benefit 
of SEMA in glucose lowering and weight reduction was 
observed [16–21]. SUSTAIN-7 showed a significant re-
duction in mean HbA1C and BW in SEMA than dulaglu-
tide [22] SUSTAIN 8–10 clinical trials confirmed the ef-
ficacy of SEMA in terms of glucose control without rais-
ing any new safety concerns [23–25]. In the PIONEER 
trials, oral SEMA provided significantly better efficacy 
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than placebo and DPP-4 inhibitor (sitagliptin), SGLT-2 
inhibitors (empagliflozin), as well as LIRA and dulaglu-
tide [26]. Provided that SEMA 1.0 mg has the greatest 
weight loss effect in patients with type 2 diabetes, a high-
er dose of 2.4 mg for weight management in adults with 
overweight or obesity and type 2 diabetes was investigat-
ed. The clinically significant weight loss was accompanied 
by an HbA1c reduction with SEMA 2.4 mg, than SEMA 
1.0 mg, and placebo [27].

Drug Effect
Since the fact that while the glucose-lowering effect is 

comparable among different agents in patients with DM, 
the amount of weight loss seems to be different. This may 
be a clue as to the mechanism of diabetes control is 
through mostly the release of insulin, decreased glucagon 
secretion, and delayed gastric emptying, instead of weight 
loss. In the case of prediabetes or IR, the prevention of 
diabetes seems to be through weight loss.

Hypertension

Animal models of HT, such as salt-sensitive Dahl rats, 
salt-sensitive obese db/db mice, and chronic infusion of 
GLP-1 have decreased the incidence of HT [28, 29].

Clinical Data
Antihypertensive effects of GLP-1 RAs have been 

demonstrated in several clinical trials. There seems to be 
a slight lowering of blood pressure (BP) (2–6 mm Hg 
from baseline) with GLP RAs [30–35]. Despite the fact 
that GLP1 RAs decreased BP in the long run, short-term 
treatment has been shown to increase in both systolic and 
diastolic BP, possibly due to increased heart rate and car-
diac output at the beginning of therapy [36].

Drug Effect
The hemodynamic effects of GLP RAs in kidney have 

been postulated to be through two different mechanisms: 
through decreased proximal tubular sodium resorption, 
leading to lower glomerular filtration rate (GFR) and re-
nal blood flow and through dilatation of afferent arteri-
ole, which has a role in increasing GFR and renal blood 
flow. Type of GLP-1 agonist, dose, baseline GFR, and the 
metabolic state of the patient may determine which 
mechanism predominates [36]. There have been many 
animal and human data demonstrating that natriuresis 
may be a predominant mechanism. Studies in mice have 
demonstrated that the increase in atrial natriuretic pep-
tide (ANP) resulted in natriuresis in mice [37]. Similarly, 
a study in patients with T2DM and HT has also showed 
that natriuresis increases as a result of the increase in 
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Fig. 1. Studies comparing GLP-1 RAs in terms of weight loss and HbA1c reduction [14].
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ANP with LIRA treatment [38]. In patients with obesity, 
GLP-1 infusion has resulted in an increase in urinary Na 
excretion, along with a decrease in urinary H+ secretion 
[39]. Another postulated mechanism is antagonization of 
the effect of angiotensin II, observed in preclinical studies 
[37, 40]. Clinical studies show contradictory results as to 
levels of ANP [37, 41], while LIRA decreased the levels of 
angiotensin II concentration in people with T2DM [36].

The antihypertensive effects of these kinds of drugs, as 
demonstrated in the LEAD trials, seem to occur before 
any weight loss occurs [37]. It was also demonstrated in 
another trial that the decrease in BP was independent of 
the change in BMI [42]. Thus, GLP-1 RAs have a slight 
antihypertensive effect in the long-term use, most prob-
ably due to hemodynamic effects.

Nonalcoholic Fatty Liver Disease

Obesity has an important role in the pathophysiology 
of NAFLD and its prevalence increases in parallel with 
escalating obesity prevalence [43]. IR is a shared charac-
teristic of T2DM and obesity and plays a key role in the 
pathophysiology of NAFLD. Increased lipolysis in pe-
ripheral adipose tissue due to IR causes an overwhelming 
free fatty acid flux toward the liver. In addition, de novo 
triglyceride synthesis in the liver and decreased fatty acid 
beta-oxidation contribute to fat accumulation in the liver 
parenchyma [44]. NAFLD encompasses a wide range of 
liver damages starting from simple steatosis to steatohep-
atitis (NASH) and to advanced fibrosis/cirrhosis [45]. 
GLP-1 RAs are one of the promising drug groups in the 
treatment of the NAFLD.

Beneficial effects of GLP-1 RAs have been observed in 
both animal models of NASH and in vitro studies. GLP-1 
RAs stimulate hepatic lipid oxidation, reduce de novo li-
pogenesis, and improve hepatic steatosis by modulating 
insulin signaling pathway [46–49]. Inflammation has 
been also considered to play a key role in the development 
of NASH [44]. Published data suggest that GLP-1 RAs 
might affect NASH through anti-inflammatory mecha-
nisms [50].

Clinical Data
There are many clinical trials investigating the role of 

GLP-1 RAs in the treatment of NAFLD [51]. Histological 
improvement in hepatic steatosis, necroinflammation, 
and fibrosis, assessed by liver biopsy, imaging modalities, 
changes in serum hepatic enzyme levels, noninvasive he-
patic biomarkers, IR, and anthropometric measures are 

parameters used for diagnosis or assessing the response 
to treatment in NAFLD [52].

Improvement in hepatic enzymes has been reported 
with GLP-1 RAs [52]. Detection of reduction in hepatic 
steatosis by noninvasive methods such as magnetic reso-
nance (MR) spectroscopy, MR imaging proton density fat 
fraction, and ultrasonography were reported in several 
studies investigating the efficacy of GLP-1 RAs [53, 54]. 
The effect of GLP-1 RAs on hepatic fibrosis is uncertain 
when the findings of the studies using noninvasive assess-
ment of liver fibrosis were evaluated [55]. Fibrosis sever-
ity has been strongly implicated in the long-term progno-
sis of NAFLD. Transient elastography and MR elastogra-
phy are new techniques determining the presence and 
severity of hepatic fibrosis in patients with NAFLD, non-
invasively. Despite some improvements, the effect of 
GLP-1 RAs on hepatic fibrosis is uncertain when the re-
sults of the studies using noninvasive assessment of liver 
fibrosis were evaluated [55].

There are few clinical trials with biopsy-confirmed liv-
er histological change as the primary outcome. One of the 
important biopsy-confirmed studies evaluating the GLP-
1 RAs efficacy in treatment of NASH is the Liraglutide 
Efficacy and Action in NASH (LEAN) study, where 52 
patients with NASH were assigned to receive LIRA or pla-
cebo for 48 weeks. Patients included in the study have a 
BMI ≥25 kg/m2 and the percentage of patients with type 
2 diabetes was 35% in LIRA and 31% in placebo groups. 
NASH resolved in 9 of 23 patients (39%) in the LIRA 
group compared to 2 of 22 participants (9%) in placebo 
group (relative risk = 4.3 [95% CI: 1.0–17.7], p = 0.019). 
Patients receiving LIRA were less likely to have progres-
sion to fibrosis than the placebo group (36 vs. 9%; RR = 
0.2; 95% CI 0.1–1.0, p = 0.04) [56]. LIRA treatment was 
associated with significant reductions in BW and also had 
significant improvements in HbA1c compared to place-
bo. Changes in weight and glycemic control in patients 
on LIRA were not significantly different for responders 
(with histological improvement) and nonresponders 
(without histological improvement). Authors stated that 
the effects of LIRA are likely to be due to a combination 
of a direct hepatic effect (odds ratio for treatment effect 
adjusted for weight was 4.12 [CI: 0.66–25.8, p = 0.131]) 
and an effect on weight loss according to the post hoc lo-
gistic regression analysis.

When SEMA in doses of 0.1, 0.2, and 0.4 mg once dai-
ly was compared with placebo, NASH resolution without 
worsening of fibrosis was obtained in 40% of patients in 
the 0.1 mg group, 36% of patients in the 0.2 mg group, 
59% of the patients in the 0.4 mg group, and 17% of pa-
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tients in the placebo group (p < 0.001 for SEMA 0.4 mg 
vs. placebo). An improvement occurred in fibrosis stage 
observed in 43% of the patients in the 0.4 mg group [57]. 
The authors additionally reported that the primary end-
points did not change when analyzing the subset of indi-
viduals with type 2 diabetes. Changes in weight and 
HbA1c were −13% and −1.2% in the 0.4 mg SEMA group, 
respectively, but no additional analysis has been made to 
control changes in weight and HbA1c [57].

Drug Effect
Whether GLP-1 RAs have direct effects on pathophysi-

ology of NASH or they affect the pathophysiology of NASH 
indirectly through improving weight, IR, and glycemic con-
trol is still an unanswered question. Results of the clinical 
trials suggest that GLP-1 RAs are effective for the improve-
ment in hepatic enzymes and hepatic steatosis. However, 
their effect on hepatic fibrosis is inconclusive.

Cardiovascular Disease

Expression of GLP-1 Rs in vascular endothelium, 
smooth muscle cells, and cardiomyocytes suggests that 
these drugs may be effective in the cardiovascular system 
[58]. Statistically significant improvements in various 
cardiometabolic parameters with GLP-1 and GLP-1 RAs 
have been demonstrated across animal and human mod-
els [59–61].

Clinical Data
There are seven cardiovascular safety outcome trials 

for GLP-1 RAs in patients with T2DM: weekly exenatide 
(EXSCEL) [62], lixisenatide (ELIXA) [63], albiglutide 
(HARMONY) [64], dulaglutide (REWIND) [65], LIRA 
(LEADER) [66], subcutaneous SEMA (SUSTAIN-6) [21], 
and oral SEMA (PIONEER-6) [67]. All cardiovascular 
outcome studies for GLP RAs, except for EXSCEL [62], 
ELIXA [63], and PIONEER-6 [67] showed an improve-
ment in major adverse cardiovascular events (first nonfa-
tal acute myocardial infarction, nonfatal stroke, or car-
diovascular death), either a significant reduction (by 12–
26%) or at least a trend toward its reduction. Moreover, 
post hoc analyses of SCALE studies for SEMA showed a 
hazard ratio of 0.42 (95% CI: 0.17, 1.08) for cardiovascu-
lar death, nonfatal myocardial infarction, or nonfatal 
stroke as compared with placebo [68].

In the SCALE Obesity and Prediabetes trial, LIRA 
treatment was associated with reductions in BW and car-
diometabolic risk factors, including waist circumference 

(WC), systolic and diastolic BP, fasting lipid levels, and 
inflammatory markers, in people with obesity (PwO) and 
overweight [69]. These data support a role for GLP-1 RAs 
in reducing the cardiovascular risks in obesity.

Drug Effect
GLP-1 and GLP-1 RAs have been shown to have ef-

fects on endothelial function (vasodilation) [70, 71], on 
intima media thickness [72], and therefore on atheroscle-
rosis and plaque stability [59, 61]. GLP-1 and GLP-1 RAs 
have been shown to improve cardiac blood supply [73], 
cardiac output [74], ventricular contractility [75], myo-
cardial glucose uptake, ischemia tolerance [73, 76], left 
ventricular ejection fraction [77, 78], cardiac index, and 
pulmonary capillary wedge pressure [79] and to reduce 
cardiac fibrosis [80]. Weight loss seems to be an impor-
tant mechanism as well.

Polycystic Ovary Syndrome

Abdominal obesity is present in approximately 20–
85% of women with PCOS [81]. Both obese and lean 
women with PCOS have IR, which is associated with its 
pathogenesis [82]. Weight loss has beneficial effects on 
hirsutism, ovulation rates, fertility, BP, IR, and choles-
terol levels in women with PCOS [83].

Clinical Data
Combined LIRA and metformin (MET) treatment re-

sulted in a significant weight loss and a decrease in WC 
in obese women with PCOS [84, 85]. LIRA 1.2 mg was 
found to be more effective in decreasing BW than MET 
in subjects with severe obesity and PCOS [86]. GLP-1 
RAs alone or combined with MET compared to MET 
alone had a better effect in terms of BMI and WC reduc-
tion in PCOS patients with overweight and obesity [87].

Combination of LIRA and MET significantly reduced 
androstenedione levels [84, 88]. When therapy for PCOS 
was switched from MET to LIRA, androstenedione levels 
increased significantly, most probably due to the with-
drawal of MET [84]. Combining these two medications 
can be more effective in improving hormonal disorders 
in this population.

LIRA, despite weight loss, did not improve the men-
strual cycle in patients with PCOS, possibly related to the 
small size, short duration, and low daily LIRA dose used 
in these studies [84, 86]. However, when used at a higher 
daily dose of 1.8 mg for 6 months, LIRA increased men-
strual regularity significantly [89].
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Drug Effect
Reduction in BW and visceral fat adiposity seem to be 

effective. Increasing insulin sensitivity also seems to play 
an important role in improving menstrual regularity and 
decreasing androgen levels.

GLP-1 RAs may be used effectively and safely to im-
prove hormonal, metabolic profile and reproductive fea-
tures in the treatment of PwO suffering from PCOS. 
These beneficial effects should be confirmed in larger 
multicenter long-term randomized controlled trials.

The Reproductive System

Obesity is responsible for an increased risk of infertil-
ity or lower pregnancy rate. The main mechanisms are 
impairment in the hypothalamic-pituitary-ovarian axis, 
poor oocyte quality, and increased ovarian androgen pro-
duction due to IR. Excess adipose tissue enhances the aro-
matization of androgens to estrogen, leading to a negative 
feedback on hypothalamic-pituitary-ovarian axis, and de-
creases gonadotropin production [90]. These alterations 
lead to ovulatory dysfunction and menstrual disorders. 
Current studies focus on the role of the fertility and preg-
nancy outcomes of weight reduction in these patients. 
Obesity in men is associated with low testosterone and 
reduced sex hormone-binding globulin levels. Androgen 
is converted to estrogen via aromatization in peripheral 
fat tissue, leading to decrease in serum total testosterone 
levels. Increased estrogens decreased gonadotropin con-
centrations by the negative feedback effect [91].

GLP-1 has a modulatory action on hypothalamic 
GnRH neurons by the modulation of presynaptic GABA
ergic inputs and also via kisspeptin neurons [92, 93]. EXE 
treatment improved the quality of sperm in high-fat diet-
induced obesity mice model [94]. GLP-1 RAs might im-
pact sperm quality by triggering GLP-1 R expression in 
spermatozoa and by acting in Sertoli cells [95].

Clinical Data
A 12-week treatment with LIRA 1.2 mg in combination 

with MET was superior to MET monotherapy in increas-
ing pregnancy rates, per embryo transfer, and cumulative 
pregnancy rates in PwO with PCOS [96]. A meta-analysis 
reported that BW loss increased total testosterone levels, 
and this increase was more pronounced in those who had 
a higher degree of weight loss [97]. Reduced BW was as-
sociated with rise in sex hormone-binding globulin levels 
[97]. Testosterone replacement therapy improved meta-
bolic parameters in hypogonadal PwO [98]. Synergistic 

action of sex hormones and GLP-1 RAs on metabolic and 
hormonal conditions in these patient groups were tested. 
LIRA 3.0 mg or 50 mg 1% transdermal testosterone gel 
resulted in a significant decrease in BW, a significant re-
covery of hypothalamus-pituitary-testicular axis, and a 
significant improvement of sexual symptoms in LIRA arm 
during 16 weeks [99]. Adding LIRA to a combination of 
testosterone undecanoate and MET achieved normal se-
rum testosterone levels and improved erectile dysfunction 
[28]. These effects of LIRA could be associated with weight 
loss or direct effects on the Leydig cells, where GLP-1 RAs 
were identified [100].

Drug Effect
BW reduction seems to be the predominant mecha-

nism in these effects. Direct effects on Leydig cells, de-
creased aromatization of the androgens in adipose tissue, 
increased GnRH pulsatile release, and decreased IR seem 
to be the other suggested mechanisms of the effect GLP-1 
RAs in the reproductive system.

Obstructive Sleep Apnea

There is a particularly high prevalence of OSA in pa-
tients with obesity and excess weight is considered to be 
the most important risk factor for OSA [101]. Approxi-
mately 60–70% of individuals with OSA are overweight 
[102, 103]. Weight loss has been shown to reduce OSA 
severity and improve blood oxygen saturation and sleep 
architecture parameters, as well as self-reported quality of 
life [104, 105].

Clinical Data
In the SCALE Sleep Apnea trial, PwO with moderate 

or severe OSA, LIRA 3.0 mg treatment has shown im-
provement in OSA symptoms as well as weight loss, sig-
nificantly greater reductions in apnea-hypopnea index, 
number of apnea events per hour and improved oxygen 
saturation, sleep architecture, and sleep/health-related 
quality of life endpoints compared to placebo. In the 
SCALE Sleep Apnea trial, although there was a significant 
reduction of the number of apneic events, most patients 
remained still affected by OSA after LIRA treatment. 
During the trial, there seemed to be 5.7 ± 0.4% weight loss 
in a follow-up period of 32 weeks; this is a likely expected 
loss of BW. The unresponsiveness can be due to the ma-
jority (around 67%) of the patients having severe OSA. 
Besides at the end of the follow-up duration, weight loss 
with LIRA had not plateaued; thus, more improvements 
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may have been expected with a longer follow-up [106]. 
LIRA 3.0 mg in conjunction with a diet and exercise reg-
imen may be useful as a weight management component 
of a comprehensive therapeutic approach for OSA man-
agement.

Drug Effect
The predominant mechanism of the effect of GLP-1 

RAs on OSA seems to be through weight loss since the 
improvements of the OSA end points in this trial were 
related to the amount of weight loss.

Osteoarthritis

OA is the most frequent type of joint disease, associ-
ated with pain and physical disability, which primarily 
involves the knees [107]. The data link obesity to knee OA 
development [108], and the occurrence of one disease 
triggers the onset of the other, causing a vicious cycle 
[109]. Weight loss is essential for managing patients with 
concurrent overweight or obesity and knee OA and im-
proves pain and function [110]. There is a lack of valid 
and reliable information to manage PwO and knee OA 
[111].

Clinical Data
LIRA 3 mg/day in this patient group induced a signif-

icant weight loss at >52 weeks but did not reduce knee 
pain compared with placebo [111].

Drug Effect
Further studies are required to clarify the effects of 

GLP-1 RAs on knee OA.

Central Nervous System Disorders

Obesity is linked to significant brain gray matter vol-
ume changes such as reductions in left and right inferior 
frontal gyrus, insula, left middle temporal cortex, precen-
tral gyrus, and cerebellum [112]. Neuropathological 
changes observed in brains of PwO may also be linked to 
neuropsychiatric dysfunctions [113]. Obesity is associat-
ed with increased impulsivity, reduced cognitive flexibil-
ity, and executive functions, in addition to lower perfor-
mance on memory scores [114]. Reduced psychomotor 
performance and speed, reduced attention and decision-
making performance, but normal working memory and 
visuospatial abilities were reported in PwO [115]. PwO 

are also under a twofold increased risk of developing Alz-
heimer’s disease compared to normal weight individuals 
[116]. Obesity increases the risk of ischemic stroke even 
in young adults [117]. PwO have increased risk of many 
psychiatric disorders, such as anxiety and depression 
[118, 119]. These associations are thought to be due to 
shared factors as inflammation, mitochondrial dysfunc-
tion, genetic mutations, and increased oxidative stress, in 
addition to comorbidities like T2DM and HT [120, 121].

GLP-1 can be produced by the nervous system cells 
that are microglia, astrocytes, and neurons. It has its own 
G protein-coupled receptors widely distributed through-
out the brain, especially in areas such as ventral segmental 
area, nucleus accumbens, and the hippocampus [122]. 
When GLP-1 Rs are activated in the brain, inflammatory 
cytokines such as TNF-a, IL-6, and IL-10, reactive oxygen 
species production, and apoptotic proteins such as cas-
pase 3 and bax are decreased, and neurotrophic factors as 
GDNF, VEGF, and BDNF are increased [123]. GLP-1 
through these effects can decrease apoptosis, inflamma-
tion, and oxidative stress, thereby strengthening the 
blood-brain barrier and synapses [123].

Clinical Data
Even though research on animal models of metabolic 

disturbances is accumulating, the research on humans is 
relatively low. In a cross-sectional study including 106 pa-
tients with type 2 diabetes and 47 controls, serum GLP-1 
levels were found to be protective against mild cognitive 
impairment detected by the MOCA test in patients with 
T2DM and its levels were lower in patients with mild cog-
nitive impairment compared to controls [124]. LIRA ex-
posure led to improved composite memory scores in 
PwO treated with either LIRA or lifestyle changes [125]. 
LIRA use for 3 months in PwO resulted in a significant 
improvement in memory and attention, and this im-
provement was correlated with the increased activity at 
dorsolateral prefrontal cortex and orbitofrontal cortex 
[126].

Neuroprotective effects of GLP-1 RAs are also being 
studied in patients with Alzheimer’s or Parkinson’s dis-
ease. Add-on LIRA for 26 weeks in Alzheimer patients 
did not improve patients’ cognitive scores [127]. Patients 
with Parkinson’s disease had improved motor and cogni-
tive scores with EXE [128].

GLP-1 RAs are also used for changing the reward re-
sponses. Obesity is associated with altered central re-
sponses to palatable food and these reward-related chang-
es are not only limited to food but also to cocaine, opioids, 
alcohol, etc. [122]. By changing the dopaminergic and 
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glutamatergic transmission in the brain, GLP-1 RAs may 
decrease palatable food and substance consumption 
[122]. However, a cross-sectional study reported no di-
rect effect of EXE use on depressive scores compared to 
the group of diabetic patients with obesity not on GLP-
RAs [129].

Drug Effect
Current studies report that the effect of GLP-1 modi-

fication on cognitive changes may be independent of the 
change in weight [121, 122, 124]. Effects of GLP-1 RAs for 
central nervous system manifestations related to obesity 
are mainly protection against cognitive impairment and 
changing the reward responses, but more data on humans 
and neuropsychiatric disorders are needed on this topic.

Cancer

A strong association between obesity and incidence of 
several cancers, including endometrium, breast, pancre-
as, hepatocellular, kidney, colon, rectum, and esophagus 
cancers, is observed in epidemiological studies [130]. 
Higher BMI was also reported to increase the risk of pros-
tate and bladder cancer [131, 132]. IR and chronic hyper-
insulinemia, high IGF levels, and increased bioavailabil-
ity of steroid hormones, adipose tissue-derived hor-
mones, and proinflammatory cytokines might be related 
to obesity-associated tumorigenesis [133].

GLP-1 RAs have been associated with both increased 
cancer risk and inhibition of tumor growth and metasta-
ses. Especially, the results of preclinical and epidemio-
logical studies regarding the risk for pancreas and thyroid 
cancers are conflicting [134]. No clear clinical evidence 
has been found to conclude the tumorigenic effect of 
GLP-1RAs to date.

Some preclinical studies suggested a potentially bene-
ficial effect on the development of some types of cancers 
with GLP-1 RA treatment. It was shown that GLP-1 or 
GLP-1 RAs can inhibit a variety of tumor cells [135–137].

Drug Effect 
Activation of GLP-1 R by LIRA inhibits growth and 

promotes apoptosis of human pancreatic cancer cells in a 
cAMP-dependent manner, inhibits PI3K/AKT signaling 
pathway [137], and enhances the chemosensitivity of 
pancreatic cancer cell [138]. GLP-1 inhibits breast cancer 
cell proliferation, through cAMP induction [136]. Treat-
ment with LIRA reduced the levels and expression of 
leptin and its receptors, while increasing the expression 

of adiponectin and its receptors in both obese adipose 
tissue-derived stem cells and MCF-7 human breast can-
cer cells incubated in obese adipose-derived stem cells-
conditioned medium. LIRA seems to limit the viability of 
MCF-7 cells via modulating the adipocytokines and 
hence block their impact on tumor growth [139]. EXE 
and LIRA both inhibited the proliferation of endometrial 
carcinoma cells, through the AMPK signaling pathway 
[140, 141]. The antiproliferative activity of EXE and LIRA 
has been reported on human prostate and hepatocellular 
carcinoma cells [142, 143]. Thus, there is abundancy of 
preclinical data about the antitumorigenic effect of GLP-
1 RAs. More clinical data are anticipated in this area in 
the near future. Summary of the effects and mechanisms 
of GLP-R analogs on complications of obesity are shown 
in Table 1.

Conclusion

In conclusion, GLPR-1 RAs seem to be effective on 
complications of obesity, proven through preclinical and 
clinical studies. The effects are not only through im-
provements in BW and glycemic control but also on IR, 
anti-inflammatory, antioxidative, antifibrotic, and he-
modynamic processes. Further data are needed in terms 
of observing the influences in long-term randomized 
studies with different doses of different GLP-1 RAs ap-
proved for obesity. Moreover, both preclinical and clini-
cal data are needed to enlighten the mechanisms of their 
effects.
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