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ABSTRACT

Background: Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist, is widely prescribed for obesity and type 2
diabetes mellitus due to its glucose-lowering and weight-reducing properties. Recent evidence suggests that GLP-1 analogs
may influence thyroid function and mood regulation through their effects on the hypothalamic-pituitary-thyroid (HPT)
axis and central neurotransmitter pathways. Objective: The study aimed to evaluate the effects of Liraglutide on thyroid-
stimulating hormone (TSH) levels and depressive symptoms, exploring the interactions between the hypothalamic-
pituitary-thyroid (HPT) axis, metabolic factors, and mental health. Study Design: Randomized controlled trial. Settings:
Department of Dermatology, Isra University Hospital, Hyderabad, Pakistan. Duration: June 2024 to January 2025. Methods:
60 participants divided into three groups (n=20 each), randomized via the envelope method. Participants received
Liraglutide in varying doses (0.6mg, 1.2mg, and 1.8mg), with or without exercise, over six months. TSH levels and
depressive symptoms (PHQ-9) were assessed at baseline, three and six months. Results: TSH levels decreased significantly
(p<0.05) with higher Liraglutide doses (1.8 mg) and exercise, showing a dose-dependent response. At baseline, group A
subgroup (i) had a mean TSH level of 5.4+1.5mIU/L, decreasing to 4.8+3.2mIU/L, while subgroup (ii) saw a reduction from
5.5£1.98mIU/L to 4.5+2.04mIU/L. Comparable reductions were observed across other groups, with exercises enhancing
the effects. Depression severity showed significant increases in some subgroups, but exercise mitigated these effects,
highlighting its role in managing depressive symptoms. Conclusion: Liraglutide demonstrated a dose-dependent effect on
TSH levels and variable impacts on depression. Combining Liraglutide with exercise yielded better outcomes, supporting
its use as an adjunctive therapy in managing metabolic and mental health conditions.

Keywords: Depression, Liraglutide, Thyroid stimulating hormone, Dose-response relationship, Adjunctive therapy, Exercise management.

INTRODUCTION with fascinating results.? The literature’s investigation
into the connection between TSH levels and depressed
symptoms is summarized in this introduction, noting
both consistent and contradictory data.*> A complicated
mental health disease known as depressive disorder is
characterized by enduring feelings of melancholy,
despair, and a lack of interest in once-enjoyed activities.®

he relationship between depression and the
hypothalamic-pituitary-thyroid (HPT) axis has
received a great deal of attention over the years.!?
Thyroid-stimulating hormone (TSH) levels in people
with depression have been the subject of several research,
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Evidence shows that disturbances in neuroendocrine
systems, such as the HPT axis, may contribute to the onset
and progression of depressive symptoms, even if the
precise causes of depression remain unknown. TSH, a
hormone secreted by the pituitary, controls thyroid
activity.”8 A hypothyroid state, also known as an
underactive thyroid, is often indicated by elevated TSH
levels.?10 The link between TSH levels and depressive
illness has been studied in the past; some studies found a
consistent  association, while others produced
contradictory findings.* According to one study, the TSH
levels of people who had tried suicide were considerably
more significant than those of people who had low serum
TSH levels.? Anti-thyroglobulin and anti-thyroid
peroxidase antibody levels were also higher in these
suicide attempters, indicating a possible connection
between autoimmune thyroid dysfunction and suicidal
behavior.’® These results imply that raised TSH and
thyroid autoantibodies, which are signs of HPT axis
abnormalities, may be linked to an increased risk of
suicide attempts in depressed people.’* Though
inconsistent, the link between depression and TSH levels
does exist. Contrary to the study above, it was shown in
a different inquiry that those with greater TSH levels had
fewer depressive symptoms and were less likely to
commit suicide.’1¢ These contradictory results raise
concerns regarding the relationship between TSH and
sadness, raising the possibility that other variables and
processes may be at work. Literature has provided
evidence that patients” TSH levels were considerably
lower after Liraglutide medication, and they also had
lower body mass indices (BMIs), better glycemic control,
and lower hemoglobin Alc (HbAlc) values.”” These
findings imply that Liraglutide therapy has a positive
impact on TSH levels. In a retrospective study, the
researchers aimed to examine the effects of Liraglutide
medication on weight and body mass index (BMI) in
mental patients over 6 months.’® The researchers
observed that overall, Liraglutide therapy is a secure and
reliable alternative for people with mental problems who
want to manage their weight.’® Based on available
evidence, there is a need for a thorough investigation of
the effects of Liraglutide on TSH levels and its possible
function in treating depressive symptoms, given the
current understanding regarding the association between
TSH levels, depression, and the potential influence of
Liraglutide on TSH levels. By investigating the effects of
Liraglutide on TSH and depressive symptoms, this study
would further our knowledge of the intricate interactions
between the HPT axis, metabolic variables, and mental
health. Additionally, it could support the use of
Liraglutide as an additional therapy option for those who
suffer from depression, especially those who also struggle
with concomitant metabolic disorders or issues with
weight control.

Rajar UDM et al.
METHODS

This study was conducted in the Department of
Dermatology, Isra University Hospital, Hyderabad,
Pakistan, over a period of nine months, from June 2024 to
January 2025. The sample size of 60 participants was
determined based on an expected moderate effect size
with a power of 80% and a significance level of 0.05. A
sample size calculation was performed using G*Power
statistics software to ensure adequate power for detecting
significant differences in TSH levels and depression
severity across the treatment groups. The participants
(n=60) were randomly assigned to three groups, each
consisting of 20 participants, using the envelope method
for randomization. The intervention was given for six
months based on the following intervention strategies:
Group A Liraglutide (Saxenda 0.6mg): Subgroup (i)
participants were given Liraglutide (Saxena) at a dose of
0.6mg, Subgroup (ii) Liraglutide (Saxena) 0.6mg with
daily exercises. Group B Liraglutide (Saxenda 1.2mg):
Subgroup (i) participants were given Liraglutide (Saxena)
at a dose of 1.2mg, Subgroup (ii) Liraglutide (Saxenda)
1.2mg with daily exercises. Initially, 0.6mg was taken
during week one, and from week 2 onwards, 0.6mg was
taken daily for six months. Group C Liraglutide (Saxenda
1.8mg): Subgroup (i) participants were given Liraglutide
(Saxena) at a dose of 1.8mg, Subgroup (ii) Liraglutide
(Saxena) 1.8mg with daily exercises. Initially, 0.6mg was
given during week one, 1.2mg in week 2, and 1.8mg from
week 3 onwards till six months. Liraglutide (Saxenda)
was injected subcutaneously at a given dose once daily
for six months. The exercise group recommended simple
walking exercises during the daytime before breakfast.
Participants” selection was based on the study’s inclusion
and exclusion criteria. Participants from both genders,
aged 20-60 years, were included while participants had
known diseases like CVD, Stroke, and cancer. Recent
history of surgical procedures like angiography,
angioplasty, and CABG were excluded and diagnosed
with mental and psychological illness.

Thyroid analyses were performed based on Thyroid
Stimulating Hormone (TSH) levels at baseline, after 3
months and after 6 months of treatment.

Depression assessment was performed using a Patient
Health Questionnaire (PHQ-9). The scale comprises 9
questions, each with a score ranging from 0 to 3, where 0
denotes no symptoms, and 3 denotes severe depressive
symptoms. The assessments were performed thrice at
baseline, after three months of treatment and after six
months of intervention.

SPSS version 24 was used to analyze the data. Tables with
frequency and percentage values were presented for
demographic description. Continuous measure and one-
way analysis of variance tests were run for inferential
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statistics at a 95% confidence level. The significance level
was kept at <0.05.

The study adhered to the recommendations made in the
Belmont Report for Human Subjects. All participants who
were a part of the study had total autonomy, and their
confidentiality was upheld. The study was ethically
approved by the Institutional Review Board of Skin and
Laser Care Hospital IRB # SLH-IRB-062/05/2022.

RESULTS

The analysis of the findings revealed that of the total
number of n=60 participants, 22(36.66%) were male, and
n=38(63.33%) were female. The average Body Mass Index
of the participants at baseline was 29.56+5.6kg/m?2.
Participants' mean TSH levels at baseline were 5.47+3.54
mlU/L, and depression levels as measured using PHQ-9
was 10.95+2.5 (Table 1).

Levels of TSH were determined at baseline and were
compared with the levels after treatment of three months
and then after six months. The findings revealed that
higher dosages as 1.8 mg of Liraglutide with exercises
and diet control measures had shown significantly p<0.05
better results than lower dosages of Liraglutide were
1.2mg and 0.6mg, hence suggesting that Liraglutide had
a potential dose-response effect on TSH levels. At
baseline, the values were relatively higher, with a mean
of 5.21+1.1 mIU/L in group A subgroup (i). In contrast, in
group A subgroup (ii), the level of TSH was
55+1.98mIU/L had reduced to 4.9+3.2mlIU/L in the
subgroup (i) and 4.5+1.04mlIU/L in the subgroup (ii) after
six months of intervention (table 1). The values were also
significantly lower in groups B and C, subgroups (i) and
(ii). A detailed description of the effects of different
dosages of Liraglutide is shown in (Table 2).

In addition to that, participants” depression levels were
also determined using a PHQ-9 questionnaire; the
findings revealed that at baseline, the depression severity
scale, the values in group A, subgroup (i) and (ii) were
10.53+2.01 and 10.68+3.2 respectively that had slightly
increase in group A subgroup (i) to 11.24+2.13 whereas in
group A subgroup (ii) the value reduces slightly to
9.87+2.45 but the difference was non-significant p>0.05.
In group B, in which the dose of Liraglutide was higher,
the PHQ-9 questionnaire showed a significant increase of
p<0.05 in score from baseline to after six months of
intervention in the subgroup (i) However, in the
subgroup (ii), the value difference was non-significant
p>0.05. In group C also, the values in subgroup (i)
increased significantly p<0.05 from baseline to six
months, whereas in subgroup (ii), the values of PHQ-9
reduced, and again, the reduction in the values was non-
significant p>0.05 (Table 3).

Rajar UDM et al.

Table 1: Baseline Characteristics of the participants

Variables Values
Total number of participants (n) 60
Number of male participants n (%) 22(36.66%)
Number of female participants n (%) 38(63.33)
Average BMI £SD in kg/m2 29.56+5.6
Average value of TSH *SD in miU/L 5.47+3.54
Average depression level +SD 10.95+2.5

Table 2: Analyses for values obtained at three different
intervals

Sub- Baseline | After3 | After 6 Level of
Variables levels + |months + | months+|_. ...
group SD SD SD Significance
i |10.53+2.01|10.9941.25(11.24+2.13
Group A —; p>0.05
ii | 10.68+3.2 [ 9.87+2.45 | 9.87+2.45
i [10.11+1.21|11.57+2.1 [11.98+1.3
Group B p<0.05
ii  |10.21+2.09(10.18+2.01| 10.17+1.4
i |11.01+1.11|12.65+1.2 | 12.78+1.1
Group C—; p<0.05
ii  |10.25+2.09{10.1£0.98 | 10.09+2.4

Table 3: Change in the depression severity scale from
baseline to after six months of intervention

Sub- Baseline | After 3 | After 6 Level of
Variables| °% levels £ | months [months | . . .
group SD +SD SD Significance
i 5.21+1.1 | 5101.2 | 4.9+2.1
Group A —
ii 5.541.98 | 5.09+1.5 | 4.5+1.04
i 5.01+41.2 | 4.942.2 | 4.9+0.85
Group B p<0.005
ii 5.35+1.1 [4.78+2.1 | 4.6+2.1
i 4.98+1.65 | 4.33+1.4 | 4.13£1.21
Group C
ii | 5.04+1.32|4.05+1.4 | 4.01+1.05
DISCUSSION

The thyroid-stimulating hormone (TSH) levels and
depression severity of the participants were studied in
this study about the effects of various Liraglutide doses
together with exercises. The results showed that larger
doses of Liraglutide (1.8 mg) produced noticeably better
results than lower doses (1.2 mg and 0.6 mg), indicating
that Liraglutide may have a dose-response impact on
TSH levels.

TSH levels were considerably higher in all groups at
baseline, but they significantly fell in each subgroup after
three and six months of therapy. The group A subgroup
(if), which received the highest dosage of Liraglutide, saw
the most significant decrease. According to these
findings, Liraglutide significantly impacted TSH levels,
and the effect appeared to be dose-dependent. The PHQ-
9 questionnaire was used to gauge the severity of
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depression. The ratings varied between the groups at the
outset, but there were no discernible differences. The
variations in depression severity ratings during the trial
were uneven. However, these changes were not
statistically significant. In group A, there were minor
increases in the subgroup (i) (Liraglutide 0.6mg alone)
and slight decreases in the subgroup (ii) (Liraglutide
0.6mg with exercises. The scores in the subgroup (i) in
group B, the group receiving the greater dosage of 1.2mg
of Liraglutide, increased significantly, but changes in
subgroup (ii) were not statistically significant. In group C
(Liraglutide 1.8mg), scores in the subgroup (i) increased
significantly, whereas scores in the subgroup (ii)
decreased non-significantly. These findings suggest that
Liraglutide treatment, particularly at higher dosages, has
the potential to influence TSH levels and may contribute
to improvements in depression severity, but
incorporating exercises in combination with the drugs
mitigates the side effects of depression. However, further
investigation is needed to understand better the
relationship between Liraglutide dosage with TSH levels
and depression severity. Additionally, it would be
valuable to explore other factors that could potentially
influence the observed effects, such as duration of
treatment, individual differences in response, and
potential interactions with concurrent medications or
therapies, according to a study conducted to determine
Liraglutide’s effect on serum thyroid-stimulating
hormone (TSH) levels in people with type 2 diabetes
mellitus (T2DM) in which bioinformatics analysis was
used to delve into the underlying processes'®. Although
the focus of our study was the impact of Liraglutide on
TSH levels and depression severity, findings from a
related study on Liraglutide effects in patients with
T2DM and NAFLD suggest a broader potential for
Liraglutide to reduce TSH levels and improve metabolic
markers, indicating a possible dose-dependent response.
However, our study uniquely examines these effects with
depression outcomes and exercise interventions.l® The
patients' BMI, HbAlc, and TSH levels were significantly
lower after starting Liraglutide medication, and their
levels of high-density lipoprotein (HDL) were higher.
Significant changes in BMI and TSH levels over time were
shown by subgroup analysis based on the length of
Liraglutide usage. In other contexts, Liraglutide has been
explored for its impact on weight and BMI in psychiatric
patients, with mixed effects on mood. While our study
did not specifically address weight loss, the interaction
between Liraglutide and mental health indicators, such as
depression, warrants further investigation to identify
common mechanisms. According to the findings,
Liraglutide medication for weight loss in people with
mental problems is both secure and efficient. This
emphasizes the therapeutic potential of Liraglutide in this
group and its beneficial effects on weight control. In an
animal model study, Liraglutide was administered for 21
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days with and without exposure to chronic unpredictable
stress (CUS).2 The forced swim test (FST) was used to
gauge Liraglutide's antidepressant effectiveness
following the CUS period. In addition, the Morris water
maze (MWM) test was used to assess cognitive
performance following 21 days of Liraglutide
administration without stress. The results showed
continuous Liraglutide therapy decreased mice with and
without CUS's immobility during the forced swim test,
indicating an antidepressant effect. Liraglutide-treated
mice demonstrated improved cognitive performance in
the Morris water maze test, as evidenced by an
improvement in the time spent, length of paths traveled,
and number of platform crossings in the target quadrant.
These findings imply that Liraglutide may be an effective
antidepressant and may also improve cognitive
function.?

The randomized controlled trial design, which helps
guarantee that the results are accurate and minimize bias,
is one of the study's strong points. Liraglutide's effects on
TSH levels and depression intensity were also evaluated
in the study, which gave detailed insights into the
medication's  possible  therapeutic =~ advantages.
Liraglutide was given in various doses, together with diet
and activity restrictions, which made it possible to
analyze the dose-response relationship and assess the
efficacy of combination therapy. The findings are given
more validity since validated measures like the PHQ-9
questionnaire and the forced swim test were used. The
study improved our comprehension of the drug's
mechanism of action by examining the underlying
processes of Liraglutide's impact on TSH levels using
bioinformatics analysis.

CONCLUSION

The results of this randomized controlled study support
the hypothesis that Liraglutide may have an impact on
TSH levels and the intensity of depression. The study
emphasizes the dose-response relationship of Liraglutide
on TSH levels and makes suggestions on the possible
advantages of using the medication in conjunction with
exercise management. To support and build on these
findings, more studies are required, ideally with bigger
sample numbers, longer follow-up times, and an
exploration of the underlying processes.

LIMITATIONS

This study has some limitations. It involved a relatively
small sample size and was conducted at a single center,
which may limit generalizability. The follow-up duration
of six months may not adequately represent long-term
outcomes. A placebo control group was not included, and
potential confounding factors such as diet and stress
levels were not assessed. Minor adverse effects of
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Liraglutide, including nausea, dizziness, and vomiting,
were also reported during the study period. These
limitations should be carefully considered when
interpreting the results.

SUGGESTIONS / RECOMMENDATIONS

Future studies should include larger and more diverse
populations with longer follow-up periods to evaluate
the sustained effects of Liraglutide on thyroid function
and depression. Incorporating a placebo-controlled
design and accounting for lifestyle-related variables such
as diet and stress are recommended. Further research
should also focus on optimizing dosage, monitoring side
effects, and exploring the underlying mechanisms linking
Liraglutide with hormonal and psychological outcomes.
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