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Abstract

Obesity is a complex and chronic disease characterized by the
accumulation of fat in the body, which negatively impacts the thyroid axis,
which controls basal metabolic rate and energy expenditure. The study
aims to investigates the mechanisms correlating obesity with thyroid
disorders, focusing on its impact on metabolic indicators, lipid profile
at baseline, and assessing changes in hormonal balance resulting
from health intervention. A quasi-experimental longitudinal controlled
study was done on 100 participants from Ramadi city, Iraq, including
50 healthy individuals and 50 obese participants. All participants were
initially assessed to classify them into healthy and obese groups. The
obese group then followed a healthy lifestyle program for six months.
Thyroid hormones were measured for the healthy and obese groups
pre- and post-intervention, while the metabolic indicators and lipid
profile were assessed at baseline for the obese groups only. The results
showed a significant improvement in thyroid hormones post-intervention,
with TSH and free T3 concentrations decreasing, and free T4 levels
increasing, although they remained below normal levels. Baseline data
revealed significant metabolic and lipid abnormalities among obese
participants. Results of the current study indicate that a healthy lifestyle
improves thyroid parameters in obese individuals, but restoring full
hormonal balance may require a longer period. Baseline metabolic and
lipid profile measurements highlight their importance as diagnostic tools
for characterizing the metabolic effects of obesity.

1. Introduction:

Neuroendocrine signaling permits for combination of

and extend over the pituitary stem to the sella turcica. The
pituitary stem permits passage of stimulatory and inhibitory

functions of various tissues in the body, leading to a coordi-
nated response to regulate metabolism, body temperature, en-
ergy balance, and growth. The hypothalamic-pituitary-thyroid
(HPT) axis is an example of how the endocrine system regu-
lates these integrated vital functions [1]. The HPT axis con-
sists of three regulatory levels: the hypothalamus (HT), the
pituitary gland, and the thyroid gland. The HT and pituitary
gland are in adjacent anatomical proximity at the brain base
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hormones, as well as other signaling molecules. The organs
that are targeted by the hormones of this axis are placed in
the periphery, and their function is impacted via stimulation
or inhibition of hormones [2]. The HPT axis is activated in
response to the body’s metabolic and energy demands. It stars
with nerve cells in the paraventricular nucleus (PVN) of the
HT being activated, which secrete thyrotropin-releasing hor-
mone (TRH) [3]. TRH travels throughout the hypothalamic-
pituitary portal system to stimulate the thyrotroph cells (also
called thyrotropes) in the anterior pituitary gland to release
thyroid-stimulating hormone (TSH), which then promotes the
thyroid gland to produce and release the thyroid hormones
T4 (thyroxine) and T3 (triiodothyronine). As T3 is the active
form responsible for regulating metabolism, energy intake,
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and body temperature [4]. In order for the CNS to regulate the
secretion of thyroid hormones, it necessarily has a sensitive
and accurate mechanism for sensing alterations in thyroid
hormone levels. Thyroid hormones (T4 and T3) cross the
blood-brain barrier (BBB) by special transporter proteins to
enter the brain, and do not pass the BBB passively [5]. In the
brain, after T4 enters, it is locally transformed to the active
form T3 via the Type 2 iodothyronine deiodinase (DIO2) in
glial cells. Then T3 binds to special nuclear receptors known
as thyroid hormone receptors (TRs). T3 enters the cells via
specialized membrane transporters as monocarboxylate trans-
porter 8 (MCT8) and organic anion transporting polypeptide
1C1 (OATPICI) [6]. After linking to the nuclear receptors,
T3 forms a complex with the receptor, able to bind with partic-
ular DNA sequences called thyroid response elements (TREs).
Throughout this interaction, the transcription of certain genes
is stimulated or inhibited, which directly impacts the regula-
tion of other hormone excretion in the axis [7]. In the HT,
T3 linking to its receptors prevents transcription of the TRH
gene, decreasing its production and excretion. As well, in the
anterior pituitary gland, this interaction inhibits the production
and secretion of TSH [8]. These genetic modifications com-
posed the primary negative feedback mechanism that keeps
the balance levels of thyroid hormone in the body, decreasing
the secretion of TRH and TSH when the levels of T3 are high,
which leads to a reduction in the production of T4 and T3
from the thyroid gland, and vice versa when these hormone
levels are low [9] Figure 1. In obesity case, the central nervous
system undergoes basic changes that weaken the functioning
of the HPT axis. The most important of these changes is
chronic low-grade inflammation, which starts in peripheral
tissues and reaches the brain, particularly the HT, through
inflammatory cytokines. TNF—q, IL-6, and IL—1f, all of
them are inflammatory cytokines that activate immune recep-
tors found on glial cells in the HT. This activation leads to the
stimulation of intracellular inflammatory signaling pathways,
which causes additional secretion of inflammatory substances
and thus changes in neuronal functions occur [10]. Regard-
ing low-grade inflammation, there is a marked inhibition of
the DIO2 enzyme activity, which decreases the conversion
of T4 to T3 within the brain. Therefore, despite levels of
T3 in the blood may remain typical or relatively high, cen-
tral sensing of T3 concentration within neurons is reduced,
rendering the negative feedback mechanism inaccurate [11].
It is worth mentioning, the neuro-inflammation damages the
function of neurons that produce TRH, either by cytokines
or via impacting neurotransmission and the activity of leptin
and insulin receptors, which also suffer from central resis-
tance in obesity [12]. In this case, the HPT axis loses its
capacity to accurately regulate TSH and TRH levels, and
a slightly compensatory increase in TSH may be observed,
without real regulatory effectiveness. Over time, this disorder
is exacerbated by persistent inflammation, deterioration of
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Figure 1. The hypothalamic-pituitary-thyroid axis regulates
thyroid hormone secretion. *Abbreviation: T3:
Triiodothyronine. T4: Thyroxine. TRH:
Thyrotropin-releasing hormone. TSH: Thyroid-stimulating
hormone. +: indicates increased or stimulated hormone
secretion, -: indicates decreased or inhibited hormone
secretion (Designed by researcher).

central hormone sensitivity, and neuronal inhibition, which
contribute to the entrenchment of the metabolic state charac-
teristic of obesity and make breaking the pathological cycle
more complex [13]. The study aims to investigate the impacts
of a healthy intervention, including balanced diet and regular
exercise, on thyroid function in obese participants, and assess
baseline lipid profile and metabolic indicators to explain the
relation between obesity, thyroid dysfunction, and metabolic
disorders.

2. Materials and Methods:
2.1 Study Design:

A longitudinal quasi-experimental controlled design was
adopted to assess the impact of a structured healthy lifestyle,
including a balanced healthy diet and regular exercise, applied
to obese participants in comparison with a healthy control
group. The study involved three time points: (1) baseline
measurements of the healthy control group, (2) baseline mea-
surements of the obese group pre-intervention, and (3) re-
evaluation post-intervention in the same obese participants, to
evaluate changes in thyroid profile.

2.2 Study Period and Setting:

The study was conducted from 1% December 2024 to 30th
July 2025. The clinical nutrition clinics at Anbar governorate
(for participant induction and health intervention). While
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laboratory examinations were done at the University of Anbar,
College of Education for Pure Sciences.

2.3 Participants:

The study included adults of both sexes between the ages of
20 and 40, They were classified into three groups according
to specific inclusion criteria:

¢ Obese participants (n = 50) (BMI > 30kg/ m?) without as-
sociated chronic diseases or endocrine disorders, with mild
insulin resistance and increased fasting insulin allowed.

* Healthy control with normal weight (n = 50) (BMI 18.5-24.9
kg/m?) free from chronic diseases and endocrine disorders.

¢ Follow-up group (n = 50) the same sample of obese partici-
pants who were re-evaluated after 6 months of adherence to
a healthy lifestyle intervention that included healthy dietary
modifications and regular exercise Figure 2.

2.4 Exclusion Criteria:

Participants with any of the following were excluded: Acute
illnesses, renal/liver failure, uncontrolled endocrine disorders
(as untreated hypo/hyperthyroidism), use of medications af-
fecting appetite, recent weight loss surgery, pregnancy, and
feeding, and individuals who are taking hormonal supple-
ments.

2.5 Intervention Protocol:

The study protocol included a 6-month program that included
a healthy diet and regular exercise 3-5 days a week, aim-
ing to promote weight loss and improve health indicators in
obese participants. The protocol did not include any pharma-
cological interventions, surgical procedures, or fat-reducing
techniques (as laser), but rather was restricted to dietary and
lifestyle modifications. Very low-calorie diets (VLCDs) were
excluded due to their likelihood of providing inadequate mi-
cronutrient intake, which may result in adverse health con-
sequences. The diet was designed by a certified nutritionist,
taking into account individual differences in body compo-
sition as determined by the InBody device, as well as each
participant’s specific nutritional needs. The diet was low-cost,
easy to implement, and widely scalable without the need for
advanced resources, it was summarized by the researcher in
the visual diagrams below: Figure 3.

2.6 Study Outcomes:

The primary variable in this study was the measurement of
thyroid function. TSH, FT3, and FT4 were measured in both
obese and healthy participants at baseline, and re-measured 6
months post-intervention in the obese group only. Secondary
variables included metabolic indicators, including fasting glu-
cose, insulin, HOMA-IR, and lipid profile, including total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL), which were mea-
sured at baseline only in the obese group to determine the
initial metabolic status.

2.7 Blood Collection:
Blood samples were collected from 50 normal-weight partic-
ipants and 50 obese (pre-intervention) participants after an
overnight fast by vein puncture using a sterile medical syringe.
The blood samples were put in a gel tube free of coagulants
and left at room temperature. Then, the samples underwent
a centrifugation process at 3500 rpm for 15 min. The serum
was isolated and stored at 2—8 °C, for biochemical analyses
were done according to the manufacturer’s instructions.
After six months of undergoing a healthy lifestyle, blood
samples were collected from obese participants to reassess
the same variables. While specimens from the normal weight
participants were collected once.

2.8 Participant classification and body measurements:
All participants were classified as obese or normal weight
by the InBody device to assess body mass index, body fat
percentage, and muscle mass.

2.9 Metabolic indicators and lipid profile measure-
ments:

Lipid profile was measured in serum using commercial di-
agnostic kits (Linear Chemicals S.L., Barcelona, Spain) ac-
cording to the manufacturer’s instructions, based on the en-
zyme colorimetric method using a Spectrophotometer. While
metabolic indicators were measured by the Cobas e411 de-
vice.

2.10 Thyroid hormone measurements:

Thyroid hormones (TSH, free T4, and free T3) were measured
using the Cobas e411 device (Roche Diagnostics, Germany)
in obese individuals before and after the intervention, and
compared with values in a healthy, normal-weight group.

2.11 Statistical Analysis:

Statistical analyses were performed using SPSS version 24
(IBM Corp., Armonk, NY, USA) and GraphPad Prism version
9 (GraphPad Software, San Diego, CA, USA). Data were pre-
sented as mean * SD for variables. Comparisons among the
three groups. were assessed using one-way ANOVA followed
by the Least Significant Difference (LSD) post hoc test. Pear-
son’s correlation analysis was used for correlation analysis
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Figure 2. The study plan (Designed by the researcher).

between variables. Logistic regression was used to determine
predictors of obesity status. Receiver operating characteristic
(ROC) curve and area under the curve (AUC) analyses were
applied for assess the discriminative ability of study variables
between groups. Subgroup analyses were conducted accord-
ing to age categories and sex. Statistical significance was set
at p < 0.05.

2.12 Ethics information:

The study was approved by the Institutional Ethics Commit-
tee at the University of Anbar (Approval No. 223, Date
24/2/2024). Written informed consents were signed by all
participants. All procedures were done in accordance with
the international ethical standards for research, including hu-
man participants. The study was done in accordance with the
Declaration of Helsinki.

3. Results and Discussion:

3.1 Demographic Characteristics:

Table 2.12 shows the demographic characteristics of the three
groups. No statistically significant differences were recorded
in age, age groups, gender, or geographical distribution be-
tween the groups. Scientific studies [14] have emphasized
the importance of achieving demographic balance between
study groups to reduce the influence of confounding factors
and ensure the reliability of the results.

Table 2 presents the mean concentrations of thyroid pro-
file across the three groups. Pre-intervention, the obese group
recorded increased FT3, TSH concentrations and decreased
T4 concentrations compared to healthy controls. Post - inter-
vention, FT3, TSH concentrations decreased and FT4 concen-
trations increased, with values remaining higher than healthy
control concentrations, except FT4 showed lower than normal
values.

The high concentrations of TSH and FT3 versus decreased
FT4 in obese adults demonstrated by the results of the cur-
rent study, is a pattern consistent with what has been reported
in the literature, which has documented a positive relation-
ship between BMI and TSH and a negative relationship with
FT4, with an increased FT3/FT4 ratio [15]. Available ev-
idence shows that increased TSH and FT3 a physiological
responses linked with increased fat mass, as this pattern is
associated with the body’s attempt to control energy home-
ostasis by increasing basal metabolic rate and raising energy
expenditure at rest [16]. This adaptation is consistent with
the concept that the thyroid acts as a main regulator of energy
expenditure, with FT3 particularly impacting the dynamics
of calorie consumption and body temperature regulation. So,
these changes in obesity can be viewed as a metabolic strategy
aimed at restricting the progression of weight gain, though
their impact against the high metabolic load resulting from fat
accumulation is limited [17].

Moreover, the accumulation of FFA and low-grade inflam-
mation related to obesity likely contributes to the enhance-
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j@ Balanced Dietary Intervention

e
Vegetables
Example: Spinach, broccoli, carrots, celery, cucumber, tomatoes, peppers

o

Fruits
Example: Apple, orange, pear, berry, strawberry

Whole grains
Example: Oats, brown rice, quinoa, whole grain bread

%

Healthy fats
Example: Olive oil, avocado oil, raw nuts,

Protein
Example: Chicken breast, fish, eggs, lentils, chickpeas

Dairy products
Example: low-fat or skimmed milk, Yogurt, Cheese

Principle: Choose natural, unprocessed foods, adjusting quantities
ccording to body weight and components .Adequate hydration daily

Recommended Physical Activity

Cardio
Example: brisk walking, cycling, swimming (150 minutes per
week).

J
4 )
Strength or resistance
Example: Squats, push-ups, light weights, body weight (2—-3 times
a week)
Benefit: Strengthens muscles, improves metabolism, and supports

(. /

Flexibility
Example: Yoga + Daily Stretching

Daily Activity
Example: Climbing stairs, walking to work, housework activities
Benefit: Increases overall activity and maintains energy expenditure

Notes (provided by the clinical dietitian):
Participants were instructed to follow the prescribed exercise
Participants encouraged to maintain daily activity and adherence to

=
7:30 AM Breakfast Snack 1 1:30 PM Lunch Snack 2 7:30 PM Dinner
(protein + complex carbs + (nuts or (lean protein + veggies + (yogurt or (light protein + salad)

Figure 3. RVisual representation of the health intervention protocol. The figure shows the permitted dietary components on the
left side, the recommended exercise program on the right side, and a structured meal schedule at the bottom (Designed by a
researcher).

ment of peripheral resistance to thyroid hormones through
impacting receptor sensitivity and target tissue response [18].
However, the current results are not entirely consistent with a
study conducted in Basrah on obese women, which showed
a decrease in T3 with a slight increase in TSH and a slight
decrease in T4 that remained within normal values [19], it
also disagrees with another study conducted on obese women
that showed increased T4 concentrations [20].

These results may be attributed to variations in the char-
acteristics of the studied samples in terms of gender and age
distribution, in addition to differences in the severity of obesity
and the prevailing lifestyle between groups, which confirms
the complex nature of hormonal regulation of the thyroid axis
in the of obesity. From a neurophysiological perspective, the
observed improvement in thyroid hormone concentrations
post-intervention reflects numerous interconnected mecha-
nisms. First, a decrease in chronic low-grade inflammation
leads to a reduction in the secretion of inflammatory cytokines
as IL-17A, which previous studies have shown to inhibit the
HPT-axis and weaken the thyroid’s sensitivity to TSH signals.
Second, weight reduction appears to improve the response
of peripheral tissues to FT3. In obesity, adipose and muscle

tissues exhibit a type of functional resistance to thyroid hor-
mones that is very similar to insulin resistance, which explains
the resurgence of FT4 concentrations and the decline in TSH
and FT3 in the current results post-intervention [21].

The results of a study conducted on obese individuals
are consistent with the results of the current study, indicating
that calorie limitation and weight loss induce an adaptive re-
sponse known as energy conservation. The body decreases
FT3 production and relies on increased energy effectiveness
as a means of survival, facilitating the rebuilding of fat stores
when energy intake returns to its previous level [22]. From this
perspective, the reduction in TSH and FT3 and the increase in
FT4 post-intervention can be interpreted as a compensatory
response reflecting improved sensitivity of peripheral tissues
to thyroid hormones, with the continued presence of adap-
tive neural signs from the brain aimed at maintaining energy
homeostasis and preventing depletion of fat stores [23]. The
improvement in thyroid function parameters after adopting
a healthy lifestyle suggests the presence of enduring cellular
mechanisms attributed to what is known as metabolic mem-
ory. Since reducing systemic inflammation and improving
insulin sensitivity reprogram intracellular metabolic pathways,
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Table 1. Mean + standard deviation of demographic characteristics in healthy controls, obese participants pre-intervention, and

6 months post-intervention.

Healthy X2 value
Variables Controls Obese Group F p
Pre- Post-
intervention intervention

AZe  \leantSD 299459 3006459 3006459 0007 003
(Years) N.S

Age 20-25 16 13 13 3.92
periods  26-30 9 15 15 0£§5
(Years) _ :

%) 31-35 15 10 10

36-40 10 12 12

(%) Female 13 20 20 N.S
Region Urban 31 33 32 0.174 0.917

(%) Rural 19 17 18 N.S

*Significant differences (p-value less than 0.05), Abbreviation: SD: Standard deviation. Min.: Minimum, Max.: Maximum, N.S: No

significant difference between groups.

contributing to enhanced T4 to T3 conversion and long-term
restoration of the HPT-axis [13]. The results of the statisti-
cal analysis did not show a significant relationship between
the age groups and mean concentrations of thyroid profile in
obese participants pre-intervention (P;0.05) Table 3, Figure 4.

The results of the current study showed no significant
relationship between age groups and mean thyroid hormone
concentrations in obese participants at baseline. This sug-
gests that thyroid function within this age group is relatively
stable, and that variation in hormone levels is primarily due
to metabolic status and obesity, rather than age differences
within the studied range. These results are consistent with
what was shown in the study by Barman et al. [24]. Statistical
analysis results presented a statistically significant relation-
ship between gender and the mean concentrations of thyroid
profile in obese participants before the intervention (P;0.05).
Males recorded higher concentrations of TSH, while no differ-
ences were recorded in FT3 and FT4 concentrations among
sexes Table 4, Figure 5.

Data from the current study showed that mean TSH con-
centrations were higher in obese males than in females. This
observation fits into a pattern documented in recent literature
linking obesity to changes in the HPT-axis, with clear sex dif-
ferences [25]. One possible reason for this result is a variance
in fat distribution between the sexes, male tend to accumu-
late more visceral fat, while female have a more gynoid fat
distribution. Visceral fat is related with raised inflammatory

Mean

ns Age periods
§ - B e . ]
R = 20-25 Years
e 2 26-30 Years
s g F 2 ns ns -
e - - 3135 Years
0= mm 36-40 Years
2 .23
= T o e 4 = =
SEPRY Tmde

FT3

FT4 TSH

Variables
Figure 4. Relation between age and thyroid hormones in
obese participants pre-intervention. *ns: No significant

difference between groups.
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Table 2. Mean + standard deviation of thyroid hormones in healthy controls, obese participants pre-intervention, and 6 months
post-intervention.

Healthy F value
Variables Control (n=50) Obese Group (n=50) P
Pre- Post-
intervention  intervention
FT3 (pmol/L) Mean+SD 4.19+£0.79 a 7.58+1.11b 5.69+£0.99c¢ 151.1 0.0001
Min. — Max. 2.0-5.89 5.43 -9.58 4.0-17.76
FT4 (pmol/L) Mean+SD 11.4+1.20 a 3.72+1.20b 5424133 ¢ 521.8 0.0001
Min. — Max. 9.54 -14.21 1.99 -6.11 2.99 -8.22
TSH (IU/mL) Mean+SD 1.40+0.48 a 549+1.14b 4.04+098c 257.1 0.0001
Min. — Max. 0.64 - 2.70 3.34-8.23 2.01-7.0

*Significant differences (p-value less than 0.05), Abbreviation: a: control group, b: Obese group before, c: Obese group after, Different
superscript letters (a, b, ¢) indicate statistically significant differences between groups, SD: Standard deviation, Min.: Minimum, Max.:
Maximum, FT3: free triiodothyronine, FT4: Free Thyroxine, TSH: Thyroid-Stimulating Hormone.

Table 3. Relation between thyroid hormones with age periods

for obese participants.
Variables Age periods Mean Std. Deviation p-value

20-25 years  6.78 1.48

FT3(pmol/L)  26-30 years  6.40 1.37 0.563
31-35 years  6.48 1.35
36-40 years  6.89 1.46
20-25 years  4.56 1.45

FT4(pmol/L)  26-30 years  4.37 1.57 0.599
31-35years  4.96 1.73
36-40 years  4.49 1.39
20-25 years  4.65 1.30

TSH(uIU/mL) 26-30 years  4.86 1.22 0.946
31-35years  4.72 1.37
36-40 years  4.80 1.34

*Significant differences (p-value less than 0.05), Abbreviation: SD:

Standard deviation, Min.: Minimum, Max.: Maximum, FT3: free
triiodothyronine, FT4: Free Thyroxine, TSH: Thyroid-Stimulating

Hormone.

. ns Sex
- —
e Male
-
s = * mm Female
-]

Mean

FT4

TSH
Variables

Figure 5. Relation between sex and thyroid hormone
concentrations in obese participants pre-intervention. *ns: No
significant difference between groups.
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Table 4. The relation between thyroid hormones with sex for
obese participants.

Table 6. AUC and ROC curve for study variables comparison
between obese group post-intervention with control group.

Variables Sex Mean Std. Deviation p-value
FT3(pmolr) M€ 672 1.40 0.438
female 6.50 1.43
FT4(pmol/L) male 4.67 1.51 0.404
female 4.41 1.56
TSH(uIU/MmL) e 495 130 0.043
female 4.47 1.22

*Significant differences (p-value less than 0.05), Abbreviation: SD:
Standard deviation, Min.: Minimum, Max.: Maximum, FT3: free
triiodothyronine, FT4: Free Thyroxine, TSH: Thyroid-Stimulating
Hormone.

Table 5. AUC and ROC curve for thyroid hormone
comparison between obese group pre-intervention with
control group.

Specificity ~ Sensitivity Cut-off

Variables AUC % % p-value
FT3 0.999 98 100 5.425  0.0001
FT4 1.0 100 100 7.825  0.0001
TSH 1.0 100 100 3.02 0.0001

*Significant differences (p-value less than 0.05), Abbreviation: AUC:
Area under curve, ROC: receiver operating characteristic.

cytokines, which may decrease tissue sensitivity to thyroid
hormones or change peripheral T4 to T3 conversion, thus lead-
ing to a compensatory raise in TSH. Recent studies by Yang et
al. [26], have shown that Body Roundness Index (BRI) is con-
nected with thyroid hormone levels. Recent studies point that
decreased tissue sensitivity to thyroid hormones is linked with
metabolic syndrome, suggesting that increased TSH in obese
participants may be a compensatory physiological response
rather than true hypothyroidism [27]. This phenomenon is
more pronounced in men than in women, consistent with the
results of the current study on sex differences in TSH, while
another study found no sex difference in thyroid hormone
concentrations, suggesting potential variation across popula-
tions [28]. In another study conducted on obese Iraqis, it was
found that the concentration of TSH hormone was higher in
female compared to male [29]. A receiver operating character-
istic (ROC) curve analysis was used to determine a potential
predictive quality of thyroid profile concentrations between
obese and healthy participants pre- and post-intervention Ta-
ble 5, 6, Figure 6, 7. According to the area under the curve
(AUC) value, FT4, TSH had the highest ability to predict and
differentiate between the two groups, while FT3 presented
considerable but relatively less. ROC curve results presented
that the three thyroid hormones (TSH, FT3, and FT4) had a
very high discriminatory ability between obese and healthy

Variables AUC Specificity  Sensitivity Cut-off p-value
% %

FT3 0.893 90 76 5.015  0.0001

FT4 1.0 100 100 8.88 0.0001

TSH 0.998 100 96 2.755  0.0001

*Significant differences (p-value less than 0.05), Abbreviation: AUC:
Area under curve, ROC: receiver operating characteristic.

participants at baseline. These results point that the concentra-
tions of thyroid hormones are reliable and accurate indicators
of obesity-related thyroid status, reflecting the high reliability
of these biomarkers in assessing weight-related metabolic im-
balances. These results are consistent with what Tang and his
colleagues reported [30].

Post-intervention, ROC curves showed variation in the
discrimination ability of thyroid hormones, with both TSH
and FT4 maintaining excellent discrimination performance,
while a slight decrease in the accuracy of FT3 was observed.
These results reflect the positive metabolic changes result-
ing from a healthy lifestyle, with TSH and FT4 remaining
reliable indicators of thyroid function after the intervention,
confirming the effectiveness of hormonal assessment for mon-
itoring metabolic improvement [31]. ROC analysis provides
an accurate tool for assessing the ability of hormones to dif-
ferentiate between clinical conditions and identifying optimal
cut-off points, enhancing the reliability of TSH, FT4, and
FT3 as biomarkers for assessing metabolic and thyroid status
before and after intervention, and enabling clear and objective
monitoring of changes resulting from a healthy lifestyle [32].

Baseline Variables

At baseline, statistical analyses showed no significant differ-
ences between males and females in metabolic marker and
lipid profile concentrations (P j0.05) Table ??, Figure8.

At baseline, all obese participants showed significant
metabolic indicators abnormalities, as elevated fasting glucose
and insulin and high in HOMA-IR. Similarity high concen-
tration in TG, TC, HDL, and decreased in LDL, reflecting
the impact of obesity on energy balance and metabolic regu-
lation [33]. Post-interventions, a significant improvement in
thyroid function was observed, although values did not yet
reach normal levels. This improvement suggests that lifestyle
modifications can stimulate the endocrine-metabolic axis and
reduce metabolic stress on the thyroid, enhancing the body’s
response to future interventions and providing a scientific ba-
sis for interpreting potential changes in the metabolic profile
later [34]. Correlation analysis between thyroid hormones
and lipid variables at baseline showed a positive relationship
between FT3 and TG, TC (r= 0.40, p= 0.0001; r= 0.593, p=
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0.0001) respectively, also between FT4 and HDL (r= 0.35, p=
0.004). On the other hand, a negative correlation was observed
between TSH and HDL (r=-0.55, p= 0.0001), and a positive
correlation with HOMA-IR (r=0.437, p= 0.0003). The ob-
served relationships between thyroid hormones and metabolic
profile components suggest adaptive mechanisms in obesity.
The positive correlation of T3 with TG and TC may reflect
increased conversion of T4 to T3, accompanied by metabolic
disturbances such as excessive VLDL production. This re-
sult is consistent with what Sabatino and et al., indicated
about the role of peripheral conversion in enhancing energy
requirements in obese people [35]. The inverse relationship
between TSH and HDL is also consistent with what Zhang et
al. described, that elevated TSH is associated with increased
inflammation, insulin resistance, and associated disturbance
in HDL metabolism [36]. The positive correlation between T4
and HDL, despite both being low in our sample, suggests that
hypothyroidism may exacerbate the deterioration of the lipid
profile, which is supported by the findings of a previous study
by Zhu and his team that showed an association between lipid
and glucose indices and thyroid disorders. This evidence sug-
gests that the interaction between thyroid hormones and lipids
represents a central link in the pathophysiology of obesity
[37].

A study published in 2025 by Bano and his team indi-
cated that changes in thyroid hormones following a healthy
lifestyle not only reflect improved HPT-axis function but are
also associated with increased metabolic sensitivity to en-
ergy and improved lipid profile levels [38]. This is explained
by decreased insulin resistance, which enhances peripheral
conversion of T4 to the active form T3 via activation of the en-
zyme deiodinase type II. This increases basal metabolic rate,
improves weight regulation, and stabilizes energy balance

4. Conclusions:

An unhealthy lifestyle, characterized by an unbalanced diet
and lack of exercise, is a main cause of obesity, which in turn
is related to marked metabolic and lipid profile disturbances,
increasing the risk of cardiovascular disease and diabetes.
At baseline, obese participants showed significant metabolic
dysfunction, regardless of sex. After 6 months of adhering
to a healthy lifestyle that included a balanced diet and an
exercise program, my thyroid function improved significantly,
although it did not reach normal levels, highlighting its role
in supporting metabolic balance. The results of the current
study suggest the need for long-term studies to assess the
independent influence of dietary and exercise interventions on
the thyroid and metabolic profile, to support clinical obesity
management strategies.
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