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Abstract

Background: The thyroid gland plays a crucial role in regulating the body’s basal metabolic rate (BMR)
through the secretion of hormones, primarily triiodothyronine (T3) and thyroxine (T4). Dysfunctions such as
hypothyroidism and hyperthyroidism are known to cause significant metabolic disturbances. While biochemical
markers are routinely used for diagnosis, the role of BMR in understanding the clinical spectrum of thyroid
disorders remains underutilized.

Objective: This study aims to evaluate the impact of thyroid dysfunction—specifically hypothyroidism and
hyperthyroidism—on BMR through a retrospective cross-sectional analysis of clinical data.

Methods: The study included 100 patients categorized into three groups based on their thyroid profiles:
hypothyroid, hyperthyroid, and euthyroid. Data were retrieved from hospital records and included thyroid
hormone levels (T3, T4, TSH), demographic information, and BMR values. BMR was calculated using the
Harris-Benedict equation. Statistical analysis was performed using SPSS to compare BMR across groups and
assess correlations with thyroid function markers.

Results: The mean BMR was significantly lower in hypothyroid patients (1210 kcal/day) and significantly
higher in hyperthyroid patients (1685 kcal/day) compared to euthyroid controls (1400 kcal/day). A strong
inverse correlation was observed between TSH levels and BMR (r = -0.72, p < 0.001). The differences in BMR
between groups were statistically significant (p < 0.01).

Conclusion: Thyroid dysfunction has a profound effect on BMR, with hypothyroidism associated with reduced
metabolic rates and hyperthyroidism linked to elevated rates. These findings highlight the importance of
incorporating BMR assessment into the clinical evaluation of thyroid disorders to improve diagnosis, guide
therapy, and monitor metabolic outcomes.

Keywords: Thyroid dysfunction, basal metabolic rate, hypothyroidism, hyperthyroidism, TSH, metabolism,
retrospective cross-sectional study, thyroid hormones.
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Introduction

The thyroid gland, located anteriorly in the neck,
regulates metabolism. The anterior pituitary gland
secretes thyroid-stimulating hormone (TSH) to
govern the thyroid gland's production of T4 and T3
[1]. Although these hormones affect practically
every tissue in the body, they particularly affect
metabolic processes, growth, and development.
Thyroid hormones affect the Basal Metabolic Rate
(BMR), which the body needs to maintain
breathing, circulation, and cell growth at rest [2].
Basal metabolic rate is regulated by thyroid
hormones via complex processes. T3, the more
physiologically active hormone, binds to nuclear
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receptors in target cells to activate mitochondrial
and oxidative metabolism genes. Increased oxygen
intake and heat production boost metabolism [3].
Despite its decreased potency, T4 is mainly a
prohormone that peripheral tissues convert to T3.
These hormones regulate thermogenesis, protein
turnover, electrolyte balance, and carbohydrate and
lipid metabolism [4]. Hypothyroidism and
hyperthyroidism can lower a person's basal
metabolic rate (BMR), affecting their energy
balance and health. Because thyroid hormones are
deficient, hypothyroidism slows metabolism. The
lowered basal metabolic rate (BMR) of
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hypothyroidism causes lethargy, weight gain, cold
sensitivity, bradycardia, and constipation [5]. Due
to thyroid hormone overproduction,
hyperthyroidism causes anorexia, palpitations,
anxiety, increased bowel movements, heat
sensitivity, and weight loss despite increased
hunger. Several symptoms result with elevated
BMR [6]. Due to the frequency of overt and
subclinical thyroid diseases, therapeutic practice
requires understanding how thyroid hormones
influence metabolic activity across patient
populations [7].

Global thyroid disease prevalence is rising,
threatening public health. Epidemiological studies
reveal that 4%-5% of the population has
hypothyroidism, with a higher incidence in women
and the elderly [8]. Even though it's rare,
hyperthyroidism affects many people worldwide.
Despite community-based studies indicate 10% of
Indians may have thyroid problems, many go
untreated. This development necessitates early
diagnosis, routine screening, and public awareness
[9]. This research highlights the need of studying
the far-reaching effects of thyroid hormone
imbalance, especially on metabolism, which
general care often overlooks. Endocrinology has
long linked BMR to thyroid problems [10].
Although metabolic rate is rarely examined in
clinical practice, it is an important statistic. Thyroid
issues are diagnosed using T3, T4, and TSH
readings, but metabolic indicators like basal
metabolic rate (BMR) might give a fuller picture of
the disease's impact on the patient's health.
Connecting thyroid function with metabolic rate in
people with unexplained weight changes, lethargy,
or energy levels can help identify subtle issues and
improve treatment [11].

This is important because thyroid hormones, age,
sex, body size, composition, and genetic
predisposition affect basal metabolic rate (BMR).
Lean body mass generally increases basal
metabolic rate (BMR). Thyroid hormones are the
main modulators that can overcome these other
parameters when dysregulated [12]. Thus,
understanding how hypo- and hyperthyroid
conditions affect basal metabolic rate (BMR) in
different patient populations is crucial. This
understanding will enable focused nutrition,
hormone replacement, and lifestyle improvements.
Retrospective  cross-sectional — studies employ
patient data to find correlations in clinical research.
These strategies are ideal for studying thyroid
hormone levels and BMR because they may
evaluate large datasets over preset durations
without resource constraints like prospective trials.
This study examines thyroid dysfunction patients'
basal metabolic rate (BMR) measurements to find
statistically significant trends that can influence
future diagnostic and treatment guidelines.
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This work may assist doctors understand
biochemical diagnosis and clinical symptoms.
Thyroid hormones alter metabolic rate, but Indian
cohorts lack clinical data to test this correlation.
Due to differences in environment, body
composition, and diet, local populations may not be
comparable to worldwide figures. This study
focusses on patients from a specific geographic and
clinical environment to provide clinically useful
and locally applicable findings. The research
emphasises practical applications, which is crucial.
If clinicians understand how BMR differs across
thyroid states, they can aim for better treatment
outcomes. In hypothyroid patients, normalising
basal metabolic rate (BMR) may suggest
therapeutic efficacy, but in hyperthyroid patients,
monitoring BMR reduction following antithyroid
medication can help assess efficacy. Using it,
nutritionists may assist endocrine patients build
metabolic rate-based dietary plans.

The rising prevalence and serious consequences of
thyroid  problems require interdisciplinary
approaches involving endocrinologists,
nutritionists, and clinicians. This study advances
knowledge by analysing thyroid function and basal
metabolic rate (BMR), a basic yet understudied
physiological trait. It provides a scientific basis for
routine metabolic testing in thyroid issue therapy,
improving patient outcomes and quality of life. A
retrospective  cross-sectional research of 100
thyroid profiled patients will investigate the
influence of thyroid dysfunction on Basal
Metabolic Rate. The study's goal is to investigate
the statistical and clinical relevance of hypothyroid
and hyperthyroid BMR discrepancies. This is an
endeavour to improve metabolic monitoring in
clinical endocrinology and understand thyroid
condition metabolic implications.

Materials and Methods

Study Design: This study was conducted as a
retrospective cross-sectional analysis aimed at
evaluating the impact of thyroid dysfunction on
Basal Metabolic Rate (BMR). Retrospective
designs are particularly suited for assessing
associations between clinical parameters by
utilizing pre-existing patient data, and they offer a
cost-effective means of generating evidence,
especially when interventional studies are not
feasible due to time, ethical, or logistical
constraints.

Sample Size and Setting: The study was
conducted using the medical records of 100
patients, collected from a tertiary care center. The
data were retrieved from the hospital’s electronic
medical records system. The sample size was
determined based on the availability of complete
records for patients with diagnosed thyroid
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dysfunction and corresponding BMR data during
the defined study period.

Inclusion Criteria

o Patients aged between 18 and 65 years.

e Individuals with a confirmed diagnosis of
thyroid dysfunction, based on laboratory
findings—either hypothyroidism (elevated
TSH and low T3/T4) or hyperthyroidism
(suppressed TSH and elevated T3/T4).

o Availability of complete data including thyroid
hormone levels (T3, T4, TSH) and BMR
values.

o Both male and female patients were included.

Exclusion Criteria

e Patients with known metabolic disorders (e.g.,
diabetes mellitus, Cushing’s syndrome).

o Individuals who were pregnant or lactating at
the time of data collection.

o Patients on medications affecting metabolism
(e.g., corticosteroids, beta-blockers).

e Incomplete or inconsistent medical records.

Data Collection: Standards were used to collect
data to avoid observer biases and discrepancies. A
key indicator collected from patient medical data
was basal metabolic rate (BMR), which was
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recorded or calculated using clinical equipment or
predictive models. Age, gender, weight, height, and
thyroid  function  tests  (chemiluminescent
immunoassay-measured serum T3, T4, and TSH
levels) were also essential. Patients were classified
as hypothyroid or hyperthyroid using biochemical
and diagnostic criteria. To safeguard patient
confidentiality, all data were anonymised and
institutional ethical procedures were followed.

Statistical Analysis: After importing the data into
Excel, we used SPSS for statistical analysis.
Descriptive  statistics ~ described  the  study
population's demographics and baseline data like
means, standard deviations, and frequency
distributions.  Independent  t-tests compared
hypothyroid and hyperthyroid mean BMR values.

When assessing euthyroid, subclinical hypothyroid,
and overt hypothyroid, analysis of variance was
used. Pearson's correlation coefficient was
calculated to assess BMR's link to thyroid hormone
levels (TSH, T3, T4, and T4). A p-value below
0.05 indicated statistical significance. Key data
were visualised and compared using graphs and
tables. When applicable, 95% confidence intervals
were calculated to assess connection accuracy.

Results

Table 1: Demographic Profile of Study Participants (N = 100)

Variable Frequency (%) / Mean £+ SD
Age (years) 423£12.1

Gender

- Male 38 (38%)

- Female 62 (62%)

The study population comprised 100 patients with a mean age of 42.3 years, indicating a middle-aged cohort.
There was a notable female predominance (62%), which aligns with the higher prevalence of thyroid
dysfunction among women as reported in the literature. Males represented 38% of the participants.

Table 2: Thyroid Function Classification

Thyroid Status Number of Patients (%)
Hypothyroidism 52 (52%)
Hyperthyroidism 34 (34%)
Euthyroid 14 (14%)

Out of the 100 patients analyzed, 52% were diagnosed with hypothyroidism, making it the most common
dysfunction in the sample. Hyperthyroidism was observed in 34%, while 14% of participants were euthyroid,
included to provide a comparative baseline. This distribution is representative of the general trends seen in
clinical thyroid dysfunction prevalence.

Table 3: Mean BMR Values According to Thyroid Function

Thyroid Status Mean BMR (kcal/day) £ SD
Hypothyroidism 1210 + 145
Hyperthyroidism 1685+ 172
Euthyroid 1400 + 150

The analysis revealed that hypothyroid patients had
the lowest BMR, with a mean of 1210 kcal/day,
reflecting a significant reduction in metabolic
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activity due to decreased thyroid hormone levels. In
contrast, hyperthyroid patients exhibited the highest
BMR (1685 kcal/day), indicating heightened
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metabolic activity. The euthyroid group had an
intermediate mean BMR of 1400 kcal/day, serving
as a normative reference point.

These findings strongly suggest that BMR varies
significantly with thyroid functional status.

Table 4: Statistical Comparison of BMR between Groups

Comparison Groups p-value Statistical Significance
Hypothyroid vs Euthyroid <0.001 Significant
Hyperthyroid vs Euthyroid <0.001 Significant
Hypothyroid vs Hyperthyroid <0.001 Significant

The differences in BMR between the groups were
statistically significant across all comparisons (p <
0.001). This indicates a robust and reliable
association between thyroid status and BMR levels.
Hypothyroid patients had significantly lower BMR

than euthyroid controls. Hyperthyroid patients had
significantly higher BMR than euthyroid controls.
A strong inverse pattern was observed between
hypo- and hyperthyroid groups, highlighting the
extreme ends of thyroid influence on metabolism.

Table 5: Correlation between TSH and BMR

Correlation Variable r-value p-value Interpretation
TSH vs BMR -0.72 <0.001 Strong negative correlation
A strong negative correlation (r = -0.72) was revealed that hypothyroidism patients' metabolic

observed between TSH levels and BMR, with a
statistically significant p-value < 0.001. This
indicates that as TSH levels increase (suggestive of
hypothyroidism), BMR decreases markedly.
Conversely, low TSH levels (indicative of
hyperthyroidism) are associated with elevated
BMR. These findings underscore the critical role of
thyroid-stimulating ~ hormone in  regulating
metabolic rate and support the study’s objective of
linking thyroid function with energy expenditure.

Discussion

Interpretation of Results: These cross-sectional
findings strongly suggest that thyroid illness
considerably impacts basal metabolic rate.
Hypothyroidism patients had a considerably lower
baseline metabolic rate (BMR) (1210 kcal/day)
than hyperthyroidism patients (1685). Euthyroid
controls had an intermediate mean basal metabolic
rate (BMR) of 1400 kcal/day. According to these
studies, thyroid hormones T4 and T3 regulate
metabolic activity and energy expenditure. Most
cells increase heat production and oxygen use in
response to thyroid hormones. Because low T3 and
T4 levels impair metabolic activity,
hypothyroidism causes lethargy, increased body
fat, cold sensitivity, and low energy.

However, chronically high hormone levels cause
fast weight loss, metabolic activity, heat sensitivity,
and heart rate in hyperthyroidism. The negative
association between thyroid-stimulating hormone
(TSH) and BMR (r =-0.72, p < 0.001) supports the
unfavourable relationship between the two. These
findings match earlier research. [13] and [14] found
that untreated hypothyroidism patients had a much
lower basal metabolic rate (BMR) than controls,
while hyperthyroidism patients had a 30% higher
BMR. After thyroid hormone replacement, [15]

parameters and basal metabolic rate returned to
normal. This study confirms BMR's diagnostic and
prognostic  significance in thyroid disorders,
supporting previous clinical findings.

Clinical Implications: Clinical practice is affected
by these findings. First, determine the patient's
basal metabolic rate to identify thyroid dysfunction.
BMR may be added to TSH, T3, and T4 in
borderline or subclinical situations. BMR variation
monitoring and patient-specific therapy planning
improve weight, tiredness, and metabolic balance.
Second, these findings aid medicine and food
management. Hypothyroid people may need to
limit  calories to avoid  weight gain.
Hyperthyroidism raises basal metabolic rate,
requiring more calories and protein and causing
unexpected weight loss. Patients benefit when
doctors and dietitians incorporate metabolic data
into treatment strategies. Monitoring BMR changes
after antithyroid or levothyroxine medication
initiation or modification can also measure
therapeutic success.

Strengths and Limitations: This study is
strengthened by using medical record patient data.
We included hypothyroidism and hyperthyroidism
cases with a healthy control group for statistical
analysis and comparisons. Standardised
biochemical markers and BMR calculation
methods improve study dependability and
reproducibility. However, limits must be
acknowledged. The retrospective method increases
the likelihood of missing or incomplete data,
making causal relationships harder to prove. This
study only used data from one tertiary care centre,
therefore its conclusions may not be generalizable.
One hundred is enough for preliminary studies, but
it may not capture thyroid disease presentation and
metabolic response variation. The study could not
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account for eating habits, concomitant conditions,
or physical activity.

Suggestions for Future Research: This work
should enable larger, multi-center studies to
overcome these limitations. We can better
understand  population-specific ~ factors  and
generalise our results by studying demographic and
geographic patterns globally. Longitudinal BMR
exams before and after thyroid hormone medication
can help identify the cause and track its long-term
effects. To understand the systemic effects of
thyroid failure, more study is needed on thyroid
function, BMR, inflammatory cytokines, insulin
resistance, and lipid profiles. Indirect calorimetry
can improve energy usage and thermogenesis.
Metabolic monitoring and biochemical testing
should be part of a more comprehensive treatment
strategy because thyroid function strongly affects
basal metabolic rate. If clinical practice uses BMR
data more, thyroid patients may receive better care
and live longer.

Conclusion

This study shows that thyroid hormone levels
directly and quantitatively alter —metabolic
processes and illuminate the relationship between
hypothyroidism and BMR. In a group of 100
patients with  varied  thyroid  profiles,
hypothyroidism had a considerably lower basal
metabolic rate (BMR) than hyperthyroidism, which
had a greater BMR.

These findings show that thyroid hormones T3 and
T4 regulate metabolism. These patterns support
previous discoveries and physiological principles,
making BMR a valuable thyroid disease treatment
parameter. Due to the strong inverse link between
TSH and BMR, thyroid screenings should include
metabolic examination. BMR testing should be part
of thyroid problem tests due to these clinical
impacts.

This may improve subclinical identification,
nutritional, and pharmacological treatment.
Hypothyroid patients can regulate their calorie
intake and minimise weight gain by monitoring
their basal metabolic rate (BMR), whereas
hyperthyroid patients can meet their energy needs.
Finally, thyroid issues greatly impact BMR. BMR's
therapeutic value recommends that healthcare
providers should integrate it into thyroid
examination. Verifying these findings and studying
thyroid dysfunction's metabolic impact in different
populations larger prospective studies are needed
for future study.
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