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Abstract

Background: Autoimmune hypothyroidism, characterised by elevated anti-thyroid
peroxidase (anti-TPO) antibodies, contributes to progressive thyroid dysfunction and
increased dependency on levothyroxine therapy. Oxidative stress is implicated in
autoimmune thyroid disease pathogenesis. Coenzyme Q10 (CoQ10), a potent antioxidant,
may modulate immune activity and improve thyroid function. Objective: To evaluate the
association between high-dose Coenzyme Q10 supplementation and changes in Anti-TPO
antibody levels and thyroid function parameters in patients with hypothyroidism.
Methods: This prospective observational study was conducted at Amar Hospital, Mohali,
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CoQ10 supplementation. The mean baseline Anti-TPO level decreased from 554.3 [U/mL
to 244.9 1U/mL, with a mean reduction of -309.3 IU/mL (95% CI: -359.2 to -259.5; p <
0.001). Thyroid function parameters showed variable responses. FT3 and FT4 levels
remained stable during the study period with no statistically significant changes (p = 0.36
and p = 0.82, respectively). In contrast, TSH levels demonstrated a significant reduction
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that CoQ10 may have a potential adjunctive role in reducing thyroid autoimmunity and
improving hormonal regulation in hypothyroid patients. Further large-scale randomized
controlled trials are required to confirm these findings and establish the therapeutic role
of CoQ10 in autoimmune thyroid disease.
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INTRODUCTION

Hypothyroidism is an endocrine disorder defined as an inadequate thyroid gland function or an inability of thyroid
hormones to act on target tissues [1]. The clinical presentation of patients can vary from asymptomatic disease to myxedema
coma [2]. Hypothyroidism is characterized by low thyroid (triiodothyronine and tetraiodothyronine) and elevated thyroid-
stimulating hormone (TSH) [3]. Thyroid hormones are important in the activity of metabolism [4]. These hormones are
active in the functioning of many organs related to the heart, brain, intestines, and reproductive system [5]. Thyroid
hormones exert a major influence from the fetal period to adulthood by controlling gene and protein expression in almost
every tissue [6].

Coenzyme Q10 (CoQ10), also known as ubiquinone, is a fat-soluble, vitamin-like molecule naturally present in every
cellular membrane within our bodies. This enzyme is a regular component of our diet, although it is also synthesized
endogenously. CoQ10 is crucial for efficiently transferring electrons within the mitochondrial oxidative respiratory chain
and producing adenosine triphosphate (ATP). CoQ10 can potentially increase the production of vital antioxidants, such as
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superoxide dismutase, an enzyme that effectively mitigates vascular oxidative stress in individuals with hypertension. In
addition, CoQ10 lowers lipid peroxidation levels by diminishing pro-oxidative compounds. Furthermore, CoQ10 can
improve blood flow and safeguard blood vessels by preserving nitric oxide. [7]

Looking at levels in human plasma, it has been shown that the concentration of CoQ10 is different in hypothyroid subjects
compared to healthy subjects and that there is a significant inverse correlation between CoQ10 levels and thyroid hormone
levels.[8] Emerging evidence suggests that oxidative stress plays a central role in autoimmune mechanisms. Coenzyme
Q10, a mitochondrial electron transport cofactor, exhibits strong antioxidant and anti-inflammatory properties. While its
role has been explored in cardiovascular and metabolic diseases, limited data exist regarding its impact on autoimmune
thyroid conditions.[9,10]

This study aimed to evaluate the association between high-dose CoQ10 supplementation and changes in anti-TPO antibody
levels and thyroid function.

MATERIALS AND METHODS

The present prospective observational study was conducted at Amar Hospital, Mohali, Punjab, India for a period of 6
months among patients of hypothyroidism. Ethical clearance for conducting the research was taken from institute’s ethics
committee of hospital before commencement of study. Written informed consent was taken from patients after explaining
them about procedure of study.

Through consecutive sampling a total of 50 patients diagnosed with hypothyroidism were selected for the study on the
basis of inclusion and exclusion criteria.

Inclusion criteria-

1. Patients diagnosed with hypothyroidism

2. Patients with Anti-TPO >100 IU/mL

3. Patients with Age 30-70 years

Exclusion criteria-

1. Patients with Anti-TPO <100 IU/mL

2. Patients who were taking steroids or immunosuppressive therapy

Al enrolled participants received Coenzyme Q10 supplementation at a dose of 300 mg orally once daily for a total duration
of six months. The supplement was administered in addition to their routine thyroid hormone replacement therapy
(levothyroxine), which was continued as prescribed by the treating physician. Compliance with the supplementation
regimen was monitored through monthly follow-up visits and patient self-reporting.

At the time of enrollment, demographic and clinical details including age, gender, duration of hypothyroidism, current
levothyroxine dose, and relevant medical history were recorded. Blood samples were collected under standardized
laboratory conditions for the evaluation of thyroid function parameters and autoimmune markers.

Laboratory Investigations- Laboratory assessments were performed at baseline (before initiation of CoQ10
supplementation) and repeated after six months of treatment.

The following biochemical parameters were measured:

. Anti-thyroid peroxidase antibodies (Anti-TPO)
. Free triiodothyronine (FT3)

. Free thyroxine (FT4)

. Thyroid stimulating hormone (TSH)

Venous blood samples were obtained after an overnight fast. Serum was separated and analyzed using standard automated
immunoassay techniques in the hospital’s central laboratory.

Outcome Measures- The primary outcome measure of the study was: Change in Anti-TPO antibody levels between
baseline and 6 months after CoQ10 supplementation. Secondary Outcomes measure was: Changes in thyroid function
parameters (FT3, FT4, and TSH), Changes in the required dose of levothyroxine and Overall biochemical improvement in
thyroid function during the study period

Statistical Analysis- Data were entered and analyzed using Statistical Package for the Social Sciences (SPSS) software
version 25.0. Continuous variables were expressed as mean + standard deviation (SD) for normally distributed data and
median with interquartile range (IQR) for non-normally distributed data. Categorical variables were presented as
frequencies and percentages. To evaluate changes between baseline and post-intervention values: Paired t-test was used for
normally distributed variables, Wilcoxon signed-rank test was used for non-normally distributed variables. Effect sizes
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were reported using mean differences along with 95% confidence intervals (CI). Atwo-sided p-value of less than 0.05 was
considered statistically significant.

RESULTS

Table 1 shows baseline characteristics of patients. A total of 50 patients with hypothyroidism were included in the study.
The mean age of participants was 48.7 £+ 10.6 years, with an age range of 30—70 years. The study population included 34
females (68%) and 16 males (32%), reflecting the higher prevalence of hypothyroidism among females.

Table 1 Baseline characteristics of patients

Variable Value

Age (years), mean + SD 48.7£10.6
Age range 30-70
Female 34 (68%)
Male 16 (32%)

Table 2 shows a significant reduction in anti-thyroid peroxidase (Anti-TPO) antibody levels was observed after 6 months
of Coenzyme Q10 supplementation. The mean baseline Anti-TPO level was 554.3 1U/mL, which decreased to 244.9 IU/mL
at 6 months. The mean reduction was —309.3 IU/mL (95% CI: —359.2 to —259.5) and the difference was statistically
significant (p < 0.001).

Table 2 Change in Anti-TPO Antibody Levels
Parameter Baseline Mean | 6 Months Mean | Mean Difference | 95% CI p-value
Anti-TPO (IU/mL) | 554.3 244.9 -309.3 —359.2 to —259.5 | <0.001

Table 3 presents the changes in thyroid function parameters (FT3, FT4, and TSH) between baseline and after six months
of Coenzyme Q10 supplementation among the study participants. At baseline, the mean FT3 level was 2.86 pg/mL, which
slightly increased to 2.87 pa/mL after six months, showing a mean difference of +0.02 pg/mL. However, this change was
not statistically significant (p = 0.36). Similarly, FT4 levels remained stable during the study period. The mean baseline
FT4 was 1.15 ng/dL, which marginally increased to 1.15 ng/dL at follow-up, with a mean difference of +0.003 ng/dL. The
change was statistically non-significant (p = 0.82). In contrast, a significant reduction in serum TSH levels was observed.
The mean baseline TSH was 10.95 mIU/L, which decreased to 7.71 mIU/L after six months, corresponding to a mean
reduction of —3.24 mIU/L. This change was highly statistically significant (p < 0.001). The reduction in TSH indicates an
improvement in thyroid function control during the study period.

Table 3 Changes in Thyroid Function Parameters

Parameter Baseline Mean 6 Months Mean Mean Difference p-value
FT3 (pg/mL) 2.86 2.87 +0.02 0.36
FT4 (ng/dL) 1.15 1.15 +0.003 0.82
TSH (mIU/L) 10.95 7.71 -3.24 <0.001

Table 4 shows the distribution of levothyroxine doses among the study participants at baseline. The most commonly
prescribed dose was 50 mcg/day, which was used by 13 patients (26%), making it the predominant maintenance dose in
the study population. The next most frequent doses were 75 mcg/day, prescribed to 9 patients (18%), followed by 62.5
mcg/day, used by 6 patients (12%). Lower doses such as 25 mcg/day and 32.5 mcg/day were prescribed to 5 patients (10%)
and 6 patients (12%), respectively. Similarly, 37.5 mcg/day was administered to 4 patients (8%). Higher doses of 100
mcg/day and 125 mcg/day were used in 4 patients (8%) and 3 patients (6%), respectively.

Table 4 Distribution of Levothyroxine Dose Among Participants

Dose (mcg/day) Number of Patients Percentage
25 mcg 5 10%

32.5 mcg 6 12%

37.5 mcg 4 8%

50 mcg 13 26%

62.5 mcg 6 12%

75 mcg 9 18%

100 mcg 4 8%

125 mcg 3 6%
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DISCUSSION

The leading biomarker for detecting autoimmune thyroid disease is the determination of TSH concentration. [11] Our study
evaluated the association between high-dose Coenzyme Q10 (CoQ10) supplementation and thyroid autoimmunity as well
as thyroid function parameters in patients with hypothyroidism. Studies done in past underscores the importance of TPO-
Ab as a biomarker in detection of thyroid disease in general population. Some earlier prospective studies investigated TSH
and TPO-Ab concentrations in patients with TSH concentrations within reference values. Thyroid disease can be caused
by too little or excessive iodine intake. [12,13] The results of present study showed that after six months of taking CoQ10,
Anti-TPO antibody levels went down a lot and TSH levels went down a lot, but FT3 and FT4 levels stayed about the same.
These results indicate that CoQ10 may play a role in regulating autoimmune activity and enhancing biochemical thyroid
function in individuals with hypothyroidism.

In our study the mean age of participants was 48.7 + 10.6 years, with an age range of 30—70 years. The study population
included 34 females (68%) and 16 males (32%), reflecting the higher prevalence of hypothyroidism among females.
Chronic autoimmune thyroiditis affects 1%-2% of the total population and is one of the most common thyroid diseases.
[14] The disease incidence is particularly increased in people aged between 30 and 50 years but can occur in any age group,
including children.[15,16] Hypothyroidism most often occurs in areas with sufficient iodine concentration. The annual
incidence of chronic autoimmune thyroiditis globally is estimated to be 0.3-1.5 per 1000 individuals, and it is 10-15 times
higher in women.[17-19] The disease is more common today, not because of frequent examinations but because of the
more potent immunogenicity of thyroid antigens caused by increased iodine intake.[14,15]

Sewveral antibodies and antigen-specific T lymphocytes have been linked to autoimmune thyroid disease.[20] The
significant antigens are thyroglobulin (TG), thyroid peroxidase (TPO), and the thyroid-stimulating hormone receptor (TSH
receptor, thyrotropin receptor). Antibodies are highly cytotoxic microsomal antibodies to thyroid peroxidase, thyrocyte
membrane antigens, and/or binding complement. These antibodies cause destruction and lysis of thyrocytes .[21]
Thyroglobulin, synthesized in follicular cells, acts as both a precursor and a storage molecule for thyroid hormones and is
one of the primary targets of autoimmunity in chronic autoimmune thyroiditis.[22] Studies have shown that more than 14
polymorphisms in the thyroglobulin gene are associated with an increased incidence of chronic autoimmune thyroiditis.[23]
In addition, thyroid peroxidase catalyzes the iodination of tyrosine residues in thyroglobulin. Experimental autoimmune
thyroiditis was induced using thyroglobulin or TPO as an antigen in mice, demonstrating the role of thyroglobulin and TPO
in the pathogenesis of chronic autoimmune thyroiditis.[24] In the present study, the mean Anti-TPO antibody level
decreased significantly from 554.3 IU/mL at baseline to 244.9 1U/mL after six months of CoQ10 supplementation,
indicating a substantial reduction in thyroid autoimmunity. This observation supports the hypothesis that antioxidant
therapy may help attenuate autoimmune-mediated inflammation within the thyroid gland.

Hypothyroidism results from autoimmune damage to the thyroid, in which autoantibodies are directed against the thyroid
antigens thyroid peroxidase and thyroglobulin. It is worth noting that thyroid hormones regulate cellular energy metabolism
via their effects on mitochondrial function. Mitochondria are major sites of triiodothyronine accumulation within cells,
where it exerts a direct effect on mitochondrial activity and energy metabolism. Mitochondria are a major source of free
radical production within cells, and the accelerating effect of triiodothyronine on basal metabolism results in an increased
production of free radicals. The hypermetabolic state present in hyperthyroidism results in excessive free-radical-induced
oxidative stress within cells; in contrast, the hypometabolic state induced by hypothyroidism leads to a decrease in free
radical production.[25] Patients with hypothyroidism may have similar circulatory levels of CoQ10 to normal subjects or
substantially increased levels, precluding the necessity of CoQ10 supplementation.[9]

This study also demonstrated a significant decrease in TSH levels from 10.95 mIU/L to 7.71 mIU/L after six months of
supplementation. TSH is a key indicator of thyroid function and is commonly elevated in patients with hypothyroidism due
to reduced thyroid hormone production. However, despite the improvement in TSH levels, FT3 and FT4 levels did not
show statistically significant changes during the study period. Although this finding should be confirmed by studies with
larger sample sizes of patients, the results suggest that measuring the concentration of TPO-Ab and TSH can be used as a
marker to identify individuals at risk of developing hypothyroidism in the general population.[13]

The distribution of levothyroxine doses among the participants also reflects the heterogeneity of hypothyroidism severity
in the study population. The most commonly prescribed dose in this study was 50 mcg/day, followed by 75 mcg/day and
62.5 mcg/day, which is consistent with typical dosing patterns for patients with mild to moderate hypothyroidism. In their
study, Okuroglu et al found a positive correlation between the antibody concentration and higher levothyroxine dosing in
patients with autoimmune thyroiditis.[26]
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Notwithstanding these encouraging results, it is important to recognise a number of the study's limitations. First, the study
was carried out at a single facility with a rather small sample size of 50 patients, which would restrict how broadly the
findings can be applied. Second, it was challenging to substantiate a clear causal link between CoQ10 supplementation and
the noted improvements in thyroid autoimmunity since the study design was observational and lacked a control group.
Third, the duration of follow-up was limited to six months, and longer-term effects of CoQ10 supplementation on thyroid
autoimmunity and hormone regulation remain unknown.

To further explore the therapeutic potential of CoQ10 in autoimmune thyroid illness, future studies should concentrate on
large-scale randomised controlled trials. To better understand the processes underlying the reported effects, such studies
should incorporate longer follow-up periods, control groups, and additional indicators of immunological activation and
oxidative stress. Additionally, assessing CoQ10's effects on clinical symptoms, quality of life, and long-term thyroid
function results would yield important information on its function in hypothyroidism care.

CONCLUSION

This prospective observational study concluded that high-dose Coenzyme Q10 supplementation significantly reduced Anti-
TPO antibody levels in hypothyroid patients after six months of treatment. A notable reduction in TSH levels was detected,
indicating enhanced regulation of thyroid function. Nonetheless, FT3 and FT4 levels remained constant, suggesting that
CoQ10 predominantly affected autoimmune activity rather than directly modifying circulating thyroid hormone levels. The
data indicate that Coenzyme Q10 may serve a helpful supplementary role in diminishing thyroid autoimmune and
enhancing biochemical markers of thyroid function. The antioxidant and anti-inflammatory characteristics of CoQ10 may
facilitate these effects. Nonetheless, the findings must be regarded with care owing to the observational study design and
restricted sample size. Additional extensive randomised controlled trials are advised to validate the therapeutic efficacy of
CoQ10 in autoimmune hypothyroidism.
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