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Abstract 

Background: Thyroid diseases are common, especially in women, and the incidence increases with 

age, so that about 10 % of the population over the age of 65 suffers from thyroid dysfunction 

Aim: The current study aims was to evaluate the serum levels of cardiac troponin, high-sensitivity C-

reactive protein, T3 and T4 with TSH, LDH and creatine kinase in women with thyrotoxicosis and 

hyperthyroidism 

Materials and methods: This study was conducted in Kirkuk, involving Kirkuk Teaching Hospital, 

Azadi Teaching Hospital, and private laboratories from December 2022 to April 2023. A total of 110 

blood samples were collected from women aged 25 to 45 years, divided into five groups: untreated 

hyperthyroidism women (25 samples), hyperthyroid women undergoing treatment (20 samples), 

untreated thyrotoxic women (25 samples), women with thyrotoxicity undergoing treatment (20 

samples), and healthy women without thyroid disorder (20 samples as control group). Blood samples 

were collected from each patient for determination of  cardiac troponin, high-sensitivity C-reactive 

protein, T3 and T4 hormone levels, thyroid-stimulating hormone (TSH), lactate dehydrogenase (LDH), 

and creatine kinase (CK), which were analyzed to assess their association with thyrotoxicosis and 

hyperthyroidism. 

Results: The thyrotoxicity and hyperthyroidism groups demonstrated a statistically significant 

decrease in TSH levels compared to the control group (0.817±0.24 nmol/L and 0.847±0.34 nmol/L vs. 

2.776±0.74 nmol/L). After treatment, there was a significant improvement in TSH levels (2.383±0.69 

nmol/L and 2.056±0.51 nmol/L), although they remained higher than the control group. Moreover, 

the thyrotoxicity and hyperthyroidism groups exhibited a significant increase in T3 (4.849±1.07 

nmol/L and 4.244±1.06 nmol/L vs. 1.745±0.55 nmol/L) and T4 (194.00±13.7 nmol/L and 

160.70±12.1 nmol/L vs. 92.81±9.14 nmol/L) levels compared to the control group. Following 

treatment, there was a significant improvement in T3 (4.479±0.89 nmol/L and 3.733±0.91 nmol/L) 

and T4 (150.8±10.69 nmol/L and 103.34±10.51 nmol/L) levels, although they remained higher than 

the control group. Highly sensitive troponin, C protein, lactate dehydrogenase, and creatine kinase 

levels were also significantly altered in the patient groups compared to the control group, with some 

improvement observed after treatment, but they still differed from the control group.  

Conclusions: These findings emphasize the complex hormonal and cardiac changes associated with 

thyrotoxicity and hyperthyroidism in women, highlighting the need for further research and clinical 

consideration. 

Keywords: cardiac troponin; C-RP, LDH;  creatine kinase; thyrotoxicosis. 
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Introduction 

Thyroid diseases are common, especially in women, and the incidence increases with age, 

so that about 10% of the population over the age of 65 suffers from thyroid dysfunction. 

Hyperthyroidism is an overactive thyroid tissue that causes overproduction of thyroid 

hormones (thyroxine, or "T4", and triiodothyronine, or "T3") (Devereaux and Tewelde, 

2014). Hyperthyroidism is the cause of thyrotoxicosis, a pathological condition caused by 

increased secretion of thyroid hormones in the blood, and it is important to note that 

hyperthyroidism and thyrotoxicosis are not synonymous; for example, thyrotoxicosis can 

occur due to taking thyroid hormone from outside the body or because of thyroiditis, 

which leads to the secretion of thyroid hormones(De Guzman et al.,  2021). Thyroid 

hormone is important at the cellular level, affecting almost all types of tissue in palpation, 

and thyroid activity may cause increased metabolic speed, resulting in unintentional 

weight loss and an irregular heartbeat(Yahya et al., 2023). Clinically, Plummer's disease 

and thyroiditis, and patients with increased thyroid hormone, are at increased risk of 

heart disease, especially in patients aged 60 years. The most characteristic features of 

hyperthyroidism are those that result from the effects of triiodine and thyronine (T3) on 

the heart and cardiovascular system, such as decreased systemic vascular resistance, 

increased resting heart rate, and left ventricular contraction(Devereaux et al., 2014). Some 

studies also indicate that about 6% of individuals with thyrotoxicosis show symptoms of 

heart failure and that less than 1% of them may develop dilated cardiomyopathy with 

impaired left ventricular contraction function. There are many factors that increase the 

risk of the disease and further aggravate the condition of those who suffer from 

thyrotoxicity, such as lipid profile levels and oxidative stress factors. Patients with 

thyrotoxicosis are characterized by hypercholesterolemia and a marked increase in low-

density lipoproteins (Jafarzadeh et al., 2010). Some studies have also found that cardiac 

troponin, which is a protein with high myocardial specificity and is used as a marker of 

myocardial damage, and C-reactive protein, which is significantly higher in patients, and 

high-sensitivity C-reactive protein (hs-CRP) are acute-phase proteins (Czarnywojtek et al., 

2014) that are synthesized by the liver in response to infection and chronic inflammation, 

as well as an indicator of a malfunction of cardiovascular muscle cells that causes 

atherosclerosis by activating endothelial cells and coronary artery smooth muscle cells. 

(Ahmad et al., 2018) The current study aims to evaluate the serum levels of cardiac 

troponin, high-sensitivity C-reactive protein, T3 and T4, TSH, LDH, and creatine kinase in 

women with thyrotoxicosis and hyperthyroidism. 

Materials and methods 

This study was conducted in the city of Kirkuk, involving Kirkuk Teaching Hospital, 

Azadi Teaching Hospital, and private laboratories  from December 2022 to April 2023. A 

total of 110 blood samples were collected from women aged 25 to 45 years. The 

participants were divided into five groups: untreated hyperthyroidism women (25 blood 

samples), hyperthyroid women undergoing treatment (20 blood samples), untreated 

thyrotoxic women (25 blood samples), women with thyrotoxicity undergoing treatment 

(20 blood samples), and healthy women without thyroid disorder (20 blood samples, 

serving as the control group). Five milliliters of blood were collected from each participant 
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and control person using a 5 ml syringe via vein puncture. The blood samples were 

collected in plain tubes and allowed to clot for 30 minutes at 37 °C. After clotting, the tubes 

were centrifuged at 3000 rpm for 15 minutes. The resulting sera were carefully aspirated 

and transferred into Eppendorf tubes for further analysis. The variables measured 

included cardiac troponin, high-sensitivity C-reactive protein, T3 and T4 hormone levels, 

thyroid-stimulating hormone (TSH), lactate dehydrogenase (LDH), and creatine kinase 

(CK). These variables were analyzed to assess their association with thyrotoxicosis and 

hyperthyroidism. 

Statistical Analysis: 

Descriptive statistics, such as means, standard deviations, and percentages, were used to 

summarize the data. Inferential statistics, such as t-tests or analysis of variance (ANOVA), 

may be employed to compare the variable levels among different groups. 

Results 

The results of the current study shown in Figure 1 showed that the thyrotoxicity 

and hyperthyroidism groups exhibited a statistically significant decrease compared to the 

control group (0.817±0.24 nmol/L and 0.847±0.34 nmol/L vs. 2.776±0.74 nmol/L). 

Following treatment, the thyrotoxicity and hyperthyroidism groups showed significant 

improvement in TSH levels (2.383±0.69 nmol/L and 2.056±0.51 nmol/L) but remained 

higher than the control group. 

 
Figure 1: TSH levels  in studied  groups 

. Regarding T3 hormone, the thyrotoxicity and hyperthyroidism groups showed a 

significant increase compared to the control group (4.849±1.07 nmol/L and 4.244±1.06 

nmol/L vs. 1.745±0.55 nmol/L). After treatment, the thyrotoxicity and hyperthyroidism 

groups demonstrated a significant improvement in T3 levels (4.479±0.89 nmol/L and 

3.733±0.91 nmol/L) while still surpassing the control group. 
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Figure 2: Level of  T3  hormone in  the studied groups 

For T4 hormone, the thyrotoxicity and hyperthyroidism groups exhibited a 

statistically significant increase compared to the control group (194.00±13.7 nmol/L and 

160.70±12.1 nmol/L vs. 92.81±9.14 nmol/L). After treatment, the thyrotoxicity and 

hyperthyroidism groups showed a significant improvement in T4 levels (150.8±10.69 

nmol/L and 103.34±10.51 nmol/L) while remaining higher than the control group. 

 

       

 
Figure 3:  T4 levels in studied groups 
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ng/ml vs. 0.49±0.06 ng/ml). Following treatment, both groups showed significant 

improvement in highly sensitive troponin levels (0.88±0.19 ng/ml and 1.20±0.32 ng/ml) 

but remained elevated compared to the control group. 

 

 

 
Figure  4: Level  hsTnI in the studied groups 

C protein levels were significantly elevated in the thyrotoxicity and 

hyperthyroidism groups compared to the control group (6.82±0.19 mg/dL and 6.73±0.17 

mg/dL vs. 4.02±0.13 mg/dL). After treatment, significant improvement was observed in C 

protein levels (6.17±0.13 mg/dL and 6.04±0.12 mg/dL) but remained higher than the 

control group. 

 
 Figure  5: Level of  hs-CRP in studied groups 
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Lactate dehydrogenase levels were significantly increased in the thyrotoxicity and 

hyperthyroidism groups compared to the control group (447.4±23.79 IU/L and 

436.5±23.47 IU/L vs. 211.8±14.11 IU/L). After treatment, a slight improvement was 

observed in lactate dehydrogenase levels (442.1±19.33 IU/L and 249.1±18.42 IU/L) but 

remained higher than the control group. 

 

 

 
Figure  6: Level  LDH in  the studied groups 

Creatine kinase levels were significantly decreased in the thyrotoxicity and 

hyperthyroidism groups compared to the control group (50.50±6.59 IU/L and 52.14±6.34 

IU/L vs. 78.68±9.41 IU/L). Following treatment, a significant improvement in creatine 

kinase levels was observed (58.24±5.11 IU/L and 66.28±4.55 IU/L) but remained lower 

than the control group. 

 
Figure   7: Level of  CK in  the studied groups 
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Discussion 

The results of the current study showed a statistically significant increase  (P≤0.01) 

in the concentration of T3 hormone in  the  groups of women with thyrotoxicity and 

hyperthyroidism  (4.849±1.07 nmol/L), (4.244±1.06 nmol/L) Compared respectively with  

the control  group of healthy women (1.745±0.55  nmol/L),  a significant improvement in  

the level of T3  hormone after treatment was observed in the thyrotoxicity group and the 

hyperthyroidism group (4.479± (0.89 and   (3).733± (0.91 nmol/L)when compared with 

the  two groups of patients before treatment with higher levels than in the control group.  

Our study was consistent with several studies conducted by Jafarzadeh and his 

group (2010) and Alqahtani (2021) who showed  in their studies that the level of 

thyroxine hormone was relatively high in the thyrotoxicosis group and the 

hyperthyroidism group compared to control groups.  In case of thyrotoxicosisي and 

hyperthyroidism A rise in hormone can occur Thyroxine (T4) And not necessarily a 

trihormone Iodoxheroine (T3)  

Another study showed that hyperthyroidism patients are characterized by increased 

secretion of thyroid hormones and an increase in  thyroxine (T4) and triiodothyronine 

(T3) occurs as a result of stimulating  the thyroid gland by activated immune bodies that 

target the gland and these immune bodies cause a change in the function of the thyroid 

gland, which leads to an increase in the secretion of thyroid hormones (Devereaux and 

Tewelde, 2014). 

Another study showed that there is often arise in the secretion of  thyroid hormones, 

including thyroxine (T4)  in  some cases of hyperthyroidism, and this rise is relatively high 

in the early stages of the disease, especially if inhibitory treatments are not used, and this  

occurs when there is an inflammatory reaction or clotting inside the thyroid gland, which 

leads to the secretion of hormones stored in the gland excessively (Smithson et al., 2019) 

In general, the level of  T4  hormone is used as an indicator of thyroid function,  where its 

elevation in the thyrotoxic group is considered an indication of increased thyroid activity, 

while its decrease in the hyperthyroidism group after treatment may indicate the 

effectiveness of treatment as shown by various studies in this field (De Guzman et al.,  

2021; Yahya et al., 2023).  In line with the results of our current study, many studies have 

reported elevated levels of high-sensitivity troponin I (hsTnI) in individuals with 

thyrotoxicosis, which is an excessive production of thyroid hormones, and these results 

indicate that there may be a relationship between thyrotoxicosis and myocardial  injury  , 

as the recent study conducted by the researcher Watanabe et al (2021) found that there is  

a significant increase in the level of high-sensitivity troponin examination (hsTnI).  In 

patients with thyrotoxicosis and hyperthyroidism compared to the control group, this 

increase may indicate the presence of damage to the heart muscle in those patients, and 

this damage may be minor and not clinically apparent, but it can be an indication of an 

effect on the heart in cases of thyrotoxicosis and hyperthyroidism,  while another study 

conducted by Choi et akl (2005) found that the levels ofThyroid hormones play an 

important role in regulating heart function and an excess of these hormones can lead to 

various cardiovascular effects and he observed in his study that elevated hsTnI levels in 

thyrotoxicity patients led to a slight injury to the heart muscle or strain on the heart 
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muscle.   The study conducted by Keller et al in the year (2009) found a significant 

increase in the level of high-sensitivity troponin examination hsTnI in the  thyrotoxicosis 

group at the beginning of and then the study noticed a slight decrease in the level of 

troponin in patients after receiving treatment and it is also believed that the regulation of 

thyroid hormones and the treatment of the condition contribute to improving heart 

function and reducing the negative impact on the heart muscle and this can be manifested 

in reducing the level of high sensitivity troponin hsTn1   After receiving treatment. In 

contradiction to our study, a study conducted by De Lemos et al. (2010) found that there is 

no effect of taking inhibitory therapies for hyperthyroidism and thyrotoxicosis on the 

decline  of high sensitivity troponin levels  hTnI after receiving treatment, and it is 

necessary to take into account that there is a contradiction in the results published in 

various researches and this may be due to multiple factors such as the design of the study, 

the study sample and the methods of analysis used. (Tolu-Akinnawo et al., 2022).  C-

reactive  protein is an inflammation marker used to assess the presence of inflammation in 

the body and several studies have shown that adnexitis and hyperthyroidism can 

contribute to higher levels of  C-reactive  protein levels  than healthy people 

(Czarnywojtek et al., 2014). Ahmad et al. (2018) demonstrated a significant increase in the 

level of high-sensitivity C-reactive protein examination (hs-CRP) in thyrotoxic patients 

and hyperthyroidism patients, while Sütken et al. (2010) indicated that the level of  high-

sensitivity C-reactive protein examination  was high  in thyrotoxicity and hyperthyroidism 

patients  before treatment and  decreased slightly after treatment, but there was no 

significant difference between patients before and after treatment. Burggraaf et al. (2001) 

indicated that the level of  high-sensitivity C-reactive protein screening was high in 

thyrotoxicity and hyperthyroidism patients before treatment and decreased slightly after 

treatment, but there was no significant difference between patients before and after 

treatment as shown by another study.(Sethi et al., 2022). Lactate dehydrogenase refers to 

the level of acidity of the blood due to the accumulation of lactate in it according to the 

study conducted by McGrowder et al (2011)  a n the presence of a high level of  lactate 

dehydrogenase in patients with thyrotoxicosis and hyperthyroidism compared to healthy 

individuals where thyrotoxicosis is a condition caused by excessive secretion  of thyroid 

hormones  from the thyroid gland, which leads to an increase in the level of thyroid 

hormones in the body and This rise in the level of thyroid hormones affects the body's 

metabolism and can lead to increased lactate production and accumulation in the blood 

(Khan et al. 2020). Lactate is a natural product of the body's sugar metabolism and lactate 

is usually converted into carbon dioxide and water in the presence of oxygen however in 

some cases such as thyrotoxicosis and hyperthyroidism lactate can accumulate due to 

insufficient oxygen supply in the body or sugar flow  (Omi, and  Anan 2017).    Our current 

study agreed with a  study conducted by Prakash and his group in  2007 that the average 

enzyme  creatine kinase  CK was significantly lower in patients with thyrotoxicosis and 

hyperthyroidism while the highest rate of  creatine kinase CK  was recorded in the healthy 

group (P≤0.01) by  agreement.   Some studies have shown that serum CK activity has been 

recorded at low rates in hyperthyroid patients (Pandey  et  al., 2013).   It is known that 

hyperthyroidism has different effects on muscle metabolism and can increase the process 
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of catabolism and muscle protein building, which leads to  an increase in the turnover rate 

of muscle proteins and this increased turnover may lead to a decrease in CK activity as 

more CK is used to metabolize muscle energy instead of releasing it into the bloodstream 

and  hyperthyroidism can also affect muscle formation leading to changes in the type of 

fiber. Muscular and muscle mass and  these changes may further affect CK activity levels  

The observed decrease in CK activity in hyperthyroid patients can reflect changes in 

muscle metabolism and composition associated with the condition (Shaker and Younis, 

2023).  

Conclusions: These findings emphasize the complex hormonal and cardiac changes 

associated with thyrotoxicity and hyperthyroidism in women, highlighting the need for 

further research and clinical consideration. 
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