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ABSTRACT 
Objective: To investigate the correlation between hypothyroidism and 
serum creatine kinase (CK) levels in patients with differentiated thyroid 
cancer (DTC) during radioactive iodine (131I) therapy following total 
thyroidectomy.  
Methods: This prospective study enrolled 170 DTC patients (50 males and 
120 females) with a mean age of 39.41±9.45 years, who were treated 
at the First Affiliated Hospital of Zhengzhou University from January 2023 
to June 2023. Thyroid-related hormones and serum CK levels were 
measured at two time points: one month postoperatively (before 131I 
therapy) and seven months postoperatively (before 131I therapy follow-
up), both under hypothyroid conditions. Paired t-tests (two-tailed) were 
used to compare changes in serum biomarkers between the two time points 
within the same patients, and Pearson correlation analysis (correlation 
coefficient r) was employed to assess the relationship between thyroid-
related hormones and serum CK levels. 
Results: At one month postoperatively (before 131I therapy), the mean 
serum CK level in hypothyroid DTC patients was 160.22±130.95 U/L, with 
mean FT3, FT4, and TSH levels of 2.89±0.60 pmol/L, 1.87±130.98 
pmol/L, and 135.99±68.23 mIU/L, respectively. At seven months 
postoperatively (before 131I therapy follow-up), the mean serum CK level 
increased to 253.80 ±429.10 U/L, while mean FT3, FT4, and TSH levels 
were 3.29±0.58 pmol/L, 1.84±422.61 pmol/L, and 109.87±53.02 
mIU/L, respectively. A significant difference was observed in serum CK 
levels between one month and seven months postoperatively (t = -2.94, p 
= 0.004). Pearson correlation analysis revealed a negative correlation 
between FT3 and serum CK levels at both one month (r = -0.196, p = 
0.01) and seven months (r = -0.153, p = 0.047) postoperatively. 
Conclusion: The elevation of serum CK levels in DTC patients after total 
thyroidectomy is primarily attributed to hypothyroidism rather than 
surgical trauma, with FT3 being a key contributing factor. These findings 
highlight the importance of closely monitoring thyroid function and CK 
levels in postoperative DTC patients to optimize clinical management 
strategies. 
Keywords: Hypothyroidism; Creatine kinase; Thyroid hormone; Thyroid-
stimulating hormone; Myalgia 
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Introduction: 
Creatine Kinase (CK) is a crucial enzyme involved in 
cellular energy metabolism and muscle function [1]. This 
enzyme consists of three isoenzymes: CK-MM (primarily 
found in skeletal muscle), CK-MB (primarily found in 
cardiac muscle), and CK-BB (primarily found in brain 
tissue). Elevated serum CK levels can result from various 
physiological and pathological factors, including intense 
physical activity (such as marathons, fitness training, and 
stretching), crush injuries (e.g., crush syndrome), burns, 
electric shock, fractures, muscle twitching (e.g., seizures or 
chills), toxic muscle damage (e.g., from excessive alcohol 
consumption or crayfish ingestion), electrolyte imbalances 
(e.g., hypokalemia), hypothyroid myopathy, 
hyperthermia, fever, and medication use (e.g., statins [2], 
beta-blockers, psychotropic drugs, and herbal remedies). 
 
Thyroid tissue and differentiated thyroid cancer cells 
possess the unique ability to absorb 131I, which forms the 
theoretical basis for 131I therapy in differentiated thyroid 
cancer [3]. Through its internal radiation effects, 131I 
effectively eliminates residual thyroid tissue and cancer 
cells post-surgery, thereby achieving therapeutic 
outcomes. Prior to conventional 131I therapy, patients with 
differentiated thyroid cancer are typically required to 
discontinue levothyroxine sodium tablets (e.g., Synthroid) 
for 3 to 4 weeks. This approach aims to induce a 
hypothyroid state artificially, thereby stimulating the 
secretion of thyroid-stimulating hormone (TSH) and 
enhancing the uptake of 131I by residual thyroid tissue 
and cancer cells, ultimately improving treatment efficacy 
[4]. 
 
Hypothyroidism is defined by significantly elevated TSH 

levels (TSH >10μIU/ml), accompanied by reduced levels 

of free thyroxine (FT4) and free triiodothyronine (FT3), 
along with the presence of typical clinical signs and 
symptoms of hypothyroidism [5]. Research indicates that 
hypothyroid patients may exhibit elevated serum CK and 
other muscle enzymes [6], Notably, CK elevation due to 
hypothyroidism is typically not associated with a 
significant increase in CK-MB (primarily of myocardial 
origin), and the CKMB/CK ratio is significantly lower, 
distinguishing it from myocardial injury (where CKMB/CK 
is markedly elevated). In addition to the classic clinical 
manifestations well-known to endocrinologists (e.g., 
lethargy, cold intolerance, and depressed mood), 
hypothyroid patients frequently report muscle-related 
symptoms, including exercise intolerance, myalgia, muscle 
spasms, stiffness, and myxedema, all of which 
significantly impair patients' quality of life [7,8].  
 

Clinical observations have revealed that patients with 
differentiated thyroid cancer often report the 
aforementioned muscle-related symptoms accompanied 
by elevated serum CK levels within six months following 
total thyroidectomy. This phenomenon may be attributed 
to muscle damage caused by the surgery or a series of 
physiological responses induced by hypothyroidism. The 
aim of this study is to investigate the correlation between 
hypothyroidism and serum CK levels. 
 

Information and Methods: 
1. Study Subjects.  
This study was a prospective clinical study, approved by 
the Research and Clinical Trial Ethics Committee of our 
hospital, and all patients signed a written informed 
consent. This study included a total of 170 patients who 
underwent total thyroidectomy for differentiated thyroid 
cancer at the First Affiliated Hospital of Zhengzhou 
University between January 2023 and June 2023 (with 
detailed surgical records and imaging tests confirming 
complete removal of the lesion), were scheduled for 131I 
therapy, and completed postoperative follow-up. 
 
Inclusion Criteria: 1. Patients exhibit no clinical signs or 
symptoms associated with myalgia. 2. During the study 
period, patients did not receive any medication unrelated 
to radioactive iodine therapy, except for levothyroxine 
(LT4). 3. Levothyroxine sodium was discontinued for at 
least 3 weeks prior to the 1-month and 7-month 
postoperative iodine therapy follow-ups. 4. Patients have 
complete clinical data available for effective analysis. 
Exclusion Criteria: 1. Patients with a history or current 
diagnosis of severe systemic diseases, including but not 
limited to: Malignancies other than differentiated thyroid 
cancer; Autoimmune diseases (e.g., systemic lupus 
erythematosus, rheumatoid arthritis); Diabetes and 
chronic kidney disease (CKD≥stage 3). 2. Use of 
medications that may interfere with study outcomes, 
including: Statins (e.g., atorvastatin, simvastatin); 
Immunosuppressants (e.g., cyclosporine, methotrexate); 
Glucocorticoids (e.g., prednisone, dexamethasone). 3. 
Pregnancy-related exclusions: Positive HCG test; 
Pregnant or lactating women; Patients planning to 
become pregnant within 6 months. This study ultimately 
included 170 patients, consisting of 50 males and 120 
females, with an average age of (39.41 ± 9.45) years 
(the screening and enrollment process is shown in Figure 
1). Collected clinical data included age, sex, height, and 
weight, with body mass index (BMI) calculated using the 
formula weight (kg)/height (m)². Blood pressure was 
measured for all patients after 10 minutes of rest. 
Additionally, a comprehensive medical history, including 
a history of myalgia, was recorded in detail. 

 



Correlation between hypothyroidism and serum creatine kinase levels 

© 2025 European Society of Medicine 3 

 
 

Figure 1 Patient screening enrollment process 
 
2. Research Methods.  
Measure serum creatine phosphokinase (CPK) levels in 
patients with differentiated thyroid cancer who 
underwent total thyroidectomy at 1 month and 7 months 
postoperatively, following radioactive iodine therapy. 
Blood samples were collected after an 8-hour overnight 
fast. Following collection, the samples were allowed to 
stand for 60 minutes and centrifuged within 2 hours at 
room temperature (20-25°C) under conditions of 3000-
3800 r/min for 10-15 minutes to obtain optimal serum. 
Serum levels of FT3, FT4, and TSH were measured using a 
commercially available automated chemiluminescence 
system kit (Beckman Coulter, Inc., USA) and the UniCel Dxl 
Access immunoassay system. Serum creatine kinase levels 
were determined using a commercially available creatine 
kinase assay kit (colorimetric method) (Roche Diagnostics 
Products Shanghai Co., Ltd.). 
 
3. Statistical Analysis.  
Normally distributed quantitative data are presented as 

mean ± standard deviation（𝑋̅±s）. Normality was 

tested using the Kolmogorov-Smirnov test. Differences 
within the same group before and after intervention were 
analyzed by the paired Student’s t-test (two-tailed). 
Linear correlations between variables were assessed via 
Pearson’s bivariate correlation analysis, with the 
correlation coefficient (r) and its 95% confidence interval 

(95% CI) reported. A statistical significance threshold was 
set at P < 0.05. All analyses were two-tailed and 
performed using SPSS 27.0 software (IBM SPSS, Armonk, 
NY, USA). 
 

Results:  
1. Comparison of Clinical Data on Hypothyroid Status 
at 1 Month and 7 Months Postoperatively in Patients 
with DTC.  
The serum CK and thyroid function parameters of the 
study group are shown in Table 1. In patients with DTC, 
the average CK level at 1 month postoperatively was 
160.22 ± 130.95 U/L, the average FT3 level was 2.89 
± 0.60 U/L, the average FT4 level was 1.87 ± 130.98 
U/L, and the average TSH level was 135.99 ± 68.23 
U/L. At 7 months postoperatively, the average CK level 
was 253.80 ± 429.10 U/L, the average FT3 level was 
3.29 ± 0.58 U/L, the average FT4 level was 1.84 ± 
422.61 U/L, and the average TSH level was 109.87 ± 
53.02 U/L. Statistically significant differences were 
observed in serum creatine kinase levels between 1 month 
and 7 months postoperatively, with CK levels significantly 
higher at 7 months compared to 1 month. Similarly, 
significant differences were noted in FT3 and TSH levels, 
with FT3 levels higher and TSH levels lower at 7 months 
compared to 1 month. 

 
Table 1. Comparison of Clinical Data on Hypothyroid Status at 1 Month and 7 Months Postoperatively in Patients with DTC  

groups 
BMI 

(kg /m2)） 

Systolic/diastolic blood 
pressure 

（mmHg） 

FT3 
(U/L) 

FT4 
(U/L) 

TSH 
(U/L) 

CK 
(U/L) 

1 month 
after 
surgery 
 

20.76±2.42 125.0±8.77/78.0±8.87 2.89±0.60 1.87±130.98 135.99±68.23 160.22±130.95 

7 months 
after 
surgery 

20.89±2.33 121.3±10.93/77.2±8.82 3.29±0.58 1.84±422.61 109.87±53.02 253.80±429.10 

t-value -0.45 1.62/1.71 -7.63 0.14 -26.19 -2.94 

p-value 0.66 0.14/0.12 ＜0.001 0.89 ＜0.001 0.004 

p<0.05 was statistically significant. 
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2. Results of Pearson Correlation Analysis.  
In patients with DTC, FT3 levels showed a significant 
negative correlation with serum creatine kinase at both 1 
month and 7 months postoperatively under hypothyroid 
conditions (r = -0.196, p = 0.01; r = -0.153, p = 0.047).  
 

Discussion: 
It has been documented that hypothyroidism is often 
associated with skeletal muscle damage, with serum CK 
concentrations significantly elevated in 57%-90% of 
patients [9,10]. The American Thyroid Association (ATA) 
guidelines emphasize that elevated CK is a common 
manifestation of hypothyroid myopathy and recommend 
thyroid function screening as a routine test for 
unexplained hyperCKemia [11]. Studies have shown that 
serum CK levels are positively correlated with serum TSH 
and negatively correlated with FT3 and FT4, and are 
associated with the severity of biochemical 
hypothyroidism, but not with the severity of clinical muscle 
symptoms [12]. The pathophysiological mechanisms of 
hypothyroid myopathy have not been fully elucidated, 
with one possible mechanism being abnormal 
glycogenolysis and oxidative metabolism [13]. Thyroid 
hormone deficiency leads to the deposition of 
mucopolysaccharides and mucoproteins in skeletal muscle 
tissue, causing muscle myxedema, muscle fiber 
hypertrophy, vacuolar degeneration, and even rupture 
and necrosis, resulting in the leakage of muscle enzymes 
from cells, which is the primary cause of elevated CK 
levels. Additionally, reduced Triiodothyronine (T3) levels 
in hypothyroidism may impair CK clearance, further 
contributing to elevated serum CK [14]. Furthermore, 
hypothyroidism leads to decreased intracellular protein 
synthesis, reduced mitochondrial respiratory enzymes, 
and decreased ATP production, resulting in impaired 
calcium homeostasis in muscle cells (e.g., decreased 

sarcoplasmic reticulum Ca²⁺-ATPase activity), which in 
turn causes cellular damage and CK release [15-18]. These 
mechanisms collectively may play a key role in the 
development and progression of hypothyroid myopathy. 
 

The main findings of this study are as follows: First, in 
patients with DTC undergoing 131I therapy after total 
thyroidectomy, serum CK levels were significantly 
elevated during hypothyroidism and negatively 
correlated with FT3 levels. Second, compared to one 
month postoperatively, serum CK levels were further 
elevated at seven months postoperatively, accompanied 
by increased FT3 levels and decreased TSH levels, with 
no positive correlation observed between serum CK levels 
and the severity of hypothyroidism. 
 

Various factors may influence serum CK levels, including 
age, sex, medications, and other medical conditions. In 
this study, due to the potential side effects of analgesics 
(e.g., gastrointestinal ulcers and bleeding, cardiovascular 
thrombosis risks, and hepatorenal toxicity) [19-22], none of 
the included patients used analgesic medications. 
Additionally, no other conditions in the study participants 
interfered with the assessed parameters, making thyroid 
hormone and TSH levels the only variables that changed 
during the study. 
 

The elevated CK levels observed one month 
postoperatively may be related to muscle damage 
caused by surgical trauma, while the further increase in 

CK levels at seven months postoperatively compared to 
one month may be attributed to hypothyroidism. Thyroid 
hormone levels, particularly FT3, appear to directly 
regulate serum CK levels. This finding provides important 
insights for further exploring the relationship between 
thyroid function and muscle metabolism. 
 
A case report from Peking University Third Hospital 
described a patient with myopathy induced by rapid 
correction of hyperthyroidism (or relative 
hypothyroidism) [23]. A 25-year-old female patient with 
severe hyperthyroidism developed fatigue and myalgia 
after seven weeks of methimazole (MMI) treatment. 
Laboratory tests revealed significantly elevated serum 
CK levels, while FT3 and FT4 levels had returned to the 
normal range. After discontinuation of MMI, the patient's 
muscle symptoms rapidly resolved with the recurrence of 
hyperthyroidism and normalization of CK levels. 
Subsequently, the patient underwent 131I treatment, and 
similar muscle symptoms reappeared when FT3 and FT4 
levels dropped to the normal range. This time, L-T4 
replacement therapy was administered, leading to rapid 
symptom improvement. This case suggests that rapid 
declines in thyroid hormone levels are a key factor in 
inducing myopathy, and L-T4 replacement therapy can 
effectively alleviate such symptoms. This finding provides 
important clinical evidence for the prevention and 
management of myopathy caused by hypothyroidism. 
 

Conclusion: 
In conclusion, in patients with DTC undergoing 131I therapy 
after total thyroidectomy, elevated serum CK levels 
during hypothyroidism may not be primarily caused by 
surgical trauma but are significantly associated with 
postoperative hypothyroidism, with changes in FT3 levels 
playing a major regulatory role. However, due to the 
limited number of cases included in this study, potential 
confounding factors (e.g., different surgical approaches) 
may not have been fully assessed. Therefore, future 
prospective studies with larger sample sizes are needed 
to further validate these findings and explore the 
relationship between thyroid function and serum CK 
levels, as well as the underlying mechanisms. 
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