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Abstract

Dyslipidemia is an established and major risk factor of atherosclerotic cardiovascular disease (ASCVD). 

Dyslipidemia can be caused by inherited genetic disorders or can result from metabolic derangements. Con-

firming the cause of dyslipidemia is crucial, as intervention can substantially reduce the risk of ASCVD. Here 

we present a 44-year-old woman who visited our outpatient department due to extremely elevated plasma 

levels of total cholesterol and low-density lipoprotein cholesterol (LDL-C). Familial hypercholesterolemia (FH) 

was initially suspected. However, extensive biochemical examination eventually confirmed severe hypothy-

roidism as the cause of dyslipidemia. After thyroxine supplementation therapy, her thyroid function returned to 

normal, and her lipid profiles returned to normal range without the need for lipid-lowering therapy (LLT). This 

case report underscores the importance of a comprehensive evaluation of secondary causes of dyslipidemia 

before initiating LLT.
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Introduction

Dyslipidemia is a disorder of lipoprotein metabo-
lism that results in elevated plasma levels of low-den-
sity lipoprotein cholesterol (LDL-C), total cholesterol, 
and triglycerides, or reduced plasma levels of high-
density lipoprotein cholesterol (HDL-C)1.

Molecular events leading to cardiovascular 
disease have been associated with atherosclerosis, 
where dyslipidemia stands out as one of the most 

significant risk factors. Individuals with a plasma 
LDL-C of 190 mg/dL or higher have an increased 
risk of ASCVD2. However, dyslipidemia is common 
in Taiwan. The prevalence of hypercholesterolemia is 
approximately 43.96%3, highlighting the importance 
of effectively managing dyslipidemia to reduce the 
risk of ASCVD.

Dyslipidemia can arise from inherited genetic 
disorders, such as familial hypercholesterolemia 
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(FH), or stem from metabolic derangements.  While 
plasma LDL-C levels in patients with inherited dys-
lipidemia are markedly higher than those observed 
in patients with dyslipidemia caused by metabolic 
illness, severe metabolic derangements, including 
hypothyroidism and nephrotic syndrome, can also 
result in an exceptionally high LDL-C level resem-
bling that seen in FH. Consequently, a meticulous 
and comprehensive biochemical evaluation is imper-
ative for establishing a precise differential diagnosis, 
ensuring the safety and efficacy of treatment4.

It is important to obtain detailed personal and 
family histories, including information regarding 
dietary and exercise habits, tobacco and drug usage, 
the presence or risk factors of coronary artery disease 
and peripheral arterial disease, and family history 
of cardiovascular disease, dyslipidemia, and/or FH 
when approaching patients with dyslipidemia. Physi-
cal examinations should be conducted to detect limb 
edema, tendinous xanthomas, and corneal arcus as 
potential diagnostic indicators. In addition to fasting 
plasma lipid profiles, biochemical data such as liver 
functions, glycated hemoglobin (HbA1c), thyroid-
stimulating hormone (TSH), and urine protein levels 
are essential for a comprehensive evaluation1.

Case report

This is a 44-year-old woman with no known sys-
temic disease. She works as a homemaker and does 
not smoke or drink. She presented at the outpatient 
clinic of this hospital due to abnormal plasma lipid 
levels (total cholesterol [TC] 437 mg/dL, low-density 
lipoprotein-cholesterol [LDL-C] 347 mg/dL) identi-
fied during a routine health examination in May of 
the previous year. At that time, she had been taking 
Rosuvastatin 10 mg daily for approximately 10 days. 
There was no chest pain, dyspnea on exertion, or other 
discomfort. She has a family history of hypertension, 
and her daughter was diagnosed with rheumatoid 
arthritis. She reported no family history of dyslip-
idemia and ASCVD. Physical examination showed 

negative findings. Her blood pressure and pulse rate 
were in normal range. No tendon xanthomata, xanthe-
lasma, or corneal arcus were observed. According to 
Dutch Lipid Clinic Network (DLCN) diagnostic cri-
teria for familial hypercholesterolemia (FH), the cal-
culated total DLCN score was 8 ("probable" FH). We 
suggested discontinuing the lipid-lowering therapy to 
recheck her fasting plasma lipid profiles and to evalu-
ate the possibility of secondary etiologies contribut-
ing to her dyslipidemia.

After 23-day of rosuvastatin discontinuation, 
the laboratory test showed significantly high levels 
of plasma TC, LDL-C, creatine kinase (CK), and 
thyroid-stimulating hormone (TSH). Additionally, 
there was a low level of free thyroxine (free-T4) with 
mildly elevated liver enzymes and apolipoprotein B 
(ApoB). Lipoprotein electrophoresis results indicated 
increased levels of beta-lipoprotein (low-density lipo-
protein, LDL) and alpha-lipoprotein (high-density 
lipoprotein, HDL), with pre-beta lipoprotein (very-
low-density lipoprotein, VLDL) within normal range 
and the absence of chylomicron. This pattern of lipo-
proteins corresponded to Fredrickson phenotype 
IIa of dyslipidemia (hypercholesterolemia). (Table 
1) Therefore, severe hypothyroidism was the most 
obvious cause of dyslipidemia. However, the patient 
denied symptoms of fatigue, myalgias, constipation, 
cold intolerance, menorrhagia, or weight gain. Thy-
roxin 0.1 mg QD PO was administered, and a follow-
up appointment was scheduled for 35 days later in 
the outpatient clinic for repeat blood tests. We also 
recommended her consulting with an endocrinologist 
for further examination of the thyroid gland. 

After the supplement of thyroxine for 35 days, 
a significant improvement in laboratory data was 
noticed. CK and free-T4 levels returned to normal 
range, though TC, LDL-C, and TSH remained above 
the upper limit of the reference range. Lipoprotein 
electrophoresis results indicated decreased levels 
of alpha-lipoprotein (HDL), beta-lipoprotein (LDL) 
and pre-beta lipoprotein (VLDL), while chylomicron 
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remained absent (Table 1). Consequently, thyroid 
hormone supplementation therapy was continued.

A significant improvement in laboratory 

test results after an additional 3 months of thyroid 
hormone supplement, revealing the restoration of 
normal thyroid function and fasting lipid profiles. 

Table 1.  Laboratory tests in the outpatient clinic

After 23-day of  
rosuvastatin  

discontinuation

After thyroxine  
supplement for 

35 days

After an addi-
tional 3 months 

of thyroxine 
supplement

Reference range

Fasting glucose mg/dL 75 80 85 70 - 99

Glycated hemoglobin (HbA1c) % 5.4 5.1 5.2 4.0 - 6.0

Albumin g/dL 4.4 3.5 - 5.0

Total cholesterol (TC) mg/dL 357 236 189 130 - 200

Low-density lipoprotein-cholesterol (LDL-C) mg/dL 230 145 103 <130

High-density lipoprotein-cholesterol (HDL-C) mg/dL 75 53 59 Male >40, Female >50

Triglyceride (TG) mg/dL 87 83 82 35 - 150

Aspartate aminotransferase (AST) IU/L 52 29 16 15 - 41

Alanine aminotransferase (ALT) IU/L 49 42 13 14 - 40

Creatine kinase (CK) IU/L 1275 201 65 38 - 397

Thyroid-stimulating hormone (TSH) μIU/mL 213.6 12.16 0.31 0.30-4.00

Free thyroxine (free-T4) ng/dL 0.38 1.21 1.17 0.80-1.77

Apolipoprotein B (ApoB) mg/dL 167.00 109.00 91.00 50.00-155.00

Lipoprotein a mg/dL 15.32 <10.00 <34

Lipoprotein Electrophoresis

  Alpha mg/dL 467.6 266.2 232.6 80.0 - 310.0

  Pre-Beta mg/dL 100.0 98.1 93.3 50.0 - 180.0

  Beta mg/dL 442.4 341.7 257.1 160.0 - 400.0

  Chylomicron mg/dL 0.0 0.0 0.0 0.0 - 50.0

Urine total protein mg/dL 17

Urine protein/creatinine ratio 0.080

Figure 1.
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All lipoprotein levels were also within normal range 
(Table 1). Thyroid ultrasound was performed and 
revealed that bilateral thyroid gland was diffusely het-
erogenous and hypoechoic, and autoimmune thyroid 
disease was therefore suspected (Figure 1). 

Discussion

Dyslipidemia can manifest as elevated plasma 
triglycerides and/or LDL-C, along with low HDL-C. 
Various genetic disorders and metabolic abnormali-
ties can contribute to the development of dyslipid-
emia1. The elevation of plasma LDL-C is medically 
significant because of its association with the risk of 
ASCVD. Among metabolic derangements that result 
in elevated plasma LDL-C levels, hypothyroidism 
is the most important etiology5. The most common 
phenotype of dyslipidemia in patients with primary 
hypothyroidism, according to the Fredrickson clas-
sification, is type IIa, characterized by elevation 
of ApoB and LDL-C levels without a concurrent 
increase in TG6.

Individuals with dyslipidemia exhibit a higher 
prevalence of hypothyroidism compared to general 
population. Among general population, the preva-
lence of overt and subclinical hypothyroidism is 
approximately 0.3 – 3.7% and 10%, respectively, 
with the highest prevalence among women and 
elderly individuals7, 8. However, among individuals 
with elevated plasma levels of LDL-C, the prevalence 
of overt and subclinical hypothyroidism is notably 
higher, at 4.3% and 11.1%, respectively9, 10. In addi-
tion, the Tehran Thyroid Study demonstrated signifi-
cant differences in mean plasma LDL-C levels among 
patients with overt hypothyroidism (144.3 ± 36.1 mg/
dL) and euthyroid status (132.7 ± 39.0 mg/dL)11. Gen-
erally, plasma level of LDL-C is remarkably elevated 
by about 30% in patients with overt hypothyroidism4. 
Therefore, it is crucial to screen for hypothyroidism 
when encountering patients with dyslipidemia.

In the case we presented, the patient was asymp-
tomatic despite having an elevated LDL-C level up 

to 347 mg/dL. Upon her initial visit to the outpatient 
clinic, she had received rosuvastatin 10 mg daily for 
10 days. Based on the calculated DLCN score, FH 
was suspected initially. However, after evaluation of 
secondary factors contributing to dyslipidemia, we 
found that her dyslipidemia was primarily attributed 
to severe hypothyroidism with TSH level as high as 
213.6 μIU/mL and low free-T4 level of 0.38 ng/dL. 
Her initial LDL-C level was even substantially higher 
than those of patients with overt hypothyroid and dys-
lipidemia in the Tehran Thyroid Study11.

The mechanism by which hypothyroidism 
affects the metabolism of LDL have been studied. The 
triiodothyronine (T3) hormone can combine with the 
thyroid-responsive element (TRE) of LDL receptor 
gene (LDLR) in hepatocytes, thereby enhancing the 
expression of LDLR on cell membrane and leading to 
higher clearance of LDL, as well as LDL-C12. Addi-
tionally, T3 also promotes the expression of sterol reg-
ulatory element binding protein 2 (SREBP-2), which 
can combine with the sterol regulatory element (SRE) 
on LDLR and therefore stimulates the transcription 
of LDLR13. In patients with overt hypothyroidism, 
thyroid hormone level decreases, leading to the down-
regulation of the LDL receptor. As a result, the clear-
ance of LDL-C from the bloodstream significantly 
decreases14. In addition to thyroid hormones, TSH 
also plays a role in dyslipidemia15. TSH promotes the 
expression of ApoB and the production of ApoB-con-
taining lipoproteins, which serve as the precursors 
of LDL. Additionally, TSH enhances the activities 
of 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) 
reductase and decreases the expression of LDLR on 
hepatocytes, thereby decreasing the clearance of cir-
culating LDL-C. 

Elevated TSH levels have been associated with 
an increased risk of hypertension, diabetes, and dys-
lipidemia16. There is an association between hypothy-
roid individuals with TSH levels exceeding 10 mIU/L 
and an increased risk of ASCVD17. The atherogenic 
lipid changes caused by hypothyroidism appear to 
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occur progressively with decreasing plasma thyroid 
hormones, as a study showed that a 3-week hypothy-
roid period after thyroidectomy led to significantly 
elevated plasma levels of LDL-C and impaired endo-
thelial function18. For subclinical hypothyroidism, the 
relative risk (RR) of coronary heart disease, all-cause 
death, and cardiovascular deaths are 1.20, 1.12, and 
1.18, respectively19. Another meta-analysis showed an 
elevated odds ratio (OR) in the incidence of ASCVD 
and cardiovascular death of 1.57 and 1.37, respec-
tively, among patients with subclinical hypothyroid-
ism under the age 65 years20. 

Patients with hypothyroidism can be treated 
with thyroid replacement therapy, which not only 
corrects the thyroid function but also normalizes the 
plasma lipid profiles5, resulting in reductions in total 
cholesterol, LDL-C, HDL-C, TG, apolipoprotein A, 
ApoB, and lipoprotein a21. Thyroxine treatment has a 
dramatically beneficial effect on plasma lipid profiles 
in patients with overt hypothyroidism than in those 
with subclinical hypothyroidism22-24, as observed in 
our present case. After thyroid hormone supplemen-
tation therapy, the patient’s thyroid function returned 
to normal, and there was a significant improvement in 
the lipid profile without administration of LLT such 
as statin.

Furthermore, hypothyroidism is a risk factor of 
statin-related myopathy11.  A study revealed a higher 
prevalence of hypothyroidism in individuals with 
statin intolerance, particularly among females. In 
addition, myalgias were more frequently reported in 
patients with both statin intolerance and hypothyroid-
ism compared to those with statin intolerance alone24. 
Therefore, thyroxine treatment can correct elevated 
plasma LDL-C levels in patients with dyslipidemia 
and hypothyroidism while obviating the need of statin 
and the potential serious statin-related side effects5, 

10. In the case we presented, the patient denied symp-
toms of myalgias, but her CK levels was substantially 
high after 23-day of rosuvastatin discontinuation. 
Both hypothyroidism and statin intolerance have the 

potential to increase CK level, which is one of the 
overlapping signs and symptoms between them25.

We report this case to raise awareness that 
patients with severe hypothyroidism may exhibit no 
specific clinical complaints or overt signs of hypo-
thyroidism except for significantly elevated plasma 
levels of LDL-C. This observation holds true even in 
a case whose TSH level is as high as 213.6 μIU/mL. 
As a result, it is imperative to conduct a thorough 
and comprehensive evaluation for hypothyroidism in 
patients with newly diagnosed dyslipidemia before 
initiating LLT9. Patients with hypothyroidism and 
resultant elevated plasma LDL-C levels can achieve 
adequate management through thyroxine replace-
ment treatment, thereby eliminating the need for LLT 
and its associated side effects.

Conclusion

Dyslipidemia, especially elevated plasma 
LDL-C levels, is a major risk factor of ASCVD. It is 
crucial to fully evaluate secondary causes of dyslip-
idemia before initiating LLT, which warrants safe and 
effective treatment. In this case, we emphasize that 
hypothyroidism is an important metabolic derange-
ment leading to dyslipidemia and can be treated by 
thyroid replacement therapy.
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甲狀腺功能低下，重要但經常被忽視之 

導致血脂異常的代謝紊亂： 

病例報告

徐安儀 1,3　林肇鋒 1,2

1馬偕醫學院醫學系
2台北馬偕紀念醫院　內科部心臟內科

3林口長庚紀念醫院　一般科

摘要

血脂異常是動脈粥狀硬化心血管疾病的重要危險因子，血脂異常可能由遺傳性疾病和代

謝紊亂所引起。確認造成血脂異常的原因很重要，因為治療可以顯著降低發生動脈粥狀硬化

心血管疾病的風險。我們報告一位 44歲的女性，她的血漿總膽固醇和低密度脂蛋白膽固醇 
水平極高。起初她被懷疑是家族性高膽固醇血症，但在全面的生化檢查下，最終證實血脂異

常的原因是嚴重的甲狀腺功能低下。經過甲狀腺素補充治療後，她的甲狀腺功能恢復正常，

血脂也恢復在正常範圍內，不需要接受降血脂藥物治療。希望我們的經驗能強調在給予降血

脂藥物治療前，全面評估血脂異常的次要原因之重要性。


