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Objective: To explore the relationship between short-term rapid hypothyroidism
and blood lipid levels in patients with differentiated thyroid cancer (DTC).

Methods: Seventy-five DTC patients scheduled to receive radioactive iodine
ablation were enrolled. Levels of thyroid hormone and serum lipids were tested
at two time points: the euthyroid before thyroidectomy, and the hypothyroid (off
thyroxine). Then the collected data were analyzed.

Results: Totally 75 DTC patients enrolled, among them, 50 were female (66.67%)
and 25 were male (33. 33%), with an average age of 52.24 + 1.24 years old. The
short-term rapid severe hypothyroidism induced by thyroid hormone withdrawal
significantly aggravated dyslipidemia, particularly in patients with dyslipidemia
before thyroidectomy (All P < 0.01). However, there was no significant
differences between blood lipid levels with different thyroid stimulating
hormone (TSH) levels. And our study showed significant negative correlations
between free triiodothyronine levels and the changes from euthyjroidism to
hypothyroidism in total cholesterol (r=-0.31, P=0.03), triglycerides (r=-0.39,
P=0.006), high density lipoprotein-cholesterol (HDL-C) (r=-0.29, P=0.042),
and significant positive correlations between free thyroxine and the changes of
HDL-C (r=-0.32, P=0.027) were identified in females, however, which were not
observed in males.
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Conclusion: Short-term rapids severe hypothyroidism caused by thyroid hormone
withdrawal can lead to rapid significant changes in blood lipid levels. It is necessary
to pay attention to dyslipidemia and its long-term effects after thyroid hormone
withdrawal, especially in patients with dyslipidemia before thyroidectomy.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT03006289?
term=NCT03006289&draw=2&rank=1, identifier NCT03006289.

KEYWORDS
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1 Introduction

Hypothyroidism is known to have adverse effects on lipoprotein
metabolism (1, 2). The levels of serum total cholesterol (TC), low
density lipoprotein cholesterol (LDL-C) and triglycerides (TG) in
patients with hypothyroidism were significantly higher than those
in healthy people (3-5).

Most of previous studies suggested significant associations
between chronic hypothyroidism and hyperlipidemia (2, 6, 7).
However, most of them are chronic hypothyroidism caused by
autoimmune factors.Thyroid stimulating hormone (THW) in DTC
patients who have undergone thyroidectomy represents a model of
acute overt hypothyroidism. Nearly all DTC patients who scheduled
for radioiodine therapy develop a rapid hypothyroidism within about
10 to 14 days. However, few studies have reported the relationship
between thyroid function of short-term rapid hypothyroidism and
change of blood lipids in DTC patients with THW. Therefore, our
study aimed to investigate the relationship between thyroid function
and change in blood lipids in DTC patients with THW.

2 Materials and methods
2.1 Study participants

This study was conducted at Qilu Hospital of Shandong University
and Shandong provincial Qianfoshan Hospital. Totally 75 DTC
patients with total thyroidectomy, had developed hypothyroidism
after THW in order to receive radiodine therapy, were enrolled.

We excluded those with coronary heart, chronic liver and
chronic renal diseases, uncontrolled diabetes mellitus and those
who had taken lipid-lowering drugs or received other treatments
that affect blood lipid levels. The study has been registered in the
ClinicalTrial.gov registry (NCT03006289).

2.2 Data and measurements
The levels of thyroid hormone and serum lipid were measured at

two time points: before thyroidectomy when patients were euthyroid
and hypothyroidism after the patients withdrew thyroxine. Fasting
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venous blood was taken for serum free triiodothyronine (FT3), free
thyroxine (FT4), TSH, TC, TG, LDL-C, high density lipoprotein-
cholesterol (HDL-C), uric acid (UA) and fasting blood glucose (FBG).

2.3 Statistical analyses

Continuous variables were presented as mean + standard deviation
(SD) or median (interquartile range). Categorical variables were
presented as frequencies and percentages. The paired sample t-test
was used to compare the parameters of DTC patients at the two time
points. Pearson correlation analysis and Spearman correlation analysis
were used to calculate the correlations between TC, TG, LDL-C, HDL-
C and FT3, FT4 and TSH, respectively. y>-test was used to compare
categorical variables. All tests were two-sided, and P<0.05 was
considered statistically significant. All statistical analyses were
performed with SPSS 26.0 (IBM SPSS, Armonk, NY, USA).

3 Results
3.1 General characteristics

A total of 75 patients enrolled this study, including 50 females
and 25 males. General characteristics are shown in Table 1. The
TABLE 1 Baseline characteristics of patients with DTC who were

scheduled to receive radioactive iodine therapy following
thyroidectomy.

Parameters Patient cohort (n=75)
Gender(male/female) 25/50
Age (years) 52.24 + 1.24

Height (cm) 165.00 (160.00, 170.00)

Weight (Kg) 71.76 + 143

BMI (kg/m?) 25.94 + 0.45

Systolic blood pressure (mmHg) 125.00 (114.00, 142.00)

Diastolic blood pressure (mmHg) 75.00 (69.00, 85.00)

The data of age, body weight and BMI of the patients accord with normal distribution and are
expressed by mean + SD. While the data of height, systolic blood pressure and diastolic blood
pressure belong to skewed distribution and are expressed by median (interquartile range).
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average age of patients was 52.24 (SD=1.24) years old, and the BMI
was 25.94 (SD=0.45) kg/m>.

3.2 Changes of thyroid function and lipid
profiles after THW

Table 2 shows the comparisons of parameter between
euthyroidism and hypothyroidism in DTC patients. DTC patients
received total thyroidectomy demonstrated significantly higher
TSH levels and lower thyroid hormone levels compared with
those before thyroidectomy. Furthermore, significant elevations
were observed in TC, TG, LDL-C, HDL-C in all DTC patients (all
P<0.001). In addition, FBG significantly decreased after THW
(P<0.001). Under the condition of hypothyroidism, the level of
uric acid increased significantly (P<0.001).

3.3 Serum total cholesterol levels
after THW in patients with different
metabolic syndrome components
before thyroidectomy

Compared with patients with normal preoperative TC, DTC
patients with preoperative dyslipidemia had significantly higher
total cholesterol (TC>5.2mmol/l) after THW (P<0.001). However,
the proportion of other metabolic syndrome components, such as
hypertension, diabetes and overweight, had no effect on TC levels
after THW.
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TABLE 2 Parameters in different thyroid states.

Euthyroidism = Hypothyroidism = P-Value

FT3 (pmol/L) 5.06 + 0.72 2.07 £ 0.63 P<0.001
FT4 (pmol/L) 17.62 + 2.77 4.36 (3.14, 5.42) P<0.001
TSH (uIU/mL) 1.81 (1.34, 2.49) 61.80 + 18.37 P<0.001
TC (mmol/L) 448 +0.88 548 + 1.13 P<0.001
TG (mmol/L) 1.25 (0.90, 1.63) 1.77 (1.13, 2.51) P<0.001
LDL-C (mmol/L) 2.65 +0.77 3.23 4093 P<0.001
HDL-C (mmol/L) 1.11 (0.96, 1.36) 1.24 (1.05, 1.46) P<0.001
UA (mmol/L) 276 (235.00, 328.00) | 309 (260.00, 362.00) = P<0.001
FBG (mmol/L) 522 (4.74, 5.80) 475 (441, 5.27) P<0.001

The data that accord with normal distribution and are expressed by mean + SD. While the
data that belong to skewed distribution and are expressed by median (interquartile range).

3.4 Comparison of the prevalence
of dyslipidemia between euthyroidism
and hypothyroidism

Totally, compared with euthyroidism, the proportion of patients
with hypertriglyceridemia, hypercholesterolemia and high LDL-C
increased significantly when those patients developed
hypothyroidism (Figures 1A-C). And the incidence of low HDL-C
was reduced (P=0.019, Figure 1D). In addition, for female patients,
the incidences of hypercholesteremia, hypertriglyceridemia and high
LDL-C in hypothyroidism were prominently higher than that in
euthyroidism (58.00% vs. 22.00%, P<0.001; 44.00% vs. 18.00%,
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Serial changes in the proportion of patients with dyslipidemia associated with euthyroidism and hypothyroidism in patients with DTC who received
radioactive iodine ablation following total thyroidectomy. Prevalence of (A) hypercholesteremia (TC>5.2mmol/l), (B) hypertriglyceridemia
(TG>1.7mmol/l), (C) high low-density lipoprotein-cholesterol (LDL-C>3.4mmol/l) and (D) high-density lipoprotein-cholesterol (HDL-C<lmmol/l).
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P=0.005; 40.00% vs. 18.00%, P=0.015 respectively). However, in male
patients, only the prevalence of hypertriglyceridemia in
hypothyroidism was significantly higher than that in euthyroidism
(64.00% vs. 32.00%, P=0.024).

3.5 Blood lipid levels at different
TSH subgroups

The TSH levels of 23 patients (30.66%) were >70pIU/mL, 29
(38.67%) were at 50-70uIU/mL, 23 (30.66%) were at 30-50puIU/mL.
Table 3 summarizes the levels of blood lipids stratified by TSH
group. The higher TSH levels, the significantly higher blood lipids
levels. But there was no significant difference in blood lipid levels
among groups with different TSH levels (P value: TC 0.625; TG
0.707; LDL-C 0.559; HDL-C 0.556; respectively)

3.6 Correlations between thyroid
hormones and changes of lipids before
and after THW

As shown in Table 4, there were negative significant correlations
between FT3 levels and the changes from the euthyroidism to the
hypothyroidism in TC, TG and HDL-C (P=0.03; P=0.006; P=0.042
respectively), and a significant positive correlation between FT4 and
HDL-C (P=0.027) were identified in females. However, the
differences were not significant in males. Meanwhile, there was no
significant correlations between TSH levels and the changes from
euthyroidism to hypothyroidism in serum lipid levels.

4 Discussion

The routine treatment of DCT includes thyroidectomy, thyroid
hormone inhibiting therapy and radioactive iodine ablation (if
necessary). In order to elevate the iodine uptake rate before
iodine ablation, thyroxine has to been withdrawn. In the current
study, DTC patients who stopped taking thyroxine after partial or
total thyroidectomy developed acute thyroid hormone deficiency.
At this stage, some acute changes occurred in various biochemical
parameters, including dyslipidemia, electrolyte disorder and so
on (8).

TABLE 3 Serum lipid levels with different TSH subgroups.

TSH (plU/mL)

Variables 30-50 50-70 >70 P value
(n=23) (n=29) (n=23)

TC(mmol/L) 534 + 1.20 ‘ 545+0.99 | 566+ 1.25 0.625

TG(mmol/L) 1.80 + 0.78 ‘ 203+ 1.09 | 2.03+136 0.707

LDL-C(mmol/L) 3.16 + 111 ‘ 3.14+070 | 340+ 1.01 0.559

HDL-C(mmol/L) | 1.29 + 0.28 ‘ 126 032 | 1.35+034 0.556

The data are expressed by mean + SD.
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TABLE 4 Correlation between thyroid function in the hypothyroid state
and changes in serum lipids.

ATGE .y ATCe .y ALDL-C¢_.4 AHDL-C¢_.4
Male (n=25)
TSHy r=-0.25 r=0.12 r=0.07 r=0.23
FT3y r=-0.04 r=-0.28 r=-0.32 r=-0.36
FT4y r=-0.22 r=-0.34 r=-0.32 r=-0.26
Female(n=50)
TSHy r=-0.04 r=0.07 r=0.17 r=0.06
FT3y r=-0.39" r=-0.31° r=-0.08 r=-0.29"
FT4y r=-0.14 r=-0.25 r=-0.21 r=-0.32"

TSHy, FT4y, FT3y: TSH, FT4, FT3 level in the hypothyroid state, respectively; ATCg_y,
ALDL-Cg_,p5, AHDL-Cg .y, ATGg_j: changes in serum TC, LDL-C, HDL-C, TG levels,
respectively, in the transition from euthyroidism to hypothyroidism. *P<0.05 or "P<0.01.

The most common cause of secondary dyslipidemia is thyroid
dysfunction. Thyroid hormones play a crucial role in maintaining
lipid balance. Because thyroid hormone is associated with tissue
expression and altered activities of various regulators involved in
lipid metabolism, including hepatic -hydroxy-B-methyl-glutaric
acid monoacyl coenzyme A reductase (HMGCR), sterol regulatory
element binding proteins (SREBPs), LDL-C receptors, cholesteryl
ester transfer protein (CETP), proprotein convertase subtilsin-kexin
type 9 (PCSK-9), hepatic lipase, lipoprotein lipase, and so on (9-
14). Lipids and apolipoproteins that may be affected by thyroid
dysfunction include TC, LDL-C, HDL-C and TG as well as
apolipoprotein A and apolipoprotein B. Management of
lipoprotein cholesterol is the main means to reduce the risk of
atherosclerotic cardiovascular disease (15).

The overall changes of plasma lipoproteins from normal
thyroid state to hypothyroidism observed in our study are
consistent with previous reports of overt hypothyroidism, with
elevated levels of total cholesterol, LDL-C and TG (16). About
HDL-C, our results are inconsistent with previous studies, and
HDL-C can be normal, elevated or decreased in patients with
hypothyroidism (17-20). The result of this study showed that
HDL-C increased by 9% from normal thyroid status to
hypothyroidism. This may be due to the decrease of liver lipase
activity that accelerates the catabolism of high density lipoprotein in
hypothyroidism (21, 22). Most of LDL-C and HDL-C are
synthesized in the liver, and there is competition between them.
When LDL-C synthesis increases, HDL-C production decreases.
Despite the increase of HDL-C, the increase of LDL-C in
hypothyroidism was not reduced by the protective function of
HDL-C. Therefore, elevated HDL-C level may not prevent
atherosclerosis in patients with acute short-term hypothyroidism.

Previous research confirms a gender differentiation in the
relationship between hypothyroidism and the lipid profile, which is
substantially influenced by age (23). In our study, the proportion of
hyperlipidemia is different in patients of different genders. The
important reason for this phenomenon may be sex hormones the
incidence of hypercholesterolemia in females was significantly higher
than that in males (58.00% vs 44.00%). The possible reason might be
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that estrogen can inhibit the activities of hepatic lipase and
lipoprotein lipase by increasing the expression of SREBP2 (SREBP2
is a key transcription factor regulating cholesterol metabolism) in
hepatocytes (24, 25), that leads to increase in cholesterol levels in
female. Compared with female patients, male patients had a higher
incidence of hypertriglyceridemia (64.00% vs 44.00%). The possible
reason might be that testosterone strongly induces triglyceride and
cholesterol ester synthesis, while testosterone promotes reverse
cholesterol transport by increasing scavenger receptor class B
member 1 (SR-1B) expression in the liver, that leads to increase in
triglyceride levels in male (26-28).,. And we further analyzed the
correlation between thyroid function and changes of blood lipids in
different genders. Our results show that there is no correlation
between TSH level and changes in blood lipids from euthyroid
state to hypothyroidism in both male and female patients. It could
be because FT3 is a key regulator of body cell and tissue metabolism.
It controls gene expression in target tissues by binding to the
homologous nuclear receptors (TRo. and TRB) of ligand-induced
transcription factors. The increase of TSH reduces the activity of liver
lipase by inhibiting FT'3 (29). This may be different from other
studies, probably because most of the other studies are autoimmune
chronic hypothyroidism, our study is acute hypothyroidism after
THW. The time of hypothyroidism in this study is relatively short.
When THW happens, the changes it caused in lipid may be occur
with some delay. In female patients, there was a correlation between
FT3 and the changes from the euthyroid state to the hypothyroid
state in TC, TG, HDL-C. The severity and duration of
hypothyroidism may affect the dyslipidemia associated with
hypothyroidism. In our patients, hypothyroidism was severe (TSH
level>30pIU/mL), and there was no significant difference in blood
lipids among different TSH subgroups. It may be suggested that when
TSH increases to a certain extent, there is no significant difference in
the levels of blood lipids.

Dyslipidemia is an important risk factor for atherosclerotic
cardiovascular disease. Although most dyslipidemia caused by
short-term acute hypothyroidism can be reversed by levothyroxine
replacement therapy. Further attention should be paid to whether the
fluctuation of blood lipids during this period will have a lasting effect
on the risk of atherosclerosis.

Our study has some limitations. Fist, the hypothyroidism lasts
only a few weeks in our study. Whether the duration of
hypothyroidism is related to the prevalence of hyperlipidemia
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