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Gender impact on the correlation between thyroid function and
serum lipids in patients with differentiated thyroid cancer
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Abstract. The present study aimed to explore the associa-
tion between thyroid stimulating hormone (TSH) and serum
lipids in patients with differentiated thyroid cancer (DTC),
with a focus on the risk of hyperlipidemia between different
genders. The study included 352 DTC patients who were
ready to receive I-131 therapy as well as 352 matched normal
controls. In the DTC group, 157 patients were monitored
for TSH and lipid parameters prior to and after 1 month
of thyroxine therapy. Results were analyzed using t-tests,
Pearson bivariate correlation and binary logistic regression
analyses. All participants were divided into 3 subgroups
according to TSH levels: Subgroup 1 (normal TSH level),
subgroup 2 (TSH between 5 and 30 yIU/ml), and subgroup 3
(TSH >30 uIU/ml). Serum total cholesterol (TC), triglycer-
ides (TG), and low-density lipoprotein-cholesterol (LDL-C)
levels were significantly higher in the DTC group than in the
control group. The levels of these parameters decreased after
thyroxine therapy and significant positive correlations were
observed between TSH and TC, and TG and LDL-C in both
genders. Binary logistic regression demonstrated that female
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DTC patients had higher risks of developing hyperlipidemia
than male patients, and these risks increased when TSH
increased. For example, the odds ratios (ORs) of high TC in
subgroup 2 were 3.30 in males and 4.60 in females, respec-
tively. However, in subgroup 3, the ORs were 9.40 in males
and 13.12 in females, respectively. The results of the present
study showed that after thyroidectomy, the risk of dyslipid-
emia markedly increased in DTC patients. More importantly,
female patients had a higher risk than male patients.

Introduction

Following total thyroidectomy, patients with differentiated
thyroid cancer (DTC) who are to receive radioiodine-131
(I-131) therapy should be in a state of overt hypothyroidism
in order to achieve optimal therapeutic outcomes (1).
Such patients have low levels of thyroid hormones and an
increased level of thyroid-stimulating hormone (TSH). Under
these circumstances, the concentrations of serum lipids are
always elevated. Thyroid hormone is known to have signifi-
cant effects on lipid metabolism (2-4). Although numerous
studies have been conducted to assess the association between
thyroid dysfunction and hyperlipidemia (4-9), to the best of
our knowledge, this association in DTC patients has never
been investigated before. In addition, previous studies have
revealed that age and gender could influence this association;
however, the observations were not consistent (9-12). The
present study aimed to investigate the correlation between
thyroid function and lipid metabolic profile in patients with
DTC, with an focus on differences resulting from different
genders.

Materials and methods

Study population. The subjects studied were selected from
the hospitalized DTC patient data archive in the Department
of Nuclear Medicine of Tianjin Medical University General
Hospital between January 2010 and January 2014. The entry
criteria were as follows: DTC patients who had previously
undergone total or near-total thyroidectomy and were ready
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for I-131 therapy. The exclusion criteria were as follows:
Patients with coronary heart, chronic liver and chronic
renal diseases, uncontrolled diabetes mellitus and those
who had taken lipid-lowering drugs or other treatments
that potentially influenced the lipid profile. Information on
the medication and a history of previous diseases for each
patient was obtained in detail. In total, 352 DTC patients
(89 males and 263 females) were included with adequate
information for the analysis. The gender- and age-matched
healthy control participants (n=352) were selected from the
data archive in the Department of Health Management in the
General Hospital of Tianjin Medical University. The control
participants, who came to receive an annual health checkup,
had a normal thyroid profile and no history of any known
diseases.

Blood samples were obtained following overnight fasting
for the measurements of serum free triiodothyronine (FTj),
free thyroxine (FT,) and TSH using a fully automated
ADVIA Centaur analyzer (Siemens Healthcare Diagnostics,
Erlangen, Germany) by chemiluminescence. Total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), uric
acid (UA) and fasting glucose (FG) levels were enzymatically
determined using an auto-analyzer (Hitachi Model 7170
analyzer; Hitachi, Ltd., Tokyo, Japan). The weight and height
were measured in kilograms and centimeters, respectively.
Furthermore, the body mass index (BMI) was calculated as
the weight divided by the height squared.

For DTC patients, after I-131 therapy, thyroxine replace-
ment therapy was initiated. Levothyroxine sodium tablets
(Euthyrox; Merck KGaA, Darmstadt, Germany) was
administered to all DTC patients, with an individualized
dose administered to anyone for maintaining a suppressed
TSH level. One month later, re-assessments on the thyroid
hormone levels and serum lipid levels were performed. For
this purpose, 157 DTC patients (36 males and 121 females)
had adequate information for analysis.

The present study was ethically approved by the
Institutional Review Board of Tianjin Medical University
General Hospital, and the clinical investigation was conducted
according to the principles expressed in the Declaration of
Helsinki. In addition, informed consent was obtained from
each of the participants.

Diagnostic criteria and grouping. The diagnostic criteria
for dyslipidemia were in accordance with the National
Cholesterol Education Program Adult Treatment Panel III
criteria as follows: TC =5.18 mmol/l, TG =1.70 mmol/Il,
LDL-C =3.37 mmol/l and HDL-C <1.04 mmol/I (13). All
of the subjects were divided into subgroups according to
the serum TSH levels, namely: Subgroup 1, subjects with
a normal TSH level (<5 pIU/ml); subgroup 2, subjects with
a TSH level between 5 and 30 uIU/ml; and subgroup 3,
subjects with a TSH level >30 yIU/ml. Age groups included:
Age group 1, <30 years; group 2, 30-39 years; group 3,
40-49 years; group 4, 50-59 years; and group 5, =60 years.

Statistical analysis. Data were presented as mean + standard
deviation. Statistical analysis was performed with SPSS 19.0
(IBM SPSS, Armonk, NY, USA), and the independent sample
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t-test was used to compare parameter concentrations between
the DTC and control group, as well as prior to and following
treatment with thyroxine. Pearson bivariate correlations were
calculated for TC, TG, LDL-C and HDL-C with FT5, FT, and
TSH in different genders, respectively. Furthermore, the odds
ratio (OR) for hyperlipidemia with 95% confidence intervals
was calculated by binary logistic regression models. P<0.05
was used to indicate a statistically significant difference.

Results

Patient characteristics. The values of various parameters
for subjects in the DTC and control groups prior to I-131
therapy are reported in Table I. There was no difference in
age between the two groups. Furthermore, the subjects in the
DTC group demonstrated significantly higher TSH levels
and lower thyroid hormone levels compared with those in
the control group. BMI, as well as serum TC, TG and LDL-C
levels, were also significantly higher in the DTC group than
in the control group.

Serum lipid profiles. The serum lipid profiles for patients
according to gender and age group are presented (Figs. 1-4).
In males, the levels of TC and LDL-C in the two groups, as
well as the TG levels in the DTC group, reached the highest
level for individuals between the ages of 40 and 50 years,
then gradually decreased with age. By contrast, TG levels
in the control group were highest between the ages of 30
and 40 years, decreased over the next two decades, and then
increased with age. In females, the TC and LDL-C levels
increased gradually with age in both groups, while the TG
level tended to increase with age until the 50-60-year age
range in the DTC group.

Dyslipidemia. Dyslipidemia prevalence was investigated in
different TSH subgroups in both genders (Fig. 5). Prevalences
of hypercholesteremia and high LDL-C in females
were slightly higher compared with those in males (TC,
65.02 vs. 64.05%; LDL-C, 50.95 vs. 48.32%). As the serum
TSH level increased, the prevalences of hypercholesteremia
and high LDL-C increased. In subgroup 1, the prevalences
of hypercholesteremia and high LDL-C in males (43.33 and
26.67%, respectively) were slightly higher than those in
females (41.73 and 25.59%, respectively). Furthermore, the
prevalences of hypercholesteremia and high LDL-C in females
increased more than those of males as the TSH level increased.
By contrast, the prevalences of hypertriglyceridemia and low
HDL-C were significantly higher in males compared with
females (TG, 55.06 vs. 34.79%; HDL-C, 18.54 vs. 3.80%). The
incidence of hypertriglyceridemia rose as the serum TSH level
increased, however, the incidence of HDL-C was reduced.

Changes in parameters after thyroxine treatment. Parameters
prior to and 1 month following thyroxine treatment are shown
in Table II. Significant changes could be observed in thyroid
hormones and serum lipid concentrations in all DTC patients.
Following treatment, the mean levels of serum TC, TG and
LDL-C decreased by 1.77,0.62 and 1.31 mmol/I respectively.
Furthermore, the difference in HDL-C levels between prior
to and following treatment was not significant.
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Table I. Parameters of patients in the DTC and control groups prior to I-131 therapy.

Parameters DTC group (n=352) Control group (n=352)
Male 89 89
Female 263 263

Age (years) 48.73+12.81 48.75+12.78
BMI (kg/m?) 25.92+3.49* 25.16+£3.93
FT; (pmol/l) 2.08+0.71* 5.07+0.49
FT, (pmol/1) 5.62+2.06 15.93+2.12
TSH (u1U/ml) 84.26+45.33* 2.53+1.40
TC (mmol/l) 6.63+1.39* 5.04+£0.97
TG (mmol/l) 2.25+1.82¢ 1.46+0.92
LDL-C (mmol/l) 4.16x1.15 2.85+0.84
HDL-C (mmol/l) 1.59+0.44 1.56+0.40
UA (uIU/ml) 304.10+£91.21 289.65+87.38
FG (mmol/l) 5.48+1.14 5.23+0.85

BMI, body mass index; FT;, free triiodothyronine; FT,, free thyroxine; TSH, thyroid-stimulating hormone; TC, total cholesterol; TG,
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; FG, fasting glucose.

*P<0.01 vs. control, analyzed by independent samples t-test.
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Figure 1. Serum TC level in different age groups. (A) Males and (B) females in the DTC group. (C) Males and (D) females in the control group. Age group 1,
<30 years; group 2, 30-39 years; group 3, 40-49 years; group 4, 50-59 years; group 5, =60 years. TC, total cholesterol; DTC, differentiated thyroid cancer.

Correlation analysis. Pearson bivariate correlation was
performed in order to assess the association between thyroid
hormones and lipids (Table III). This correlation analysis was
performed in all the subjects, including all DTC patients and
the normal controls. In both genders, a significant negative
correlation was observed between free thyroid hormones and
TC, TG or LDL-C levels. By contrast, there were significant
positive correlations between TSH and TC, TG or LDL-C
levels. In addition, a significant negative correlation between
FT; and HDL-C, and a significant positive correlation

between TSH and HDL-C were identified in females, which
were not observed in males.

Dyslipidemia risk analysis. Finally, the risks of developing
dyslipidemia in different subgroups were investigated using
binary logistic regression (Table IV). This analysis was
performed in all DTC patients and the normal controls,
and TSH was designated as a categorical variable. Age,
BMI, UA and FG were taken as covariates. Significant
differences were demonstrated when subgroup data were


https://www.spandidos-publications.com/10.3892/etm.2016.3701
https://www.spandidos-publications.com/10.3892/etm.2016.3701

2876

A male (DTC group) B

TG (mmol/1)
=12 R PR S - A - -

1 2 3 4 5
Age group

male (control group)

W e

-

TG (mmol/l)

1 2 3 4 5
Age group

LI et al: THYROID FUNCTION AND LIPIDS IN DTC

female (DTC group)

4.5
g 4

3.5
g 3
E 25
= 2
O

1.5
=

0.5

0 . . . . .

1 2 3 4 5
Age group
female (conrtol group)

25
%‘ 2
E
£ 1.5
ICER
= 05

0 . . . : '
1 2 3 4 5
Age group

Figure 2. Serum TG level in different age groups. (A) Males and (B) females in the DTC group. (C) Males and (D) females in the control group. Age group 1,
<30 years; group 2, 30-39 years; group 3, 40-49 years; group 4, 50-59 years; group 5, =60 years. TG, triglycerides; DTC, differentiated thyroid cancer.
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Figure 3. Serum LDL-C level in different age groups. (A) Males and (B) females in the DTC group. (C) Males and (D) females in the control group. Age
group 1, <30 years; group 2, 30-39 years; group 3, 40-49 years; group 4, 50-59 years; group 5, =60 years. LDL-C, low-density lipoprotein-cholesterol; DTC,

differentiated thyroid cancer.

compared in different genders. By taking subgroup 1 as a
reference, subjects of the other two subgroups had a higher
risk of developing dyslipidemia. The ORs of high TC, TG
and LDL-C increased progressively in both genders with
the increasing TSH values. For example, the ORs of devel-

oping high TC in subgroup 2 were 3.30 in males and 4.60 in
females. However, in subgroup 3, the ORs were 9.40 in males
and 13.12 in females. The magnitude of gender differences
was also examined. Firstly, the ORs of dyslipidemia were
higher in females compared with males. Secondly, for males,
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Figure 4. Serum HDL-C level in different age groups. (A) Males and (B) females in the DTC group. (C) Males and (D) females in the control group. Age
group 1, <30 years; group 2, 30-39 years; group 3, 40-49 years; group 4, 50-59 years; group 5, =60 years. HDL-C, high-density lipoprotein-cholesterol; DTC,
differentiated thyroid cancer.
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Figure 5. Frequencies of dyslipidemia prevalences according to serum thyroid stimulating hormone (TSH) level and gender. Blue bars represent males and red
bars represent females. Prevalence of (A) hypercholesteremia, (B) hypertriglyceridemia, (C) low-density lipoprotein-cholesterol (LDL-C) and (D) high-density
lipoprotein-cholesterol (HDL-C).
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only the ORs of developing high TC and LDL-C had a statis-
tical significance. However for females, the OR of developing
hypertriglyceridemia was also significant.

Discussion

It is well known that thyroid hormones affect lipid metabo-
lism. However, almost all the populations studied thus far
were suffering from benign thyroid diseases, including
subclinical hypothyroidism, and overt hypothyroid or hyper-
thyroid (4). The population in the present study comprised
DTC patients following partial or total thyroidectomy. These
DTC patients, who were ready to receive I-131 therapy were
put into a state of severe hypothyroidism from euthyroidism
in a short period of time. The aim of the present study was
to estimate the association between thyroid hormones and
serum lipids in the population studied, and to investigate
whether the risk of hyperlipidemia differed between genders.

Thyroid hormones and TSH have different effects on
lipid metabolism. Thyroid hormones affect serum lipid
levels by increasing the elimination of neutral sterols and
bile acids (2), and by reducing the absorption of cholesterol
in the intestines (14). Two animal studies have revealed that
thyroid hormones can stimulate the hepatic LDL-C receptor
and increase the removal of LDL-C from the circulation (2,3).
Boone et al (2) revealed that thyroid hormones enhanced
the cholesterol-accepting capacity of serum via the ABCA1
transporter. Furthermore, Ness et al (3) demonstrated that the
hypocholesterolemic effect of thyroid hormone resulted from
the expression of the hepatic cholesterol 7 o hydroxylase gene.
Tan et al (15) suggested that thyroid hormones could increase
the activity of hepatic lipase and thereby reduce serum TC
levels. However, TSH has an opposite effect on the metabo-
lism of lipids. In addition to thyroid cells, TSH receptors are
also expressed in many extrathyroidal tissues, including the
liver (16,17). TSH binds to the TSH receptor on hepatocytes
and stimulates the cyclic adenosine monophosphate/protein
kinase A/cyclic adenosine monophosphate-responsive
element binding protein signaling system. In this way, TSH
upregulates the expression of 3-hydroxy-3-methyl-glutaryl
coenzyme A reductase, a rate-limiting enzyme in choles-
terol synthesis, which can modulate lipoprotein metabolism
and facilitate cholesterol uptake by the liver (7,16,17). Two
cross-sectional studies discovered that TSH levels were
associated with serum lipid profiles independent of thyroid
hormones (7,17). Furthermore, Wang et al (7) observed that
TSH levels induced a significant direct effect on TC levels.
Xu et al (17) quantitatively demonstrated that each 1 xIU/ml
increase in the TSH level tended to elevate the TC level by
0.016 mmol/I.

In the current study, DTC patients who required I-131
therapy following partial or total thyroidectomy did not
take thyroxine medication. During this phase, some acute
changes occurred in the serum parameters, including dyslip-
idemia (18). The present study revealed significant negative
correlations between free thyroid hormones and serum TC,
TG or LDL-C levels, as well as significant positive corre-
lations between TSH and serum TC, TG or LDL-C levels.
Furthermore, the risk of developing dyslipidemia due to high
TSH level was identified as gender-related. Moreover, the
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ORs for dyslipidemia were significantly higher in females
than in males. Therefore, the results of the present study
indicate that sex hormones may be an important contributor
to this phenomenon. Tognini et al (9) also found that gender
substantially influenced the association between thyroid
status and serum lipid levels, and their results were in agree-
ment with those of the present study.

With regard to the mechanism of different sex hormones'
effects on lipid metabolism, testosterone and estradiol have
different roles, which can be summarized as described
below. First, lipoprotein lipase (LPL) and hepatic lipase (HL)
are the major lipolytic enzymes of the lipoprotein metabo-
lism. These enzymes remove TG from the bloodstream and
decrease the serum chylomicron levels. Androgens stimulate
HL activity, however, estrogens inhibit the HL and LPL
activities (19). Secondly, testosterone increases lipolysis by
stimulating B-adrenergic activity (20). Thirdly, testosterone
upregulates genes responsible for HDL-C catabolism, and
increases the activity of both hepatic lipase and scavenger
receptor BI (SR-BI). Furthermore, SR-BI increases the uptake
of lipids into hepatocytes and enhances cholesterol efflux
from peripheral cells (21,22). Finally, estrogen is capable of
increasing cholesterol and LDL-C levels, and these metabolic
effects appear to be mediated by estrogen receptor a (23).

Clinically, low levels of testosterone and high levels of
estrogen are associated with unfavorable lipid levels (22,24).
Haffner ez al (25) demonstrated that serum testosterone was
inversely correlated with TC, TG and LDL-C, yet positively
correlated with HDL-C. Several meta-analyses with the topic
of the changes in lipoprotein profiles resulting from exogenous
testosterone administration have been conducted (26-28). For
instance, Whitsel et al (26) performed such a meta-analysis
by analyzing 19 studies, and demonstrated that the intramus-
cular administration of testosterone esters to hypogonadal
males was associated with a dosage-dependent reduction
of TC and LDL-C levels. By contrast, considering estrogen,
Wranicz et al (29) revealed a significantly positive correla-
tion between estradiol levels and serum TC, TG and LDL-C
levels. Ott er al (30) performed a study to explore the change
of serum lipid levels of transsexuals after cross-gender
therapy, and significant increases of TC, TG and HDL-C
were identified in male to female transsexuals. Another study
demonstrated that the estradiol concentration in males had a
significant negative correlation with HDL-C concentration
and a significant positive correlation with the TG level (31).

In conclusion, the present study had both strengths and
weaknesses. The uniqueness of the study was that it focused
attention on the correlation between TSH and serum lipid
profiles in terms of different genders in DTC patients.
However, due to the prevalence of DTC in females being
higher than that in males, the number of males in the present
study was relatively small. Another potential limitation of
the present study was the lack of information on lifestyle
choices of the patients, such as smoking or eating habits. This
may affect the accuracy of the results. However, the careful
exclusion of patients receiving lipid-lowering drugs and
other treatments that have the potential to influence the lipid
profile improved the statistical power. Finally, since hyperli-
pemia is known as a risk factor for cardiovascular diseases,
whether a short-term increase of serum lipids during the
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Table II. Parameters before and after 1 month of thyroxine treatment.

Parameters Before treatment (n=157) 1 Month after treatment (n=157)
Male 36 36

Female 121 121

FT; (pmol/l) 2.01+£0.73* 5.19+0.92

FT, (pmol/l) 5.38+2.33* 19.44+4 30

TSH (ulU/ml) 86.65+43.50 7.27x14.61

TC (mmol/l) 6.96x1.29* 5.19+1.10

TG (mmol/l) 2.25+1.40° 1.63+1.05

LDL-C (mmol/l) 4.40+1.11° 3.09+0.98

HDL-C (mmol/l) 2.69+12.80 1.40+0.52

FT;, free triiodothyronine; FT,, free thyroxine; TSH, thyroid-stimulating hormone; TC, total cholesterol; TG, triglycerides; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. *P<0.01 vs. after treatment, analyzed by independent samples t-test.

Table III. Pearson bivariate correlations (r) between thyroid function and serum lipids.

Gender TC TG LDL-C HDL-C

Male (n=178)

FT, -0.55° -0.18* -0.57° -0.09

FT, -0.51° -0.17° -0.54* -0.05

TSH 0.50° 0.28* 0.52* 0.01
Female (n=526)

FT, -0.62* -0.33¢ -0.59° -0.10°

FT, -0.58¢ -0.32¢ -0.55¢ -0.06

TSH 0.55* 0.29* 0.52° 0.10°

FT;, free triiodothyronine; FT,, free thyroxine; TSH, thyroid-stimulating hormone; TC, total cholesterol; TG, triglycerides; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Significant at “P<0.01 or "P<0.05.

Table IV. Likelihood of developing dyslipidemia in different genders by the logistic regression model.

Gender

TC =5.18 mmol/l
OR (95% CI)

TG =1.7 mmol/l
OR (95% CI)

LDL-C =3.37 mmol/l

OR (95% CI)

HDL-C <1.04 mmol/l

OR (95% CI)

Male (n=178)

TSH subgroup 2 3.30 (0.78-13.92) 1.35 (0.34-5.30) 2.63 (0.67-10.29) 0.72 (0.13-3.91)

TSH subgroup 3 9.40* (4.17-21.15) 1.83 (0.92-3.63) 9.60* (4.53-20.35) 0.50 (0.21-1.19)
Female (n=526)

TSH subgroup 2 4.60* (2.05-10.30) 1.85 (0.88-3.88) 2.52*(1.27-4.97) 1.08 (0.23-5.13)

TSH subgroup 3 13.12% (7.74-22.25) 5.50* (3.50-8.65) 12.98* (8.11-20.78) 0.68 (0.25-1.83)

TSH was designated as a categorical variable; age, body mass index, uric acid and fasting glucose were taken as covariates; TSH subgroup 2
(5-30 pIU/ml) and TSH subgroup 3 (>30 xIU/ml) were compared with TSH subgroup 1 (normal level). TSH, thyroid-stimulating hormone;
TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; OR, odds
ratio; CI, confidence interval. “P<0.01.

thyroid hormone withdrawal period will increase the risk of  genders on this correlation. Furthermore, DTC patients after
cardiovascular diseases requires further investigation. thyroidectomy were demonstrated to be in a severe state of

In summary, the present study systematically analyzed hypothyroidism, which increased the risk of dyslipidemia. In
the association between the serum TSH profile and serum  addition, female patients were shown to have a higher risk of
lipid levels in DTC patients, and the influence of different dyslipidemia compared with males.
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