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Abstract: The objective is to discuss about the correlation of Glycolipid Metabolism, Cystatin C (CysC) and Homocysteine
(Hcy) of thyroid dysfunction. 100 cases of hyperthyroidism, hypothyroidism and the control group are chose respectively to
measure Fiber Bragg Grating (FBG), Blood Lipid, Thyroid Hormone (TH), CysC and Hcy, calculate the blood lipid ratio and
make analysis. As a result, Thyroid Carcinoma (TC), Thyroglobulin (TG), Low-density Lipoprotein Cholesterol (LDL-C),
High-density Lipoprotein Cholesterol (HDL-C), TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, Lipid comprehensive index (LCI)
and non-HDL-C of hyperthyroidism group are obviously lower than the control group. The decrease of LCI is the most
prominent. Hcy is slightly lower than the control group. FBG and CysC are obviously higher than the control group. TC, TG,
LDL-C, TG/HDL-C, LDL-C/HDL-C, LCI and non-HDL-C, Hcy of hypothyroidism group are higher than the control group
(P＜0.05), and FBG, HDL-C and CysC are lower than the control group (P＜0.05). Various kinds of TH have the highest
connection with TC, followed by non-HDL-C, LDL-C and LCI. It comes to the conclusion that patients with thyroid dysfunction
easily appear the disorder of glucose and lipid metabolism. The change in blood lipid ratio is more pronounced than that of single
lipid indicator and is closely related to CysC and Hcy. Dynamic monitoring of Thyroid Stimulating Hormone (TSH), blood lipid
ratio, CysC and Hcy is of great value in the diagnosis of thyroid dysfunction and the prediction of Cardiovascular Disease (CVD)
in concurrent Coronary Heart Disease (CHD) and so on.
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1. Introduction
The thyroid is the largest endocrine gland in the body. TH is
secreted by thyroid, which plays an important regulatory role
in the body sugar, fat and protein metabolism. In recent years,
with changing in diet, increasing mental stress, accelerating
pace of life, and increasing of environmental impact thyroid
function material, the incidence of thyroid disease is on the
rise. With the increase of the year, thyroid dysfunction and the
positive rate of autoantibodies have significantly increased
trend [1]. Thyroid dysfunction including hyperthyroidism and
hypothyroidism, is caused by the abnormal secretion of TH
syndrome, characterized by the increase or decrease of basic

metabolism nerve excitability and induced disorder of sugar,
lipid metabolism and other endocrine diseases. Cystatin C
(CysC) and homocysteine (Hcy) can reflect the severity of
coronary artery disease, which is closely related to the
occurrence and development of coronary atherosclerosis (AS).
Hypothyroidism with hyperhomocysteinemia indicates a
higher prevalence of CVD, especially closely connect with
coronary atherosclerosis (AS). Through the detection of
thyroid dysfunction and the levels of blood glucose, blood
lipids, CysC and Hcy of the control group, lipid ratio is
calculated and done correlation analysis, which can provide a
basis for the prevention and treatment of thyroid dysfunction
and related diseases, now report as follows.
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2. General Data and Methods

Automatic Rapid Immunoassay provided by Abbott USA.

2.1. General Data

2.2.2. Normal Reference Interval and Diagnostic Criteria
Due to regional differences, as well as instruments, reagents
and other factors, the hospital reference value range is
different. Our hospital TH normal reference range are as
follows: TSH 0.27~4.2mIU/L, FT3 2.8~7.1 pmol/L, FT4
12~22 pmol/L, T3 1.3~3.10nmol/L, T4 66~181nmol/L;
Normal reference range of blood lipid and sugar: FBG
3.89~6.1 mmol/L, TG 0.56~1.71 mmol/L, TC 3.1~5.17
mmol/L, HDL-C 1.09~2.28 mmol/L, LDL-C <3.36 mmol/L,
CysC 0~1.7 mg/L, Hcy 4~15.4ìmol/L. The diagnostic criteria
are as follows: Hyperthyroidism has corresponding symptoms
or signs and TSH<0.27 mIU/L, FT4>22 pmol/L and/or
FT3>7.1 pmol/L; Hypothyroidism has corresponding
symptom or sign and TSH>4.20 mIU/L, FT4<12 pmol/L
and/or FT3<3.10 pmol/L.

A total of 200 patients with thyroid dysfunction visiting our
hospital for health examination and our Endocrinology Dept.
for treatment from April 2015 to December 2016, who were
treated as the study subject. Among the subjects, there were
100 patients with hyperthyroidism: 36 males and 64 females,
aged from 18 to 79 years old with mean age of (51.04±11.69)
years old; 100 patients with hypothyroidism: 28 males and 72
females, aged from 17 to 81 years old with mean age of
(52.36±14.36) years old and 100 healthy subjects taking
health examination at the same period, were included as the
control group: 40 males and 60 females aged from 21 to 81
years with mean age of (48.17 ± 13.52) years old. There was
no significant difference in sex and age among the three
groups (χ2 = 2.979, P = 0.571 VS ÷ 2=0.819, P=0.526). The
followings were excluded: with a history of liver and kidney
diseases, diabetes, hypertension and CHD, pathoglycemia and
dyslipidemia caused by other factors. And no medication that
may impact thyroid functions and blood lipids were taken in
the recent three months.
2.2. Methods
2.2.1. Detection Methods
All subjects were fasting for more than 12h, who was took 6
ml of venous blood during 7:30 to 9:30 in the morning and
dispensed in 2 packs. The serum was separated centrifugally at
4000 r/min in time. TSH, Theban Tomb 3 (TT3), Theban
Tomb (TT4), Free Triiodothyronine 3 (FT3) and Free
Triiodothyronine 4 (FT4) were measured with Gobas E601
Immune Chemiluminescence Apparatus provided by German
Roche Limited and agents were originally provided by Roche.
FBG, TG, TC, HDL-C and LDL-C were measured with
HITACHI-020 Automatic Biochemical Analyzer. TC/HDL-C,
TG/HDL-C, LDL-C/HDL-C, LCI = TC × TG ×
LDL-C/HDL-C and non-HDL-C = TC-HDL-C were
calculated. CysC and Hcy were measured by AXSYM

2.3. Statistical Processing
Using SPSS 18.0 statistical software for data processing.
The measurement data is expressed as mean ± standard
deviation ( x ±s). Comparison of single factor analysis of
variance. The correlation among TH and blood lipid profile,
blood lipid ratio, CysC and Hcy is analyzed by linear
correlation analysis and P <0.05 is statistically significant.

3. Results
3.1. The Comparison of Thyroid Hormone Levels among
Groups
The TSH of hyperthyroidism group is significantly lower
than that of control group (P <0.001). The levels of FT3, FT4,
T3 and T4 in hyperthyroidism group are significantly higher
than those in control group (P <0.01). The TSH of
hypothyroidism is significantly higher than that of the control
group (P <0.001). FT3, FT4 and T4 are lower than those of the
control group, while T3 and control group have not
statistically significant (P> 0.05). See Table 1.

Table 1. The Comparison of Thyroid Hormone Levels among groups ( x ±s).
Groups
Hyperthyroidism
Hypothyroidism
Control

n
100
100
100

TSH (mIU/L)
0.128±0.0246▲
33.2±12.56**
2.323±1.018

FT3 (pmol/L)
19.28±11.22*
3.61±1.13*
4.87±0.66

FT4 (pmol/L)
50.46±24.803*
8.28±3.23*
18.64±7.12

T3 (pmol/L)
5.26±2.27*
1.68±0.54
1.89±0.33

T4 (pmol/L)
208.3±59.94*
96.81±25.8
105.41±19.81

Note: Compared with the normal control group, * P＜0.05, **P＜0.01, ▲P＜0.001.

3.2. The Comparison of Blood Glucose, Blood Lipid
Spectrum (mmol/L), CysC and Hcy among Groups
( x ±s)
TC, TG, LDL-C, HDL-C of Hyperthyroidism group were
significantly lower than the control group (P <0.01) and Hcy is
lower than the control group, but there is no significant

difference between the two groups. The FPG, CysC is
significantly higher than the control group. TC, TG, LDL-C
and Hcy of hypothyroidism group are significantly higher than
the control group (P <0.05), but HDL-C and CysC are lower
than the control group. See the Table 2.
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Table 2. The Comparison of blood lipid spectrum, CysC and Hcy among groups ( x ±s).
Groups
Hyperthyroidism
Hypoyhtroidism
Control

n
100
100
100

FPG
5.69±0.63*
3.78±0.88*
4.65±0.91

TC
3.63±0.78*
5.43±1.62*
4.97±0.96

TG
1.09±0.59*
1.97±1.58*
1.58±1.20

LDL-C
1.89±0.59*
3.91±1.14*
3.13±0.38

HDL-C
1.13±0.26*
1.159±0.42*
1.37±0.33

CysC (mg/L)
1.48±0.39**
0.78±0.22
0.88±0.18

Hcy (µmol/L)
12.53±8.54
17.98±37.*
13.27±7.75

Note: Compared with the normal control group, *P＜0.05, **P＜0.01.

3.3. The Comparison of Blood Lipid Ratio, LCI and
non-HDL-C among Groups
TC/HDL-C, TG/HDL-C, LDL-C / HDL-C, LCI, and
non-HDL-C of hyperthyroidism are significantly lower than
the control group. TG / HDL-C, LDL-C / HDL-C, LCI and

non-HDL-C of hypothyroidism are higher than those of the
control group (P <0.05), but there is no significant difference
between TC / HDL-C and control group (P> 0.05). The results
are shown in Table 3.

Table 3. The Comparison of blood lipid ratio and non-HDL-C among groups.
Groups
Hyperthyroidism
Hypothyroidism
Control

n
100
100
100

TC/HDL-C
3.57±0.77*
3.89±1.17
3.82±1.03

TG/HDL-C
1.08±0.596*
1.53±1.42*
1.32±1.32

LDL-C/HDL-C
1.23±0.25*
2.90±0.93*
2.42±0.85

LCI
1.93±0.58**
33.93±47.2*
23.43±29.41

non-HDL-C
2.32±0.79*
4.01±1.39*
3.60±0.94

Note: Compared with the normal control group, *P＜0.05, **P＜0.01.

3.4. The Analysis of the Correlation of Thyroid Hormone
and Blood Glucose, Blood Lipid Ratio, non-HDL-C,
Hcy and CysC among Groups
TSH and TC, TG, LDL C, HDL - C, TC/HDL – C, TG/HDL
- C, LDL - C/HDL - C, LCI, non - HDL - C, Hcy are positive
correlation. FT3, FT4, T3, T4 are positive correlation with
FPG, CysC and are negative correlation with TC, TG, HDL- C,
LDL- C, TC / HDL-C, TG / HDL-C, LDL-C / HDL-C, LCI,
non-HDL-C, CysC. Comprehensive analysis of the results, the
correlation of all kinds of thyroid hormones and blood lipid
ratio and non-HDL-C, TC is the highest, respectively followed
by non-HDL-C, LDL-C and LCI.

4. Discussions
The effect of TH on glucose metabolism depends on the
level of TH. Most studies have shown that PBG of patients
with hyperthyroidism increases and hypothyroidism decreases.
Subclinical hyperthyroidism and subclinical hypothyroidism
did not change significantly [5-7]. This study is consistent
with the above results. Xiaoyan Pan et al [8] found that the
levels of blood glucose (PBG1, PBG2) after the meal one hour
and two hour in hyperthyroidism group were significantly
higher than the control group, and PBG1 was prominent. FBG,
PBG1 and PBG2 of hypothyroidism group had a decreasing
tendency compared with the control group. But the difference
has not statistically significant. There were also reports about
hyperthyroidism and hypothyroidism in patients with blood
glucose levels and the control group having no statistically
significant. It may be related to the selection of cases and the
severity of the disease and need further study to be confirmed.
TH can accelerate the mobilization and decomposition of
blood lipids and promote the degradation and excretion of
cholesterol, leading to the decrease of total cholesterol levels.
However, literature showed varied reports regarding the
changes of blood lipids in patients with hyperthyroidism.

Selim et al [9] reported that TC and LDL-C decreased and FT3
and FT4 of patients with hyperthyroidism were significantly
negatively correlated with TC, LDL-C and HDL-C and
significantly positively correlated with TG; TSH was
significantly correlated with TC, LDL-C and HDL-C and
significantly negatively correlated with TG. Yan Wang et al
[10] did research in 216 cases of hyperthyroidism in patients
with lipid found that TG, TC, HDL-C, VLDL-C of
hyperthyroidism group were significantly lower than the
control group, while LDL-C, T3, T4, FT3, FT4, TG-Ab,
Thyroid peroxidase-Ab (TPO-Ab) were higher than the
control group. Lin Xiao et al [11] reported that the levels of TC,
TG, HDL-C and LDL-C in hyperthyroidism group were
significantly lower than the control group. FT3 and FT4
significantly decreased after treatment. TSH and TC, TG,
HDL-C and LDL-C were higher than before treatment. Jihong
Sun [12] found that FT3 and FT4 of hyperthyroidism patients
were higher, while the decrease of TC, TG, LDL-C,
Apolipoprotein E (Apo E) was more prominent. FT3 was
negatively connected with TC, HDL-C, LDL-C, Apo A1. FT4
was negatively connected with TC, TG, HDL-C, LDL-C and
Apo A1. FT4 had the highest correlation with TC (r = -0.498,
P = 0.000). Qing Gu et al [13] reported that TC, TG, HDL-C,
LDL-C, ApoB and LP (a) in hyperthyroidism group were
lower than the control group. The results of this study showed
that the levels of TC, TG, HDL-C and LDL-C in patients with
hyperthyroidism were significantly lower than those in the
control group (P <0.01). In addition to the HDL-C in patients
with hyperthyroidism was significant higher than that in the
control group, which was consistent with the above results.
The decrease of TC, TG and LDL-C in patients with
hyperthyroidism may be related to the following factors: (1)
TH can accelerate the conversion of LDL-C, increase the
number and activity of LDL receptors in liver and promote
LDL-C clearance, and reduce the level of LDL-C; (2) TH
promotes the use of cholesterol in peripheral tissues,
accelerates the excretion of bile acids and bile, and reduces
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blood TC; (3) TH enhances the activity of lipoprotein lipase,
accelerates the use of TC in peripheral tissues, and cleanses
the clearance rate of TC, which results in decreasing levels of
blood TC and TG; (4) TH can promote the reverse transport of
cholesterol, accelerate the conversion of cholesterol ester from
HDL to LDL, and directly or indirectly reduce TC, TG,
HDL-C, and LDL-C. However, it is reported that some
patients with hyperthyroidism may have significantly higher
TG and LDL-C than those in the control group [14]. Therefore,
further in-depth study is required for the changes of blood
lipid profile and its mechanism in patients with
hyperthyroidism.
For the first time since 1930, Mason, etc. [15] in the NEJM
reported “Blood Cholesterol Values in Hyperthyroidism and
Hypothyroidism Their Significance”, the research of
relationship between hypothyroidism and lipid metabolism
has received more attention. Garduno GJ et al. [16] found that
normal higher TSH and lower TH were associated with blood
lipids and were positively correlated with TC, LDL-C and TG
and negatively correlated with HDL-C [17]. Fang Li [18]
found that TG, TC, and LDL - C of hypothyroidism patients
was significantly higher than the control group an. Qingzhang
Song et al [19] reported that TG, TC, LDL-C of
hypothyroidism’s patients significantly increased, while
HDL-C significantly decreased. Toruner et al [20] found
Subclinical Hypothyroidism (SCH) patients regardless of
TSH ≥ l0mIU / mL, or <10mIU / mL, TC, TG and LDL-C
significantly increased. The study found that TC, TG, LDL-C
of hypothyroidism patients were significantly higher than the
control group (P <0.05), while HDL-D decreased. It is the
same as the above results.
Blood lipid measurement is a clinical evaluation of the risk
of CHD and prognosis of the commonly used indicators. TC /
HDL-C, LDL / HDL-C are more valuable than CHD for the
diagnosis of CHD [21]. TC / HDL-C and LDL-C / HDL-C can
accurately reflect the comprehensive level of lipid metabolism
and the risk of CHD in vivo. LDL-C / HDL-C predicts carotid
atherosclerotic plaque ratio TC / HDL- C is more valuable
[22]. Yingjun Xie [23] reported that LCI in the CHD group
was significantly higher than the control group and the LCI in
the unstable angina pectoris (UAP) and acute myocardial
infarction (AMI) group was higher than that in the stable
angina pectoris group (SAP), while the LCI of UAP and AMI
group had no statistical difference. He recognized that the LCI
was a good indicator of the risk of CHD. Non-HDL-C
represented the total amount of atherosclerotic cholesterol that
could accurately reflect the cholesterol levels of
atherosclerotic lipoprotein particles, and the predictive and
prognostic evaluation of CHD was superior to LDL-C [24].
Xiujuan Chen et al [25] found that non-HDL-C can be used as
a supplement to LDL-C, which was to assess the severity of
coronary artery disease, recurrent cardiovascular risk and
cardiovascular residual risk of new indicators. The results
showed that TC / HDL-C, TG / HDL-C, LDL-C / HDL-C, LCI,
and non-HDL-C of hyperthyroidism group were significantly
lower than the control group (P <0.001). TG/ HDL-C, LDL-C
/ HDL-C, LCI and non-HDL-C of hypothyroidism group were

significantly higher than the control group (P <0.05). The
correlation between TH and lipid ratio was the highest with
TC, followed by non-HDL-C, LDL-C and LCI, respectively.
Suggesting that changes in blood lipid ratio in the abnormal
thyroid function than the single indicator was more obvious.
TG / HDL-C, LCI and non-HDL-C were calculated to be
convenient and not affected by diet and sex, which was to
open up new ideas for predicting the occurrence of thyroid
dysfunction.
Some studies [26-28] showed that changes in TH levels
could cause changes in CysC, CysC of hyperthyroidism
patients was higher than the control group. Meta-analysis of
520 patients with serum CysC and thyroid function found that
CysC patients of hyperthyroidism significantly increased and
hypothyroidism significantly reduced. The results of this
study showed that CysC of hyperthyroidism group was
significantly higher than the control group and CysC of
hypothyroidism significantly reduced. It was consistent with
the above findings, confirming close relation between CysC
and thyroid function. However, the mechanism of elevated
CysC in patients with hyperthyroidism was not clear. The
study found that [29, 30] TH can stimulate secretion of CysC
and impact on CysC. Hyperthyroidism patients with strong
basal metabolism, cell renewal rate / metabolic rate to speed
up, to promote nucleated cells to produce and secrete CysC
faster, may be the direct cause of increase of CysC [31].
However, CysC and TH of patients with hyperthyroidism have
the same effect on all nucleated cells, which need further study
to be confirmed. Most scholars believed that, CysC was
positively correlated with the severity of coronary lesions [32].
Xiaojing Jiang et al [33] found that the higher the serum CysC,
the higher risk of the degree of coronary atherosclerosis and
instability of multivessel disease and plaque. Shikui Guan et al
[34] Meta-analysis of CysC and CHD in 977 patients found
that CysC of CHD patients significantly increased. It was
believed that high levels of CysC were closely related to CHD.
CysC of hyperthyroidism patients was significantly higher.
Therefore, the dynamic monitoring of CysC may provide an
important basis for the prediction of hyperthyroidism
complicated with CHD.
Hyperhomocysteinemia is associated with the onset of
CHD. Each increasing of Hcy 4µmol / L can increase the risk
of CHD 4% and increased Hcy 5 µmol / L and TC increased by
0.5 mmol / L to increase the incidence of CHD equally [35].
Song Qingzhang et al [19] found that Hcy of hypothyroidism
patients was significantly negatively correlated with FT3, FT4,
and was significantly positively correlated with TC, and was
not correlation with TC, HDL-C, LDL-C. He also recognized
that the increasing of serum Hcy was important risk factors of
hypothyroidism concurrent CHD. Jihong Sun et al [12] found
that FT3 of hypothyroidism negatively related to TC, LDL-C
and FT4 negatively related to TC, HDL-C and LDL-C.
Wenzhu Yu, et al [36] reported that TG, TC, LDL-C and Hcy
of hypothyroidism and SCH significantly increased and
positively correlated with TSH and decreased HDL-C.
Chunjuan Zhou et al [4] found that Hcy positively correlated
with TSH during SCH transmission to Hypothyroidism. Hcy
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of patients of hypothyroidism elevated indicating a higher
incidence of CVD, so combing detection of TSH with Hcy is
of great value on the diagnosis and treatment of
hypothyroidism. Lu Xiong [37] found that slightly increasing
of TSH (<10mIU / L) had little effect on TG, LDL-C, but can
increase the Hcy and TSH (≥ 10 mIU / L). It also can make TG,
LDL-C, Hcy significantly increase. A meta-analysis showed
that Hcy was associated with a severity of hypothyroidism and
that treatment with L-T4 can reduce Hcy [38]. This study
found that Hcy of hypothyroidism and TSH patients was
significantly higher than the control group and the difference
between the two groups was statistically significant (P <0.05),
which consistent with the above findings. And TSH positively
correlated with TC, TG, LDL-D, TC / HDL-C, TG / HDL-C,
LDL-C / HDL-C, LCI, non-HDL-C and Hcy. Increase of Hcy
helped predict hypothyroidism with concurrent CHD.

5. Conclusions
All in all, the change of thyroid dysfunction in patients with
TH has obvious influence on blood glucose, blood lipid, CysC
and Hcy. The changes in blood lipid ratio were more
pronounced than those of single index. After treatment, with
thyroid function improving, blood lipid profile, blood lipid ratio
and Hcy can return to normal. Changes in blood lipid ratio and
increasing of CysC and Hcy are risk factors for CHD. Therefore,
the dynamic monitoring of thyroid dysfunction in patients with
lipid ratio and CysC, Hcy contributes to transmission
subclinical thyroid dysfunction to thyroid dysfunction and
prediction of thyroid dysfunction recurrent CHD. Joint
detection may open up new ways for the prevention and
treatment of thyroid dysfunction combined with CVD.
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