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Abstract: To investigate the correlation between hypothyroidism and subclinical hypothyroidism in serum thyroid hormones,
blood lipid profile, blood lipid ratio and homocysteine, the authors calculated the ratio of blood lipid and carried on statistical
analysis through measuring the level of serum thyroid hormones, blood lipid, homocysteine among 60 patients with
hypothyroidism, 140 patients with subclinical hypothyroidism and 60 controls. As a result, firstly, the levels of serum TSH in
hypothyroidism group and subclinical hypothyroidism group were significantly higher than those in the control group (P
<0.001).The difference between the subclinical hypothyroidism group and the control group had statistical significance (P
<0.05).What’s more, the patients, who were hypothyroidism, were significantly lower than those in the control group in the levels
of serum FT3 and FT4. Moreover, compared with the hypothyroidism and subclinical hypothyroidism, on the one hand, the
levels of serum FT3 and FT4 obviously decreased, on the other hand, the levels of serum TSH and Hcy were significantly
increased (P<0.01). As to the correlation of thyroid hormones with blood lipid ratio and non-HDL-C, TC showed the highest
correlation and the sequences were non-HDL-C, LDL-C and LCI. In the end, the authors came to the conclusion that the
detection of serum TSH, blood lipid ratio and Hcy were of great value in the transformation from subclinical hypothyroidism to
hypothyroidism and the prediction of hypothyroidism and the cause of cardiovascular diseases.
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1. Introduction

As a common endocrine system disease, hypothyroidism
includes a group of syndromes due to decreasing synthesis
and secretion of thyroid hormones and insufficient biological
effects. Subclinical hypothyroidism (SCH) refers to increased
level of serum thyroid stimulating hormone (TSH) while the
free thyroid hormones remain at normal levels [1] in the
absence of clinical symptoms or showing mild symptoms; the
diagnosis of SCH must be based on serological examinations.
SCH prevalence in humans reaches up from 5% to 15%, and
gradually increases with age growth. For women over the age
of 60, the prevalence may be up to 20% [2]. It is estimated
that about 2% to 5% of SCH patients transforming to clinical

hypothyroidism each year. With elevated serum TSH levels
in SCH patients, the incidence of cardiovascular diseases
may increase greatly [3]. Studies have shown that plasma
homocysteine (Hcy) levels and the occurrence and
development of coronary atherosclerosis are close correlation;
high Hcy in patients with hypothyroidism implies a higher
incidence of cardiovascular diseases, especially closely
correlated with AS [4]. The levels of serum TSH, FT3, FT4,
T3 and T4, blood lipid and Hcy are measured and blood lipid
ratio is calculated for relevant analysis for the purpose of the
prevention and treatment of thyroid disorders and other
related diseases. It is hereby reported as follows.
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2. Data and Methods
2.1. General Data

A total of 200 patients with hypothyroidism visiting our
hospital health examination and our Endocrinology Dept. for
treatment from April 2015 to September 2016, who were
include as the study subject. Among the subjects, 60 patients
were in the hypothyroidism group: 21 males and 39 females,
aging from 20 to 73 years old with mean age of (49.31+15.28)
years old; 140 patients were in the SCH group: 42 males and
98 females, aging from 26 to 77 years old with mean age of
(48.63+14.92) years old; and 60 healthy subjects from health
examination at the same period were treated as the control
group: 25 males and 35 females aging from 20 to 82 years
with mean age of (45.18 £ 13.26) years old. There was no
significant difference in sex and age among the three groups
(2 = 2964, P = 0.578 VS 42 = 0.843, P = 0.512). The
following were excluded: with a history of liver and kidney
diseases, hypertension and coronary atherosclerotic heart
disease (CHD), dyslipidemia of other causes. 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 12 h. 6 ml of
venous blood was taken 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. Thyroid stimulating
hormone (TSH), total triiodothyronine (TT3), total thyroxine
(TT4), free triiodothyronine (FT3) and free thyroxine (FT4)
were measured with Gobas E601 Immune Chemiluminescen-
ce Apparatus provided by German Roche Limited; and agents
used were originally provided by Roche. Three acyl glycerol

cholesterol (LDL-C) were measured with HITACHI-020
Automatic Biochemical Analyzer. Blood lipid ratios
(TC/HDL-C, TG/HDL-C and LDL-C/HDL-C), lipid
comprehensive index (LCI=TCXTGxXLDL-C/HDL-C) and
non-HDL-C(= TC-HDL

-C) were calculated. Homocysteine (Hcy) was measured with
AXSYM Automatic Rapid Immunoassay provided by Abbott
USA.

2.2.2. Diagnostic Criteria Hypothyroidism

Presence of hypothyroidism symptoms or signs; TSH>
4.20 mIU/L; and FT4 < 12 pmol/L and/or FT3 < 3.10 pmol/L.
SCH: no presence of hypothyroidism symptoms or signs;
TSH> 4.20 mIU/L; and normal levels of FT3 and FT4.

2.3. Statistical Analysis

SPSS 18.0 statistical software was used for data processing.
Measurement data was presented in mean + standard
deviation ( X £s ). One-way analysis of variance was used for
comparison. Linear correlation analysis was used for the
correlation of thyroid hormones with blood lipid profile and
Hcy. P <0.05 denoted significant difference.

3. Results
3.1. Comparison of Thyroid Hormone Levels in Each Group

The levels of serum TSH in patients with hypothyroidism
were significantly higher than those in the SCH and control
groups (P <0.01); and the levels of serum FT3 and FT4 were
lower than those in the SCH and control groups. There was
no significant difference regarding the levels of serum FT3
and FT4 between the SCH and control groups (P>0.05). The
serum levels of T3 and T4 in the hypothyroidism and SCH
groups were lower than those in the control group, but the

(TG), total cholesterol (TC), high density lipoprotein  difference was not statistically significant (P>0.05). The
cholesterol (HDL-C) and low intensity lipoprotein  results are shown in Table 1.
Table 1. Comparison of thyroid hormone levels in each group (X £s ).
Groups n TSH(mIU/L) FT3(pmol/L) FT4(pmol/L) T3(pmol/L) T4(pmol/L)
Hypothyroidism 60 32.7412.58** 3.57+1.11* 8.175+3.210%* 1.6540.53 96.82425.1
Subclinical hypothyroidism 140 8.679+2.581* 4.60+1.13 16.57+12.18 1.75+0.62 99.31+19.07
controls 60 2.308+1.023 4.85+0.65 18.59+7.04 1.88+0.34 105.31+19.84

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

3.2. Comparison of Blood Lipid Profile and Hcy Levels in
Each Group

The levels of serum TC, TG, LDL-D and Hcy in patients
with hypothyroidism were significantly higher than those in
the SCH and control groups (P<0.05). There was no

significant difference regarding the levels of TC, TG, HDL-D
and LDL-C between the SCH and control groups (P> 0.05).
The level of Hey in the SCH group was also higher than that in
the control group (P <0.05). The results are shown in Table 2.

Table 2. Comparison of blood lipid profile (mmol/L) and Hcy levels in each group (X £s ).

Groups n TC TG HDL-C LDL-C Hcy (pmol/L)
Hypothyroidism 60 5.424+1.61 * 1.97£1.57 * 1.159+0.42 * 3.90+1.14 * 17.978+36.99**
Subclinical hypothyroidism 140 5.029£1.112 1.650+1.148 1.255+0.335 3.326+0.916 15.793+6.184 *
controls 60 4.967+0.96 1.577+£1.200 1.365+0.326 3.129+0.380 13.272+7.748

Note: Compared with the normal control group, * P<0.05, **P<0.01.
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3.3. Comparison of Blood Lipid Ratios and Non-HDL-C in
Each Group

The levels of TG/HDL-C, LDL-C/HDL-C, LCI and
non-HDL-C in patients with hypothyroidism were
significantly higher than those in the SCH and control groups

(P<0.05). In addition to the higher LDL-C/HDL-C and
non-HDL-C in the SCH group than those in the control group,
there was no significant difference regarding other blood
lipid ratios between the SCH and control groups (P> 0.05).
The results are shown in Table 3.

Table 3. Comparison of blood lipid ratios and non-HDL-C in each group.

Groups n TC/HDL-C TG/HDL-C LDL-C/HDL-C LCI non-HDL-C
Hypothyroidism 60 3.89+1.17 1.53+1.41 * 2.90+0.93 * 33.924+47.21%* 4.04+1.41 *

Subclinical hypothyroidism 140 3.872+1.047 1.390+1.258 2.63+0.872 * 24.354+28.038 3.866+1.07 *
controls 60 3.804+1.017 1.320+1.314 2.412+0.824 23.432429.408 3.600+0.935

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

3.4. Correlation Analysis among Thyroid Hormones and
Blood Lipid Profile, Blood Lipid Ratios, Non-HDL-C
and Hcy

TSH positively correlated with TC, TG, HDL-D, LDL-C,
TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, LCI and non-HDL
-C. In addition to P=0.007 for TG, P<0.001 for the remaining.
FT3, FT4, T3 and T4 negatively correlated with TC, TG,
HDL-D, LDL-D, TC/HDL-C, TG/HDL-C, LDL-C/HDL-C,
LCI and non-HDL-C. In addition to P = 0.03 and 0.007 for
TG/HDL-C with T3 and T4, respectively, P<0.001 for the
remaining. Comprehensive analysis showed that as to the
correlation of TH with blood lipid ratio, non-HDL-C and Hcy,
TC showed the highest correlation followed by non-HDL-C,
LDL- C and LCI.

4. Discussions

Since Mason et al [5] first reported Blood Cholesterol
Values in Hyperthyroidism and Hypothyroidism Their
Significance in NEJM in 1930, the importance of studies
have been highly attached to the relationship between
hypothyroidism and lipid metabolism. Garduno GJ et al [6]
found that the normal higher TSH and lower TH levels
associated with blood lipids and positively correlated with
TC, LDL-C and TG, and negatively correlated with HDL-C,
with the increase of TSH [7]. Li Fang [8] found that patients
with hypothyroidism had significantly higher TG, TC, and
LDL-C than those in the control group, and SCH patients
mainly had higher LDL-C and TC. Song Qingzhang et al [9]
reported that patients with hypothyroidism had significantly
higher TG, TC, and LDL-C than those in the control group
and had significantly lower HDL-C than those in the control
group. Toruner et al [10] found that SCH patients, regardless
of TSH>10 mIU/mL or <10 mIU/mL, had significantly higher
plasma TC, TG and LDL-C than those in the control group.
LopezRubio et al [11] conducted a correlation analysis
regarding TH and blood lipids in 326 SCH patients and found
that SCH correlated to with high TG. Van Tienhoven-wind et
al [12, 13] reported that SCH patients had significantly
higher TC, TG and LDL-C. Laway [14] found that SCH
patients had significantly higher TC and TG than those in the
control group. In this study, it is found that patients with

hypothyroidism had significantly higher TC, TG and LDL-C
than those in the SCH and control groups (P <0.05) and
decrease of HDL-C; the levels of TC, TG, HDL-C and
LDL-C in the SCH group changed accordingly comparing
with the hypothyroidism group but there was no significant
difference between the two groups (P>0.05). It was
consistent with the report of Diez et al [15] that there was no
significant difference regarding serum TC, TG, LDL-C, and
HDL-C between SCH patients and people with normal
thyroid functions. Therefore, further studies required to
discuss the relationship between SCH patients and
dyslipidemia.

Blood lipid determination is a common indicator for
clinical evaluation of the risk and prognosis of CHD.
However, not all CHD patients undergo significant changes
in all of their lipid-related levels. LDL-C/HDL-C may serve
as an independent predictor for myocardial infarction.
TC/HDL-C and LDL-C/HDL-C are more sensitive to CHD
diagnosis than a single indicator [16]. TC/HDL-C and
LDL-C/HDL-C can accurately reflect the comprehensive
level of in vivo lipid metabolism and the risk of CHD.
Compared with TC/HDL-C, LDL-C/HDL-C is of more value
in predicting carotid atherosclerotic plaque [17]. Xie Yinjun
[18] reported that LCI in the CHD group was significantly
higher than that in the control group and LCI in the unstable
angina pectoris (UAP) group and acute myocardial infarction
(AMI) group was higher than that in the stable angina
pectoris (SAP) group (P<0.05); and there was no significant
difference in the LCI between the UPA and AMI groups;
therefore LCI was believed to be a good indicator of the risk
of CHD. Non-HDL-C represented the total cholesterol
causing atherosclerosis and might accurately reflect the
cholesterol levels of atherosclerotic lipoprotein granules; its
role in prediction and prognosis of CHD was significantly
better than LDL-C [19]. Chai Yugqiong et al [20] found that
non-HDL-C could be used as a supplement to LDL-C and
served as a new indicator to assess the severity of coronary
artery disease, recurrence risk of cardiovascular events, and
residual risk of cardiovascular events. The results of this
study showed that patients with hypothyroidism had
significantly higher TG/HDL-C, LDL-C/HDL-C, LCI and
non-HDL-C than those in the SCH and control groups; the
SCH group had higher LDL-C/HDL-C and non-HDL-C than
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the control group and there was no significantly difference in
the remaining indicators between the two groups. As to the
correlation of TH with blood lipid ratios, TC showed the
highest correlation followed by non-HDL-C, LDL-C and LCI.
TG/HDL-C, LCI and non-HDL-C easily calculated and were
not affected by diet and sex, which unveiled a new way to
predict hypothyroidism and SCH’s relation of cardiovascular
diseases.

Data showed that Hcy may increase the risk of CHD by 4%

for each 4 umol/L increased; the increase of Hcy 5 pmol/L
had the same effect on increasing the incident of CHD with
increasing of TC 0.5mmol/L [21]. Song Qingzhang et al [9]
found that Hey of patients with hypothyroidism significantly
negatively correlated with FT3 and FT4 and significantly
positively correlated with TG, and not correlated with TC,
HDL-C, and LDL-C; therefore elevated serum of Hcy was
believed to be an important risk factor for hypothyroidism
complicated with CHD. Sun Jihong et al [22] found that FT3
of patients with hypothyroidism negatively correlated with
TC and LDL-C; FT4 negatively correlated with TC, HDL-C,
and LDL-C. Yu Wenzhu et al. [23] reported that patients with
hypothyroidism and SCH had significantly elevated TG, TC,
LDL-C and Hcy and SCH, which positively correlated with
TSH; and HDL-C decreased. Zhou Chunjuan et al [4] found
that in the process of transformation from SCH to
hypothyroidism, Hcy and TSH positively correlated with
each other. Patients with hypothyroidism with elevating
serum of Hcy indicated a higher incidence of cardiovascular
diseases; therefore combined detection of TSH and Hcy
might be of great value in the diagnosis and treatment of
hypothyroidism. Xiong Lu et al [24] found that slightly
elevated TSH (<10 mIU/L) had little effect on TG and
LDL-C, but the plasma Hcy might be increased; and
significantly elevated TSH (=10 mIU/L) might cause TG,
LDL-C, and Hcy to increase significantly. A meta-analysis
showed that the level of Hcy associated with the severity of
hypothyroidism and that treatment with L-T4 reduced the
level of Hcy in patients [25]. This study found that patients
with hypothyroidism and TSH had significantly higher serum
of Hcy than those in the control group, and there was
significant difference between the two groups, which was
consistent with the above findings; and TSH is positively
correlated with TC, TG, LDL-C, TC/HDL-C, TG/HDL-C,
LDL-C/HDL-C, LCI, non-HDL-C and Hcy.

5. Conclusion

In general, patients with hypothyroidism are often
complicated with significant dyslipidemia and abnormal Hcy,
manifested as significantly elevated TG, TC, LDL-C and Hcy;
and TG/HDL-C, LDL-C/HDL-C, LCI and non-HDL-C were
significantly higher than those in the SCH and control groups.
SCH patients also underwent changes accordingly in their
blood lipid profile, blood lipid ratios and Hcy. The changes in
blood lipid profile and blood lipid ratios and elevated Hcy
were considered the risk factors of hypothyroidism
complicated with CHD. In addition, blood lipid ratios are of

significantly high value in prediction than single blood lipid
indicator. With the improvement of thyroid functions after
treatment, blood lipid profile, blood lipid ratios and Hey can
return to normal levels to prevent the occurrence of CHD.
Therefore, dynamic monitoring of blood lipid ratios and Hcy
are of great value in the transformation to hypothyroidism
and prediction of cardiovascular diseases. Combined
detection has unveiled a new way to the prevention and
treatment of hypothyroidism complicated with cardiovascular
diseases.
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