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A Relevance of Lipid Changes in Hypothyroidism Patients
Associated with and without Metabolic Syndrome
Savita Rathore1, Amita Parmar2, Meena Varma3
ABSTRACT
Introduction: Thyroid hormones appear to serve as a general
pacemaker accelerating metabolic process and may be associated with metabolic syndrome. Metabolic syndrome (MetS), a
cluster of disorders including central obesity, glucose intolerance, hypertension and dyslipidemia, has been used to identify
individuals at risk of cardiovascular disease (CVD).
Material and Methods: A total of 81(cases 51, control 30)
hypothyroid patients with age and gender matched were recruited as control group. Lipid profile and thyroid profile were
investigated by using standard procedures.
Results: Lipid profile consisted of TC, TG, VLDL-C, LDL-C
and ratios of TC/HDL-C and LDL-C/HDL-C showed statistical significantly raised (P <0.0001) whereas HDL-C observed
decreased (P <0.0001) as same manner in total hypothyroid
patients than control group. In case of thyroid profile T3
and T4 showed statistical significantly decreased as HDL-C
(P<0.0001) while TSH levels found significantly higher in hypothyroid patients than control group. The significant changes
were found in some variable on comparison between with and
without metabolic syndrome groups of subclinical and overt
hypothyroidism patients.
Conclusion: This study on metabolic syndrome in thyroid
dysfunction population may help us to plan management
strategies, resulting in significant reduction in cardiovascular
morbidity and mortality due to metabolic syndrome.
Keywords: Hypothyroidism, Metabolic Syndrome, Lipid
Profile and Thyroid Profile

INTRODUCTION
Hypothyroidism is a very common endocrine problem; it
causes symptoms that reduce the functional status and quality
of life. Hypothyroidism is defined as a deficiency of thyroid
activity. It results from reduced secretion of either total thyroxine (T4) or triiodothyronine (T3). It leads to hyper-secretion of pituitary thyroid-stimulating hormone (TSH) and so
greater increase in serum TSH levels.1 Hypothyroidism can
be either overt or subclinical. Subclinical hypothyroidism
predisposes to overt hypothyroidism. Hypothyroidism leads
to hypercholesterolaemia because of reduced activity of lipoprotein lipase and thus increases the cardiovascular risk.2
Thyroid hormones appear to serve as a general pacemaker
accelerating metabolic process and may be associated with
metabolic syndrome.3 Metabolic syndrome (MetS), a cluster
of disorders including central obesity, glucose intolerance,
hypertension and dyslipidemia, has been used to identify individuals at risk of cardiovascular disease (CVD)4,5 Thyroid
functions affect metabolic syndrome parameters including
HDL cholesterol, triglycerides, blood pressure and plasma

glucose. Thyroid dysfunction is a risk factor for CVD mediated by the effects of thyroid hormones on lipid metabolism
and blood pressure.6
Criteria to definition of metabolic syndrome (MetS)
The metabolic syndrome criteria according to the 2001 National Cholesterol Education Program/ATP III4: Current ATP
III criteria define the metabolic syndrome as the presence of
any three of the following five traits:
1. Abdominal obesity, defined as a waist circumference in
men >102 cm (40 in) and in women >88 cm (35 in). 2. Serum
triglycerides ≥150 mg/dL (1.7 mmol/L) or drug treatment for
elevated triglycerides. 3. Serum HDL cholesterol <40 mg/dL
(1 mmol/L) in men and <50 mg/dL (1.3 mmol/L) in women
or drug treatment for low HDL-C. 4. Blood pressure ≥130/85
mmHg or drug treatment for elevated blood pressure. 5.
Fasting plasma glucose (FPG) ≥100 mg/dL (5.6 mmol/L) or
drug treatment for elevated blood glucose.
This study was carried out to find out the relationship in
changes of lipids levels in hypothyroid patients with and
without metabolic syndrome and to see the correlation of
different components of lipid profile with TSH levels.

MATERIAL AND METHODS
The study was performed in Clinical Biochemistry Department, Sri Aurobindo Institute of Medical Sciences, Indore.
A total of 81(cases 51, control 30) hypothyroid patients with
age and gender matched were recruited as control group by
using convenience sampling technique. After obtaining the
informed consent each patient was subjected to detailed history and clinical examination which include anthropometric
measurements, lipid profile and thyroid profile. On this basis only those patients were selected who were having hypothyroidism with or without metabolic syndrome. Subjects
were taking lipid lowering drugs, pregnant women and infants were excluded as cases from the study. Healthy age and
gender matched controls with no acute or chronic illness, on
anti-inflammatory drugs, pregnant women or women using
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oral contraceptive pills were excluded as controls. Serum Total T3, Total T4 and TSH were analyzed on fully automated
immunoassay system (Cobas e411, Roche, Hitachi) based on
principle of chemiluminiscence immunoassay. Lipid profile
included measurement of total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C) and triglycerides (TG) were
analyzed by Vitros-5.1, FS auto analyzer by using readymade dry chemistry kits from Ortho-Clinical diagnostics,
Johnson & Johnson, USA. Low density lipoprotein cholesterol (LDL-C) and very low density lipoprotein cholesterol
(VLDL-C) calculated by using the Friedwald formula. The
data was analyzed by using XLSATE version 2014 software
package. Mean, Standard deviation and correlation coefficient (r) were applied. A P value < 0.05 was considered as
statistically significant.

RESULTS
The present work is a hospital based cohort study in which
51 hypothyroid subjects, with or without metabolic syndrome, were recruited. Of the 51 hypothyroid patients with
mean age of 38.92 ± 11.27 years, 31 were females and 20
were males in the study group. Patients were distributed in
to different groups. The percentage of hypothyroidism and
metabolic syndrome in each group were determined.
Out of total 51 subjects 22 were overt hypothyroid and 29
in subclinical hypothyroid group. Among these groups MetS
is distributed, 58.8 % in overt hypothyroidism and 41.3%
in subclinical hypothyroidism. Whereas more number of females (n=11 and n=9) in overt and subclinical hypothyroid
groups than male (n=7 and n=3). Our study revealed that the
prevalence of metabolic syndrome was more among the females with thyroid dysfunction. This conclusion was withdrawn from: 75% of SCH and 61.1% of overt hypothyroid

patients were females and that metabolic syndrome is significantly higher in SCH and overt hypothyroidism patient
group. A higher prevalence in women might be related to
their higher rate of obesity. In the present study we found the
extremely significantly (P <0.0001) increased of all anthropometric parameters (blood pressure, BMI and WC) except
age (p=0.1738 NS) in total (n=51) hypothyroidism patients
than control (n=30) subjects. Lipid profile consisted of TC,
TG, VLDL-C, LDL-C and ratios of TC/HDL-C and LDL-C/
HDL-C showed statistical significantly raised (P <0.0001)
whereas HDL-C observed decreased (P <0.0001) as same
manner in total hypothyroid patients than control group. In
case of thyroid profile T3 and T4 showed statistical significantly decreased as HDL-C (P <0.0001) while TSH levels
found significantly higher in hypothyroid patients than control group. (Table 1). In the present work we did not find any
statistical significant (P >0.05) difference in age between
any group.
Table 2 showed the significance changes between overt and
subclinical hypothyroidism patients.
Lipid profile and TSH levels showed the statistical significantly higher (P <0.001) while T3, T4 and HDL-C showed
significantly decreased (P <0.001) in overt hypo when compared with SCH patient. No significant differences were
found in anthropometric parameters (Age, WC, BMI and
blood pressure) with P values 0.3487, 0.1186, 0.3618 and
0.3108 respectively between overt and subclinical hypothyroidism patients. Whereas all variables were found significantly (P <0.001) elevated except age while T3, T4 and
HDL-C were observed (P <0.001) significantly lower in both
the groups when they compared with control group.
In the present work, we did not find any significant changes on comparison between with and without metabolic syndrome groups of overt hypothyroidism patients. All variable

Parameters
Hypothyroidism (Mean±sd)
Control (Mean±sd)
P values
Age (Years)
38.92±11.27
36.70±8.08
0.1738
WC (CM)
93.88±7.75
80.16±4.04
<0.0001
BMI (Kg/M2)
26.33±1.48
23.00±1.12
<0.0001
BPS (MM/Hg)
126.17±7.97
118.16±4.37
<0.0001
DPS (MM/Hg)
87.78±6.06
80.16±4.04
<0.0001
TC (MG/DL)
190.08±57.46
116.42±13.74
<0.0001
TG (MG/DL)
174.55±52.53
102.57±10.14
<0.0001
HDL-C (MG/DL)
28.42±5.59
47.90±5.22
<0.0001
LDL-C (MG/DL)
126.69±56.79
48.01±14.97
<0.0001
VLDL-C (MG/DL)
34.91±10.50
20.51±2.02
<0.0001
TC:HDL-C
7.27±3.72
2.46±0.44
<0.0001
LDL-C:HDL-C
4.97±3.26
1.02±0.40
<0.0001
T3 ng/ML
0.93±0.42
1.67±0.27
<0.0001
T4 µg/ML
5.03±2.08
9.69±1.05
<0.0001
TSH µIU/ML
35.81±31.69
3.59±0.98
<0.0001
All values are expressed in mean & standard deviation (Mean±SD).
P values less than 0.05 indicates significant difference between the two groups or variables.
Abbreviation: BMI=body mass index; BPS=systolic blood pressure; DPS=diastolic blood pressure; WC= waist circumference; T3=triiodothyronine; T4=thyroxine; TSH=thyroid-stimulating hormone HDL-C=high density lipoprotein cholesterol; LDL-C=low density
lipoprotein cholesterol; TC=total cholesterol; TG=triglyceride; TC: HDL= ratio of total and high density lipoprotein cholesterol;
LDL:HDL= ratio of low density lipoprotein and high density lipoprotein cholesterol.
Table-1: Comparison of all variables between Control and Hypothyroidism Subjects
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reported statistical not (P >0.05) significant. Only Age, diastolic blood pressure, WC, BMI, HDL-C and TSH levels
considered not but quit significant with P values 0.0962,
0.0698, 0.0524, 0.0744, 0.0692 and 0.0512 respectively. But
when they compared with control subjects some of variables
showed significant variation. Overt hypothyroidism with
metabolic syndrome group presented the extremely significantly (P <0.0001) raised values of all variables except T3,T4
and HDL-C which were showed significantly decreased on
comparison with control group whereas without metabolic
syndrome group showed the extremely (P <0.0001) significantly increased of BMI, lipid profile, TSH and systolic
blood pressure showed statistical significant (P =0.0325)
while T3, T4 and HDL-C observed significantly decreased
and diastolic blood pressure considered not quit significant
with P =0.0560 on comparison with control group. (Table 3).
The significant changes were found in some variable on
comparison between with and without metabolic syndrome
groups of subclinical hypothyroidism patients. Thyroid
profile (T3, T4 and TSH) and diastolic blood pressure reParameters
Age (Years)
WC (CM)
BMI (Kg/M2)
BPS (MM/Hg)
DPS (MM/Hg)
TC (MG/DL)
TG (MG/DL)
HDL-C (MG/DL)
LDL-C (MG/DL)
VLDL-C (MG/DL)
TC:HDL-C
LDL-C:HDL-C
T3 ng/ML
T4 µg/ML
TSH µIU/ML

Parameters
Age (Years)
WC (CM)
BMI (Kg/M2)
BPS (MM/Hg)
DPS (MM/Hg)
TC (MG/DL)
TG (MG/DL)
HDL-C (MG/DL)
LDL-C (MG/DL)
VLDL-C (MG/DL)
TC:HDL-C
LDL-C:HDL-C
T3 ng/ML
T4 µg/ML
TSH µIU/ML

ported not (P >0.05) significant. BMI and lipid profile except HDL-C showed the significantly (p<0.001) higher and
HDL-C declined (P <0.001) significantly in SCH with MetS
than without MetS of SCH group. Whereas TG and VLDL
observed not statistical (P >0.05) significant with P values
0.4711 while Age and systolic blood pressure considered not
quit significant with P values 0.0793 and 0.0870 respectively. (Table 3).
But when they compared with control group we noticed the
extremely significantly changes in all variables except age.
Subclinical hypothyroidism with and without metabolic syndrome group showed the extremely significant (P <0.0001)
difference with all variables except age (P =0.3531, 0.1553)
on comparison with control group. (Table 3).
We also compared between with and without metabolic syndrome groups of both overt and subclinical hypothyroidism.
The measured anthropometric (age, blood pressure, WC and
BMI) parameters found not significant (P >0.05) while HDL
considered not quit significant with P values 0.0887 and rest
of the variables (TC, TG, LDL, VLDL, TC:HDL, LDL:H-

Overt hypothyroidism (Mean±sd)
Subclinical hypothtroidism (Mean±sd)
39.63±9.96
38.37±12.30
95.36±9.43
92.73±6.13
26.42±1.76
26.27±1.25
126.81±7.95
125.68±8.09
87.95±6.66
87.65±5.68
224.41±67.69
164.03±28.83
204.60±60.75
151.57±30.20
25.81±5.22
30.48±5.06
157.67±67.89
103.20±31.26
40.92±12.15
30.35±6.04
9.43±4.47
5.64±1.81
6.76±3.98
3.62±1.64
0.60±0.34
1.18±0.28
2.96±1.11
6.61±0.93
60.11±33.10
17.37±12.47
Table-2: Comparison of all Variables between all three Study Groups

P values
0.3487
0.1186
0.3618
0.3108
0.4317
<0.0001
<0.0001
0.0012
0.0002
<0.0001
<0.0001
0.0002
<0.0001
<0.0001
<0.0001

Overt Hypothyroidism (Mean±sd)
Subclinical hypothtroidism (Mean±sd)
With MetS
Without MetS
With MetS
Without MetS
39.31±9.46
32.75±1.70
42.25±13.71
35.64±10.81
96.20±9.40
87.63±6.39
94.61±7.27
91.44±5.00
26.63±1.78
25.15±1.61
26.82±1.32
25.88±1.08
128.43±8.70
122.50±2.08
128.33±9.12
123.82±6.96
89.37±6.80
83.75±6.39
88.50±6.65
87.05±5.01
234.19±63.34
186.50±96.07
182.75±21.63
150.82±26.17
211.58±668.42
175.25±21.68
152.25±29.16
151.40±31.79
25.37±4.48
29.75±7.22
27.50±3.26
32.58±5.11
166.50±62.71
121.70±99.02
124.80±21.34
87.95±28.30
42.31±13.68
35.05±4.33
30.45±5.83
30.28±6.36
9.88±4.57
7.07±4.77
6.77±1.39
4.83±1.66
7.14±4.03
4.79±4.40
4.65±1.25
2.88±1.51
0.57±0.35
0.68±0.39
1.10±0.25
1.24±0.29
2.81±10.5
3.14±1.55
6.75±0.95
6.51±0.93
68.13±32.44
36.71±33.67
20.59±16.68
15.10±8.22
Table-3: Comparison of all Variables between all Study Groups
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DL, T3, T4 and TSH) showed highly significant (P <0.001)
between overt and subclinical with metabolic syndrome
patients group. Only the thyroid profile (T3, T4 and TSH)
showed the significant (P <0.001) difference while TC, TG,
VLDL, and ratio of TC:HDL and LDL:HDL considered not
but quit significant with P values 0.0854, 0.0873, 0.0873,
0.099 and 0.0705 respectively and rest of the variables (age,
blood pressure, WC and BMI) reported not (P >0.05) significant on comparison without metabolic syndrome of overt
and subclinical patients groups. (Table 3).
In the present work we measured the correlation coefficient
(r) between TSH and other investigated variables in total
hypothyroidism patients. We observed the direct relationship between TSH and most of the variables. TC, LDL-C,
VLDL-C TG including ratios of TC/HDL-C and LDL-C/
HDL-C showed the positive relationship with TSH levels.
(Table 4). Out of the anthropometric parameters only the
BMI showed positive whereas age and BP did not show any
significant relation to the TSH while WC considered not quit
significant. We also observed an inverse relationship between TSH and thyroid hormone (T3 and T4) and HDL-C
levels in total hypothyroidism patients.

DISCUSSION
Hypothyroidism is associated with many biochemical abnormalities. Levels of total cholesterol and low density lipoprotein cholesterol tend to increase as thyroid function declines.7 Thus hypothyroidism constitutes a significant cause
of secondary dyslipidemia. Jung8 found mean plasma total
cholesterol and LDL cholesterol levels elevated in hypothyroidism cases than normal controls. In another study, average
serum total cholesterol level was found elevated in primary and secondary hypothyroidism.9 Keyes and Heimberg10,
Laker and Mayes11 found triglyceride level elevated in hypothyroid patients. So, our study findings were consistent with
the previous studies done by other investigators.
In hypothyroid patients, despite the reduced activity of HMG
CoA reductase, there is often an increase in the serum total cholesterol concentration, mainly due to raised levels of
serum LDL cholesterol and intermediate density lipoprotein
(IDL) cholesterol.12 Decreased thyroid secretion greatly increases the plasma concentration of cholesterol because of
decreased rate of cholesterol secretion in the bile and consequent diminished loss in the feces due to decreased number of low density lipoprotein receptors on liver cells.13
Decreased activity of LDL receptors resulting in decreased
receptor-mediated catabolism of LDL and IDL is the main
cause of the hypercholesterolemia observed in hypothyroidism.14
Increase in HDL cholesterol concentration is mainly due to
increased concentration of HDL2 particles. Dullaart15 have
stated that decreased activity of CETP (cholesteryl ester
transport protein) results in reduced transfer of cholesteryl
esters from HDL to VLDL, thus increasing HDL cholesterol levels. Lam16 have stated that in hypothyroid patients
decreased activity of hepatic lipase leads to the decreased
catabolism of HDL2 particles leading to increased HDL. So,
588

S.
No.

Parameters

Correlation
P values
coefficient (r)
AGE (Years)
0.001
0.9905
WC (CM)
0.2573
0.0684
BMI (Kg/M2)
0.3044
0.0299
BPS (MM/Hg)
0.0497
0.7288
DPS (MM/Hg)
0.0726
0.6124
TC (MG/DL)
0.6221
<0.0001
TG (MG/DL)
0.6774
<0.0001
HDL-C (MG/DL)
-0.4318
0.0016
LDL-C (MG/DL)
0.5466
<0.0001
VLDL-C (MG/DL)
0.6774
<0.0001
TC:HDL-C
0.5591
<0.0001
LDL-C:HDL-C
0.5173
<0.0001
T3 ng/ML
-0.8302
<0.0001
T4 µg/ML
-0.7069
<0.0001
r=correlation coefficient between the variables; P values less
than 0.05 indicates significant difference between the two
groups or variables.
Table-4: Correlation between TSH and all Variables in Total
Hypothyroidism Patients

decrease in HDL cholesterol level in our study might be due
to increased activity of CETP and lipoprotein lipase in hypothyroid patients.
Our study also revealed the prevalence of metabolic syndrome was more among the females with thyroid dysfunction. A higher prevalence in women might be related to their
higher rate of obesity. This finding was consistent with the
study done by Shantha et al.,17 who found that females with
metabolic syndrome had significant association with SCH.
The study by Uzunlulu et al;18 and Nehal Hamdy et.al;19 had
also shown females to be more associated with SCH and
metabolic syndrome.
Our study was similar to other authors who were reported
as patients with overt hypothyroidism exhibit significantly
higher TC, LDL-C and TG compared to normal controls.20
The increase in lipid levels can be reversed by thyroid hormone supplementation.21 In subjects with subclinical hypothyroidism, significant increase in the levels of TC, LDL-C,
TC/HDL ratio compared to euthyroid subjects has been also
observed.22 The significant and independent relationship
between TSH and TG, as shown in the current study was
further supported by the observations of Wang et al.23, in
which TSH and TG was significantly associated in a Chinese
euthyroid population. They also found that TSH was not associated with HDL-C and LDL-C which were not similar
to the present study. We reported significantly higher values
in lipid and BMI in with metabolic syndrome than without
metabolic syndrome cases of subclinical hypothyroidism
patients. Whereas Lai Y et. al., have been suggested an associations between subclinical thyroid disease and MetS in
their previous studies. A recent study in Taiwan explored the
relationship between serum TSH levels and components of
MetS, concluding that even slight increases in TSH, as in
subclinical hypothyroidism, may be a MetS risk factor; in
that study, TSH levels were significantly higher in the MetS
group than in the non-MetS group.24
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In our study showed the positive relationship of high TSH
with BMI in total hypothyroidism patients while according
to Roos et al study’s6 showed positive relationship of low
T3 and T4 with WC in both men and women. Some studies showed adipocytes and pre-adipocytes expressed TSH
receptors, TSH bounded with TSH receptors and induced
pre-adipocytes to produce and release adipokines, some
of them such as leptin played a very important role in the
onset of metabolic syndrome and cardiovascular disease.25
Abnormal thyroid function can increase peripheral vascular
resistance and activate the sympatho-adrenal system, leading
to increase in BP but our findings are in disagreement with
some researchers like Salkiti et al26, Waterhouse et al27 and
Nagasaki et al28 who found that TSH positively correlated
with systolic BP and or diastolic BP. Park et al29 found that
higher levels of TSH predict the prevalence and risk of metabolic syndrome in overt hypothyroidism and subclinical hypothyroidism. We also agreed with their study. Our study has
confirmed the presence of a positive relationship between serum TSH and cholesterol levels. This is supported by Xu et
al.,30, studies who reported an inverse relationship between
thyroxin and cholesterol while the positive with TSH.
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9.

10.
11.
12.

13.
14.

CONCLUSION
TSH may be one of many biochemical modulators of circulatory lipids. High TSH was associated with deleterious
changes in serum lipids which may increase the cardiovascular mortality and morbidity in patients of subclinical and
overt hypothyroidism with metabolic syndrome or without
metabolic syndrome. This study on metabolic syndrome in
thyroid dysfunction population may help us to plan management strategies, resulting in significant reduction in cardiovascular morbidity and mortality due to metabolic syndrome.

REFERENCES
1.

2.
3.
4.

5.
6.

7.

Desai JP, Vachhani UN, ModiG, Chauhan K. A study
of correlation of serum lipid profile in patients with hypothyroidism. International Journal of Medical Science
and Public Health. 2015;4:1108-1112.
Shafi M, Azim W and Nawaz Ma. Effect of Hypothyroidism On Lipid Profile In Asymptomatic Newly Diagnosed Patients. Biomedica. 2013; 29:12-15.
Dillmann WH. Mechanism of action of thyroid hormones. Med Clin North Am. 1985;69:849-61.
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive summary
of the third report of the National Cholesterol Education
Program (NCEP) expert panel on detection, evaluation,
and treatment of high blood cholesterol in adults (Adult
Treatment Panel III). JAMA. 2001;285:2486-2497.
Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;365:1415-1428.
Roos A, Bakker SJ, Links TP, Gans RO, Wolffenbuttel
BH. Thyroid function is associated with components of
the metabolic syndrome in euthyroid subjects. J Clin
Endocrinol Metab. 2007;92:491-496.
Liberopoulos EN, Elisaf MS. Dyslipidemia in patients
with thyroid disorders. liberopoulos.pdf, Greece: Moses

15.

16.

17.

18.
19.

20.
21.

22.
23.
24.

S Elisaf, 2002/05.
Jung CH, Sung KC, Shin HS, Rhee EJ, Lee WY et al.
Thyroid dysfunction and their relation to cardiovascular
risk factors such as lipid profile, hsCRP and waist hip
ratio in Korea. Korean J Intern Med. 2003;18:146-153.
Skanse B. On the difference in serum cholesterol between hypothyroidism of pituitary and of thyroid origin. The fourth international goitre conference. London:
Pergaman Press, 1961:108-118.
Keyes WG, Heimberg M. Influence of thyroid status on
lipid metabolism in the perfused rat liver. J Clin Invest.
1979;64:182-190.
Laker ME, Mayes PA. Effect of hyperthyroidism and
hypothyroidism and carbohydrate metabolism of the
perfused rat. Biochem J. 1981;96:247-255.
Kventy J, Heldgaard PE, Bladbjerg EM, Gram J. Subclinical hypothyroidism is associated with a low grade
inflammation, increased triglyceride levels and predicts
vascular disease in males below 50 years. Clin Endocrinol. 2004;61:232-238.
Guyton AC, Hall JE. The thyroid metabolic hormones.
In: Textbook of medical physiology. 10th edn. New
York: W B Saunders Company, 2000:858-868.
Thompson GR, Soutar AK, Spengel F A, Jadhav A,
Gavigan S, Myant NB. Defects of the receptormediated low density lipoprotein metabolism in homozygous
familiar hypecholesterolemia and hypothyroidism in
vivo. Proct Natl Acad Sci USA. 1981;78:2591-2595.
Dullaart RP, Hoogenberg K, Groener JE, Dikkeschei LD,
Erkelens DW, Doorenbos H. The activity of cholesteryl
ester transfer protein is decreased in hypothyroidism: a
possible contribution to alterations in high-density lipoproteins. Eur J Clin Invest. 1990;20:581-587.
Lam KS, Chan MK, Yeung RT. High-density lipoprotein cholesterol, hepatic lipase and lipoprotein lipase
activities in thyroid dysfunction - effect of treatment. Q
J Med. 1986;59:513-521.
Shantha G., Kumar A, Jeyachandran V, et al. Association between primary hypothyroidism and metabolic
syndrome and the role of C reactive protein: a cross–
sectional study from South India. Thyroid Research.
2009,2:2.
Uzunlulu M, Yorulmaz E, Oguz A. Prevalence of subclinical hypothyroidism in patients with metabolic syndrome. Endocr J. 2007;54:71-6.
Nehal Hamdy, Noha Adly,Yasser Bakr, et al. Association Between Subclinical Hypothyroidism And Metabolic Syndrome. International Journal of Advanced
Research. 2014;2:213-226.
Shashi A, Sharma N. Lipid Profile Abnormalities in Hypothyroidism. Int J Sci Nat. 2012;3:354-60.
Pearce EN, Wilson PWF, Yang Q, Vasan RS, Braverman LE. Thyroid Function and Lipid Subparticle Sizes
in Patients with Short-Term Hypothyroidism and a Population-Based Cohort. J Clin Endocrinol Metab. 2008;
93:888-94.
Santi A, Duarte MMMF, de Menezes CC, Loro VL. Association of Lipids with Oxidative Stress Biomarkers in
Subclinical Hypothyroidism. Int J Endocrinol. 2012:7.
Wang C-Y, Chang T-C, Chen M-F. Associations between subclinical thyroid disease and metabolic syndrome. Endocr J. 2012;59:911-7.
Lai Y, Wang J, Jiang F, Wang B, Chen Y et al. The rela-

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379

Volume 3 | Issue 2 | February 2016

589

Rathore et al.

25.

26.

27.

28.

29.

30.

A Relevance of Lipid Changes in Hypothyroidism Patients

tionship between serum thyrotropin and components of
metabolic syndrome. Endocr J. 2011;58:23-30.
Bastemir M, Akin F, Alkis E, Kaptanoglu B. Obesity
is associated with increased serum TSH level, independent of thyroid function. Swiss Med Wkly. 2007;
137:431-434.
Saltiki K, Voidonikola P, Stamatelopoulos K, Mantzou
E, Papamichael C, Alevizaki M, et al. Association of
thyroid function with arterial pressure in normotensive
and hypertensive euthyroid individuals: A cross-sectional study. Thyroid Research. 2008;1:3.
Waterhouse DF, McLaughlin AM, Walsh CD, Sheehan
F, O’shea D. An examination of the relationship between normal range thyrotropin and cardiovascular risk
parameters: a study in healthy women. Thyroid. 2007;
17:243-248.
Nagasaki T, Inaba M, Kumeda Y, Hiura Y, Shirakawa
K, Yamada S, et al. Increased pulse wave velocity in
subclinical hypothyroidism. J Clin Endocrinol. Metab.
2006;91:154-158.
Park SB, Choi HC, Joo NS. The relation of thyroid
function to components of the metabolic syndrome in
Korean Men and Women. J Korean Med Sci. 2011;
26:540-45.
Xu,C.; Yang,X.; Liu,W.; Yuan,H.; Yu,C et al. Thyroid
stimulating hormone, independent of thyroid hormone,
can elevate the serum total cholesterol level in patients
with coronary heart disease: a cross sectional design.
Nutrition & Metabolism 2012;9:44.

Source of Support: Nil; Conflict of Interest: None
Submitted: 04-01-2016; Published online: 25-01-2016

590

International Journal of Contemporary Medical Research
Volume 3 | Issue 2 | February 2016

ISSN (Online): 2393-915X; (Print): 2454-7379

