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ABSTRACT Introduction: Thyroid hormone influences the function of all body organs and cells. Thyroid abnormalities are 
accompanied by changes in intermediary metabolism including alterations in body weight and lipid profile.

Aim: to investigate the effect of hyperthyroidism on serum or plasma lipids profile, adiponectin and liver function tests as 
compared to controls. 
Materials and Methods: 40 rats weighing 220-250gm, divided into 2 groups (20 rats each). G1: control normal group; and 
G2: hyperthyroid rats group. Body weights were recorded on weekly bases. Serum or plasma FT3, FT4, TSH, total choles-
terol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C) triacylglycerols (TG), 
adiponectin, alanine and aspartate aminotransferase (ALT and AST) were measured using appropriate kits.
Results and Discussion: Results reveals significant decreased level of TC, HDL-C, LDL-C, VLDL-C, and TG in hyper thyroid 
rats when compared with the normal control group. Also a significant increase in ALT and AST levels were found in hyper 
thyroid rats when compared with the normal control group. Hyperthyroidism was associated with a 51.75% increase in adi-
ponectin (P< 0.0001). Adiponectin correlated with FT3 (r= 0.84, P< 0.0001) and FT4 (r= 0.96, P< 0.0001). Adiponectin was 
negatively correlated with TSH (r= 0.84, P< 0.0001), total cholesterol (r= -0.55, P< 0.0001), LDL-C (r= -0.46, P< 0.0001) and 
triacylglycerol (r = -0.38, P < 0.0001) in hyperthyroid rat group.
Conclusion: Hyperthyroidism is associated with abnormal lipid profile, high adiponectin, urea and creatinine levels. This 
may be a possible explanation for the high cardiovascular morbidity among hyperthy¬roidic subjects. This study indicates 
that monitoring of lipid level in patients with thyroid dysfunction would be helpful in preventing cardiovascular diseases.

Introduction
The thyroid gland secretes two iodine containing amine hor-
mones, L-thyroxine (T4) and tri-iodothyronine (T3). Free T3 
and T4 enter all cells through the plasma membrane and 
bind to a nuclear T3 receptor. Thyroid diseases are primarily 
conditions that affect the amount of thyroid hormones being 
produced. Excess production leads to hyperthyroidism while 
diminished production leads to hypothyroidism (1). Thyroid 
function regulates some metabolic parameters as lipoprotein 
metabolism (so any disturbance in thyroid hormones leads 
to dyslipidemia) and some cardiovascular disease (CVD) risk 
factors (2,3). Hyperthyroidism is characterized by decreased 
body weight, as well as decreases in plasma lipids such as 
plasma cholesterol and triacylglycerols (2). 

Through internet searching, a few studies were available 
dealing with the effect of thyroid gland disorder (hormones 
especially in case of hyperthyroidism) on liver, since thyroid 
hormones affect metabolic rate of cells including hepato-
cytes. Thyroid gland hormones (T3 and T4) have an impor-
tant rule in maintaining the natural liver function (4) and also 
their effect on adiponectin.

Adiponectin is an adipose tissue hormone with multiple func-
tions (5). Plasma adiponectin has been reported to correlate 
positively with plasma lipids, in particular HDL cholesterol 
(HDL-C) (6). Adiponectin has been suggested to increase 
fatty acid oxidation and alter energy expenditure (7).

The aim of this study was to investigate the effect of hyper-
thyroidism on serum lipids profile, adiponectin and liver func-
tion tests as compared to controls.

Materials and Methods
This study was approved by the high society of scientific eth-
ic committee of NNI (National Nutrition Institute) & GOTHI 
(General Organization for Teaching Hospitals and Institutes).

This study was carried out on 40 adult male albino rats weigh-
ing 220- 250 gm at start of the study and housed individu-

ally in suspended wire-mesh cages and maintained under 
standard conditions of boarding. All rats were fed standard 
rat chow before starting the experiment for 10 days (adapta-
tion period). The standard rat chow diet (AIN-93 M diet for-
mulated for adult rodents) was prepared according to (8,9). 
Water and diet were given ad libiyum.

The rats were allocated into 2 groups 
1.	 Group 1: include control rats (n=20). These rats were 

treated with intraperitoneal injection of normal saline in a 
similar volume as test group. 

2.	 Group 2 include untreated hyperthyroid rats (n=20). Hy-
perthyroidism was induced by daily intraperitoneal injec-
tion of tetra-iodo-thyronine in a dose of 10 μg/100 g BW 
for 30 days (40 μg dissolved in 1 ml normal saline) as 
described by (10). 

Weights of the rats and diets were recorded on a weekly 
base. The experiment lasted for 4 weeks (30 days) and at the 
end of the experiment, rats were fasted overnight, and then 
sacrificed, anesthetized under diethyl ether; the blood was 
collected and kept in tubes with and without anticoagulant. 
They were kept at –80 °C if not analyzed immediately. Liver 
was removed, washes with saline, dried and then weighed. 
Relative liver weights (RLW) were calculated as follow: RLW= 
[liver weight (LW)/Final Body Weight (FBW)] X 100.

Biochemical Analysis
The following parameters were monitored: Serum or plasma 
FT3, FT4, TSH, total cholesterol (TC), low density lipoprotein 
cholesterol (LDL-C), high density lipoprotein cholesterol 
(HDL-C) triacylglycerols (TG), adiponectin, alanine and as-
partate aminotransferase (ALT and AST). FT3 was determined 
using Rat Free Thyroxine, FT3 ELISA Kit, supplied by Anti-
bodies-online.com for the in vitro quantitative determination 
of Rat Free Thyroxine, FT3 concentrations in cell culture su-
pernates, serum, plasma and other biological fluids, Catalog 
No: ABIN572358.

FT4 was determined using Rat Free Thyroxine (FT4) ELISA 
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Kit, supplied by CUSABIO BIOTECH CO., Ltd. for the in vitro 
quantitative determination of rat FT4 concentrations in se-
rum, plasma and other biological fluids, Catalog No. CSB-
E05079r. TSH was determined using kits supplied by ALPCO 
IMMUNOASSAYS, ALPCO Diagnostics. Thyroid Stimulating 
Hormone (Rat) ELIZA for the quantitative determination of 
TSH in rat serum and plasma, Catalog No. 55-TSHRT-E01. 
Adiponectin was determined using kits supplied by ALPCO 
IMMUNOASSAYS, ALPCO Diagnostics. Rat Adiponectin ELI-
SA for the quantitative determination of adiponectin in rat 
serum and plasma, Catalog No. 22-ADPRT-E01. The serum 
total cholesterol (TC) and serum high density lipoprotein 
cholesterol (HDL-C) level was determined using colorimet-
ric enzymatic kits (SGM Italia, Rome, Italy), according to the 
method described by (11,12) respectively. The serum low 
density lipoprotein cholesterol (LDL-C) level was determined 
using colorimetric enzymatic kits (SGM Italia, Rome, Italy), ac-
cording to the method described by (13). The serum triacyl-
glycerol (TG) level was determined using colorimetric enzy-
matic kits (SGM Italia, Rome, Italy), according to the method 
described by (14). Very low density lipoprotein cholesterol 
(VLDL-C) level was calculated using the following equation: 
VLDL-C= TC–(HDL-C+LDL-C). ALT and AST activities were 
measured spectrophotometrically by the methods of (15). 

Statistical analysis
Data are expressed as Mean ±SEM. All statistical data and 
significance tests (T Test for comparison between individual 
groups and control group; and correlation co-efficient) were 
performed using the Statistical Package for the Social Sci-
ences version 11 (SPSS Inc, Chicago, IL, USA). Statistical sig-
nificance was accepted at P < 0.05.

Results
Results of Table (1) reveal significant decrease in body weight, 
the decrease reach 32.33% compared to control group, and 
a significant increase in liver weight of hyperthyroid group 
compared to normal euthyroid group. The increase reach 
17.66% compared to control group.

Based on diagnosis of hyperthyroidism, FT3 and FT4 were 
above normal, while TSH was below normal when compared 
with normal euthyroid control group (P< 0.0001, Table 2). 
FT3, FT4 and adiponectin levels were significantly increased 
as compared to normal euthyroid control group (P< 0.0001). 
FT3 and FT4 increase reach 70.48 and 26.7% respectively 
when compared with the normal control group. A significant, 
direct correlation was found between adiponectin and FT3 
and FT4 in hyperthyroid group. A significant, inverse corre-
lation was found between adiponectin and TSH, TC, LDL-C 
and triacylglyerols in hyperthyroid group (Table 3).

Results of Table (4) reveal significant decrease (P< 0.0001) in 
TC, HDL-C, LD-C, VLDL-C and triacylglycerols levels of hy-
perthyroid rats group when compared with the normal con-
trol group. 

Results of Table (5) reveal significant increase (P< 0.0001) in 
ALT and AST levels of hyperthyroid rats group when com-
pared with the normal control group. The increase reach > 2 
X (fold) normal level of control group.

Discussion
The diagnosis of hyperthyroidism was made on the basis of 
clinical examination, elevated levels of free thyroxine (FT4), 
free triiodothyronine (FT3) and suppressed TSH levels. 

Hyperthyroid rats showed significant decreases in body 
weight throughout the period of the study and at the end of 
the study, despite significant increase in food intake (un-pre-
sented data). These findings indicate negative energy bal-
ance due to increased metabolic rate & energy expenditure 
(16). The results of the experiment agree with (17).

The increased liver weight of hyperthyroid rats can be ex-

plained by the recent research which used triiodothyronine 
as a hepatic growth factor and showed that T3 might be a 
primary mitogen for the liver in animal models (i.e. it induces 
hepatocyte proliferation and increases liver mass when ad-
ministered at high doses in the absence of hepatic injury) 
(18).

The significant rise in thyroid hormones (FT3 and FT4) and 
significant decrease in TSH levels in hyperthyroid rat group 
are due to the negative feedback mechanism along the hy-
pothalamic-pituitary-thyroid axis  (17). 

During searching in the internet, only few data is present re-
garding the effect or relationship of hyperthyroid and adi-
ponectin. The increased levels of adiponectin in hyperthy-
roidism are consistent with the increased metabolic rate that 
is characteristic of hyperthyroid patients. Our results agree 
with (19,20) and disagree with (21,22) where they reported 
no significant changes were found in hyperthyroid human 
patients.

Thyroid hormones play a role in the regulation of adiponec-
tin expression as suggested by (23), where they reported 
increased adiponectin level in mice exposed to cold. Yoda 
et al., 2001 and Yu et al., 2006 (23, 20) found that insulin 
level increased significantly in hyperthyroid patients. Insulin 
has been reported to stimulate adiponectin secretion. The 
significant increased level of insulin stimulate adiponectin se-
cretion since insulin is this case act as stimulus as reported 
by (24).

Adiponectin correlated with FT3 (r = 0.84, P< 0.0001) and FT4 
(r= 0.96, P< 0.0001). Adiponectin was negatively correlated 
with TSH (r= 0.84, P< 0.0001), total cholesterol (r= -0.55, P< 
0.0001), LDL-C (r= -0.46, P< 0.0001) and triacylglycerol (r = 
-0.38, P < 0.0001) in hyperthyroid rat group.

The TC, HDL-C, LDL-C, VLDL-C and TG levels were found 
to be decreased in hyperthyroidism and this may be due 
to the rapid clearing of chylomicron remnants from blood 
stimulating cholesteryl ester transfer which in turn stimulate 
lipoprotein lipase. The main cause of the differences in total 
cholesterol concentrations is the alterations of LDL-C levels 
due to the increase in LDL receptor mRNA gene expression, 
which leads to an increase in activity and number of LDL re-
ceptors and enhance LDL receptor-mediated catabolism of 
LDL particles (1,25). This in turn, leads to a decrease in con-
centrations of LDL-C and TC levels.  Moreover, no difference 
in LDL subfraction distribution has been observed between 
hyperthyroid versus euthyroid subjects (26). Furthermore, hy-
perthyroidism results in enhanced LDL oxidability, which is 
related to FT4 levels (27).

In hyperthyroid a decrease in HDL-C levels is also observed 
(28). This decrease suggested being due to due to increased 
cholesteryl ester transfer protein (CETP)- mediated transfer 
of cholesteryl esters from HDL to VLDL and increased he-
patic lipase (HL)- mediated catabolism of HDL2 (29), or due 
to increased hepatic triglyceride lipase activity. Through the 
effects of thyroid hormones, hepatic lipase, a decrease, in 
HDL2/ HDL3 is reported. The most prominent alteration in 
HDL-C is due to the changes in HDL2 subfraction (30). The 
result of this study disagrees with (31) where he found no 
change in overt hyperthyroid or significant increase in sub-
clinical hyperthyroid human patients.

In this study adiponectin correlates inversely with total cho-
lesterol and triacylglycerols which agree with (20) and this 
may relates to the disruption of the usual elevated triglycer-
ide/low HDL-C relationship, which is a feature of hyper/hypo-
thyroidism (1,2). Yu et al., 2006 (20) reported an increase in 
non-esterified fatty acids (NEFA) and the enhanced release of 
NEFA from adipose stores, coupled to increased adiponec-
tin may stimulate fatty acid oxidation in muscle and liver (7) 
with a comparable decrease in lipoprotein production (32) 
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and this result is an anti-atherogenic lipid profile, which may 
be mediated through both thyroid hormones as well as adi-
ponectin.

The decreased level of TG levels could be due to the action 
of thyroid hormone on VLDL. Catabolism of VLDL is acceler-
ated in hyperthyroidism which is probably related to changes 
in activity of lipoprotein lipase (LPL) and/ or hepatic TG lipase 
(33). 

The results also pointed to significant increase (P< 0.001) in 
AST and ALT enzyme activity in the serum of hyperthyroid 
group, may be due to metabolism increasing in hepatocytes 

which lead in turn to increase ALT & AST (4), or due to the 
damage which may happen in the hepatocytes leading to 
leakage of enzymes from the cells (34). The results of this ex-
periment disagree with (35) where they found non significant 
increase in AST and no change in ALT in hyperthyroid rats.

Conclusion
Hyperthyroidism is associated with abnormal lipid profile, 
high adiponectin, urea and creatinine levels. This may be 
a possible explanation for the high cardiovascular morbid-
ity among hyperthyroidic subjects. This study indicates that 
monitoring of lipid level in patients with thyroid dysfunction 
would be helpful in preventing cardiovascular diseases.

Table (1): Effect of hyperthyroidism on final body weight (FBW), Body weight gain (BWG), liver weight (LW) and relative 
liver weight (RLW) compared to normal group.

IBW (gm) FBW (gm) BWG (gm) LW (gm) %LW
Mean±SEM 236.20±1.73 295.10±2.02 58.90±1.37 6.93±0.04 2.35±0.02
Mean±SEM 236.25±1.21 199.70±1.35 a -36.55±1.31 a 8.15±0.10 a 4.09±0.06 a

P< NS 0.0001 0.0001 0.0001 0.0001
% Change 0.02 -32.33 -162.05 17.66 73.94
X Fold 1.00 0.68 -0.62 1.18 1.74
G1: Normal control group; G2: Hyperthyroid Group; a: Significant from G1

Table (2): Comparison of FT3, FT4, TSH, T3/T4 and adiponectin between normal and hyperthyroid rats.
FT3 FT4 TSH T3/T4 Adiponectin
pg/ml ng/dl μIU/ml ng/ml

G 1 Mean±SEM 4.81±0.07 7.58±0.15 3.26±0.13 0.64±0.02 4.99±0.06
G 2 Mean±SEM 8.21±0.05 a 9.61±0.22 a 2.16±0.07 a 0.86±0.02 a 7.57±0.05 a

P< 0.0001 0.0001 0.0001 0.0001 0.0001
% Change 70.48 26.70 -33.78 34.50 51.75
X Fold 1.70 1.27 0.66 1.35 1.52

G1: Normal control group; G2: Hyperthyroid Group; a: Significant from G1

Table (3): Pearson Correlation co-efficient between adiponectin and FT3, FT4, TSH and lipid profi le.
FT3 FT4 TSH TC HDL-C LDL-C TG

G 1 0.2 0.096 -0.33 -0.16 -0.03 -0.19 -0.23
P < NS NS 0.05 NS NS 0.05 0.05
G 2 0.84 0.96 -0.87 -0.55 -0.27 -0.46 -0.38
P < 0.001 0.001 0.001 0.002 0.01 0.002 0.01
G1: Normal control group; G2: Hyperthyroid Group; a: Significant from G1

Table (4): Comparison of mean lipid profiles between normal and hyperthyroid rats. 
Cholesterol HDL-C LDL-C VLDL-C TG TG/HDL-C
gm/dl

Mean±SEM 92.68±1.24 44.55±0.65 31.75±1.41 16.38±0.44 77.73±1.16 2.20±0.04
Mean±SEM 62.95±0.75 a 31.57±0.40 a 22.40±0.99 a 8.98±0.42 a 55.92±0.75 a 2.41±0.04 a

P< 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
% Change -32.08 -29.14 -29.45 -45.19 -28.06 9.68
X Fold 0.68 0.71 0.71 0.55 0.72 1.10
G1: Normal control group; G2: Hyperthyroid Group; a: Significant from G1

Table (5): Effect of hyperthyroidism on liver function tests as alanine and aspartate aminotransferease compared with 
normal group. 

AST ALT
IU/ml

G 1 Mean±SEM 38.22±0.72 27.24±0.60
G 2 Mean±SEM 83.77±1.18 a 64.32±1.40 a

P< 0.0001 0.0001
% Change 119.20 136.17
X Fold 2.19 2.36

G1: Normal control group; G2: Hyperthyroid Group; a: Significant from G1



INDIAN JOURNAL OF APPLIED RESEARCH  X 17 

Volume : 3 | Issue : 9  | Sept 2013 | ISSN - 2249-555XRESEARCH PAPER

REFERENCE 1. Diekman MJ, Anghelescu N, Endert E, Bakker O and Wiersinga WM. Changes in plasma low-density lipoprotein (LDL) - and high-density 
lipoprotein cholesterol in hypo- and hyperthyroid patients are related to changes in free thy¬roxine, not to polymorphisms in LDL receptor or 

choles¬terol ester transfer protein genes. J Clin Endocrinol Metab., 2000; 85: 1857-1862. | 2. Pucci E, Chiovato L and Pinchera A. Thyroid and lipid metabolism. Int 
J Obesity Rel Metab Dis., 2000; 24: S109-S112. | 3. Duntas LH. Thyroid disease and lipids. Thyroid, 2002; 12: 287-293. | 4. Malik R, Mellor N, Selden C and Hodgson 
H. Characterizing the effects of thyroid hormone on the liver. Gut, 2000; 34 (1): 77-78. | 5. Zietz B, Herfarth H, Paul G, Ehling A, Muller-Ladner U, Scholmerich J, et 
al. Adiponectin represents an independent cardiovascular risk factor predicting serum HDL-cholesterol levels in type 2 diabetes. FEBS Lett., 2003; 545: 103-104. | 
6. Valsamakis G, Chetty R, McTerman PG, Al-Daghri NM, Barnett AH and Kumar S. Fasting serum adiponectin concentration is reduced in Indo-Asian subjects and 
is related to HDL cholesterol. Diabetes Obes Metab., 2003; 5: 131-135. | 7. Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, et al. Adiponectin stimulates 
glucose utilization and fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med., 2002; 8: 1288-1295. Reeves PG, Nielson FH, and Fahey GC Jr. Ain 
93 Purified diets for laboratory rodents: Final report of the American Institute of Nutrition and HOC Writing Committee on the Reformation of the Ain 76 A rodent 
diet. J Nutr., 1993; 123: 1939-1952. | 8. National Research Council (NRC) Committee on Animal Nutrition. (1978): Nutrient requirement of laboratory animals. No. 
10 3rd revised edition. National academy of science, National Research Council, Washington, DC. | 9. Reeves PG, Nielson FH, and Fahey GC Jr. Ain 93 Purified 
diets for laboratory rodents: Final report of the American Institute of Nutrition and HOC Writing Committee on the Reformation of the Ain 76 A rodent diet. J Nutr., 
1993; 123: 1939-1952. | 10. Venditti P, Pamplona R, Ayala V, De Rosa R, Caldarone G, and Di Meo S. (2006): Differential effects of experimental and cold induced 
hyperthyroidism on factors inducing rat liver oxidative damage. J Exp Biol., 2006; 209: 817-825. | 11. Allain CC, Poor LS, Chan CSG, Richmond W, and Fu PC. 
Enzymatic determination of total serum cholesterol. Clin. Chem., 1974; 20: 470-475. | 12. Lopes-Virella MF, Stone P, Ellis S, and Colwell JA. Cholesterol determination 
in high-density lipoproteins separated by three different methods. Clin Chem., 1977; 23:882-884. | 13. Bucolo G, and David H. Quantitative determination of 
triglycerides by the use of enzymes. Clin Chem., 1973; 19: 476-482. | 14. Fruchart JC, Bertrand M, Parra H, et al. Plasma lipoproteins and apolipoproteins. Value of 
their determination in the detection of coronary atherosclerosis. Comparison with data supplied by coronarography. Nouv Press Med., 1982; 11:3491-394. French. | 
15. Reitman S. and Frankel S. A colorimetric method for the determination of serum glutamic oxalacetic and glutamic pyruvic transaminases. Amer. J. Clin. Pathol., 
1957; 28: 56-63. | 16. Ganong WF. (2010): Review of Medical Physiology; 23rd edition. By Kim E. Barrett, Susan M. Barman, Scott Boitano, Heddwen L.Brooks; McGrew 
Hill company. Chapter 20 ″The thyroid gland″ page 310-312. | 17. Guyton AC and Hall JE. Thyroid metabolic hormones: In: Textbook of medical physiology. 11th 
ed. Philadelphia, PA: Saunders Elsevier, 2006, p: 931-943. | 18. Malik R and Hodgson H. The Relationship between The thyroid gland and the liver. QJ Med., 2002; 
95(9): 559-569. | 19. Yaturu S, Prado S and Grimes SR. Changes in adipocyte hormones leptin, resistin, and adiponectin in thyroid dysfunction. J Cell Biochem., 2004; 
93: 491-496. | 20. Yu H, Yang Y, Zhang M, Lu H, Zhang J et al. Thyroid status influence on adiponectin, acylation stimulating protein (ASP) and complement C3 in 
hyperthyroid and hypothyroid subjects. Nutri Meta., 2006; 3: 13 (http://www.nutritionandmetabolism.com/content/3/1/13). | 21. Iglesias P, Alvarez FP, Codoceo R and 
Diez JJ. Serum concentrations of adipocytokines in patients with hyperthyroidism and hypothyroidism before and after control of thyroid function. Clin Endocrinol 
(Oxf)., 2003; 59: 621-629. | 22. Santini F, Marsilli A, Mammoli C, Valeriano R, Scartabelli G, Pelosini C, et al. Serum concentrations of adiponectin and leptin in patients 
with thyroid dysfunctions. J Endocrinol Invest., 2004; 27: RC7. | 23. Yoda M, Nakano Y, Tobe T, Shioda S, Choi-Miura NH and Tomita M. Characterization of mouse 
GBP28 and its induction by exposure to cold. Int J Obesity Rel Metab Dis., 2001; 25: 75-83. | 24. Stefan N and Stumvoll M. Adiponectin – its role in metabolism and 
beyond. Horm Metab Res., 2002; 34: 469-474. | 25. Engler H and Riesen WF. Effect of thyroid function on concen¬trations of lipoprotein (a). Clin Chem., 1993; 39: 
2466-2469. | 26. Kim CS, Kang JG, Lee SJ, et al. Relationship of low-density lipoprotein (LDL) particle size to thyroid function status in Koreans. Clin Endocrinol (Oxf)., 
2009; 71: 130-136. | 27. Costantini F, Pierdomenico SD, De Cesare D, et al. Effect of thyroid function on LDL oxidation. Arterioscler Thromb Vasc Biol., 1998; 18: 732-
737. | 28. Ponsin G, Vialle-Valentin C, Berthezene F. Alterations of high density lipoproteins induced by thyroid hormones in man and rat. Adv Exp Med Biol., 1991; 
285: 147-154. | 29. Lagrost L. Regulation of cholesteryl ester transfer protein (CETP) activity: review of in vitro and in vivo studies. Biochim Biophys Acta., 1994; 1215: 
209-236. | 30. Staels B, Van Tol A, Chan L, Will H, Verhoeven G and Auwerx J. Alterations in thyroid status modulate apolipoprotein, he¬patic triglyceride lipase, and 
low density lipoprotein recep¬tor in rats. Endocrinology, 1990; 127: 1144-1152. | 31. Shrestha N. Thyroid dysfunction and its effect in serum lipids. J Nepal Health 
Res Counc., 2011; 9(18): 33-37. | 32. Havel PJ. Control of energy homeostasis and insulin action by adipocyte hormones: leptin, acylation stimulating protein, and 
adiponectin. Curr Opin Lipidol., 2002; 13: 51-59. | 33. Biondi B and Cooper DS. The clinical significance of subclinical thyroid dysfunction. Endocr Rev., 2008; 29(1): 
76-131. | 34. Ayodeji FA and Roland EA. Implication of altered thyroid state on liver function. Thyroid Res Prac., 2012; 9 (3): 84- 87. | 35. Khan M, Coovadia XM, Karvas 
JA et al. Clinical significance of hepatic dysfunction with jaundice in thyroid-fever. Dig Dis and Sci., 1999; 44: 590-591. | 


