
  : 

The study was conducted at the Specialized Center for Endocrinology and Diabetes in Al-Sadder Medical 
City in Najaf Governorate, Iraq throughout the period from first of April to first of September 2021 to 
determine the relation between physiological, immunological and biochemical marker in hypothyroidism 
with hyperlipidemia in both sexes. The study was included 90 blood samples, 60 blood sample from male 
and female affected with hypothyroidism with hyperlipidemia where their age ranged between 20 to 60 
years and 30 blood samples as a control group in the same age range. Body mass was measured for both 
groups. Blood samples of male and female with hypothyroidism and  hyperlipidemia and control were 
divided into Three groups depending on patients age, the  first age group (20-34) years (27 samples), the 
second group (35-49) years (13 samples), the third group (>=50) years (20 samples), and were divided 
into Three categories depending on BMI the normal weight in patients (7 sample) and control (13 
sample), overweight patients (22 sample) control (11 sample) and obesity patients (31 sample) control 
(6 sample) respectively. The study compared the age, gender, BMI, lipid profile, thyroid hormone and 
AMPK, and GDF-15 biomarkers between patients with hypothyroidism and hyperlipidemia and control 
group. The results revealed that there were no significant differences in age (P<0.05) between patients 
and controls, while there were significant differences (P<0.05) in gender, BMI, lipid profile, thyroid 
hormone and AMPK GDF-15 biomarkers between patients and controls. The study compare the level of 
AMPK and GDF-15 biomarkers between male and female patients, the results showed that AMPK  was 
not-significant (P<0.05) between male and female patients, and result show significant differences in 
GDF-15 (P<0.05) between male and female patients, also the results showed that AMPK and GDF-15 non-
significant (P>0.05) between age categories in patients, and results showed significant  differences 
(P<0.05) between BMI categories and AMPK and GDF-15 in patients and control. The study showed there 
was positive correlation of levels AMPK and GDF-15 biomarkers with age, lipid profile and thyroid 
hormone in patients, the results showed that negative correlation of levels AMPK and GDF-15 and age, 
Total Ch., TG, LDL, VLDL and TSH, but there was positive correlation with HDL, T3 and T4 except GDF-15 
there was no significant correlation with T3. In conclusions AMPK and GDF-15 levels biomarkers are 
decreased in patients with hypothyroidism with hyperlipidemia. 

 

Hypothyroidism is defined as a decrease in the secretion 
of triiodothyronine (T3) and thyroxine (T4), as well as 
diminished thyroid gland activity [1]. Reduced T3 and T4 
secretion may be linked with increased Pituitary TSH 
secretion, which is a significant laboratory finding, 
especially in the early diagnosis of thyroid dysfunction [2]. 
Hyperlipidemia is one of the symptoms of metabolic 
syndrome [3]. A rise in total cholesterol and low-density 
lipoprotein (LDL) in hypothyroidism could be related to a 
variety of alterations in fat synthesis, metabolism, and 
mobilization [3]. Thyroid hormones lower cholesterol 
levels through increasing the activity of 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-COA) reductase in the 
liver, Thyroid hormones also boost cholesterol absorption 
from the intestine by increasing LDL receptors on 
fibroblasts, liver, and other organs. These hormones also 
affect the amounts of high-density lipoprotein (HDL) 
cholesterol and hepatic lipase synthesis, as well as the 

excretion of cholesterol from the gut by bile acids  While 
some studies have identified a link between subclinical 
hypothyroidism and an increased risk of atherosclerosis-
related cardiovascular disease [4]. 
AMPK (monophosphate-activated protein kinase) is an 
important enzyme in energy metabolism that regulates 
glucose levels and lipid uptake, Adipose tissue, the liver, 
skeletal muscle, the heart, pancreatic beta cells, and brain 
cells are among the tissues that express AMPK [5]. When 
AMPK is phosphorylated, it inactivates metabolic 
enzymes that are involved de the synthesis of fatty acids 
and cholesterol. also acts as an upstream signal for 
PPAR/CEBP, suppressing preadipocyte development into 
adipocytes, AMPK activation lowers cellular cholesterol 
and fatty acids, as well as SREBP-1 and HMGCR [6]. 
The transforming growth factor (TGF) cytokine 
superfamily includes growth differentiation factor 15 
(GDF15), also known as macrophage inhibitory factor-1, 
GDF15 is a stress-response cytokine that is only detected 
in the placenta and prostate in significant amounts. It is 
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infrequently expressed in cardiac tissues under normal 
physiological settings, according to studies, 
Cardiovascular injury, such as pressure overload, 
myocardial infarction, heart failure, and atherosclerosis, 
can drastically increase GDF15 expression and release [7]. 
GDF15 levels in the blood are higher in obese and type 2 
diabetes patients, and it has a strong relationship with 
BMI, body fat, glucose, and C reactive proteins, implying 
that it could have a role in the development of metabolic 
diseases [8]. 

 

Detection of a Lipid Profile: Full Automatic Biochemistry 
Analyzer Spin200 was used to check the Lipid Profile 
levels. 
Detection of thyroid hormone (Thyrotropin (TSH) Test system, 
Total Triiodothyronine (tT3) test system and Total Thyroxine 
(T4) test system, monobind Inc, IUS) were used to determine 
the levels of thyroid hormone in both control and 
hypothyroidism with hyperlipidemia serum sample, The 
Quantitative Determination of Thyroid Hormone 
Concentration in Human Serum by a Microplate Enzyme 
Immunoassay, Colorimetric per the manufacturer’s protocol. 
Detection of AMPK and GDF-15 (Human Phosphorylated 
Adenosine Monophosphate Activated Protein Kinase 
ELISA Kit and Human Growth Differentiation Factor 15 
ELISA Kit) were used to determine the levels of AMPK and 
GDF-15 in both control and hypothyroidism with 
hyperlipidemia serum sample, this kit is an Enzyme-Linked 

Immunosorbent Assay (ELISA). The plate has been pre-
coated with Human AMPK antibody. AMPK present in the 
sample is added and binds to antibodies coated on the 
wells. And then biotinylated Human AMPK Antibody is 
added and binds to AMPK in the sample. Then 
Streptavidin-HRP is added and binds to the Biotinylated 
AMPKantibody. After incubation unbound Streptavidin-
HRP is washed away during a washing step. Substrate 
solution is then added and color develops in proportion to 
the amount of Human AMPK. The reaction is terminated 
by addition of acidic stop solution and absorbance is 
measured at 450 nm. 

 

All data were analyzed by the SPSS software (V.28 Inc., 
Chicago, USA) and Microsoft Excel 2019. Kolmogorov-
Smirnov test for variables distribution. Normally 
distributed Numerical Variables were compared between 
two groups by independent t-test, all data expressed as 
(mean ± SD) standard deviation. Nominal variables were 
presented as frequency and percentage (%) were 
compared between studied groups using the Chi-square 
test. Correlation coefficient analysis was completed with 
Pearson’s test and graphic with scatter blots. Whereas the 
point-biserial correlation coefficient is used in correlation 
analysis between continuous and binary 
variables,Significance of differences was detected at 
p<0.05. 

 

Table (1): Demographic and clinical characteristic in hypothyroidism with hyperlipidemia patients and controls 
groups 

Variables 
Mean ± SD 

p-value 
Patients n=60 Controls n=30 

Age 39.9 ± 12.17 35.47 ± 11.81 0.104 

BMI 30.69±4.35 27.31±4.87 0.0001*** 

Total Ch (mg/dL) 224.1±43.43 166.97±35.78 0.0001*** 

TG (mg/dL) 287.72±116.63 107.43±45.16 0.0001*** 

HDL (mg/dL) 45.54±11.15 50.71±9.56 0.033** 

LDL (mg/dL) 156.94±29.57 103.85±41.01 0.0001*** 

VLDL (mg/dL) 58.24±23 25.83±11.47 0.0001*** 

TSH (mIU/L) 21.75±8.47 4.24±1.66 0.0001*** 

T3 (mIU/L) 0.67±0.25 0.85±0.2 0.001** 

T4 (mIU/L) 5.49±1.46 6.56±1.29 0.001** 

*Significant differences at p-value <0.05. Independent t-test. 

According to age the results in Table (1) demonstrated 
that there were no Significant differences between 
pateints (39.9 ± 12.17) and control (35.47 ± 11.81) p-value 
=0.104. This finding differs from that of [9], who found 
that age has a significant impact on the connection 
between thyroid status and lipoprotein profile. 
The results demonstrated a significantly higher BMI 
difference between patients (30.694.35) and control 
(27.314.87) (p-value =0.0001). The findings of this study 
are consistent with those of [10], who found a link 
between hypothyroidism with hyperlipidemia and BMI. 
Hypothyroidism causes a reduction in basal metabolism 
and thermogenesis, as well as an accumulation of 
hyaluronic acid and a reduction in renal flow, all of which 
contribute to water retention. Myxoedema is a clinical 

picture of severe hypothyroidism in which hyperkeratosis 
of the skin and facial edema can give the patient the 
appearance of being overweight. Slow peristalsis is 
another symptom of hypothyroidism, which can lead to 
persistent constipation and weight gain. This weight gain 
is primarily due to water retention and has little to do with 
fat mass gain. Obese people also have a higher prevalence 
of subclinical hypothyroidism, according to certain 
research. Overall, these factors are likely to have 
contributed to the widespread assumption that 
hypothyroidism causes obesity [11]. Kelderman-Bolk et al. 
discovered that among hypothyroidism patients, a 
greater BMI was linked to a lower quality of life [12]. 
T3 and T4 levels are often lower in hypothyroidism, while 
TSH levels are higher, as thyroid hormones decline, fats 
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are retained in the body rather than being oxidized for 
energy, resulting in increased body weight and lipid 
profile changes. 
Our results revealed that serum HDL levels in patients 
(45.54±11.15) were significant lower (p-value 0.033) than 
in controls (50.71±9.56). Serum LDL, VLDL, triglyceride, 
and total cholesterol levels were also found to be 
significant higher (p-value 0.0001) in cases than controls. 
Other studies have found higher serum total and LDL 
cholesterol, as well as serum triglycerides in groups of 
patients, and these findings are consistent with [13]. In 
addition, the data show that the patients group had lower 
HDL cholesterol than the control group. This results 
compatible with a prior study [14]. 
this finding may be due to Thyroid hormone (TH) 
regulates energy metabolism by stimulating glucose, lipid, 
and protein oxidation in tissues and is crucial for 
metabolic balance throughout life. The liver and thyroid 
are known to be intricately related, with TH being 
involved in de novo lipogenesis, beta-oxidation, 
cholesterol metabolism, and glucose metabolism, among 
other things. In hypothyroidism, T3 and T4 levels are 
lower, but TSH levels are higher. Lipids are stored in the 
body rather than being metabolized for energy when 
thyroid hormones are low. Body weight rises as a result, 
and the lipid profile varies. 
According to our findings there is significant rise in TSH 
between patients (21.75+8.17) and control (4.241.66) (p-
value = 0.0001). In addition, the data in the same table 
revealed significant variations in thyroid hormone levels, 
which were greater in the control group (p-value =0.001). 
These finding because the thyroid hormones thyroxine 
(T4) and tri-iodothyronine (T3) have a complex inverse 
relationship with the pituitary hormone thyrotropin 
(TSH). TSH and thyroid hormones have a negative 
feedback system, hence TSH levels are the most sensitive 
indicator of a person's thyroid function. this results were 
agreement with [13].  Who found that a consistently 
increased serum TSH level, either in association with a low 
serum FT4 (over hypothyroidism) or within the reference 
range (primary hypothyroidism), is the biochemical 
hallmark of primary hypothyroidism (subclinical 
hypothyroidism). A lack of thyroid hormones in the blood 
causes hypothyroidism, Because of the ultrasensitive 
negative feedback link between the hypothalamic-
pituitary-thyroid axes, serum thyroid hormone levels are 
low and pituitary thyrotropin (TSH) levels are increased in 
primary hypothyroidism due to thyroid gland failure. 

 

* Significant differences at p-value <0.05. patients n=60, 
controls n=30. Independent t-test. 
The results revealed that there was highly Significant 
decrease in AMPK level between patients (3.38±1.74) and 
control (7.06±3.17) (p-value = 0.0001) The findings of this 
study are consistent with Shudong Wang et al. [13] who 
reported that TSH suppresses AMPK 
phosphorylation/activation in the thyroid gland and liver. 
On the other hand, Parket et al., (21) found T3 has been 
shown to upregulate the expression of muscle AMPK; 
leading to AMPK activation via phosphorylation. And 
Yamauchi et al. [15] suggesting that low T3 could be the 
source of low AMPK levels. 

 

*Significant differences at p-value <0.05. patients n=60, 
controls n=30. Independent t-test. 
The results revealed that that there was highly Significant 
decrease in GDF-15 between patients and control (p-
value = 0.001) as shown in figure (2). our results are not 
similar to Salam et al. [16] Who were found GDF-15 
elevated in 
hypothyroid patients with elevation in TSH, But  our 
results were similar to the result reported by Reznick et 
al. [17], Ruchala et al. [18] who found that Due to some 
similarities in metabolic actions of thyroid hormone and 
GDF15, especially in preventing obesity and increasing 
thermogenesis, recent studies suggest that some 
cytokines, including Growth differentiation factor 15 
(GDF15), may mediate the action of thyroid hormone, 
suggesting the importance of indirect mechanisms of 
thyroid hormone signaling in the regulation of energy 
homeostasis. 
Therefore, Thyroid hormone plays a crucial function in the 
control of GDF15 expression. 

Table (2): Correlation of levels of APK and GDF-15 
biomarkers with lipid profile in hypothyroidism with 

hyperlipidemia patients 
APK (ng/mL) GDF-15 (ng/mL) 

Age (year) 
R -0.154 -0.122 

P-value 0.241 0.352 

Total Ch (mg/dL) 
R -0.462** -0.474** 

P-value 0.0001 0.0001 

TG (mg/dL) 
R -0.008 -0.047 

P-value 0.950 0.719 

HDL (mg/dL) 
R 0.340** 0.342** 

P-value 0.008 0.008 

LDL (mg/dL) 
R -0.520** -0.437** 

P-value 0.0001 0.0001 

VLDL (mg/dL) 
R -0.081 -0.123 

P-value 0.541 0.348 



  : 

*. Correlation is significant at p-value < 0.05 level 
**. Correlation is significant at p-value < 0.01 level 

N=60 

Our result showed there was negative correlations 
between age and other variables in the hypothyroidism 
with hyperlipidemia group (Table 2). Age were negatively 
associated with AMPK (r = -0.154, P = 0.241), and GDF-15 
(r = -0.122, P < 0.352). Our findings were agrrement with 
the results by Reznick et al. [17] who indicating that 
overall AMPKα phosphorylation and in vitro activity of 
AMPKα2 is attenuated with age in response to endurance-
type muscle contraction. 
As well as this result was in agreement with [19] who 
found that GDF-15 is strongly correlated with age in both 
healthy and unhealthy adults [13] who showed that GDF-
15 is significantly higher in healthy elderlies than younger 
adults. 

Table (3): Correlation of levels of APK and GDF-15 
biomarkers with thyroid hormones in hypothyroidism 

with hyperlipidemia patients 
APK (ng/mL) GDF-15 (ng/mL) 

TSH (mIU/L) 
R -0.638** -0.522** 

P-value 0.0001 0.0001 

T3 (mIU/L) 
R 0.443** 0.237 

P-value 0.0001 0.069 

T4 (mIU/L) 
R 0.440** 0.368** 

P-value 0.0001 0.004 

*. Correlation is significant at p-value < 0.05 level 
**. Correlation is significant at p-value < 0.01 level 

N=60 

Our result showed there was negative correlation were 
found between TSH with AMPK and GDF-15 in the 
hypothyroidism with hyperlipidemia patients. While 
there was positive correlation between T4 with AMPK and 
GDF-15 levels   as shown in Table(3).as well as there was 
positive correlation between T3 with AMPK, but there 
was no significant correlation between T3 and GDF-15 
levels (p-value = 0.069) as shown in table (3). 
According to the data in the table above, there is a 
negative correlation between TSH and AMPK levels. This 
result was accepted with (29) who reported that TSH 
reduces AMPK phosphorylation/activation in the thyroid 
gland and liver, according to other researchers. 
As well as There was a negative correlation between TSH 
levels and GDF15 levels, according to the results provided 
in the table above? Thyroid hormone appears to play a 
role in GDF15 regulation, according to one study (30) who 
reveald that GDF15 is linked to hyperthyroidism and 
hypothyroidism in humans and animals. 
On the other hand there was a positive correlation 
between T3 levels and AMPK levels, according to the 
results provided in the table above.these results was 
accepted with (31) who reported that In studies under 
different experimental conditions, T3 was reported to 
upregulate the expression of muscle AMPK leading to 
AMPK activation by phosphorylation with concomitant 
phosphorylation of the AMPK target protein acetyl-CoA 
carboxylase (ACC). 

  

Our findings demonstrated that patients with 
hypothyroidism and hyperlipidemia have decreased 
levels of AMPK and GDF-15. The correlation between 
AMPK, GDF-15, thyroid hormones, and lipid profile 
suggested that they may interact to regulate energy 
metabolism. 
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