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A subclinical hypothyroidism characterized by s excessive amounts of thyroid-stimulating hormone despite appropriate levels of free 

thyroxine and free triiodothyronine. Subclinical hypothyroidism is linked to a higher risk of coronary artery disease and its mortalities, as it 

is associated with increased atherosclerosis. The presented study aimed to evaluate serum Proprotein convertase subtilisin/Kexin type 9 level 

among patients with subclinical hypothyroidism. A cross-sectional study was conducted at Azadi Teaching Hospital in Duhok, Kurdistan 

Region-Iraq. The study was performed from November 2021 to January 2022. A total of 160 participants, including 80 patients with newly 

diagnosed subclinical hypothyroidism and 80 healthy subjects as a control group. Blood samples were taken from studied groups after 

overnight fasting for measurement of different parameters such as thyroid stimulating hommos, Free thyroxin, Free triiodothyronine, Anti-

thyroid peroxidase antibody, Lipid profiles and Proprotein convertase subtilisin/Kexin type 9. A total of 160 participants were recruited in 

this study, 63(78%) of subclinical hypothyroid patients were females, and 48(60%) had a positive family history of hypothyroidism. The 

mean level of Proprotein convertase subtilisin/Kexin type 9. was significantly higher in subclinical hypothyroid patients in comparison with 

control (4.03±2.96, 2.74±0.96, p= <0.001), respectively. There was insignificant higher mean level of atherogenic indices, lipid profile and 

serum Proprotein convertase subtilisin/Kexin type 9 among subclinical hypothyroid patients with Thyroid stimulating hormones level of 

more than 7.00 IU/ml. In conclusion, our research revealed a statistically significant increase in the mean circulating levels of protein 

convertase subtilisin/kexin type 9 in individuals who had just been diagnosed with subclinical hypothyroidism.  
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INTRODUCTION 

Subclinical hypothyroidism has a biochemical definition 

and is characterized by slightly elevated amounts of thyroid-

stimulating hormone accompanied with normal levels of 

free thyroxine and free triiodothyronine. It is rather 

prevalent, affecting about 10% of women and the elderly of 

the adult population (Redford and Vaidya, 2017). Thyroid 

hormones have an important role in the regulation of 

carbohydrates, lipids, and protein metabolism, which are 

macro-metabolic constituents of energy; thus, it has a role 

in growth and development (Sinha et al., 2018). 

 

 

 

 

 

Subclinical hypothyroidism is linked to a higher risk of 

coronary artery disease and its mortalities, as it is associated 

with blood pressure changes and increased atherosclerosis 

(Biondi et al., 2019; Delitala et al., 2017)     
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The protein enzyme proprotein convertase subtilisin/Kexin 

type 9 is expressed in the liver, kidney, gut, and central 

nervous system (Werner et al., 2014). It reduces LDLR 

levels on the plasma membrane and prevents LDL-R 

recycling to the cell surface as it promotes the degradation 

of LDL receptors into amino acids and cholesterol, 

therefore; it inhibits low-density lipoprotein cholesterol 

clearance from plasma (correlate positively with low-

density lipoproteins) (Alborn et al., 2007). 

The exact impact of elevated TSH levels among patients 

with subclinical hypothyroidism on cardiovascular diseases 

risk factors such as dyslipidemia and serum Proprotein 

convertase subtilisin/kexin type 9 level remain 

undetermined, therefor ; The presented study was aimed to 

evaluate serum Proprotein convertase subtilisin/kexin type 9 

level among patients with subclinical hypothyroidism and 

ascertain the association of lipid profiles, atherogenic 

indices and serum Proprotein convertase subtilisin/kexin 

type 9   level with thyroid stimulating hormone level among 

patients with subclinical hypothyroidism.   

 

Materials and Methods 

A cross-sectional study was conducted at Azadi Teaching 

Hospital in Duhok, Kurdistan Region-Iraq. The study was 

performed from November 2021 to January 2022. A total of 

160   participants, including 80 patients with newly 

diagnosed subclinical hypothyroidism and 80 healthy 

subjects as a control group. Participants with liver diseases, 

kidney diseases, muscular, neurological disorders, and 

diabetes mellitus, as well as patients who took medications 

affecting thyroid function levels, were excluded.  

             Subclinical hypothyroidism   was diagnosed with 

high TSH, more than 4.2 IU/mL, normal, FT4 and FT3 

levels according to the reference range taken from the 

institutional reference range (Singal et al., 2022). 

Anthropometric parameters include the measurement of a 

person's waist circumference, as well as their weight, height, 

and body mass index. The body mass index was determined 

by dividing a person's weight in kilograms by their height in 

meters squared (weight kg /height m2) (Delitala et al., 

2017). The body mass index was categorized as normal 

weight between 18 -24.9 kg/m2, overweight 25.0 - 29.9 

kg/m2 and ≥ 30 kg/m2 obsess (Nuttall, 2015). 

              In order to fill out a questionnaire form that was 

tailored to fulfil the requirements of the study, a meeting and 

interview were carried out. Questions concerning the 

respondent's name, age, gender, and family history of 

hypothyroidism are included in the questionnaire. Before 

being enrolled in the trial, each patient provided their 

permission after receiving enough information. Both the 

Ethical Committee of Duhok Polytechnic University and the 

Duhok General Health Directorate, both located in the 

Kurdistan Region of Iraq, gave their stamps of approval to the 

research proposal after reviewing it. (18082021 -8-20). 

Blood samples were taken from studied groups after 

overnight fasting to appropriate gel vacutainer tubes, then 

centrifuged and frozen at (–80 C) for further measurement of 

different parameters. Measurements of lipid profile by Cobas 

(6000 – Hitachi, Roch) depending on Enzymatic, 

colourimetric method, and their reference range by National 

Cholesterol Education Program (Jacobson et al., 2014). Free 

thyroxin, Free triiodothyronine, Thyroid stimulating 

hormone, and Anti-thyroid peroxidase antibody were 

measured by Cobas (6000- Hitachi, Roch) depending on the 

Immunochemiluminescent method. PCSK9 was estimated by 

enzyme-linked immunosorbent assay with sandwich 

immunoassay. Atherogenic indices including Cholesterol 

/HDL-c ratio (normal range <4.5), Triglyceride/ HDL -c 

(normal ratio <3.00), LDL-c/HDL-c (normal range of less 

than 2.5), and non-HDL-c (< 130 mg/dl) (Ballantyne,2020). 

 

Statistical methods 

IBM Statistical Package for the Social Sciences (SPSS) 

version 23 was implemented to encode and input the data. 

Then, two methods are used, descriptive analysis as 

frequency, per cent, Mean, and standard deviation. In 

addition, the inferential analysis method is applied as 

independent samples T-test and One way ANOVA test in 

order to compare the study variables. On the other hand, the 

Chi-square and Pearson correlation coefficient tests are used 

to find relationships between different parameters. 

 

Results 

A total of 160 participants recruited in this study, 63(78%) of 

subclinical hypothyroid patients were female and 48(60%) 

had positive family history of hypothyroidism. There was 

significance difference in mean ± SD of Thyroid stimulating 

hormone and antithyroid peroxidase in subclinical 

hypothyroid patients comparing to control group. The mean 

level of PCSK9 was significantly higher in subclinical 

hypothyroid patients in comparison with control (4.03±2.96, 

2.74±0.96, p= <0.001) respectively. Moreover, the lipid 

profile among studied group shown significantly high level 

of cholesterol and LDL-c, p= <0.001, with low level of HDL-

c p= 0.002. 
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Table 1 Baseline characteristics and biochemical measurement between subclinical hypothyroid patients and 

control subjects. 

Characteristics Studied groups p-value 

 Patients (n=80) Control (n=80)  

Gender 

male 

female 

 

17(21.25%) 

63(78.75%) 

 

38(47.5%) 

42(52.5%) 

 

<0.001 

Age (yrs.) 

≤40 

 

> 40 

56(70%) 

24(30%) 

 

57(71.3%) 

23(28.7%) 

0.862 

Family history of 

hypothyroidism 

Yes 

NO 

 

 

48(60%) 

32(40%) 

 

 

16(20%)                  

64(80%) 

 

 

<0.001 

BMI (kg/m2) 

 

Normal 

Overweight 

Obese 

26.79±5.83 

 

28(35%) 

28(35%) 

24(30%) 

24.84±5.21 

44(55%) 

20(25%) 

16(20%) 

0.158 

 

0.039 

WC (cm) 

Male 

Female 

 

99.00 ± 8.139 

96.57±12.64 

 

95.95±10.37 

90.67±12.79 

 

 

0.006 

 

TSH (IU/ml) 6.64 ± 1.56 2.67±1.19 < 0.001 

FT4 (pmol/l) 14.33 ± 2.37 15.04±2.28 0.160 

FT3(pmol/l) 5.47 ± 4.92 4.94±0.72 0.918 

A-TPO (IU/ml) 63.69 ± 51.37 14.72±11.80 < 0.001 

Cholesterol (mg/dl) 181.90 ± 40.36 155.86±36.46 < 0.001 

Triglyceride(mg/dl) 125.85 ±63.44 118.11±45.42 0.334 

HDL-C (mg/dl) 41.70 ± 2.47 43.14±3.19 < 0.001 

LDL-C (mg/dl) 112.28   ± 34.25 86.89±32.02 0.002 

Independent Samples T-Test and One way-ANOVA test significancy ≤0.05.

Table 2 shown a significantly high mean level of LDL -

c/HDL-c ratio (2.61±0.85) (0.002), non HDL-c level 

(140.78± 37.33) mg/dl (<0.001), and cholesterol/HDL-c ratio 

(4.22 ±0.98), while there were insignificant high mean level 

of triglyceride/HDL-c ratio   ( 3.05 ± 1.77 ). 

Table 2. Mean ± SD of atherogenic indices of subclinical hypothyroid patients and 

control. 

Atherogenic 

indices 

Study groups Mean ± S D 

 
P value 

Patients (n=80) Control (n=80) 

CHO/HDL-c 4.22 ±0.98 3.67±0.88.22 0.009 

TG/HDL-c 3.05 ± 1.77 2.83± 1.23 0.279 

LDL/HDL-c 2.61±0.85 2.05± 0.79 0.002 

non-HDL-c 

(mg/dl) 
140.78± 37.33 115.27±35.05 < 0.001 

Independent sample T-Test with P-Value ≤ 0.05.
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The mean level of atherogenic indices, lipid profiles and 

Proprotein convertase subtilisin/kexin type 9 with TSH level 

more than 7.00 IU/mLand less than 7.00 IU/mL in 

subclinical hypothyroid patients shown in table 3. There was 

insignificant higher mean level of atherogenic indices, lipid 

profiles and Proprotein convertase subtilisin/kexin type 9  

among subclinical hypothyroid patients with TSH level of 

more than 7.00 IU/ml. 

Table 3: Biochemical parameters with TSH level in subclinical hypothyroid patients. 

Biochemical 

parameters 

TSH level Mean ± SD 
P value 

TSH > 7 IU/mL TSH < 7 IU/ml 

Cholesterol (mg/dl) 190.55±41.50 180.20±35.08 0.499 

Triglyceride(mg/dl) 134.74±53.81 129.56±66.55 0.776 

HDL-c (mg/dl) 40.44±4.15 43.05±3.18 0.901 

LDL-c (mg/dl) 119.35±38.91 110.30±29.99 0.273 

CH/HDL-c 4.75±1.05 4.20±0.86 0.396 

TG/HDL-c 3.37±1.44 3.11± 1.35 0.403 

LDL-c/HDL-c 2.96±0.90 2.55±0.83 0.229 

NON-HDL-c(mg/dl) 148.78±1.44 138.48±36.43 0.472 

PCSK9 ng/ml 4.20±1.2 3.7±3.3 0.278 

Pearson Correlation test of P-value ≤ 0.05 

 

Discussion 

Subclinical hypothyroidism is mild thyroid dysfunction and 

is regarded as a critical condition because of its high 

prevalence rate, risk of progression to overt hypothyroidism, 

associated with lipid abnormalities, which all are considered 

as risk factors for cardiovascular disease (Rodondi et al., 

2010). Proprotein convertase subtilisin/kexin type 9 

represents the ninth member of the subtilisin family of 

kexin-like pro-convertases (Toth, 2010)   . Overexpression 

of Proprotein convertase subtilisin/kexin type 9 impairs the 

function of LDLRs, resulting in a reduced clearance of LDL-

c particles from plasma and accumulation of LDL-c in the 

circulation that involve in atherosclerotic process and 

prevalence of cardiovascular development (Lambert et al., 

2012) 

Our results observed that 70% of subclinical hypothyroid 

patients were less than 40 years and more than half had a 

positive family history of hypothyroidism (Kvetny et al., 

2004). Moreover, we found an increased frequency of obese 

females among patients with subclinical hypothyroidism. A 

study done in Pakistan was consistent with our data and 

observed that individuals with subclinical hypothyroidism 

were more likely to be females and have a high body mass 

index (Ejaz et al., 202; Meng et al., 2015). While further 

studies were done in China and Brazil, inconsistencies with 

our results (Santin & Furlanetto, 2011) This can be explained 

by many factors, such as the direct effect of estrogen on 

thyroidal cells function and proliferation, and Thyroid 

stimulating hormones might upregulate the expression of 

hepatic 3-hydroxy-3-methyl-glutaryl co-enzyme A reductase, 

and Thyroid stimulating hormones receptor could play a 

significant role in adipocyte differentiation and adipogenesis, 

leading to obesity and a rising body mass index in subclinical 

hypothyroidism  ((Lu et al., 2012; Tian et al., 2010). 

The present study shows a significance elevation of mean 

proportion convertase subtilisin kexin type 9 level among 

subclinical hypothyroid patients compared to healthy groups. 

This is mostly related to high TSH levels among subclinical 

hypothyroid patients, which increase expression of PCSK9 in 

HepG2 cells through the stimulation of SREBP1c and 

SREBP2(Tsai et al., 2015). Through the increased expression 

of proprotein convertase subtilisin/kexin type 9 in the liver, 

the role of the thyrotropin-stimulating hormone in lipid 

metabolism was initiate. pcsk9 was called once neural 

apoptosis regulated convertase 1 (NARC-1) and helps break 

down precursor proteins like neuropeptides, prohormones, 

cytokines, growth factors, and different cell surfaces (Gong 

et al., 2017). Thus, pcsk9 increase with thyroid stimulating 

hormones in subclinical hypothyroidism. Many researchers 

studied the presence of lipid profile abnormality among 

subclinical hypothyroid patients with different results and 

data (Sadik et al., 2022; Ejaz et al., 2021)..  
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Our results shown slightly elevated level of serum 

cholesterol, LDL-c and triglyceride with low level of serum 

HDL -c compared to control groups. Two study done in  

Israel and Turkey were consistence with our study 

results.(Kc et al., 2015; Erem, 2006), while other study done 

shown contradictory results (Duntas and Wartofsky, 2007). 

In subclinical hypothyroidism, there is a drop in SREBP-2, 

which leads to a decrease in LDLRs, which reduces LDL-C 

clearance and produces hypercholesterolemia.  (Denis et al., 

2012). Moreover, Thyroid hormones stimulate cholesterol 

ester transferase activity, which speeds up the body's 

production of high-density lipoprotein . (Harvey & Ferrier, 

2012). The atherogenic index of plasma is a stronger and 

more independent risk factor for cardiovascular disease. It is 

a measure of the equilibrium between components that are 

atherogenic and anti-atherogenic. (Cai et al., 2017; Ni et al., 

2017) .In the presented study we found significant higher 

levels of the atherogenic indices comparing to control group.  

According to some studies, there was a significant increase 

in cardiovascular development risk at TSH levels > 7 

IU/mL.(Cooper, 2001; Pertseva & Einer, 2021) 

In the current study, we observed that subclinical 

hypothyroid patients with TSH more than 7.00 IU/mL had 

an abnormality in lipid profile, atherogenic indices and high 

mean level of Proportion convertase subtilin kexin type 9 

study done in Egypt showed the same as the found mean 

level of proportion convertase kexin subtilize type 9 was an 

increase in patients of subclinical hypothyroidism with 

thyroid stimulating hormones more than 7 .00 IU/mL (Sadik 

et al., 2022). These findings may be explained by the fact 

that thyroid-stimulating hormones were responsible for 

inducing hepatic cholesterol de novo synthesis by directly 

upregulating the expression of 3-hydroxy-3-methylglutaryl-

CoA reductase (HMGCR), increasing hepatic and adipose 

triglyceride content, and stimulating lipolysis in the adipose 

tissue (de Jesus Garduno-Garcia et al., 2010). 

 

Conclusion  

Serum Proportion convertase subtilin Kexin type 9 level, 

lipids profile levels, and atherogenic index were higher 

among subclinical hypothyroid patients, which are regarded 

as a specific index for the risk of developing cardiovascular 

diseases. Early diagnosis and management of subclinical 

hypothyroidism through lowing levels of Thyroid 

stimulating hormones are crucial as it may associate with 

decreasing both serum PCSK9 and serum lipid profiles in 

the circulation, thus decreasing the progression risk of 

cardiovascular diseases in the future. 
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