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Abstract    

 

Background and objectives: Subclinical hypothyroidism is emphasized by a normal serum-free 

thyroxin4 concentration as well as an elevated thyroid stimulating hormone concentration, 

Gp91phox, the catalytic key of nicotinamide-adenine-dinucleotide-phosphate-oxidase and predictor 

of its activation, has lately been examined as an indicator of systemic oxidative. The current study 

aimed to assess the level of serum gp91phox among patients with subclinical hypothyroidism.  

Methods: The current case-control study included 160 participants: 80 newly diagnosed 

subclinical hypothyroidism patients were obtained from the Diabetic and Endocrinology Unit at 

Azadi Teaching Hospital, and 80 healthy individuals, lasted eight months from November 2022 to 

July 2023. Lipid profile and thyroid function tests have been done for. The serum soluble 

gp91phox level was compared between both groups. 

Results: The mean serum gp91phox was higher among subclinical hypothyroidism cases (9.06 ± 

4.80 ng/mL) than among healthy individuals (7.40 ±3.42 ng/mL). There was a statistically 

significant elevation of the mean of atherogenic-index of plasma in cases (0.39, p. value = 0.049) 

compared to the controls (0.30, p. value = 0.049), and the mean of Castelli Risk Index II in cases 

(2.18, p. value = 0.008) was significantly greater than that of the controls (1.86, p. value = 0.008) 

in subclinical hypothyroidism. 

Conclusion: There was a significantly higher mean serum level of gp91phox/NOX2 in patients with 

subclinical hypothyroidism.  

Keywords: Atherogenic indexes, Gp91phox/NOX2, SCH, Subclinical hypothyroidism 

 

 

 
 

* MBChB, Kurdistan Higher Council candidate for medical specialties KHCMS/ Chemical Pathology, Azadi 

Teaching Hospital, Duhok.ekhlas89@hotmail.com. 

** MBChB- FIBMS (chemical pathology), Assistant Professor in Clinical Biochemistry, University of Duhok-college 

of Medicine, Sherwan.salih@uod.ac 

*** MB Ch B, Msc,Ph.D, Assistant Professor in  Clinical Biochemistry and Metabolic Medicine, Duhok Polytechnic 

University, dhia.sulaiman@dpu.edu.Krd  

Corresponding author: Ekhlas Ali Sulaiman, Email: ekhlas89@hotmail.com. 

 

https://doi.org/10.56056/amj.2025.350 Advanced Medical Journal, Vol.10, No.2, P.118-125,2025   
 

mailto:ekhlas89@hotmail.com
mailto:dhia.sulaiman@dpu.edu.Krd
mailto:ekhlas89@hotmail.com


Serum gp91phox/NOX2 Level Among Patients with Subclinical Hypothyroidism……. 

 

https://doi.org/10.56056/amj.2025.350                                                         https://amj.khcms.edu.krd                                                                                

119 

 

Introduction  
Subclinical hypothyroidism (SCH) is 

described as a combination of a normal serum 

free T4 concentration and  a high thyroid 

stimulating hormone (TSH) concentration.1 

As the majority of patients with SCH are free 

of signs and symptoms, therefore; the 

diagnostic precision of those patients is 

entirely dependent on the laboratory test 

results.2 Worldwide, Subclinical 

hypothyroidism has a high range of 

prevalence, between 3% and 15%, as well as 

being more common in women and elderly 

people.3 The two most common causes of 

subclinical hypothyroidism are iodine 

deficiency and autoimmune thyroiditis.3 

Subclinical hypothyroidism can be regarded 

as a common risk factor for the development 

of overt hypothyroidism and cardiovascular 

disorder (CVD), as it is associated with the 

development of atherosclerosis, disturbance 

of blood pressure, dyslipidemia, 

hypercoagulability, and endothelial 

dysfunction.4,5 Dyslipidemia can be defined 

as a disturbance of blood lipid metabolism 

(increase serum low-density lipoprotein 

cholesterol, triglycerides, and total 

cholesterol, and decrease high density 

lipoprotein cholesterol).6 It is a major risk 

factor for cardiovascular diseases.5 

Moreover, various studies have shown that 

plasma lipid indices or factors that contribute 

to atherosclerosis (such as the plasma 

atherogenic index, the Castelli Risk Index I 

and II, the atherogenic coefficient, and non-

HDL cholesterol) that are calculated from 

lipid outline parameters which was shown 

superior forecasting capacity in 

cardiovascular diseases.7,8 Oxidative stress is 

described as an imbalance between free 

radicals (increased) and antioxidants 

(decreased).9 Different studies showed 

different results regarding the association 

between Subclinical hypothyroidism and 

oxidative stress and its markers.9,10  

Nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidase (NOX) is a key 

oxidase in the production of reactive oxygen 

species (ROS) in the cardiovascular system; 

its activation promotes the development and 

advancement of atherosclerotic illnesses.11,12 

Gp91phox/ NOX2, a measure of systemic 

oxidative stress, has been identified as the 

catalytic core of NADPH oxidase and a sign 

of its activation, as it is involved in the 

electron transfer from NADPH to molecular 

oxygen.13  The present study was sought to 

evaluate the degree of serum Gp91phox among 

subclinical hypothyroid patients compared to 

the euthyroid control group, and to assess the 

relationship between different serum TSH 

levels, as well as atherogenic indices of 

plasma among SCH patients. 

Patients and methods 
The current case-control study was carried 

out in Azadi Teaching Hospital, Duhok City, 

KRG - Iraq, covering a period of 8 months’ 

interval from November 2022 to July 2023. 

Besides, the present study included a total of 

160 respondents; 80 of them joined the 

endocrine and diabetes unit of the medicine 

department in Azadi Teaching Hospital, 

where they were newly diagnosed with 

subclinical hypothyroidism, and another 80 

were healthy volunteers regarded as control 

euthyroid participants that had been chosen 

from family, friends, and relatives. They 

were of similar age and gender distribution. 

Recently diagnosed subclinical 

hypothyroidism depends on a serum level of 

TSH greater than 4.2 and free T4 within the 

normal range.14 Exclusion criteria include 

chronic inflammation, diabetes mellitus, 

neoplasm, smoking, alcohol, medication, 

recent severe illness, and pregnancy (as this 

impacts the serum level of gp91phox/NOX2). 

A meeting interview was held to fulfill the 

study's requirements by completing a 

prepared questionnaire form. The 

questionnaire comprised items regarding the 

respondent's name, age, date of birth, gender, 

and a history of thyroid disorders in the 
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family, diabetes mellitus, and cardiovascular 

disease. The study collected anthropometric 

data encompassing height (in centimeters), 

body weight (in kilograms), and waist 

circumference, and the body mass index 

(BMI) is computed by dividing the weight (in 

kilograms) by height squared (in meters). 

Body mass index can be categorized as 

following: underweight BMI<18.5 kg/m2, 

normal weight BMI 18.5–24.9 kg/m2, 

overweight BMI 24.9–29.0 kg/m2, as well as 

BMI ≥ 30 kg/m2 considered obese.15 All 

participants have been informed to attend 

Mazi Medical Complex, clinical 

biochemistry unit of the laboratory 

department, in the morning, and after an 

overnight fast, 5 ml of blood samples have 

been drawn from respondents into gel 

vacutainer tubes and centrifuged for 20 

minutes at 3000 revolutions per minute. For 

further analysis, serum samples were divided 

into aliquots, which were organized at -80°C 

(thermos-fischer Scientific, USA) in a 

freezer.The serum-soluble gp91phox/NOX2 

level was measured by an enzyme-linked 

immunosorbent assay, depending on the 

antigen-antibody reaction and the enzymatic 

reaction. The Cobas 6000 (Hitachi, Roche) 

was used to measure all other parameters, 

employing various principles. Hormones 

such as thyroid stimulating hormone, fT4, 

fT3, and TPO had to depend upon 

electrochemiluminescence immunoassay, 

whereas the lipid profiles depended upon the 

enzymatic colorimetric method. The cutoff 

used for serum-soluble gp91phox (NADPH 

oxidase 2) was (6.1 ± 0.5 ng/mL), serum TSH 

(0.2–4.2 microIU/mL), free T4 level (12–22 

pmol/ml), free triiodothyronine (3.1–6.8 

pmol/ml), and anti-TPO (below 30 IU/mL).16 

The cutoff values used for lipid profiles 

depended on the national cholesterol 

education program.17 The atherogenic indices 

of lipid were as stated: log TG/HDL-c is the 

atherogenic index of plasma (AIP), (less than 

0.11 is correlated with low risk of CVD; the 

values between 0.11 and 0.21 and further 

than 0.21 are related to intermediate as well 

as enhanced risks, respectively), Castelli’s 

Risk Index (CRI-I) = TC/HDL-c (risky CRI I 

value ≥5.0), Castelli’s Risk Index (CRI-II) = 

LDL-c/HDL-c (risky CRI II value ≥3.0), 

atherogenic Coefficient (AC) = (TC-HDL-

c)/HDL-c (risky AC value >2.1).18 The data 

were analyzed utilizing the Statistical 

Package for Social Sciences (SPSS, version 

26). The Chi-square test of relationship was 

employed to compare the proportions of the 

two research groups. In this regard, Fisher's 

exact test was employed when the anticipated 

frequency (value) decreased below 5 or 

exceeded 20% in any of the table's cells. 

Hence, A student's t-test (unpaired t-test).  for 

two independent samples was used to 

compare the means of the two research 

groups. While a p-value of ≤ 0.05 was 

deemed statistically significant. All 

participants gave their written consent prior 

to participating, and the Ethics Committee of 

the Duhok Directorate of Health and the 

Kurdistan Higher Council of Medical 

Specialties approved the study (26102022-8-

8, October 26, 2022). 

Results 
Eighty cases with SCH were involved in the 

present study (cases), and 80 healthy 

individuals. The mean age (SD) of cases was 

33.4 (8.9) years, and that of the control was 

32.8 (8.6) years (p = 0.659). The majority of 

the participants (77.5%) were aged less than 

40 years. The majority (75%) of them 

females (p = 1.000). It is evident in Table 1 

that around three quarters of the cases were 

either over-weight (35%) or obese (38.8%) 

compared with 17.9% over-weight controls 

(p < 0.001). More than half (53.8%) of cases 

were with high waist circumference, 

compared with 42.5% of group of control (p 

= 0.154) Table (1). 
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Table (1): Basic features of study respondents. 

  Case Control Total p. value 

Age (years)     

< 40 61 (76.3) 63 (78.8) 124 (77.5)  

≥ 40 19 (23.8) 17 (21.3) 36 (22.5) 0.705* 

Mean (SD) 33.4 (8.9) 32.8 (8.6)  0.659† 

Gender     

Male 20 (25.0) 20 (25.0) 40 (25.0)  

Female 60 (75.0) 60 (75.0) 120 (75.0) 1.000* 

BMI (Kg/m2)     

Normal 21 (26.3) 64 (82.1) 85 (53.8)  

Over-weight 28 (35.0) 14 (17.9) 42 (26.6)  

Obese 31 (38.8) 0 (0.0) 31 (19.6) < 0.001** 

Mean (SD) 28.7 (5.3) 23.6 (1.7)  < 0.001† 

Waist circumference     

Normal 37 (46.3) 46 (57.5) 83 (51.9)  

High 43 (53.8) 34 (42.5) 77 (48.1) 0.154* 

Mean (SD) 92.1 (13.7) 89.3 (13.0)  0.193† 

Total 80 (100.0) 80 (100.0) 160 (100.0)  

Source: Authors from SPSS outputs. 

*By Chi-square test. The remaining p-values were computed using the unpaired t-test. 

 

The mean Anti-TPO of cases (54.37 IU/mL), 

it was significantly (p < 0.001) higher than 

that of the control group (16.52 IU/mL). 

More than one third (36.3%) of cases had 

Anti-TPO level of ≥ 30 IU/mL, compared 

with 8.8% of the control group (p < 0.001). 

The mean of gp91phox/NOX2 was 

significantly (p = 0.013) higher among cases 

(9.06 ng/mL) than among the controls (7.40 

ng/mL) as illustrated in Table (2). 

Table (2): Biochemical measurements of study respondents 

 Case Control  

 Mean SD Mean SD p. value 

TSH (microIU/mL) 7.37 2.98 2.57 0.97 < 0.001 

T3 (pmol/ml) 4.21 0.82 3.67 0.34 < 0.001 

T4 (pmol/ml) 14.70 3.03 16.96 2.02 < 0.001 

Anti-TPO (IU/mL) 54.37 82.93 16.52 14.74 < 0.001 

Anti-TPO categories No. (%) 

< 30 51 (63.7) 73 (91.3)  

≥ 30 29 (36.3) 7 (8.8) < 0.001* 

Cholesterol (mg/dl) 158.46 29.60 152.65 22.59 0.165 

Triglycerides (mg/dl) 120.95 83.42 95.91 44.49 0.019 

HDL (mg/dl) 43.55 9.98 45.01 14.30 0.454 

LDL (mg/dl) 89.89 25.14 76.65 13.67 < 0.001 

gp91phox/NOX2 (ng/mL) 9.06 4.80 7.40 3.42 0.013 

*By Chi-square test. The remaining p-values were computed using the unpaired t-test. 
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In terms of the Atherogenic Index of Plasma 

(AIP) (p = 0.382) proportions, there was no 

statistically significant difference between 

the control group and cases, but it is evident 

in Table 3 that the mean AIP of cases (0.39) 

was higher than that of the controls (0.30), 

and the difference was significant (p = 

0.049). The study did not find between in the 

proportions and means of CRI-I between the 

two groups (p = 0.127 and p = 0.513 

consecutively). In table 3 shows that 12.5% 

of cases had CRI-II of ≥ 3 compared with 

6.3% of the controls (p = 0.175), but the mean 

of cases (2.18) was significantly (p = 0.008) 

further than that of the controls (1.86). No 

significant differences detected between 

cases and controls in the proportions and 

means of the atherogenic coefficient (p = 

0.248 and p = 0.513) as presented in Table 

(3).  

Table (3): Atherogenic indices of study participants. 

  Case Control Total  

  No. (%) No. (%) No. (%) P. value 

Atherogenic Index 

of Plasma (AIP) 

Low risk 15 (18.8) 22 (27.5) 37 (23.1)  

Intermediate risk 18 (22.5) 14 (17.5) 32 (20.0)  

High risk 47 (58.8) 44 (55.0) 91 (56.9) 0.382* 

Mean (SD) 0.39 (0.29) 0.30 (0.28)  0.049** 

CRI_I 

< 5 64(80.0) 71 (88.88) 135 (84.4)  

≥ 5 16 (20.0) 9 (11.3) 25 (15.6) 0.127* 

Mean (SD) 3.83 (1.18) 3.70 (1.24)  0.513** 

CRI-II 

< 3 70 (87.5) 75 (93.8) 145 (90.6)  

≥ 3 10 (12.5) 5 (6.3) 15 (9.4) 0.175* 

Mean (SD) 2.18 (0.82) 1.86 (0.66)  0.008** 

Atherogenic 

coefficient (AC) 

< 2.1 25 (31.3) 32 (40.0) 57 (35.6)  

≥ 2.1 55 (68.8) 48 (60.0) 103 (64.4) 0.248* 

Mean (SD) 2.83 (1.18) 2.70 (1.24)  0.513** 

Total 80 (100.0) 80 (100.0) 160 (100.0)  

Source: Authors from SPSS outputs. 

*By Chi-square test. **By unpaired t-test. 
 

Discussion 
The correlation between SCH and elevated 

levels of oxidative stress and oxidative stress 

biomarkers for this condition is well-

established.9,19 Accordingly, a significant 

elevation of the mean gp91phox/NOX2 level 

among patients with SCH was greater than 

that of the controls have been observed. This 

observation can be explained by the fact that 

increase serum TSH level in patients with 

SCH will enhance the oxidative process and 

inflammatory reaction as it is associated with 

increase IL-6 and TNF-α secretion, which 

could potentially play a role in the 

modulation of vascular function through the 

elevation of NO metabolites.9,20 Our results 

were consistent with another study that 

observed increased oxidative stress and 

levels of serum gp91phox/NOX2 among 

patients with SCH.9 In the present case-

control study, the majority of patients with 

SCH were obese females younger than 40 

years old, as well as one third of them had 

positive TPO. The relationship between SCH 

and obesity was mostly related to the serum 

TSH level as well as adipocyte-secreted 

leptin, the presence of thyroid autoantibodies, 

and an adaptive response to increase resting 

energy expenditure.21,22 TSH directly 

stimulates preadipocyte differentiation, 

resulting in adipogenesis.23,24 Our results 

were consistent with others, as they showed 
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more prevalence of SCH among young obese 

females with positive TPO antibody.21,22,25 

The exact explanation was not fully 

understood, but various researches suggested 

the role of female hormones such as estrogen 

and a link between subclinical 

hypothyroidism and autoimmune thyroid 

disease (Hashimoto’s disease).14,26 Many 

studies have demonstrated an association 

between SCH and dyslipidemia. 

However, the link between SCH and 

atherogenic indices is less well-

documented.27,28At the same time, the AIP is 

more predictive of cardiovascular disease 

compared to individual lipids, and CRI-II is a 

more accurate predictor of heart disease risk 

than LDL alone.27,29 The present study 

showed a significantly higher mean level of 

AIP and CRI-II with  a less significantly 

higher mean level of CRI-I and AC compared 

to healthy participants. The current results 

were consistent with the previous one.30 

These abnormalities can be explained by 

many facts, as thyroid hormones have a 

crucial role in the regulation of lipid 

metabolism (synthesis, absorption), such as 

the induction of the expression of 

hydroxymethyl glutaryl coenzyme-A 

reductase in the liver, the mobilization of 

lipids in adipose tissue, liver, and the 

enhancement esterification of fatty acids at 

the hepatic level. The study focuses on the 

content of fatty acids in lipids and the control 

of genes involved in lipogenesis and 

lipolysis.17,31,32 

Conclusion 
Our research revealed that SCH patients have 

significantly higher mean gp91phox/NOX2 

levels compared to euthyroid individuals. 

Most of the patients were young, obese 

females. There was a significantly higher 

mean level of atherogenic indexes, mainly 

AIP and CRI II, in SCH cases.  
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