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Abstract

Background

Subclinical hypothyroidism (SCH) is characterized by elevated thyroid-stimulating hormone (TSH) levels,
while thyroid hormones (free thyroxine (T4) and free triiodothyronine (T3)) remain within the reference
ranges. Vitamin B12 (cobalamin) deficiency is common in patients with autoimmune disorders, including
autoimmune hypothyroidism. The study was aimed at evaluating serum vitamin B12 levels and
holotranscobalamin (HoloTC) levels in SCH patients and ascertaining their association with a risky level of
TSH and the positivity of anti-thyroid peroxidase (anti-TPO) antibodies.

Methodology

A case-control study was conducted at Azadi Teaching Hospital, Duhok, a city in the Kurdistan region of
Iraq, involving 153 participants, including 72 newly diagnosed SCH patients and 81 healthy controls. Serum
levels of vitamin B12, HoloTC, TSH, free T4, free T3, and anti-TPO antibodies were measured based on
different principles.

Results

The mean age of patients with SCH was 32.87+8.7 years, with predominantly females comprising 75% and
77.8% being less than 40 years of age. Moreover, the mean levels of serum TSH (6.96+2.68 ulU/L), anti-

TPO antibodies (53.31+81.32 IU/ml), and HoloTC (41.93+19.42 pmol/l) were significantly higher in patients
with SCH compared to healthy control participants (p < 0.05), whereas there was a non-significantly higher
level of vitamin B12 (320.72+98.42 pg/ml) among SCH patients compared to healthy control participants (p =
0.220). The mean levels of vitamin B12 (345.33+103.22 pg/ml) and HoloTC (40.14+18.16 pmol/l) were
insignificantly lower in SCH patients with TSH levels more than 7 uIU/L (p > 0.05), as well as the mean levels
of vitamin B12 (308.82+96.12 pg/ml) and HoloTC (41.14%+19.29 pmol/l) insignificantly lower in SCH patients
with positive anti-TPO antibodies (p > 0.05).

Conclusions

This study highlights the potential association between SCH and altered vitamin B12 status, particularly
evident in HoloTC levels. The presence of positive anti-TPO antibodies and the degree of elevation in TSH
levels may exacerbate vitamin B12 deficiency in SCH patients.

Categories: Endocrinology/Diabetes/Metabolism
Keywords: thyroid-stimulating hormone, thyroxine, holotranscobalamin, vitamin b12, subclinical hypothyroidism

Introduction

Vitamin B12 (cobalamin) is a complex molecule containing a cobalt ion at its center [1]. Vitamin B12 is
critical for several metabolic processes in the body, including DNA synthesis, red blood cell formation, and
maintenance of neurological function, as it is regarded as an integral or essential part of two essential
enzymatic reactions in the body, such as the conversion of methylmalonyl-CoA to succinyl-CoA (L-
methylmanlonyl-CoA mutase) and the conversion of homocysteine (Hcy) to methionine (methionine
synthase) [2]. As vitamin B12 is mainly synthesized by bacteria in the digestive tracts of animals, its major
dietary sources are animal products like meat, fish, eggs, and dairy products [3]. Absorption of vitamin B12
occurs in the small intestine, facilitated by intrinsic factor, a glycoprotein produced by gastric parietal cells
of the stomach [4]. In the circulation, vitamin B12 binds to holohaptocorrin and holotranscobalamin
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(HoloTC). Holotranscobalamin is a beta protein secreted mainly from the liver and is regarded as a bioactive
fraction as it has receptor-mediated cellular uptake [5]. Holotranscobalamin accounts for 6%-20% of
endogenous plasma vitamin B12 has one binding site for vitamin B12, and is responsible for transporting
vitamin B12 to receptors on the cell membrane throughout the body [6].

Subclinical hypothyroidism (SCH) denotes a condition where serum thyroid hormone levels (thyroxine (T4)
and triiodothyronine (T3)) remain within the reference range while serum thyroid-stimulating hormone
(TSH) levels are elevated above the normal range [7]. Subclinical hypothyroidism is a common disorder that
affects up to 10% of iodine-sufficient populations, exhibiting higher prevalence rates among women and the
elderly [8]. Worldwide, as the majority of patients with SCH are asymptomatic, its diagnosis relies primarily
on biochemical parameters (thyroid function tests) [9].

The prevalence of vitamin B12 deficiency in the general population is approximately 3%-4%. Its deficiency is
commonly associated with the autoimmune process, with pernicious anemia being the most common cause
of vitamin B12 deficiency, as well as being more prevalent among individuals with primary autoimmune
hypothyroidism, potentially affecting up to 12% of hypothyroid patients [10]. Moreover, vitamin B12
deficiency in hypothyroid patients can stem from various factors, including inadequate intake or altered
intestinal absorption due to factors such as sluggish bowel motility, bowel wall edema, and bacterial
overgrowth [11]. These non-autoimmune causes of B12 deficiency in hypothyroid patients have not been
extensively studied [12]. The diagnosis of vitamin B12 deficiency is challenging, as it is widely recognized
that there is no single marker that stands out as the best for diagnosing vitamin B12 deficiency [13].
Generally, serum levels of vitamin B12, HoloTC, methylmalonic acid (MMA), and Hcy are commonly utilized
for the assessment of vitamin B12 status [14]. Holotranscobalamin has been described as the earliest marker
of vitamin B12 deficiency, presenting a narrower gray zone and heightened sensitivity and specificity
compared to traditional serum cobalamin assays alone [13].

As the availability of data about the association between vitamin B12 deficiency and SCH was limited all over
the world and particularly in our locality, the present study was aimed at evaluating the serum levels of both
vitamin B12 and its transporter protein HoloTC in SCH patients compared with apparently healthy control
subjects and to ascertain the association of mean vitamin B12 and HoloTC with the risky levels of TSH and
the positivity of the anti-thyroid peroxidase (anti-TPO) antibodies.

Materials And Methods

The present case-control study was conducted at the Endocrinology and Diabetes Unit of Azadi Teaching
Hospital in Duhok, a city in the Kurdistan region of Iraq, over one year from January 2023 to December 2023.
A total of 153 participants were enrolled in the study, consisting of 72 newly diagnosed SCH patients
attending the Endocrine and Diabetic Unit and 81 apparently healthy individuals as a control group. They
were selected from relatives and neighbors for comparison. Patients with a TSH level greater than 4.2 uIU/ml
with normal free T4 and free T3 were considered to have SCH after excluding other cases that had the same
biochemical abnormalities [14, 15].

A well-prepared questionnaire was distributed to all participants, including questions about name, age,
gender, medical and surgical history, and current drug administration (Appendix A). The anthropometric
parameters were taken, such as waist circumference (WC), height, and weight, with the calculation of body

mass index (BMI) by dividing weight in kilograms by the square of height in meters (kg/m%). The patients and
healthy subjects were matched for age and gender.

The inclusion criteria included patients experiencing SCH for the first time and not currently undergoing
thyroid replacement therapy. Exclusion criteria include patients with a medical history of thyroid disorders
such as primary overt hypothyroidism, secondary hypothyroidism, hyperthyroidism, thyroidectomy,
radioactive iodine treatment, or hypothyroidism resulting from medications like amiodarone [16]. Moreover,
patients with alcoholism, vegetarianism, previous gastrointestinal surgery, pancreatic insufficiency,
ongoing vitamin B12 supplementation, prolonged use of metformin or proton pump inhibitors,
inflammatory bowel disease, and celiac disease were also excluded as they affected the vitamin B12 status.
Pregnant women were ineligible for participation in the study [17, 18].

All the participants (patients and control) were informed to reach the laboratory department (Clinical
Biochemistry Unit) of Azadi Teaching Hospital in the morning and after overnight fasting for blood
collection. Five ml of venous blood samples were taken from all participants and poured into a gel tube for
centrifugation and obtaining serum for analysis and measurement of the following parameters: TSH (0.2-4.2
ulU/mL), free T4 (12-22 pmol/L), free T3 (3.1-6.8 pmol/L), anti-TPO antibodies (up to 34 IU/L), vitamin B12
(200-771 pg/ml), and HoloTC (25-125 pmol/l) depending on different principles. Vitamin B12, TSH, free T4,
free T3, and anti-TPO antibodies were measured by Cobas 6000 (Roche Diagnostics, Basel, Switzerland)
using the electrochemiluminescence (ECL) immunoassay principle, and HoloTC was measured by enzyme-
linked immunosorbent assay (ELISA) in a sandwich enzyme immunoassay form depending on the antigen-
antibody reaction and enzymatic reaction.
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Ethical permission was obtained from the scientific committee of the College of Medicine at the University
of Duhok as well as from the Research Committee of the Directorate of Health in Duhok (approval number:
27032024-2-10).

Statistical analysis

The statistical calculations were executed by IBM SPSS Statistics Software for Windows, version 26.0 (IBM
Corp., Armonk, NY). The anthropometric characteristics among study groups (patients and control) were
shown as a mean (SD) or as a percentage. Independent t-tests and Pearson's chi-square test were utilized to
compare the groups in the study. To evaluate the relationship between anti-TPO antibodies and TSH and
vitamin B12 and HoloTC, independent t-tests were performed. A p-value of 0.05 or less is considered
statistically significant.

Results

The differences in anthropometric characteristics between patients with SCH and healthy control
participants are showcased in Table /. The mean age of patients with SCH was 32.87+8.7 years, with females
predominant (75%), and 77.8% were less than 40 years of age. Moreover, the mean BMI was significantly
higher among patients with SCH (29.42+6.95 kg/mz, p =0.009), and the WC was insignificantly higher
(91.78+14.74 cms) compared to healthy controls.

Patients (n=72) Controls (n=81)
Subject characteristics p-value
Meant SD, No% Meant SD, No%

Gender
Male 18 (25%) 20 (24.8%)

1.0002
Female 54 (75%) 61 (75.2%)
Age (years) 32.87+8.7 32.82+8.54 0.966°
<40 years 54 (77.8%) 64 (79%)

1.0002
240 years 16 (22.2%) 17 (21%)
Waist circumference (cm) 91.78+14.74 88.80+£15.24 0.223P
Male <102 cm 15 (20.8%) 14 (17.3%)

0.4542
Male 2102 cm 3 (4.2%) 6 (7.4%)
Female <88 cm 19 (26.4%) 33 (40.7%)

0.060°
Female = 88 cm 35 (48.6%) 28 (34.6%)
BMI (kg/m?) 29.42+6.95 26.85+5.07 0.0092
Normal 17 (23.6%) 50 (61.7%)

0.0572
Overweight and obese 55 (76.4%) 31 (38.3%)

TABLE 1: Anthropometrics characteristics of the study participants

@ Pearson Chi-Square and b independent T-test were performed for statistical analysis.

The mean levels of serum TSH (6.96+2.68 ulU/L, p<0.001) and anti-TPO antibodies (53.31£81.32 IU/ml,
p=0.001) were significantly higher in patients with SCH compared to healthy control participants, as well as
the HoloTC levels (41.93+19.42 pmol/l, p=0.021) were significantly lower in patients with SCH compared to
healthy control participants. However, there were insignificantly lower levels of vitamin B12 among patients
with SCH compared to healthy control participants, as shown in Table 2.
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Parameters

TSH (ulU/L)

FT4 (pmol/l)

FT3 (pmol/l)

Anti-TPO antibodies (IU/ml)
HoloTC (pmol/l)

Vitamin B1, (pg/ml)

Patients (n=72)
Mean+ SD
6.96+2.68
15.01+£1.98
3.72+0.56
53.31+81.32
41.93+19.42

320.72+98.42

Controls (n=81)
Meant SD
2.42+0.96
16.65+2.02
3.59+0.34
19.99+25.24
48.01£12.32

340.84+103.09

TABLE 2: Biochemical parameters of the study participants

Independent T-tests were performed for statistical analysis.

p-value

<0.001
<0.001
0.075
0.001
0.021

0.220

TSH: thyroid-stimulating hormone; FT4: free thyroxine; FT3: free triiodothyronine; anti-TPO: anti-thyroperoxidase; HoloTC: holotranscobalamin

Table 3 shows that the mean levels of vitamin B12 and HoloTC were insignificantly lower in SCH patients

with positive anti-TPO antibodies (308.82+96.12 pg/ml, p=0.174; 41.14+19.29 pmol/l, p=0.646), respectively.

Anti-TPO antibodies in subclinical hypothyroidism

Parameters Anti-TPO antibodies <34 1U/ml

n=46 (63.9%)

Meant SD
Vitamin B12 (pg/ml) 341.77+100.81
HoloTC (pmoll/l) 43.35+£19.97

Anti-TPO antibodies 234 |U/ml

n=26 (36.1%)
Meant SD
308.82+96.12

41.14£19.29

p-value

0.174

0.646

TABLE 3: Mean vitamin B12 level and HoloTC level in subclinical hypothyroid patients with

positive anti-TPO antibodies

Independent T-tests were performed for statistical analysis.

anti-TPO: anti-thyroid peroxidase antibody; HOLO TC: holotranscobalamin

Table 4 shows that the mean levels of vitamin B12 and HoloTC were insignificantly lower in SCH patients
with TSH levels greater than 7 pIU/L compared to those with TSH levels less than 7 pIU/L (345.33+103.22
pg/ml, p=0.135; 40.14%+18.16 pmol/l, p=0.272), respectively.
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TSH in subclinical hypothyroidism

Parameters TSH <7.0 plU/L TSH 27.0 plU/L
p-value
n=48 (66.6%) n=24 (33.4%)
Mean+ SD Mean+ SD
Vitamin B12 (pg/ml) 345.33+103.22 308.42+94.63 0.135
HoloTC (pmolll) 45.51+21.70 40.14+18.16 0.272

TABLE 4: Mean vitamin B12 level and HoloTC level in subclinical hypothyroid patients with TSH
level 27.0 ylU/L and less than 7 plU/L

Independent T-tests were performed for statistical analysis.
TSH: thyroid-stimulating hormone; HoloTC: holotranscobalamin

Discussion

The correlation between hypothyroidism and vitamin B12 status in humans remains a topic of debate, and
the evidence remains inconclusive despite extensive research, as certain studies suggested the presence of
such a correlation [19] and other studies failed to establish such a correlation [20, 21, 22]. This correlation
becomes more obscure when SCH is considered, owing to the scarcity of published studies on the matter
[23].

The predominance of young females among the SCH patients in the present study aligns with the widely
recognized higher prevalence of SCH among women. In a recent meta-analysis, it was observed that
Hashimoto's thyroiditis exhibits a prevalence approximately four-fold higher among young females relative
to their male counterparts [7, 24]. The emergence of sex differences in thyroid autoimmunity during puberty
coincides with the simultaneous rise of leptin and estrogen levels. These hormones are known for their
influence on the immune system and may play a significant role in the observed variations in disease
incidence between genders [25]. Moreover, the mean BMI of subclinical hypothyroid patients was higher
than that of apparently healthy controls. Hypothyroidism and obesity are intricately linked, as
hypothyroidism is characterized by reduced resting energy expenditure [26]. Moreover, there is a higher
prevalence of SCH observed among individuals who are obese [26-28]. The prevalence of positive anti-TPO
antibodies in SCH correlates with autoimmune thyroiditis as the primary etiology of hypothyroidism [29].
Among patients with SCH, there is a notable propensity for progression to clinically overt hypothyroidism,
occurring at a rate of 2.6% annually in those with negative anti-TPO antibodies and 4.3% in those with
positive anti-TPO antibodies [8, 30].

The current study revealed a significant disparity in mean HoloTC levels between patients with SCH and
apparently healthy controls, as there was a significantly lower mean HoloTC level among patients with SCH,
while less pronounced variation was observed in mean vitamin B12 levels between these two groups, as
there was an insignificantly lower mean vitamin B12 level among SCH patients. Although several studies
have extensively explored the link between vitamin B12 deficiency and thyroid dysfunction, particularly
overt hypothyroidism, investigations into this association with SCH remain limited [12, 31, 32]. Globally,
different studies have reported a notable decrease in mean serum vitamin B12 levels among SCH patients
compared to healthy subjects [33]. It is worth mentioning that neither of these studies incorporated or used
serum HoloTC levels in assessing vitamin B12 status in patients with SCH [12]. The association between SCH
and vitamin B12 deficiency can mostly be explained by the presence of the autoimmune process [34, 35].
Vitamin B12 deficiency highly arises from impaired absorption due to atrophic gastritis and pernicious
anemia, which are frequently associated with autoimmune thyroid disease as a cluster of autoimmune
disorders [36, 37].

The current study observed a crucial role of anti-TPO antibodies in vitamin B12 status in SCH, as the mean
serum vitamin B12 level and mean serum HoloTC level were lower in SCH patients with positive anti-TPO
antibodies compared to those with negative anti-TPO antibodies [38]. Therapeutic strategies for SCH
patients commonly depend upon cutoff levels of TSH and the negativity or positivity of anti-TPO antibodies.
A TSH level equal to or more than 7 pIU/L (33.4% of the patients with SCH) and positive anti-TPO antibodies
(36.1% of the patients with SCH) among SCH patients is regarded as a potential indication for initiating T4
therapy, aiming to mitigate the risk of cardiovascular complications and progression to overt
hypothyroidism [8]. The present study revealed a lower mean vitamin B12 and mean HoloTC level in SCH
patients with TSH levels equal to or more than 7 uIU/L compared to those with TSH levels less than 7 uIU/L.
Vitamin B12 deficiency in SCH patients exacerbates the risk of cardiovascular disorders, as vitamin B12
deficiency is a well-recognized cause of hyperhomocysteinemia that is considered a crucial risk factor for the
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development of cardiovascular diseases and their complications [39].

The strengths of the study include utilizing HoloTC along with vitamin B12 as markers for B12 deficiency;
this study is the first to include both HoloTC and vitamin B12 in SCH, as well as, examining the correlation
between HoloTC and vitamin B12 levels with the severity and autoimmunity of SCH.

The limitation of the study was that we chose SCH patients, which are a group of hypothyroid patients who
are mostly asymptomatic, and their diagnosis depends on laboratory investigations performed more than
once.

Conclusions

In conclusion, this study sheds light on the association between serum vitamin B12 and HoloTC levels in
SCH patients, particularly in relation to TSH levels and the presence of a higher level of anti-TPO antibodies.
While significant differences were observed in serum TSH, anti-TPO antibodies, and HoloTC levels between
SCH patients and healthy controls, the variance in vitamin B12 levels was not statistically significant. These
findings underscore the potential impact of autoimmune processes and TSH levels on vitamin B12 status in
SCH, warranting further investigation into the clinical implications of these relationships.

Appendices
Appendix A

The Questionnaire
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Questionnaire

Patient information:
Patient name............ocooveuiiiiiniiiiiiii e, Number (ID)
Age(years)....oooveeennee. Gender: O Female
Anthropometrics parameters:
Waist circumference..................
Blood Pressure: Systolic
History of history of thyroid disorders O No
History of thyroidectomy O No
History of radioactive iodine treatment O No
History of hypothyroidism resulting from medications? ONG
History of Alcoholic O No
Vegetarian O No
History of gastrointestinal surgery? O No
History of pancreatic insufficiency? O No
Taking vitamin Bi2 supplementation? O No
Prolonged use of metformin? O No
Prolonged use proton pump inhibitors O No
History of inflammatory bowel disease O No
History of celiac disease O No
Do you take any other medications? O No

Types of medications taken. .............ooeevsiviiniiiiniininin
Habits of energy drinks? O No O Yes
Do you smoke? O No O Yes
Physical activity O Active O Non active
Patient signature
Date

FIGURE 1: The questionnaire created by the authors that was

distributed to all the study participants.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the

work.

Concept and design: Sherwan Salih, Mugdad Al-Mousawi, Ameer Ahmed, Barhav Abdullah

Acquisition, analysis, or interpretation of data: Sherwan Salih, Mugdad Al-Mousawi, Ameer Ahmed,

Barhav Abdullah

Drafting of the manuscript: Sherwan Salih, Muqdad Al-Mousawi, Ameer Ahmed, Barhav Abdullah

Critical review of the manuscript for important intellectual content: Sherwan Salih, Mugdad Al-

Mousawi, Ameer Ahmed, Barhav Abdullah

Supervision: Sherwan Salih

Disclosures

2024 Al-Mousawi et al. Cureus 16(6): €61513. DOI 10.7759/cureus.61513

Diastolic

O Yes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
O Yes

70of9


https://assets.cureus.com/uploads/figure/file/1039387/lightbox_0f3c6780208911efb822b1fbbadbfbe3-lightbox_9a9688b0187d11efbb1393ba65d097aa-Questionnairy.png

Cureus

Part of SPRINGER NATURE

Human subjects: Consent was obtained or waived by all participants in this study. Research Ethics
Committee of the Duhok Directorate General of Health and the University of Duhok, College of Medicine
issued approval (27032024-2-10). Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Osman D, Cooke A, Young TR, Deery E, Robinson NJ, Warren MJ: The requirement for cobalt in vitamin
B(12): a paradigm for protein metalation. Biochim Biophys Acta Mol Cell Res. 2021, 1868:118896.
10.1016/j.bbamcr.2020.118896

Adam NA, Sulaiman DM, Salih SF: Evaluation of serum B12 levels among patients with type 2 diabetes
mellitus. Adv Med J. 2024, 9:10 -8. 10.56056/amj.2024.2.32.

Damayanti D, Jaceldo-Siegl K, Beeson WL, Fraser G, Oda K, Haddad EH: Foods and supplements associated
with vitamin B(12) biomarkers among vegetarian and non-vegetarian participants of the Adventist Health
Study-2 (AHS-2) calibration study. Nutrients. 2018, 10:722. 10.3390/nu10060722

Esposito G, Dottori L, Pivetta G, Ligato I, Dilaghi E, Lahner E: Pernicious anemia: the hematological
presentation of a multifaceted disorder caused by cobalamin deficiency. Nutrients. 2022, 14:1672.
10.3390/nu14081672

Andres E, Serraj K, Zhu ], Vermorken AJ: The pathophysiology of elevated vitamin B12 in clinical practice .
QJM. 2013, 106:505-15. 10.1093/qjmed/hct051

Nexo E, Christensen AL, Hvas AM, Petersen TE, Fedosov SN: Quantification of holo-transcobalamin, a
marker of vitamin B12 deficiency. Clin Chem. 2002, 48:561-2.

Hennessey ]V, Espaillat R: Subclinical hypothyroidism: a historical view and shifting prevalence . Int ] Clin
Pract. 2015, 69:771-82. 10.1111/ijcp.12619

Biondi B, Cappola AR, Cooper DS: Subclinical hypothyroidism: a review. JAMA. 2019, 322:153-60.
10.1001/jama.2019.9052

McDermott MT, Ridgway EC: Subclinical hypothyroidism is mild thyroid failure and should be treated . J Clin
Endocrinol Metab. 2001, 86:4585-90. 10.1210/jcem.86.10.7959

Aktas HS: Vitamin B12 and vitamin D levels in patients with autoimmune hypothyroidism and their
correlation with anti-thyroid peroxidase antibodies. Med Princ Pract. 2020, 29:364-70. 10.1159/000505094
Stabler SP: Clinical practice. Vitamin B12 deficiency. N Engl ] Med. 2013, 368:149-60.
10.1056/NEJMcp1113996

Jabbar A, Yawar A, Waseem S, et al.: Vitamin B12 deficiency common in primary hypothyroidism . ] Pak Med
Assoc. 2008, 58:258-61.

Devalia V, Hamilton MS, Molloy AM: Guidelines for the diagnosis and treatment of cobalamin and folate
disorders. Br ] Haematol. 2014, 166:496-513. 10.1111/bjh.12959

Sobczynska-Malefora A, Delvin E, McCaddon A, Ahmadi KR, Harrington DJ: Vitamin B(12) status in health
and disease: a critical review. Diagnosis of deficiency and insufficiency - clinical and laboratory pitfalls. Crit
Rev Clin Lab Sci. 2021, 58:399-429. 10.1080/10408363.2021.1885339

Ross DS: Treating hypothyroidism is not always easy: When to treat subclinical hypothyroidism, TSH goals
in the elderly, and alternatives to levothyroxine monotherapy. | Intern Med. 2022, 291:128-40.
10.1111/joim.13410

Medi¢ F, Bakula M, Alfirevi¢ M, Bakula M, Muci¢ K, Mari¢ N: Amiodarone and thyroid dysfunction. Acta Clin
Croat. 2022, 61:327-41. 10.20471/acc.2022.61.02.20

Green R, Miller JW: Vitamin B12 deficiency. Vitam Horm. 2022, 119:405-39. 10.1016/bs.vh.2022.02.003
Rashid S, Meier V, Patrick H: Review of vitamin B12 deficiency in pregnancy: a diagnosis not to miss as
veganism and vegetarianism become more prevalent. Eur ] Haematol. 2021, 106:450-5. 10.1111/ejh.13571
Azzini E, Raguzzini A, Polito A: A brief review on vitamin B12 deficiency looking at some case study reports
in adults. Int ] Mol Sci. 2021, 22:9694. 10.3390/ijms22189694

Otla AA, Saleh NA: Estimation of the level of homocysteine and vitamin B12 in serum of patients with
hypothyroidism. Tikrit ] Pure Sci. 2019, 2019:70-3.

Aon M, Taha S, Mahfouz K, Ibrahim MM, Aoun AH: Vitamin B12 (cobalamin) deficiency in overt and
subclinical primary hypothyroidism. Clin Med Insights Endocrinol Diabetes. 2022, 15:11795514221086634.
10.1177/11795514221086634

Srikrishna R, Girishbabu R, Ramesh ST: Study of association of anemia in subclinical and overt hypothyroid
patients. Res ] Pharma Bio Chem Sci. 2015, 6:368-73.

Benites-Zapata VA, Ignacio-Cconchoy FL, Ulloque-Badaracco JR, Hernandez-Bustamante EA, Alarcén-
Braga EA, Al-Kassab-Cdrdova A, Herrera-Anazco P: Vitamin B12 levels in thyroid disorders: a systematic
review and meta-analysis. Front Endocrinol (Lausanne). 2023, 14:1070592. 10.3389/fendo.2023.1070592
Hu X, Chen Y, Shen Y, Tian R, Sheng Y, Que H: Global prevalence and epidemiological trends of
Hashimoto's thyroiditis in adults: a systematic review and meta-analysis. Front Public Health. 2022,
10:1020709. 10.3389/fpubh.2022.1020709

Merrill SJ, Mu Y: Thyroid autoimmunity as a window to autoimmunity: an explanation for sex differences in
the prevalence of thyroid autoimmunity. ] Theor Biol. 2015, 375:95-100. 10.1016/j.jtbi.2014.12.015

Jin HY: Prevalence of subclinical hypothyroidism in obese children or adolescents and association between
thyroid hormone and the components of metabolic syndrome. ] Paediatr Child Health. 2018, 54:975-80.
10.1111/jpc.13926

2024 Al-Mousawi et al. Cureus 16(6): e61513. DOI 10.7759/cureus.61513

8of9


https://dx.doi.org/10.1016/j.bbamcr.2020.118896?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbamcr.2020.118896?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.56056/amj.2024.232?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.56056/amj.2024.232?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu10060722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu10060722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu14081672?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu14081672?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/qjmed/hct051?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/qjmed/hct051?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/11861448/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijcp.12619?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijcp.12619?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2019.9052?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2019.9052?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.86.10.7959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.86.10.7959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000505094?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000505094?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMcp1113996?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMcp1113996?utm_medium=email&utm_source=transaction
https://ecommons.aku.edu/pakistan_fhs_mc_med_diabet_endocrinol_metab/10/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjh.12959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjh.12959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/10408363.2021.1885339?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/10408363.2021.1885339?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/joim.13410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/joim.13410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20471/acc.2022.61.02.20?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20471/acc.2022.61.02.20?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/bs.vh.2022.02.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/bs.vh.2022.02.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ejh.13571?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ejh.13571?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms22189694?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms22189694?utm_medium=email&utm_source=transaction
https://www.iasj.net/iasj/article/161097?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/11795514221086634?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/11795514221086634?utm_medium=email&utm_source=transaction
https://www.rjpbcs.com/pdf/2015_6(3)/[49].pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2023.1070592?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2023.1070592?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2022.1020709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2022.1020709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jtbi.2014.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jtbi.2014.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jpc.13926?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jpc.13926?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

YanY, XuM, Wu M, et al.: Obesity is associated with subclinical hypothyroidism in the presence of thyroid
autoantibodies: a cross-sectional study. BMC Endocr Disord. 2022, 22:94. 10.1186/512902-022-00981-0
Biondi B: Subclinical hypothyroidism in patients with obesity and metabolic syndrome: a narrative review .
Nutrients. 2023, 16:87. 10.3390/nu16010087

Sharma VK, Niraula A, Tuladhar ET, et al.: Autoimmune thyroid status in subclinical thyroid disorders in
patients attending a tertiary care center in Nepal: a hospital-based cross-sectional study. BMC Endocr
Disord. 2023, 23:221. 10.1186/s12902-023-01480-6

Fatourechi V: Subclinical hypothyroidism: an update for primary care physicians . Mayo Clin Proc. 2009,
84:65-71. 10.4065/84.1.65

Yu HM, Park KS, Lee JM: The value of red blood cell distribution width in subclinical hypothyroidism . Arq
Bras Endocrinol Metabol. 2014, 58:30-6. 10.1590/0004-2730000002836

Gupta R, Choudhary S, Chatterjee T: A study on vitamin B12 levels in hypothyroid patients presenting to a
tertiary care teaching hospital. Cureus. 2023, 15:e44197. 10.7759/cureus.44197

Ranjan A, Sudha K, Nandini M, Durgarao Y: Novel evidence of relationship between serum vitamin b12 and
folate with total vitamin d in subclinical hypothyroidism.

Kacharava T, Giorgadze E, Janjgava S, Lomtadze N, Taboridze I: Correlation between vitamin B12 deficiency
and autoimmune thyroid diseases. Endocr Metab Immune Disord Drug Targets. 2023, 23:86-94.
10.2174/1871530322666220627145635

Raju P, Kumar SV: Incidence of vitamin B12 deficiency in patients with hypothyroidism . ] Evid Based Med
Healthc. 2021, 8:415-9.

Cellini M, Santaguida MG, Virili C, Capriello S, Brusca N, Gargano L, Centanni M: Hashimoto’s thyroiditis
and autoimmune gastritis. Front Endocrinol (Lausanne). 2017, 8:92. 10.3389/fendo.2017.00092

Lahner E, Conti L, Cicone F, et al.: Thyro-entero-gastric autoimmunity: pathophysiology and implications
for patient management. Best Pract Res Clin Endocrinol Metab. 2020, 34:101373.
10.1016/j.beem.2019.101373

Ku EJ, Yoo WS, Chung HK: Management of subclinical hypothyroidism: a focus on proven health effects in
the 2023 Korean Thyroid Association guidelines. Endocrinol Metab (Seoul). 2023, 38:381-91.
10.3803/EnM.2023.1778

Haloul M, Vinjamuri SJ, Naquiallah D, et al.: Hyperhomocysteinemia and low folate and vitamin B12 are
associated with vascular dysfunction and impaired nitric oxide sensitivity in morbidly obese patients.
Nutrients. 2020, 12:2014. 10.3390/nu12072014

2024 Al-Mousawi et al. Cureus 16(6): e61513. DOI 10.7759/cureus.61513

90f9


https://dx.doi.org/10.1186/s12902-022-00981-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12902-022-00981-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu16010087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu16010087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12902-023-01480-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12902-023-01480-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4065/84.1.65?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4065/84.1.65?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/0004-2730000002836?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/0004-2730000002836?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44197?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44197?utm_medium=email&utm_source=transaction
https://researcher.manipal.edu/en/publications/novel-evidence-of-relationship-between-serum-vitamin-b12-and-fola?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1871530322666220627145635?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1871530322666220627145635?utm_medium=email&utm_source=transaction
https://www.jebmh.com/articles/incidence-of-vitamin-b12-deficiencyin-patients-with-hypothyroidism.pdf.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2017.00092?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2017.00092?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.beem.2019.101373?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.beem.2019.101373?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3803/EnM.2023.1778?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3803/EnM.2023.1778?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12072014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12072014?utm_medium=email&utm_source=transaction

	Serum Vitamin B12 and Holotranscobalamin Levels in Subclinical Hypothyroid Patients in Relation to Thyroid-Stimulating Hormone (TSH) Levels and the Positivity of Anti-thyroid Peroxidase Antibodies: A Case-Control Study
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	TABLE 1: Anthropometrics characteristics of the study participants
	TABLE 2: Biochemical parameters of the study participants
	TABLE 3: Mean vitamin B12 level and HoloTC level in subclinical hypothyroid patients with positive anti-TPO antibodies
	TABLE 4: Mean vitamin B12 level and HoloTC level in subclinical hypothyroid patients with TSH level ≥7.0 µIU/L and less than 7 µIU/L

	Discussion
	Conclusions
	Appendices
	Appendix A
	FIGURE 1: The questionnaire created by the authors that was distributed to all the study participants.


	Additional Information
	Author Contributions
	Disclosures

	References


