Iron Deficiency and Hypoferritinaemia in
Patients with Subclinical Hypothyroidism:
A Retrospective Observational Study
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ABSTRACT Results: In the SH group, there were 32 males (32%) and 68
Introduction: Iron acts as a cofactor in Thyroid Peroxidase females(68%);inthe control group, there were 21 males (42%) and
(TPO) activity, and low iron levels can impact thyroid hormone 29 females (58%). The median values of TT3 (nmol/L), TT4 (ug/dL),
metabolism. The function of ferritin and iron has been and TSH (ulU/mL) were 1.55 (1.4-1.95), 7.8 (5.9-9.75), and 3 (1.9-

extensively documented in various studies in patients with Overt ~ 3.75) for controls, and 1.4 (1.1-1.75), 6.85 (5.5-8.15), and 6.2 (4.8-

Hypothyroidism (OH), but their role in Subclinical Hypothyroidism  8.05), respectively, for cases. In comparison to controls, the TSH
(SH) remains largely unexplored. level was significantly higher (p<0.0001) in cases. The median iron

(ug/dL), ferritin (ng/mL), TIBC (ug/dL), and % saturation in cases
were 56.5 (41.5-82), 110 (31.5-194.5), 329 (258-390), and 19
) ; (11.25-26.75), respectively, while in controls they were 84 (68.5-
Materials and Methods: A retrospective observational study 96.5), 195 (121.5-338.5), 233 (188.5-294), and 25 (18-37.5). There
was conducted between March 2018 and October 2018 at was a significant decrease in iron level (p<0.00001), % saturation

the. Biochemistry Department of Nizgm’s Institute of Medical g 0g001), and ferritin level (p<0.00001), and a significant increase
Sciences, Hyderabad, Telangana, India. For the study, a total in TIBC (p<0.0001) in cases when compared to controls.
of 100 cases of SH were enrolled, and these patients were

matched in terms of age and sex with 50 healthy controls. A
fasting sample was obtained and analysed for serum ferritin,
Total Iron Binding Capacity (TIBC), TT3, TT4, and Thyroid
Stimulating Hormone (TSH). MedCalc software was used to
perform statistical analysis.

[ Biochemistry Section ]

Aim: To evaluate the serum ferritin and iron levels in patients
who have SH.

Conclusion: In conclusion, the present study showed a significant
negative correlation between SH and iron deficiency. Patients with
this condition should be evaluated for ferritin and iron levels and
treated appropriately to prevent hypothyroidism.

Keywords: Anaemia, Ferritin, Thyroid stimulating hormone, Total iron binding capacity, Transferrin

INTRODUCTION simultaneous deficiencies in iron, vitamin B12, or folate that can result
The SH is defined as an increase in TSH level associated with a normal ~ from thyroid dysfunction [9]. Hence, for many patients, anaemia is the
level of free T3 (fT3) and free thyroxine (fT4). An fT3 assay is of limited  initial indication of hypothyroidism.

value as many extra-thyroidal factors also trigger a reduction of this  In SH, an increase in Low-density Lipoprotein (LDL) cholesterol
hormone. It is widely accepted that a TSH value above 10 mU/L  correlates with an increase in TSH levels. A cross-sectional study
indicates hypothyroidism [1]. The frequency of SH varies from 5 t0o  has demonstrated an increased prevalence of aortic atheromatosis
10% and rises with age, depending on the patient population [2]. and myocardial infarction in women affected by SH [10]. Before
Patients with thyroid autoantibodies or other thyroid history are ~ definitively diagnosing SH, several other causes of elevated TSH
at an elevated risk of developing OH. SH is intriguing due to its ~ Must be ruled out, including thyroid hormone resistance syndrome,
nosological and physiopathological aspects. Confirming thyroid ~ TSH-receptor mutations, - thyrotropic adenoma, chronic kidney
insufficiency based solely on a single criterion, a TSH value between  failure, and drug interference [11].

4 and 10 mU/L, is not possible [3,4]. Approximately one-third of A Haemoglobin (Hb) value below 13.0 g/dL for adult males and
SH cases are not asymptomatic, but their TSH levels rise with a  postmenopausal women, and below 12.0 g/dL for premenopausal
significant titer of thyroid autoantibodies [5]. women, is considered anaemia according to the World Health
The metabolism of iron is intricate and interconnected with thyroid ~ Organisation (WHO). Low Hb concentration can result from a
hormone metabolism. Iron acts as a cofactor in TPO, which reduced number of RBC/mL or reduced haemoglobin content of
catalyses the initial two reactions of thyroid hormone biosynthesis. ~ RBCS. Thyroid dysfunction and anaemia both worsen with age
Low iron levels can impact overall thyroid hormone metabolism by — @nd frequently coexist [12].

reducing TPO’s effectiveness [6]. An indicator of the body’s iron  Based on a study conducted in India, a notable segment of
reserves is ferritin, which may be altered in subclinical and OH [7].  individuals with type 2 diabetes experience either subclinical or clinical
Estimating anaemia markers such as serum iron, ferritin, TIBC, and  hypothyroidism [13]. Additionally, anaemia directly exacerbates
% saturation will be highly useful in hypothyroidism and SH. Anaemia  cardiovascular conditions such as coronary artery disease, stroke,
has a detrimental impact on thyroid hormone status, whereas left ventricular hypertrophy, and left ventricular systolic dysfunction.
thyroid hormones actively stimulate the proliferation of Red Blood  These factors increase the risk of death, reduced quality of life,
Cell (RBC) precursors both directly and through the enhancement of  longer hospital stays, and hospitalisations for patients with anaemia
erythropoietin production [8]. Consequently, certain types of anaemia,  from Chronic Kidney Disease (CKD) [14]. While the association
such as macrocytic, microcytic, and normocytic anaemia, stem from  between thyroid dysfunction and anaemia is established, the link
decreased erythropoietin production, bone marrow suppression, and  between SH and anaemia remains largely unexplored.
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Hence, the present study was conducted to evaluate biochemical
indicators of ferritin and iron status in SH patients.

MATERIALS AND METHODS

This retrospective observational study was conducted in the
Department of Biochemistry at Nizam'’s Institute of Medical Sciences,
Hyderabad, Telangana, India. Data were collected between March
2018 and October 2018, and the analysis was carried out between
November 2018 and December 2018. The Institutional Ethical
Committee at Nizam’s Institute of Medical Sciences in Hyderabad,
India, approved the study protocol (EC/NIMS/2164/2018), and all
research subjects provided written informed consent.

Inclusion criteria: Cases with normal serum TT3 (1.1-3.1 nmol/L),
TT4 (4.5-11.7 nmol/ug/dL), and high serum TSH (4.0-10.0 plU/mL)
were recruited for the study [15].

Exclusion criteria: Patients with well-established hypothyroidism, a
previous history of clinical hypothyroidism, and a history of intake of
thyroid drugs, steroids, and iron supplements were excluded from
the study. Proven hepatic illnesses, cardiovascular diseases, renal
disorders, and diabetes mellitus were additional exclusion factors.

Sample size: A total of 100 cases of recently diagnosed SH were
included in this retrospective analysis. This cohort consisted of 32
men and 68 women. A total of 50 healthy controls matched for age
and sex were compared to these cases.

Study Procedure

A 5 mL fasting blood samples were collected in plain vacutainers
for TT3, TT4, and TSH, as well as markers of anaemia such as
iron, TIBC, and ferritin. The serum samples were obtained for
analysis using centrifugation at 2000xg for 10 minutes at room
temperature.

Biochemical measurements: The FerroZine method was used to
evaluate serum iron levels (10-1000 pg/dL). Ascorbate converts the
liberated Fe* ions to Fe®* ions in an acidic environment, and these
ions combine with FerroZine to produce a coloured complex. The
Unsaturated Iron-binding Capacity (UIBC) of serum was quantitatively
determined through direct measurement using FerroZine. The colour
intensity is inversely correlated with the UIBC and directly correlated
with the unbound excess iron concentration. The increase in
absorbance at 552 nm is used for calculation. Serum iron and serum
UIBC are measured, and the values are combined to determine TIBC.
The serum iron concentration is divided by the TIBC and multiplied
by 100 to determine the percentage saturation of transferrin with
iron. Serum ferritin levels (8-450 ng/mL) were estimated using the
turbidimetric immunoassay [16].

Using a fully automated Advia Centaur XP chemiluminescence
analyser (Siemens Healthcare Diagnostics Inc., NY, USA), the total
T3 (0.1-8 ng/mL), T4 (0.3-30 pg/dL), and TSH (0.010-150 plU/mL)
levels were estimated [17]. The TSH3-Ultra assay is based on a two-
site sandwich immunoassay principle, while the T3 and T4 assays
are competitive immunoassays that use direct chemiluminescent
technology.

STATISTICAL ANALYSIS

MedCalc software version 22.021 was used to perform statistical
analysis. The Mann-Whitney U test was used to compare
nonparametric variables, which are expressed as medians
(interquartile range). Pearson’s formula was used to obtain the
coefficient of correlation.

RESULTS

In the SH group, there were 32 males (32%) and 68 females (68%); in
the control group, there were 21 males (42%) and 29 females (58%).
No significant difference was found regarding the mean age among
the groups. The median values of TT3 (nmol/L), TT4 (ug/dL), and
TSH (ulU/mL) were 1.55 (1.4-1.95), 7.8 (5.9-9.75), and 3 (1.9-3.75)
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for controls, and 1.4 (1.1-1.75), 6.85 (5.5-8.15), and 6.2 (4.8-8.05)
for patients. There was no significant difference in TT3 and TT4
levels between the SH and control groups. However, a statistically
significant difference (p<0.0001) was observed in the mean TSH

values between the SH group and the control group [Table/Fig-1].

Variables Controls (n=50) Cases (n=100) p-value
Age (years) 46.3+3.61 48.0+3.97 0.453
Gender "F"_g; '\é'_’gg 0.099
Total T3 (nmol/L) 1.55 (1.4-1.95) 1.4 (1.1-1.75) 0.723
Total T4 (ug/dL) 7.8 (5.9-9.75) 6.85 (5.5-8.15) 0.089
TSH (ulU/mL) 3.0 (1.9-3.75) 6.2 (4.8-8.05) 0.0001*

[Table/Fig-1]: Demographic data and thyroid hormone levels in controls and
Subclinical Hypothyroidism (SH) cases.

Data is expressed as median and interquartile range. *p<0.05 compared to controls.
*p<0.0001 as compared to controls

In cases, the median iron (ug/dL), ferritin (ng/mL), TIBC (ug/dL),
and saturation percentage were 56.5 (41.5-82), 110 (31.5-194.5),
329 (258-390), and 19 (11.25-26.75), respectively. In controls, the
corresponding values were 84 (68.5-96.5), 195 (121.5-338.5), 233
(188.5-294), and 25 (18-37.5). Compared to controls, there was a
significant decrease in iron (p<0.00001), % saturation (<0.00001),
and ferritin (<0.00001), but a significant increase in TIBC (<0.0001)
in cases [Table/Fig-2-5].
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[Table/Fig-2]: Comparison of serum iron in controls and SH cases (controls

84+15 pg/dL, cases 62+18 pg/dL).
p<0.00001 as compared to controls
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[Table/Fig-3]: Serum ferritin levels in controls and SH cases (controls 185+45 ng/mL,

cases 120+35 ng/mL).
p<0.00001 as compared to controls

As shown in [Table/Fig-6,7], there was a negative correlation
between TSH and iron, and ferritin (r=-0.063, p=0.438 and -0.21,
p=0.04, respectively). However, there was a positive correlation
between TSH and % saturation.

DISCUSSION

In the current study, patients with SH had lower levels of iron, ferritin,
TIBC, and saturation percentage than the control group. There are
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[Table/Fig-4]: Comparison of % saturation of transferrin with iron in controls and

SH cases (controls 28+8%, cases 20+7%).
p<0.00001 as compared to controls
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[Table/Fig-5]: Comparison of TIBC in controls and SH cases (controls 228+20,

cases 333+36 pg/dL).
p<0.0001 as compared to controls
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[Table/Fig-6]: Scatter diagram showing the correlation between serum iron and
TSH in SH cases.

not many studies in the literature that address the iron profile status
of patients with SH. According to a recent study by Soe YN et al.,
patients with SH had lower mean total T3, total T4, iron, TIBC,
transferrin, and ferritin values than the control group [18]. SH and
iron deficiency anaemia are important clinical disorders that are
related to each other. The literature on iron markers in patients with
SH is scarce [19].

One of the most crucial nutrients for thyroid functionisiron. Itis crucial
for thyroid hormone synthesis and metabolism. Iron is necessary to
produce the thyroid hormone T4, which is then converted to T3
[20]. According to Hess SY et al., there is a significant reduction
in TPO activity in iron deficiency, and this reduction in TPO activity
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[Table/Fig-7]: Scatter diagram showing the correlation between % saturation and

TSH in SH cases.

may be one of the factors contributing to the negative effects of
iron deficiency anaemia on thyroid metabolism. Iron deficiency
may inhibit iodine incorporation into thyroglobulin and the coupling
of iodothyronine to form thyroid hormone by decreasing TPO
activity [21]. Changes in thyroid function impact the haematological
index and serum iron metabolism. Reduced iron levels in the
body can lead to the development of SH into OH. Depleted
bodily iron reserves and anaemia are frequently associated with
hypothyroidism [22].

Ferritin is an intracellular protein responsible for storing iron and
regulating its release. Ferritin is produced in every living organism.
It possesses antioxidant properties and helps in the sequestration
of iron. In subclinical hypothyroidism, elevated TSH levels might
trigger inflammatory cytokines and reduce the body’s antioxidant
ability [23]. The ferritin mean concentration in SH patients was
shown to be decreased in this study compared to the control group.
The antioxidant property of ferritin through iron sequestration was
decreased in SH. This study found that the mean ferritin and iron
levels in SH patients were lower than those in the control group.
These findings are consistent with previous research suggesting
that hypothyroidism may be linked to a lower iron profile [24,25].
The present study results are also in agreement with the study
conducted by Mishra AK et al.,, where they demonstrated that
serum ferritin is significantly depleted in SH patients compared to
the euthyroid group [19]. A total of 68 percent of the subclinical
hypothyroid patients in this study were female. Women are more
likely than men to suffer from SH because oestrogen may have an
antithyroid effect [26].

Potentially active oxygen-derived free radicals are created during
the redox cycling of catecholestrogen metabolites between
quinone and catechol [27]. Iron is required for the generation of
reactive oxygen species, predominantly superoxide radicals. In this
study, the mean iron content of the control group was higher than
that of the SH group. The primary enzyme in the manufacture of
thyroid hormones, TPO, is primarily iron-dependent. Therefore, the
development of SH into OH may be caused by an iron deficiency.
Reduced oxygen delivery to different tissues occurs in patients with
iron deficiency SH because thyroid hormones do not stimulate the
establishment of erythroid colonies. Anaemiais caused by a decrease
in erythropoietin levels, which also impacts iron metabolism [28]. An
essential component of the system that delivers thyroid hormone into
cells is serum iron. Even in the case of normal FT3 and FT4 levels,
an iron deficit can cause the thyroid hormone to pool, resulting in a
biologically hypothyroid state that mimics thyroxine resistance [12].
Thyroid hormones and iron metabolism were found to be negatively
correlated with TSH and positively correlated with ferritin, but some
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authors have reported a strong positive link between TSH and
ferritin. The findings of the present study are consistent with a study
by Akhter S et al., which found that individuals with low iron levels
had significantly different thyroid hormone statuses. This difference
may be due to the iron-dependent enzyme (TPO) being less active,
which disrupts the overall metabolism of thyroid hormones [29].

Hypothyroidism is the most common thyroid dysfunction in Indian
patients with metabolic syndrome [30]. In older women, subclinical
hypothyroidism (SH) is an independent risk factor for myocardial
infarction and atherosclerosis [31]. Anaemia and hypothyroidism are
common conditions among pregnant women. According to one Indian
study, 35 (31.81%) cases had elevated serum TSH (>2.5 mIU/L). TSH
levels of more than 2.5 mIU/L were present in 42.86% of anaemia
patients [32]. A large proportion of thyroid cases diagnosed during
one Indian study highlighted hypothyroidism as the most common
thyroid dysfunction in Indian patients with metabolic syndrome [30].
Pregnancy is frequently accompanied by anaemia and hypothyroidism.
Diagnosing and treating hypothyroidism during pregnancy can help
reduce anaemia and negative outcomes for both the mother and
the foetus [32]. SH is more likely to develop in people with metabolic
syndrome, and atherosclerotic heart disease morbidity and mortality
are markedly elevated in SH patients [33]. Patients with untreated
hypothyroidism have a significant chance of experiencing severe side
effects. Mendes D et al., demonstrated that a significant section of
the European population suffers from undetected hypothyroidism,
specifically SH [34]. The challenging diagnosis and treatment of SH
have long been linked to unwarranted deep vein thrombosis, common
bile duct stones, and infertility [35-37]. Hence, it is important to screen
for iron deficiency anaemia in all patients with SH since the two
conditions are interdependent. The authors concluded that measuring
iron and ferritin levels in patients with SH may be important, as it could
enhance treatment outcomes and help track the progression of the
condition from SH to OH.

Limitation(s)

The sample size was small, and there was no racial or geographical
diversity in the study population. Therefore, the results may not be
representative of the population at large. The data were obtained
from a single centre without randomisation and further follow-up
of patients.

CONCLUSION(S)

The current study concluded by showing a significant association
between subclinical hypothyroidism (SH), hypoferritinaemia, and
iron deficiency. Before progressing to OH, it is crucial to assess the
ferritin and iron status of patients with SH. Compared to those with
normal thyroid function, patients with abnormal thyroid status were
more likely to develop anaemia. Because SH does not present with
substantial clinical manifestations in its early stages, routine testing
of ferritin and iron status is recommended for the early detection
and prevention of anaemia.

Acknowledgement
The authors would like to thank Dr. B. Yadagiri’s technical support
and insightful advice in carrying out the biochemical tests.

REFERENCES

[1] Gharib H, Tuttle RM, Baskin HJ, Fish LH, Singer PA, McDermott MT. Subclinical
thyroid dysfunction: A joint statement on management from the American
Association of Clinical Endocrinologists, the American Thyroid Association,
and the Endocrine Society. J Clin Endocrinol Metab. 2005;90(1):581-85. Doi:
10.1210/jc.2004-1231.

[2] Fatourechi V. Subclinical hypothyroidism: An update for primary care physicians.
Mayo Clin Proc. 2009;84(1):65-71. Doi: 10.4065/84.1.65.

[3] Col NF, Surks MI, Daniels GH. Subclinical thyroid disease: Clinical applications.
JAMA. 2004;291(2):239-43. Doi: 10.1001/jama.291.2.239.

[4] Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, et al. Subclinical
Thyroid Disease: Scientific review and guidelines for diagnosis and management.
JAMA. 2004;291(2):228-38. Doi: 10.1001/jama.291.2.228.

[8]

[6]

[71

[8]

[9]

(o]

1]

n2]

n3]

[14]

18]

[e]

[17]

8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

www.jcdr.net

Cojic M, Cvejanov-Kezunovi¢ L. Subclinical hypothyroidism-whether and when
to start treatment? Open Access Maced J Med Sci. 2017;5(7):1042-46.
Doi: 10.3889/0amjms.2017.195.

Garofalo V, Condorelli RA, Cannarella R, Aversa A, Calogero AE, La Vignera S.
Relationship between iron deficiency and thyroid function: A systematic review
and meta-analysis. Nutrients. 2023;15(22):4790. Doi.org/10.3390/nu15224790.
Swapnika TG, Sabitha Rani SS, Dipankar S, Itagi ABH, Vamshidhar IS. A
comparative study of iron status in subclinical hypothyroid and euthyroid
subjects in a tertiary care hospital. Cureus. 2024;16(1):e52007. Doi: 10.7759/
cureus.52007.

Szczepanek-Parulska E, Hernik A, Ruchata M. Anaemia in thyroid diseases. Pol
Arch Intern Med. 2017;127(5):352-60. Doi: 10.20452/pamw.3985.

Dutt S, Gupta P, Singh U. Association of Serum Ferritin, Folate, Vitamin B12
with thyroid hormone levels in patients with thyroid disorders. J Assoc
Physicians India. 2023;71(1):1.

Auer J, Berent R, Weber T, Lassnig E, Eber B. Thyroid function is associated with
presence and severity of coronary atherosclerosis. Clin Cardiol. 2003;26(12):569-
73. Doi: 10.1002/clc.4960261205.

Xing D, Liu D, Li R, Zhou Q, Xu J. Factors influencing the reference interval of
thyroid-stimulating hormone in healthy adults: A systematic review and meta-
analysis. Clin Endocrinol (Oxf). 2021;95(3):378-89. Doi: 10.1111/cen.14454.
Duntas LH. Thyroid function in aging: A discerning approach. Rejuvenation Res.
2018;21(1):22-28. Doi: 10.1089/rej.2017.1991.

Nair A, Jayakumari C, Jabbar PK, Jayakumar RV, Raizada N, Gopi A, et al. Prevalence
and associations of hypothyroidism in Indian patients with type 2 diabetes mellitus.
J Thyroid Res. 2018;2018:5386129. Doi: 10.1155/2018/5386129.

Savarese G, von Haehling S, Butler J, Cleland JGF, Ponikowski P, Anker SD.
Iron deficiency and cardiovascular disease. Eur Heart J. 20283;44(1):14-27.
Doi: 10.1093/eurheartj/ehac569.

Pearce SH, Brabant G, Duntas LH, Monzani F, Peeters RP, Razvi S, et al. 2013
ETA Guideline: Management of subclinical hypothyroidism. Eur Thyroid J.
2013;2(4):215-28.

Siedel J, Wahlefeld AW, Ziegenhorn J. A new iron ferrozine reagent without
deproteinization. Clin Chem. 1984;30:975 (AACC-Meeting Abstract).

Feng P, Wei D, Zhang Y, Zhang Y, Zheng H, Suo G, et al. Comparison on
the consistency of Mindray and Siemens chemiluminescence analyzers for
detecting FT3, FT4 and TSH in patients with hyper- and hypothyroidism. Ann
Transl Med. 2022;10(20):1133. Doi: 10.21037/atm-22-4589.

Soe YN, Mukherjee B, Batra HS, Sibin MK, Misra P, Bhatia K. Altered iron
metabolism in subclinical hyperthyroidism: Myth or reality. Int J Med Biomed
Stud. 2019;3(8):165-69. Doi: 10.32553/ijmbs.v3i8.484.

Mishra AK, Anand R, Verma SP, Gupta KK. Study of impact of subclinical
hypothyroidism on iron status and hematological profile. Int J Adv Med.
2018;5(2):446. Doi: 10.18203/2349-.3933ijam20181087.

Rayman MP. Multiple nutritional factors and thyroid disease, with particular
reference to autoimmune thyroid disease. Proc Nutr Soc. 2019;78(1):34-44.
Doi: 10.1017/S0029665118001192.

Hess SY, Zimmermann MB, Arnold M, Langhans W, Hurrell RF. Iron deficiency
anaemia reduces thyroid peroxidase activity in rats. The Journal of Nutrition.
2002;132(7):1951-55. Doi: 10.1093/jn/132.7.1951.

Rad NR, Vakili M, Zavar-reza J, Rezaie S, Shirvani AR. The relationship between
thyroid hormone levels and body iron status in iranian hypothyroidism patients.
Int J Med Lab. 2016;3(3):176-84.

Yimaz S, Ozan S, Benzer F, Canatan H. Oxidative damage and antioxidant enzyme
activities in experimental hypothyroidism. Cell Biochem Funct. 2003;21(4):325-30.
Doi: 10.1002/cbf.1031.

Das C, Sahana PK, Sengupta N, Giri D, Roy M, Mukhopadhyay P. Etiology
of anaemia in primary hypothyroid subjects in a tertiary care center in Eastern
India. Indian J Endocrinol Metab. 2012;16(Suppl 2):S361. Doi: 10.4103/2230-
8210.104093.

Dahiya K, Verma M, Dhankhar R, Ghalaut VS, Ghalaut PS, Sachdeva A, et
al. Thyroid profile and iron metabolism: Mutual relationship in hypothyroidism.
Biomed Res. 2016;27(4):1212-15.

Sweeney L, Voelkel NF. Estrogen exposure, obesity and thyroid disease in
women with severe pulmonary hypertension. Eur J Med Res. 2009;14(10):433-
42. Doi: 10.1186/2047-783x-14-10-433.

Santin AP, Furlanetto TW. Role of estrogen in thyroid function and growth
regulation. J Thyroid Res. 2011;2011:875125. Doi: 10.4061/2011/875125.
Mehmet E, Aybike K, Ganidagli S, Mustafa K. Characteristics of anaemia in
subclinical and overt hypothyroid patients. Endocr J. 2012;59(3):213-20.
Doi: 10.1507/endocrj.ej11-0096

Akhter S, Nahar ZU, Parvin S, Alam A, Sharmin S, Arslan MI. Thyroid status in
patients with low serum ferritin level. Bangladesh J Med Biochem. 2012;5:05-11.
Deshmukh V, Farishta F, Bhole M. Thyroid dysfunction in patients with metabolic
syndrome: A cross-sectional, epidemiological, Pan-India study. Int J Endocrinol.
2018;2018:2930251. Doi: 10.1155/2018/2930251.

Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, Witteman JC.
Subclinical hypothyroidism is an independent risk factor for atherosclerosis and
myocardial infarction in elderly women: The Rotterdam Study. Ann Intern Med.
2000;132(4):270-78. Doi: 10.7326/0003-4819-132-4-200002150-00004.
Agrawal U, Shrivastava P, Shrivastava S. Hypothyroidism and anaemia in pregnancy.
Int J Adv Med. 2016;3(4):851-54. Doi: 0.18203/2349-3933.ijam20163281.

Chang CH, Yeh YC, Caffrey JL, Shih SR, Chuang LM, Tu YK. Metabolic
syndrome is associated with an increased incidence of subclinical hypothyroidism-
A cohort study. Sci Rep. 2017;7(1):6754. Doi: 10.1038/s41598-017-07004-2.

Journal of Clinical and Diagnostic Research. 2024 Jun, Vol-18(6): BCO7-BC11



www.jcdr.net

[34]

[35]

Mendes D, Alves C, Silverio N, Marques FB. Prevalence of undiagnosed
hypothyroidism in Europe: A systematic review and meta-analysis. Eur Thyroid J.
2019;8(8):130-43. Doi: 10.1159/000499751.

Michalakis KG, Mesen TB, Brayboy LM, Brayboy LM, Bo Yu, Richter KS,
et al. Subclinical elevations of thyroid-stimulating hormone and assisted
reproductive technology outcomes. Fertil Steril. 2011;95:2634-37. Doi: 10.1016/].
fertnstert.2011.02.056.

D Shiva Krishna et al., Subclinical Hypothyroidism and the Risk of Hypoferritinaemia

[36]

[37]

Squizzato A, Romualdi E, Piantanida E, Gerdes VEA, Blller HR, Tanda M, et al.
Subclinical hypothyroidism and deep venous thrombosis. A pilot cross-sectional
study. Thromb Haemost. 2007;97(5):803-06.

Laukkarinen J, Kiudelis G, Lempinen M, Raty S, Pelli H, Sand J, et al. Increased
prevalence of subclinical hypothyroidism in common bile duct stone patients.
J Clin Endocrinol Metab. 2007;92(11):4260-64. Doi: 10.1210/jc.2007-1316.

PARTICULARS OF CONTRIBUTORS:
Senior Resident, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Senior Resident, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Additional Professor, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Additional Professor, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Professor, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Professor, Department of Biochemistry, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Additional Professor, Department of Biochemistry and Clinical Stem Cell Facility, Nizam’s Institute of Medical Sciences, Panjagutta, Hyderabad, Telangana, India.

Noo s o=

ORCID ID: 0000-0002-7478-0375

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. lyyapu Krishna Mohan,

Additional Professor, Department of Biochemistry and Clinical Stem Cell Facility,
Nizam'’s Institute of Medical Sciences, Panjagutta,

Hyderabad-500082, Telangana, India.

E-mail: iyyapu@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

¢ Was Ethics Committee Approval obtained for this study? Yes
¢ Was informed consent obtained from the subjects involved in the study? Yes

e For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2024 Jun, Vol-18(6): BCO7-BC11

PLAGIARISM CHECKING METHODS: Laintetall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Jan 4, 2024

® Manual Googling: Mar 20, 2024

EMENDATIONS: 7

e iThenticate Software: Apr 26, 2024 (9%)

NA

Date of Submission: Jan 20, 2024

Date of Peer Review: Mar 11, 2024
Date of Acceptance: Apr 29, 2024

Date of Publishing: Jun 01, 2024


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

