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ABSTRACT

Objective: This cross-sectional study aimed to evaluate the thyroid function (triiodothyronine [T3], thyroxine [T4], and thyroid-stimulating hormone
[TSH] levels) in patients with sickle-cell disease (SCD).

Methods: This cross-sectional observational study was conducted in the general medicine department of the Veer Surendra Sai Medical College and
Hospital, Burla, Sambalpur, Odisha (India). The investigation was performed in the sickle cell clinic, medical ward, and outpatient department of the
institute. This study was conducted from November 2019 to October 2021. Sixty-eight patients with SCD were enrolled for assessing their thyroid
function. The reference ranges for serum T4 (4.5-12 ug/dL), serum T3 (60-200 ng/dL), and TSH (0.3-5.5 ulU/mL) were defined to evaluate the
thyroid function.

Results: The average TSH, mean T4 level, and mean T3 level among the patients were 4.02, 4.67, and 74.15, respectively. The incidence rates of
hypothyroidism and euthyroid status were 23.5% and 76.5%, respectively. While 9.59 g/dL was the mean hemoglobin level, 11-16 g/dL was observed
in 42.6% of patients compared to <11 g/dL in 57.4% of patients. Patients within the age group of 14-25 years had a higher incidence of hypothyroidism
(62.5%). The differences in hypothyroidism between males and females were statistically insignificant (68.8% vs. 31.2%, p = 0.11).

Conclusion: Patients with SCD had clinically significant reductions in T3 and T4 levels. In addition, higher levels of TSH and reductions in endogenous
T3/T4 levels were observed in male patients. Overall, SCD was associated with a higher incidence of hypothyroidism.
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INTRODUCTION

Hemoglobinopathies are conditions indicating abnormalities in
the function, production, and structure of hemoglobin [1]. The
replacement of the glutamate by the sixth valine triggers the
beta globulin gene’s point mutation, which eventually results in
hereditary structural hemoglobinopathy. The first disorder based
on the hemoglobulin synthesis abnormality was reported in Chicago
by James Herrick in 1910 [2]; this abnormality was named sickle
cell anemia in 1922 [3]. The potential complications of sickle-cell
disease (SCD) include chronic organ damage, organ dysfunction,
acute/chronic tissue anemia, small vessel (intermittent) occlusion,
hemolysis, and abnormal production of hemoglobulin [4]. The
sickling of hemoglobulin reduces its oxygen binding capacity, which
eventually results in anemia, hemolytic crisis, and organ injury.
Patients with SCD experience a high risk of mortality, an increase in
disability-adjusted life years due to organ dysfunction, and reduced
overall survival [5]. Individuals with the homozygous HbSS are
highly predisposed to SCD [6], whereas the highest prevalence of
this condition is recorded in the Indo-Arabian subcontinent and sub-
Saharan Africa [7]. In India, SCD was first described by Dunlop and
Mujumdar; however, its prevalence was first reported in 1967 by
Raman et al. in Western Odisha [8].

Sickling incidence at birth is reportedly low in most scenarios; however,
it increases gradually over the period of several months [9]. The
vaso-occlusive crisis develops in individuals with high levels of HbS.
Infants and children in Africa experience a high incidence of deaths
due to homozygous SCD [10]. Contrarily, patients with homozygous
SCD in other parts of the world survive for 35-66 years. The evidence
further reveals a comparable incidence of SCD in female and male
patients [11]. Globin is a protein of 64,000Da that constitutes the

major portion of hemoglobin [12]. In addition, the heme moiety
integrates with each of the two polypeptide chains of globin. The
quaternary structure of hemoglobin is based on a complex helical
arrangement of alpha, beta, and delta chains. While 2-alpha and 2-beta
chains individually constitute HbA, their combination defines the
structure of HbA2 [13]. The potential complications of SCD include
vascular occlusion, infection, anemia, and hemolysis [14]. Infections
in patients with SCD increase the risk of comorbidities and mortality.
However, mortality in the elderly patients with SCD is predominantly
attributed to stroke and acute chest syndrome [15]. The clinical
presentation of SCD includes a steady state, acute crisis, and chronic
complications. The steady state is associated with the incidence of
gallstones, splenomegaly, jaundice, and stunted growth [16]. The acute
crisis elevates the risk of acute renal failure and splenic hypofunction;
however, the fatal complications include acute intrahepatic cholestasis
and acute hepatic sequestration [17]. The chronic complications
of SCD include chronic kidney disease, pulmonary hypertension,
cerebrovascular accident, and vision loss [18].

It is important to determine the thyroid function changes in
SCD to predict the risk and incidence of its acute and chronic
complications. Findings from the recent studies demonstrate a
clinically significant correlation between SCD and elevation in free
T4 levels that significantly impacts cardiac function and increases
the risk of sudden cardiac death [19]. The abnormal functioning
of cardiomyocytes in SCD is probably due to the abnormal levels
of thyroid hormones. However, the findings in the contemporary
literature do not provide definitive diagnostic parameters to
calculate the risk of possible comorbid conditions in SCD. This
cross-sectional study aimed to fill in this gap by investigating the
thyroid function in patients with SCD.
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METHODS

Study design

This cross-sectional observational study was conducted in the general
medicine department of the Veer Surendra Sai Medical College and
Hospital, Burla, Sambalpur, Odisha (India). The investigation was
performed in the sickle cell clinic, medical ward, and outpatient
department (OPD) of the institute. This study was conducted from
November 2019 to October 2021. The study population was comprised
patients with SCD (n=68) who received treatment in the medical
ward, sickle cell clinic, and medicine OPD. The convenience sampling
approach was used to recruit the study participants.

Inclusion and exclusion criteria

Patients with a definitive SCD diagnosis were included in this study.
The diagnostic confirmation was done by high-performance liquid
chromatography, hemoglobin electrophoresis, and sickling test.
However, patients with sickle cell trait, sickle beta thalassemia, sickle
cell-hemoglobin C, diabetes mellitus, hypertension, and chronic kidney
disease were excluded from this study.

Data and sample collection

The data collection sources included the patient’s detailed clinical
history, clinical examination findings, bed head tickets, sickling slide
test, hemoglobin electrophoresis results, high-performance liquid
chromatography outcomes, and radioimmunoassay for thyroid-
stimulating hormone (TSH), thyroxine (T4), and triiodothyronine (T3)
levels.

This study enrolled 68 patients who fulfilled the eligibility parameter.
The clinical variables were analyzed after collecting 5 mL of the
patient’s blood through venous access. Total T4, total T3, and TSH
levels were calculated after serum separation. The reference ranges
for serum T4 (4.5-12 ug/dL), serum T3 (60-200 ng/dL), and TSH
(0.3-5.5 ulU/mL) were defined to evaluate the thyroid function. DisSys
Die Patientennahe Labordiagnostik (POCT) apparatus has been used in
our study for performing the thyroid function test.

Data analysis

The statistical analysis of the patient data was performed by IBM SPSS-
27 version. The means, standard deviations, and percentages of T3, T4,
and the TSH were calculated for examining the thyroid function [20].

RESULTS

This study included 68 patients with SCD; of them, 51.5% (n=35) were
males and 48.5% (n=33) were females. The mean age of the patients
with SCD was 24.38 years (standard deviation: 6.82). Patients between
the age group of 45-60 years were 1.5% of the total study population.
In addition, 4.4% of patients were in the age range of 35-45 years, and
29.4% of them were in the age group of 25-35 years. However, most of
the patients (64.7%) belonged to the age group of 14-25 years.

The laboratory assessments and clinical examinations aimed to
determine the overall health status of the study participants. Table 1
describes the overall clinical signs of patients with SCD. While
hypotension was recorded in 29.4% of patients, normal systolic blood
pressure was observed in 70.6% of patients. Of note, no patient had
abnormal diastolic blood pressure. Most patients (92.6%) had a
normal heart rate, whereas tachycardia was reported in 7.4% of the
participants. Normal respiratory rate was reported in 60.3% of patients
with SCD, whereas tachypnea was observed in 39.7% of participants.
Almost 7.4% of patients had <95% of oxygen saturation level.

Table 2 demonstrates the hematological profile of patients with SCD.
The blood glucose levels of most patients (98.5%) were reportedly
normal; however, a random blood sugar of >150 g/dL was observed
in one patient. While 9.59 g/dL was the mean hemoglobin level,
11-16 g/dL was observed in 42.6% of patients compared to <11 g/dL
in 57.4% of patients. Overall, 7.4 of patients had <1.5 lac platelet count,
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whereas 8.8% of them had a platelet count of >4 lac. Most (83.8%)
participants had a platelet count within the range of 1.5-4 lac. The total
leukocyte count was observed as >10,000, 4,000-10,000, and <4000
in 29.4%, 66.2%, and 4.4% of patients. While 30.82 was the mean
erythrocyte sedimentation rate, the hematocrit, mean corpuscular
hemoglobin concentration, mean corpuscular hemoglobin, and mean
corpuscular volume values were 34.19, 34.29, 26.38, and 74.62,
respectively.

Table 3 presents the thyroid profile of the patients with SCD. The
average TSH, mean T4 level, and mean T3 level among the patients
were 4.02, 4.67, and 74.15, respectively. Table 1 depicts the thyroid
status of patients with SCD. The incidence rates of hypothyroidism and
euthyroid status were 23.5% and 76.5%, respectively. Tables 4 and 5
depict the age-based and sex-wise incidences of hypothyroidism in
patients with SCD.

DISCUSSION

This cross-sectional study was performed on 68 patients with SCD,
including 48.5% of females and 51.5% of males, respectively. The overall
results indicated the mean values of T4 (4.67+0.86/range: 2.08-5.93),
T3 (74.15/range: 2.08-5.93), and TSH (4.02+2.33/range: 2.01-11.96).

Table 1: Thyroid status of patients with SCD

Thyroidism n=68
Euthyroidism 52 (76.5%)
Hypothyroidism 16 (23.5%)

Table 2: Hematological profile patients with SCD

Variables n=68
RBS_Class

<70 mg/dL 0 (0.0%)

70-140 g/dL 67 (98.5%)

>140 g/dL 1(1.5%)
HB

Mean (SD) 9.59 (2.47)

Range 3.10-13.60
HB_class

<11 gm/dL 39 (57.4%)

11-16 g/dL 29 (42.6%)

>16 g/dL 0 (0.0%)
TPC_class

<1.5lac 5(7.4%)

1.5-4 lac 57 (83.8%)

>4 lac 6 (8.8%)
TLC_class

<4000 3 (4.4%)

4,000-10,000 45 (66.2%)

>10,000 20 (29.4%)
MCV

Mean (SD) 74.62 (7.55)

Range 55.00-89.00
MCH

Mean (SD) 26.38 (3.98)

Range 16.00-35.00
MCHC

Mean (SD) 34.29 (2.81)

Range 28.00-45.00
HCT

Mean (SD) 34.19 (8.13)

Range 18.00-52.00
ESR

Mean (SD) 30.82 (29.45)

Range

5.00-140.00

SD: Standard deviation, SCD: Sickle-cell disease, MCV: Mean corpuscular
volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular
hemoglobin concentration, ESR: Erythrocyte sedimentation rate,

RBS: Random blood sugar, HB: Haemoglobin, TLC: Total leucocyte counts
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Table 3: Thyroid function test outcomes

Variables n=68
T3
Mean (SD) 74.15 (22.79)
Range 15.59-105.82
T4
Mean (SD) 4.67 (0.86)
Range 2.08-5.93
TSH
Mean (SD) 4.02 (2.33)
Range 2.01-11.96

SD: Standard deviation, T3: Triiodothyronine, T4: Thyroxine, TSH: Thyroid
stimulating hormone

Table 4: Age-wise incidences of hypothyroidism among the
study subjects

Age group Euthyroid Hypothyroidism Total
(n=52) (n=16) (n=68)

14-25 years 34 (65.4%) 10 (62.5%) 44 (64.7%) 0.92
25-35 years 15 (28.8%) 5 (31.2%) 20 (29.4%)
35-45 years 2 (3.8%) 1(6.2%) 3 (4.4%)
45-60years 1(1.9%) 0 (0.0%) 1(1.5%)

p-value

Table 5: Sex-wise incidences of hypothyroidism among the study

subjects
Sex Euthyroid  Hypothyroidism Total p-value
(n=52) (n=16) (n=68)
Female 28(53.8%) 5(31.2%) 33(48.5%) 0.11
Male 24 (46.2%) 11 (68.8%) 35(51.5%)

While most (76.5%) of the patients were euthyroid, hypothyroidism
was observed in 23.5% of the participants. Patients within the age
group of 14-25 years had a higher incidence of hypothyroidism (62.5%).
The differences in hypothyroidism between males and females were
statistically insignificant (68.8% vs. 31.2%, p=0.11).

The findings of this study concord with the outcomes of Soliman et al.
that define the clinical correlation of central/primary hypothyroidism in
patients with SCD based on their anemia severity and age [21]. In addition,
poor chelation is observed in patients with elevated ferritin levels [22]. The
findings of EI-Alfy et al. reveal higher pulsatility and resistance indices and
reduced volume of thyroid in patients with SCD [23]. The results of Ozen
et al. indicate a marked reduction in the endocrine functions in SCD cases
[24]. It is important to delineate all possible causes of hypothyroidism
in SCD to understand its possible impact on endocrine dysfunction. The
findings by Phillips Jr et al. indicate hypothyroidism in patients with
SCD with several transfusions, which may have a role in disrupting the
endocrine function [25]. A recent study demonstrates the possible
association between thyroid disease and pulmonary arterial hypertension
[26]. This finding indicates the need for examining the pulmonary blood
pressure in SCD cases to improve the differential assessment.

Progressivedeteriorationofendothelialdysfunctionisobservedinpatients
with SCD, which eventually lowers the thyroid volume [23]. Literature
reveals 10% and 12% of incidences of subclinical hypothyroidism and
primary hypothyroidism, respectively, in SCD cases [27]. The outcomes
of the thyroid function test do not differ and remain comparable between
patients with SCD irrespective of their genotypes [28]. Findings from
several studies indicate significant reductions in thyroid volume in
patients with SCD who contract viral hepatitis C [29]. They also reveal the
absence of a clinical correlation between iron overload (based onliveriron
and serum ferritin levels) and thyroid Doppler variables [23]. However,
vasculopathy and microcirculation in the thyroid may deteriorate its
physiology in SCD cases.
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The inconsistent findings of the thyroid function test in SCD cases
indicate the need for further diagnostic assessments for improving
clinical outcomes. It is important to rule out the possible impact of
comorbidities on the thyroid function of patients with SCD. Clinically
significant elevation in the TSH and reduction in endogenous T3
levels in SCD cases also correlate with the SS genotype of the male
patients [30]. In addition, SCD is possibly associated with high levels
of the TSH-releasing hormone, resulting in abnormal accumulation of
TSH, which eventually leads to thyroid dysfunction [19]. Findings from
recent studies indicate abnormal thyroid function in patients with high
iron deposits, which indicates the possible impact of cellular damage due
to transfusional hemosiderosis on the thyroid function of patients with
SCD [21]. However, most patients with SCD do not develop pituitary-
thyroid axis abnormality [31]. In addition, the abnormal levels of T3
and T4 in SCD indicate inconsistencies in the thyroid-binding levels of
the globulin [32]. These outcomes substantiate the requirement of the
thyroid function test in SCD to determine the clinical outcomes.

CONCLUSION

This study presented the outcomes of the thyroid function test in
patients with SCD. Marked reductions in T3 and T4 levels correlated
with SCD pathology. Importantly, higher levels of TSH and reduced
endogenous T3/T4 levels were observed in male patients. In addition,
a higher incidence of hypothyroidism was observed in patients with
SCD. Since contemporary literature does not elaborate on the thyroid
function etiology in SCD cases, future studies should reinvestigate our
findings and determine the pathogenesis and clinical complications of
hypothyroidism in patients with SCD manifestations.
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