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Abstract

Background This study aimed to describe the frequency of hypothyroidism phenotypes, clinical characteristics, and
factors associated with nodular thyroid among hypothyroid patients at the University of Ghana Hospital in southern
Ghana.

Methods This study was a 6-year hospital-based retrospective study that extracted data from 221 patients with
hypothyroidism from the archival records of the University of Ghana Hospital using a checklist. These include socio-
demography (age, gender, marital status, residential status, educational level), lifestyle variables (anthropometry,
smoking status, alcohol intake), and co-morbidities, as well as ultrasound imaging findings of the thyroid. Serum
thyroid hormone levels were used to classify hypothyroidism phenotypes. Bivariate and multivariate logistic
regression analyses were performed to identify factors associated with nodular thyroid disease.

Result The frequency of primary, subclinical, and secondary hypothyroidism was 81.4%, 16.3%, and 2.3%,
respectively. Fatigue [120(54.3%)], heavy menstrual loss [54/160(33.8%)], and cold intolerance [73(33.0%)], were
predominant symptoms while 54/57 (94.7%) were overweight/obese, 23/32 (71.9%) had dyslipidaemia whereas 7/34
(20.6%) had hypertension. The odds of developing nodular thyroid disease were 2.11 times higher (95% Cl: 1.07-4.17;
p=0.032) in males than in females.

Conclusion Our results provide insight into the frequency of hypothyroidism phenotypes, clinical characteristics, and
factors associated with nodular thyroid, emphasizing male gender as an independent predictor of nodular thyroid
disease. Our findings also emphasize the need for lifestyle adjustment as a mitigating strategy in the management
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of hypothyroidism. However, prospective studies are required to confirm the findings or investigate the histological
characteristics of thyroid nodules in patients with hypothyroidism.

Keywords Hypothyroidism phenotypes, Clinical characteristics, Nodular thyroid, Hypothyroidism

Introduction

Hypothyroidism (underactive thyroid disease) is a com-
mon thyroid disorder in which the thyroid gland fails to
produce enough hormones. Hormones released by the
thyroid gland are transported through the bloodstream,
where they exert their physiological effect in nearly every
part of the body. Thyroid hormones control cellular
metabolism that produces the body’s energy needs and
thus affects the heartbeat and the body’s temperature [1].

Hypothyroidism affects up to approximately 5% of the
general population, with an estimated 5% undiagnosed.
In comparison, more than 99% of patients with hypothy-
roidism present with the primary phenotype [2]. Data
derived from the National Health and Nutrition Exami-
nation Survey suggest that about one in 300 persons in
the United States has hypothyroidism, while autoimmune
thyroid disease is the most common etiology of hypothy-
roidism [3]. A study by Yang et al. [4] also indicates that
the prevalence of hypothyroidism increases with age and
is higher in females than in males.

In addition, previous studies have shown an association
between hypothyroidism and pregnancy. Nicolaou et al.
[5] found that hypothyroidism was present in 2.3—-3.5% of
pregnancies, with overt hypothyroidism accounting for
0.3-0.5% and subclinical hypothyroidism accounting for
2-3% in iodine-sufficient areas. Meanwhile, worldwide,
environmental iodine deficiency is the most common
cause of thyroid disorders, including hypothyroidism,
but in areas of iodine sufficiency, Hashimoto’s disease
(chronic autoimmune thyroiditis) is the most common
cause of thyroid failure [6].

The symptoms of hypothyroidism are non-specific,
including mild to moderate weight gain, fatigue, poor
concentration, depression, and menstrual irregularities,
while the consequences of untreated or under-treated
hypothyroidism may lead to cardiovascular disease and
increased mortality [2]. Also, untreated hypothyroid-
ism can contribute to dyslipidaemia, infertility, cogni-
tive impairment, and neuromuscular dysfunction [7]. In
severe hypothyroidism, various comorbidities, including
congestive heart failure, pericarditis, pleural effusion,
intestinal obstruction, and pseudo-obstruction, as well as
coagulation disorders, have been reported [8], and these
could increase the risk of mortality.

In sub-Saharan African countries, including Ghana,
very little data on thyroid disease exists in the literature.
However, a prevalence of 13.1% thyroid disorders was
reported in a five-year retrospective analysis to ascertain
the spectrum of endocrine disorders in Central Ghana

[9]. A recent work by Aidoo et al. [10], found that pri-
mary hypothyroidism (22.3%), euthyroid sick syndrome
(6.5%), and subclinical hypothyroidism (4.6%) were
among the most frequently reported thyroid disorders.
In addition, the frequency of asymptomatic thyroid nod-
ules in a study conducted among six communities in the
Assin North District was 11.3% [11] while 7.7% of hos-
pital admissions from a 9-year review study in a leading
tertiary hospital were attributed to thyroid disorders [12].

To reduce endemic iodine deficiency and its conse-
quent disorders among Ghanaians, the universal salt
iodization program was instituted in 1996 [13]. However,
the program was riddled with poor coverage that resulted
from a lack of proper monitoring and coordination of
activities. To ascertain the program effectiveness, a study
that sought to compare the prevalence of thyroid disor-
ders pre- and post-intervention suggested higher rates
post-intervention [9] The outcome, therefore, indicates
that the quest to achieve elimination of iodine deficiency
disorders by the World Health Organization (WHO) on
the African continent [14, 15, 16] had suffered a setback.

Moreover, despite the high risk of thyroid disorders,
research work focusing on examining the burden of
hypothyroidism and its phenotypes, clinical presen-
tations, and factors contributing to the prevalence of
thyroid nodular disease remains underexplored in
sub-Saharan countries, including Ghana. To bridge
this knowledge gap, the current study was designed to
describe the frequency of hypothyroidism phenotypes,
clinical characteristics, and factors associated with nodu-
lar thyroid disease in patients who presented with hypo-
thyroidism in Accra, southern Ghana.

Materials and methods

Study design and study site

The research was a retrospective study spanning a 6-year
(2015-2020) review of electronic records of patients
diagnosed with hypothyroidism at the University of
Ghana Hospital in southern Ghana. The University of
Ghana Hospital, also referred to as Legon Hospital, was
established and inaugurated in 1957, and the Univer-
sity of Ghana formally owns it. The hospital is located
approximately 12.6 km (about 7.83 miles) from the main
Accra—Aburi road. The hospital is a quasi-government
hospital with a bed capacity of 130, which includes gen-
eral wards, maternity, casualty and emergency wards,
pediatric and dental units, a pharmacy, as well as an
operating theatre and laboratory. The hospital was first
founded to address the healthcare requirements of the
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student body, staff, and their dependents, but its services
are now open to the public.

Study population and sampling technique

The study population included conveniently sam-
pled patients who were clinically diagnosed with
hypothyroidism.

Inclusion and exclusion criteria

Data on 228 patients with hypothyroidism were initially
extracted from the electronic record of the Hospital.
Seven out of 228 patients did not meet the definition of
hypothyroidism based on the serum thyroid biomarker
levels; hence, these were excluded from the study. The
resulting 221 patients were finally included in this study.

Sample size determination

Since information on the prevalence of hypothyroidism
in Ghana is scanty from existing literature, we could not
calculate the sample size for this study hence, the sam-
ple size of 221 patients was based on all individuals with
hypothyroidism who met the inclusion criteria between
2015 and 2020.

Data collection technique

The checklist was designed to capture socio-demography
(age, gender, marital status, area of residence, and educa-
tional level) lifestyle variables (anthropometry, smoking
status, and alcohol intake), and clinical details (signs and
symptoms, and co-morbid conditions such as hyperten-
sion, diabetes mellitus, renal failure, sickle cell disease,
HIV infection, etc.) as well as ultrasound imaging find-
ings (multi nodules, single nodule, and diffused type)
and laboratory findings (including hormonal profiles and
lipid profiles) from the hospital’s electronic database.

Biochemical investigation
Thyroid function profiles (TSH, FT3, and FT4) available
were performed based on the sandwich ELISA (Enzyme-
Linked Immunosorbent Assay) method on a microplate
reader using reagents from the manufacturers (Human
Diagnostics, Germany). Briefly, the sandwich ELISA is
an antibody-based technique that quantifies the amount
of protein, hormone, or analyte of interest in a sample.
Capture and detection antibodies bind to nonoverlapping
epitopes on the protein to sandwich the protein, hence
the name, Sandwich ELISA. Following the addition of
the detection antibody, a chemical substrate is added to
produce a colorimetric signal that an ELISA plate reader
can read [17]. The following were the reference ranges of
each biomarker based on those provided by the reagent
manufacturer;
Thyroid-stimulating hormone
mlIU/L.

(TSH) --- 0.3-4.0
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Free triiodothyronine (FT3) ----------------- 1.4-4.2 pg/
ml.

Free tetraiodothyronine (FT4) ----------- 0.8-2.0 ng/dl.

Definition of hypothyroidism phenotypes, dyslipidaemia
and obesity

Subclinical hypothyroidism was defined as low TSH, nor-
mal FT4, and FT3 levels. Primary hypothyroidism was
defined as elevated TSH, low FT4 and FT3 levels, while
secondary hypothyroidism was defined as low TSH, low
FT4 and FT3 levels. Dyslipidaemia was defined according
to the National Cholesterol Education Program-Adult
Treatment Panel (NCEP-ATP) III (TC>5.17 mmol/l or
TG>1.7 mmol/l or HDL-c<1.03 mmol/l in men, and
HDL-c<1.29 mmol/l in women or LDL-c>4.1 mmol/l)
[18]. Overweight and obesity were defined as BMI
between 25.00 and 29.9 kg/m? and >30.00 kg/m? accord-
ing to the WHO criteria [19].

Data analysis

Data on the hospital’s database, which was based on an
Excel Spreadsheet, was extracted, cleaned, and exported
to the Statistical Package for Social Sciences (SPSS) soft-
ware version 22 for analysis. Continuous variables were
presented as mean and standard deviation, while cat-
egorical variables were presented as frequency and their
corresponding proportion. Bivariate and multivariate
logistic regression analyses were performed to determine
the crude and adjusted odds ratios of factors associated
with nodular thyroid. The parameters included in the
regression models were age, gender, marital status, edu-
cational level, residential status, blood pressure levels,
body mass index, dyslipidemia, the presence of chronic
conditions, smoking, and alcohol intake statuses.

Results

This study included 221 eligible patients with hypothy-
roidism. The majority were females [160 (72.4%)], 143
(64.7%) married, 86 (38.9%) were within the 31-50 years
age category while 183(60.2%) were residents within the
Accra Metropolis, and 90 (40.7%) had attained a tertiary
level of education at the time of this study. The history
of current and past smoking statuses were 16/221 (7.2%)
and 8/205 (3.9%), respectively, whereas current and past
alcohol consumptions were 455/211 (20.4%) and 14/176
(8.0%), respectively (Table 1).

Clinical presentations at diagnosis among patients with
hypothyroidism

Fatigue was the most predominant symptom
[120(54.3%)], followed by heavy menstrual period
[54/160(33.8%)], cold intolerance (33.0%), weight gain
(27.6%), constipation (16.7%), and other less frequent
symptoms (below 2%). The most frequently observed
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Table 1 General demographic and behavioral characteristics of
the study participants
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Table 2 Clinical presentation at diagnosis among patients with
hypothyroidism

Variables Frequency Percent Variables Frequency Percent

Total 221 100.0 Total 221 100.0

Age (years) Symptoms

<30 84 380 Fatigue 120 543

31-50 86 389 Heavy Menstrual Period (Total = 160) 54 338

51-70 40 18.1 Cold Intolerance 73 330

>70 M 5.0 Weight Gain 61 276

Marital Status Constipation 37 16.7

Single 78 353 Irregular Menstrual period (Total = 160) 3 1.9

Married 143 64.7 Anxiety 4 18

Gender Palpitation 3 14

Male 61 276 Heat Intolerance 1 0.5

Female 160 724 Signs

Area of Residence Slow Pulse Rate 62 28.1

Within-Accra Metropolis 133 60.2 Heavy Hair Loss 22 10.0

Outside-Accra Metropolis 88 398 Miscarriages (Total = 160) 15 94

Educational level Tremor 13 59

Tertiary 90 40.7 Rapid Pulse Rate 6 2.7

Secondary 57 258 Eyes and Face Swelling 4 1.8

Basic 38 17.2 Excessive Sweating 2 09

None 36 163 Data presented as frequency and the corresponding proportion

Body Mass Index*(Total =57)

Normal 3 53 Table 3 Prevalence of comorbid conditions among patients

Overweight & Obesity 54 94.7 with hypothyroidism

Current Smoking Status Comorbidities Frequency Percentage

No 205 92.8 Total 34 15.4

Yes 16 7.2 Hypertension 7 206

Past Smoking Status (Total =205) Sickle Cell Disease 5 147

No 197 96.1 Diabetes mellitus 4 1.8

Yes 8 39 HBV infection 4 11.8

Current Alcohol Intake Renal failure 4 11.8

No 176 796 Alzheimer's disease 1 29

Yes 45 204 Arthritis 1 29

Past Alcohol Intake (Total =176) Asthma 1 29

No 162 92.0 Cancer 1 29

Yes 14 80 Cervical neoplasm 1 29

Data presented as frequency and the corresponding proportion HCV infection 1 29
Hypotension 1 29

signs were slow pulse rate (28.1%), heavy hair loss Uverfailure ! 29

(10.0%), miscarriages 15/160 (9.4%), and tremor (5.9%)  "rostate cancer ! 29

(Table 2). Tuberculosis 1 29
Overweight & Obesity (Total=57) 54 94.7
Dyslipidaemia (Total =32) 23 719

Prevalence of comorbid conditions among patients with
hypothyroidism

Thirty-four (34) out of 221 patients reported with chronic
conditions. Of these, 7(20.6%) had hypertension, 5 had
sickle cell disease (14.7%), and 11.8% each had diabe-
tes mellitus and hepatitis B virus (HBV) infection. Also,
54/57 (94.7%) were overweight/obese, whereas 23/32
(71.9%) had dyslipidaemia (Table 3).

Data presented as frequency and the corresponding proportion

Prevalence of hypothyroidism phenotypes and ultrasound
imaging characteristics of the thyroid among patients with
hypothyroidism

The most frequent hypothyroidism phenotype was pri-
mary hypothyroidism [180 (81.4%)], followed by sub-
clinical hypothyroidism (16.3%). Concerning ultrasound
imaging characteristics of the thyroid, 49(22.2%) had
multinodules, 30(13.6%) and 28 (12.7%0) had diffuse type



Ametepe et al. BMC Endocrine Disorders (2025) 25:111

and single-nodule, respectively. However, the majority
[114(51.6%)] of hypothyroid patients presented with nor-
mal thyroid (Fig. 1).

Factors associated with abnormal thyroid based on
ultrasound imaging among study participants

The univariate analysis did not reveal any statistically
significant association between abnormal thyroid and
sociodemographic, lifestyle, and clinical variables of
interest. However, upon adjusting for potential con-
founders in the multivariate analysis, the odds of devel-
oping nodular thyroid disease were 2.11 times higher
(95% CI: 1.07-4.17; p=0.032) in males than in females
(Table 4).

Discussion

In this study, we investigated the frequency of hypothy-
roidism phenotypes, clinical characteristics, and factors
associated with nodular thyroid disease among patients
with hypothyroidism based on a retrospective data

Sonographic Charateristics

Multinodular 22.2

Single-nodular 12.7

Diffused 13.6

Not enlarged

Type of hypothyroidism

Subclinical hypothyroidism 16.3

Secondary hypothyroidism

—
™~
“

Primary hypothyroidism

(=1

50 100
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extracted at a single-center facility in southern Ghana
during a 6-year period (2015-2020).

We found that primary hypothyroidism was the most
frequently reported phenotype of hypothyroidism, fol-
lowed by subclinical hypothyroidism and secondary or
central hypothyroidism based on biochemical findings.
Fatigue, heavy menstrual period, and cold intolerance
were predominant symptoms, while overweight/obe-
sity, dyslipidaemia, and hypertension were commonly
reported co-morbid conditions. The odds of nodular
thyroid based on ultrasound findings were significantly
higher in males compared to females.

According to Chiovato et al. [2], over 99% of hypothy-
roid patients suffer from primary hypothyroidism. Jain
et al. [20] also reported that primary hypothyroidism
is the most frequent phenotype among Indian patients
with hypothyroidism. These findings are consistent
with the high frequency of primary hypothyroidism
(81.4%), although lower compared to Chiovato et al. [2],
which may be attributed to differences in population

51.6

150 200 250 300

m Frequency mPercent

Fig. 1 Hypothyroidism phenotypes and imaging characteristics of the thyroid gland
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Table 4 Factors associated with nodular thyroid based on ultrasound imaging findings among patients with hypothyroidism

Thyroid type
Variables Total Nodular Normal cOR[95% Cl] p-value  aOR[95% Cl] p-value
n(%) n(%)[95% Cl) n(%)[95% Cl)
Overall 221(100) 107(48.4)[41.8-55] 114(51.6)[45-58.2]
Age (years)
<30 84(38.0) 43(51.2)[40.5-61.9] 41(48.8)[38.1-59.5] 1 1
31-50 86(38.9) 43(50.0)[39.4-60.6] 43(50.0)[39.4-60.6] 0.95[0.52-1.74] 0.877 1.34[0.55-3.27] 0515
51-70 40(18.1) 19(47.5)[32.0-63.0] 21(52.5)[37.0-68] 0.86[0.41-1.83] 0.701 24[0.43-3.59] 0.687
>70 11(5.0) 2(18.2)[-4.6-41] 9(81.8)[59.0-104.6] 0.21[0.04-1.04] 0.056 0.26[0.04-1.49] 0.130
Gender
Male 61(27.6) 35(57.4)[45.0-69.8] 26(42.6)[30.2-55.0] 0.49[0.10-1.08] 0.103 2.11[1.07-4.17] 0.032
Female 160(72.4) 72(45.0)[37.3-52.7] 88(55.0)[47.3-62.7] 1 1
Marital Status
Single 78(35.3) 41(52.6)[41.5-63.6] 37(47.4)[36.4-58.5] 1 1
Married 143(64.7) 66(46.2)[38-54.3] 77(53.8)[45.7-62.0] 0.77[0.45-1.34] 0.363 0.73[0.31-1.75] 0.484
Educational Level
Tertiary 90(40.7) 38(42.2)[32.0-52.4] 52(57.8)[47.6-68.0] 1 1
Secondary 57(25.8) 30(52 6)[39.7-65.6] 27(47.4)[34.4-60.3] 1.52[0.78-2.96] 0.218 1.59[0.79-3.20] 0.195
Basic 38(17.2) 18(47.4)[31.5-63.2] 20(52.6)[36.8-68.5] 1.23[0.57-2.64] 0.592 1.36[0.61-3.04] 0451
None 36(16.3) 21(58.3)[42.2-74.4] 15(41.7)[25.6-57.8] 1.92[0.88-4.19] 0.104 2.21[0.96-5.08] 0.062
Residential Status
Within Accra Metro 133(60.2) 60(45.1)[36.7-53.6] 73(54.9)[46.4-63.3] 1 1
Outside Accra Metro 88(39.8) 47(0.032] 41(46.6)[36.2-57.0] 1.39[0.81-2.39] 0.228 1.52[0.86-2.69] 0.153
Blood Pressure
Low/Normal 187(84.6) 87(46.5)[39.4-53.7] 100(53.5)[46.3-60.6] 1 1
High 34(15.4) 20(58.8)[42.3-754] 14(41.2)[24.6-57.7] 1.64[0.78-3.44] 0.190 1.84[0.84-4.04] 0.130
Body Mass Index*
Normal 3(5.3) 2(66.7)[13.3-120.0] 1(33.3)[-20.0-86.7] 1
Overweight/Obesity 54(94.7) 26(48.1)[34.8-61.5] 28(51.9)[38.5-65.2] 0.46[0.04-5.42] 0.541 -
Total 57(25.8) 28(49.1)[36.1-62.1] 29(50.9)[37.9-63.9]
Dyslipidaemia ¥
No 9(28.1) 7(77.8)[50.6-104.9] 2(22.2)[-4.9-49.4] 1
Yes 23(71.9) 13(56.5)[36.3-76.8] 10(43.5)[23.2-63.7] 0.37[0.06-2.19] 0.274 -
Total 32(14.5) 20(62.5)[45.7-79.3] 12(37.5)[20.7-54.3]
Chronic Condition
No 187(84.6) 92(49.2)[42.0-56.4] 95(50.8)[43.6-58.0] 1 1
Yes 34(15.4) 15(44.1)[27.4-60.8] 19(55.9)[39.2-72.6] 0.91[041-2.02] 0.822 0.96[041-2.29] 0.932
Past/current smoker
No 197(89.1) 95(48.2)[41.2-55.2] 102(51.8)[44.8-58.8] 1 1
Yes 24(10.9) 12(50.0)[30.0-70.0] 12(50.0)[30.0-70.0] 1.07[0.46-2.51] 0.869 0.69[0.27-1.78] 0.447
Past/current drinker
No 162(73.3) 81(50.0)[42.3-57.7] 81(50.0)[42.3-57.7] 1 1
Yes 59(26.7) 26(44.1)[31.4-56.8] 33(55.9)[43.3-68.6] 0.79[0.43-1.43] 0435 0.77[0.40-1.47] 0432

- Observations too small for logistics regression

* Reported for participants whose weight and height measurements were available to calculate BMI

¥ Reported for participants whose lipid profile measurements were available to diagnose dyslipidaemia

characteristics. Conversely, the frequency of subclinical
hypothyroidism in our study (16.3%) is moderately higher
than the overall prevalence of subclinical hypothyroidism
(12.9%) reported in China [21] but approximately four-
fold higher than what was reported in Korea (3.1%) [22].
The difference in the results may be due to the difference
in the hospital-based study design adopted for our study

as opposed to the population-based nationwide study
employed in the Asian studies.

It is suggested that iodine deficiency is the most com-
mon cause of hypothyroidism globally, underscoring the
critical role of iodine in thyroid hormone metabolism,
whereas autoimmune thyroiditis (Hashimoto’s disease)
is the most common cause of primary hypothyroidism
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in iodine-replete areas [6]. In Ghana, the 2014 Annual
Health Report indicated that iodine deficiency disorders
were still high despite the introduction of the mandatory
iodization of salt program in 1996 [23]. Sarfo-Kantanka
et al. [9], who compared the prevalence of thyroid dis-
orders before and after the introduction of the program,
also found a progressive increase in the prevalence of
autoimmune thyroid disorders. Thus, the apparent fail-
ure of the iodization intervention program reinforces the
need to intensify health education programs aimed at
promoting regular consumption of iodine-fortified diets.
Screening the healthy population regularly to identify
antibodies to the thyroid could help initiate early treat-
ment and management to prevent the development of
overt hypothyroidism.

Fatigue  [120(54.3%)], heavy  menstrual loss
[54/160(33.8%)], and cold intolerance [73(33.0%)], were
predominant in our study participants. The findings in
relation to fatigue were corroborated by Ruiz-Pacheco et
al. [24], who reported that 63% of patients with primary
hypothyroidism presented with asthenia. Kaudha et al.
[25] also found that fatigue or exercise intolerance was
among the prominent symptoms in hypothyroid children
with underlying sickle cell anemia, which is in tandem
with our findings. In hypothyroidism, the underactive
thyroid slows down the body’s metabolism, often lead-
ing to many symptoms, including lethargy and fatigue
[26]. The frequency of menorrhagia found in this study
aligns with a previous study [27], and it is postulated to
be due to complex mechanisms that impair hemostasis
in the coagulation cascade and neuro-endocrine dys-
function leading to dysfunctional uterine bleeding [28].
Cold intolerance is associated with hypothyroidism due
to the hypoactivity of the thyroid hormones, which are
responsible for the regulation of body temperature [29].
The presence of metabolic syndrome or its components,
namely, hypertension, insulin resistance, abdominal obe-
sity, and dyslipidemia, is a prominent feature of hypo-
thyroidism, which increases the risk of cardiovascular
disease [30]. Consistent with this study’s findings, 94.7%
of the hypothyroid patients were overweight/obese,
71.9% had dyslipidemia, and 20.6% had hypertension.

With regard to nodular thyroid abnormalities, 22.2%
had multinodular thyroid glands while 13.6% and 12.7%
had diffuse type and single-nodular thyroid gland,
respectively, indicating that overall, at least two out of
five patients were positive for thyroid gland abnormality
upon ultrasound examination. Moreover, the multivariate
regression analysis showed that gender is an independent
predictor of nodular thyroid. Thus, the odds of develop-
ing nodular thyroid disease in males were approximately
twice (aOR=2.11; 95% CI: 1.07-4.17; p=0.032) higher
compared to their female counterparts. The reason for
the male preponderance to nodular thyroid disease
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cannot be inferred directly from our study. However,
advancing age and iodine deficiency have been shown to
be strongly linked to nodular thyroid disease [31] which
was not assessed in the current study, hence could not
be verified. Our findings also highlight the need for thor-
ough clinical assessment and management of nodular
thyroid disease among males with hypothyroidism.

In contrast, Dauksiene et al. [32] found that female
gender was an independent risk factor for the presence
of both goiter and thyroid nodules in euthyroid sub-
jects. Moreover, our study findings contradict the lack of
association found between gender and thyroid volume,
or nodularity, among type 2 diabetic patients and non-
diabetics [33]. Hence, it could also be speculated that
differences in the association between gender and nodu-
lar thyroid disease may stem from the differences in the
sample characteristics.

Despite the important findings presented in the current
study, some limitations are acknowledged. The retrospec-
tive study design did not allow for the collection of com-
prehensive data, including dietary patterns, which are
known to be involved in the pathogenesis of thyroid dis-
orders. The cross-sectional design also limits the inter-
pretation of any causality between the study variables
and the outcome. Since this is a hospital-based study, the
generalization of the findings is also limited. The adop-
tion of a convenient sampling technique could potentially
introduce selection bias, while the classification of nodu-
lar thyroid disease was based on imaging findings rather
than histological findings, which is widely regarded as the
gold standard. Moreover, the findings related to obesity
and dyslipidaemia should be interpreted within the con-
text that data were available for only 57 and 32 partici-
pants, respectively, whereas a larger part of the electronic
records reviewed had missing data.

Conclusion

Our results provide insight into the frequency of hypo-
thyroidism phenotypes, clinical characteristics, and
factors associated with nodular thyroid disease, empha-
sizing the male gender as an independent predictor of
nodular thyroid disease. Our findings also emphasize
the need for adjustment in lifestyle practices as a miti-
gating strategy for the management of hypothyroidism.
However, prospective studies are required to confirm the
findings or investigate the histological characteristics of
thyroid nodules in patients with hypothyroidism.
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