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ABSTRACT

Introduction: Hypothyroidism, a prevalent endocrine disorder,
leads to a generalised metabolic slowdown due to insufficient
thyroid hormone production, potentially resulting in elevated
levels of serum uric acid and creatinine, thus affecting renal
function and purine metabolism.

Aim: To assess serum creatinine and serum uric acid levels in
hypothyroid patients while establishing correlations with their
thyroid-stimulating hormone (TSH), Free Triiodothyronine (FT3),
and Free Thyroxine (FT4) levels.

Materials and Methods: A comparative cross-sectional study
was conducted in the Department of Biochemistry, Government
Medical College, Kozhikkode, Kerala, India. The study involved
140 participants, including 70 recently diagnosed hypothyroid
patients and 70 age- and sex-matched euthyroid individuals.
Thyroid hormone levels (FT3, FT4) and TSH were quantified using
the Cobas e411 electro-chemiluminescence technique. Serum
creatinine levels were measured using the Modified Jaffe’s
method, and serum uric acid levels were assessed through the
Uricase method (Enzokit). Data analysis was performed using
Statistical Package for the Social Sciences (SPSS) version 21.0,

i

and tables and graphs were generated using Microsoft Word
and Excel.

Results: The mean age of study participants of control group
was 39.02 years and of the hypothyroid group was 36.80 years.
The comparative cross-sectional analysis revealed significantly
higher levels of serum uric acid and serum creatinine in
hypothyroid patients compared to euthyroid controls. Specifically,
hypothyroid patients exhibited a mean serum uric acid level
of 10.77+2.34 mg/dL, while euthyroid controls had a mean of
4.37+0.94 mg/dL. Mean serum creatinine levels for hypothyroid
patients and euthyroid controls were 2.16+0.80 mg/dL and
0.75+0.14 mg/dL, respectively. Notably, a significant positive
correlation was observed between serum uric acid and serum
creatinine levels with TSH (r=0.42, p-value <0.001 and r=0.45,
p=0.00, respectively).

Conclusion: The study identified significantly higher levels of
serum uric acid and creatinine in hypothyroid patients compared
to euthyroid individuals, potentially attributed to haemodynamic
changes and disruptions in purine metabolism. Regular monitoring
of these parameters is crucial for individuals with hypothyroidism.
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INTRODUCTION

The thyroid gland, located anterior to the trachea between the
cricoid cartilage and the suprasternal notch, plays a pivotal role in
maintaining thermogenic and metabolic homeostasis in adults by
producing thyroxine (T4) and triiodothyronine (T3) hormones. These
hormones act through thyroid hormone receptors, orchestrating
vital physiological processes [1]. Thyroid Stimulating Hormone
(TSH), secreted by thyrotrope cells in the anterior pituitary, serves as
a key regulator of the thyroid axis and a valuable marker of thyroid
hormone action. Hypothalamic Thyrotropin Releasing Hormone
(TRH) stimulates pituitary TSH production, initiating thyroid hormone
synthesis and secretion [1].

Among thyroid disorders, hypothyroidism is a prevalent condition,
manifesting in both mild and severe forms, affecting 2% to 15%
of the population. This disorder stems from a deficiency in thyroid
hormone secretion and action. Primary hypothyroidism arises
when the thyroid gland fails to produce sufficient hormones, while
secondary hypothyroidism indicates inadequate function of the
hypothalamic-pituitary-thyroid axis. Elevated serum TSH levels
precede thyroid hormone decline, commonly attributed to iodine
deficiency or autoimmune thyroid disease, marked by elevated
anti-thyroid peroxidase antibodies [1]. Sub-clinical hypothyroidism
manifests as biochemical evidence of thyroid hormone deficiency,
often with minimal clinical symptoms [1].

Thyroid hormones exert a profound influence on kidney function,
impacting growth, development, and renal structure and function.

Hypothyroidism is associated with reduced Glomerular Filtration
Rate (GFR), increased serum creatinine, and alterations in water
excretion. Haemodynamic changes in hypothyroidism contribute to
elevated serum creatinine levels. Furthermore, disruptions in thyroid
hormone levels affect purine metabolism, leading to alterations in uric
acid levels, resulting in hyperuricemia and its associated conditions,
including gout. These changes can also be attributed to decreased
renal plasma flow and impaired glomerular filtration [2-4]. Given the
clinical relevance of these parameters in hypothyroidism, accurate
estimation of these biochemical markers is crucial for patient
management. Early diagnosis and treatment of hypothyroidism
can mitigate complications associated with hypothyroid-induced
renal dysfunction. Routine assessment of thyroid function is thus
imperative [2-6].

The primary objectives of present study were to estimate serum
creatinine and serum uric acid levels in hypothyroid patients and
compare them with euthyroid individuals, as well as to estimate
serum FT3, FT4, and TSH levels in the study subjects. Additionally,
the study aimed to identify correlations between serum creatinine,
serum uric acid, and serum FT3, FT4, and TSH levels in the study
groups.

MATERIALS AND METHODS

The present comparative cross-sectional study was conducted
among patients at the Government Medical College, Kozhikode,
Kerala, India, including those attending the Endocrinology clinic or
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admitted to the Medicine ward within a time period of one year.
Study was approved from the Institutional Ethics Committee (IEC),
Government Medical College Kozhikode (IEC No.-GMCKKD/
RP2016/EC/207).

Inclusion criteria: Case group, Control group and patients attending
the inpatient and outpatient units of Government Medical College,
Kozhikode, Kerala, India, bystanders of other patients, medical-
paramedical staff, and other wiling to participate were included in
the study

Exclusion criteria: Critical illness, renal failure, diabetes mellitus,
systemic hypertension, coronary artery disease, pregnancy,
malignancy, gout, chronic alcoholism, and patients unwiling to
participate and students not matched to the age group and subjects
not providing written consent were excluded from the study.

Study Procedure

Data was collected from 140 subjects, including age, sex, duration
of iliness, history of smoking, alcoholism, diabetes mellitus, systemic
hypertension, blood pressure, pulse rate, and respiratory rate.

Blood parameters assessed: Serum FT3, FT4, and TSH levels
using Cobas e411 (electro-chemiluminescence technique). Serum
creatinine levels using Modified Jaffe’s method. 3. Serum uric acid
levels using the Uricase method.

Test principles: Serum FT3, FT4, and TSH estimation (Cobas
e411-electro-chemiluminescence): Serum FT3, FT4, and TSH
levels were assessed using the Cobas e411 system, which utilises
the Electro-chemiluminescence technique. This method involves
the use of specific antibodies labeled with a ruthenium complex.
For TSH estimation, monoclonal antibodies directed against human
TSH are employed, which are labeled with a ruthenium complex. The
reaction occurs in multiple steps: first, a sandwich complex is formed
with the sample, biotinylated monoclonal TSH-specific antibody,
and a monoclonal TSH specific antibody labeled with a ruthenium
complex. Then, after adding streptavidin-coated micro-particles, the
complex binds to the solid phase via biotin-streptavidin interaction.
Finally, chemiluminescent emission, induced by applying a voltage,
is measured to determine TSH levels. This method ensures high
sensitivity and specificity for thyroid function assessment [1].

Serum creatinine estimation (Modified Jaffe’s method): Serum
creatinine levels were determined using the Modified Jaffe’s method.
In this enzymatic colorimetric assay, creatinine forms a yellow-
orange complex with picrate under alkaline conditions. The rate of
dye formation is directly proportional to the creatinine concentration
in the specimen. This method allows for the assessment of renal
function as creatinine is freely filtered by the glomeruli and is not
significantly re-absorbed or secreted by the renal tubules under
normal conditions. The results are corrected for non specific reactions
caused by serum/plasma pseudo-creatinine chromogens, ensuring
accurate assessment of creatinine levels [3]. These test principles
elucidate the biochemical processes underlying the quantification of
thyroid hormones and creatinine levels, contributing to the accuracy
and reliability of the study’s measurements.

STATISTICAL ANALYSIS

Data analysis was performed using SPSS version 21.0. The
results were expressed as mean+SD. Student’s t-test was used to
determine significance, with p-value <0.05 considered significant.
Pearson’s linear correlation was used to study correlations between
parameters.

RESULTS

The study aimed to assess serum creatinine and uric acid levels
in individuals with hypothyroidism and investigate their correlation
with thyroid function tests. In present study of 140 participants,
including 70 hypothyroid patients and 70 controls, demographic
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characteristics were analysed [Table/Fig-1]. The gender distribution
revealed a roughly equal representation of males and females in both
groups. However, there were differences in the mean age between
the control group (mean age 39.02 years) and the hypothyroid
group (Mmean age 36.80 years) [Table/Fig-2].

Gender
Category Male n (%) Female n (%) Total n (%)
Controls 29 (41.4) 41 (58.6) 70 (50.0)
Cases 30 (42.9) 40 (57.1) 70 (50.0)
Total subjects 59 (42.1) 81 (57.9) 140 (100.0)

[Table/Fig-1]: Gender distribution among the study groups.

Study groups Mean age Standard deviation
Normal control (n=70) 39.02 8.19
Hypothyroid (n=70) 36.80 9.14

[Table/Fig-2]: Mean age distribution among the study groups.

Thyroid Function Tests (TFT): The study found a significant
difference in thyroid function tests between the control and
hypothyroid groups. The mean serum TSH levels were markedly
elevated in hypothyroid individuals (8.83+3.23 mIU/mL) compared
to the control group (1.87+0.98 mlU/mL), with a p-value <0.001
[Table/Fig-3]. Similarly, serum FT3 levels were significantly reduced
in hypothyroid patients (2.58+1.16 pmol/L) compared to the
control group (4.60+0.62 pmol/L), with a p-value <0.001 [Table/
Fig-4]. Serum FT4 levels also showed a significant decrease in
hypothyroidism (10.98+3.46 pmol/L) compared to the control group
(16.70+2.10 pmol/L) with a p-value <0.001 [Table/Fig-5].

Study groups Mean TSH (mlU/mL) | Standard deviation p-value
Control (n=70) 1.87 0.98

<0.001
Hypothyroid (n=70) 8.83 3.23

[Table/Fig-3]: Mean serum TSH value among the study groups.

Study groups Mean FT3 (pmol/L) | Standard deviation p-value
Normal 4.60 0.62

<0.001
Hypothyroid 2.58 1.16

[Table/Fig-4]: Mean serum FT3 value among the study groups.

Study groups Mean FT4 (pmol/L) | Standard deviation p-value
Normal 16.70 2.10

<0.001
Hypothyroid 10.98 3.46

[Table/Fig-5]: Mean serum FT4 value among the study groups.

Serum uric acid and creatinine levels: The study revealed that
hypothyroid individuals had significantly higher mean serum uric
acid levels (10.77+2.34 mg/dL) compared to euthyroid individuals
(4.37+0.94 mg/dL), with a p-value <0.001 [Table/Fig-6]. Serum
creatinine levels were also notably higher in the hypothyroid group
(2.16+0.80 mg/dL) compared to the control group (0.75+0.14 mg/dL),
with a p-value <0.001 [Table/Fig-7].

Study groups | Mean uric acid (mg/dL) | Standard deviation p-value
Normal 4.37 0.94

<0.001
Hypothyroid 10.77 2.34

[Table/Fig-6]: Mean serum uric acid value among the study groups.

Study groups | Mean creatinine (mg/dL) | Standard deviation p-value
Normal 0.75 0.14

<0.001
Hypothyroid 2.16 0.80

[Table/Fig-7]: Mean serum creatinine value among the study groups.

Correlation analysis: This demonstrated a significant positive
correlation between serum TSH levels and both uric acid (r=0.42) and
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creatinine (r=0.45) in hypothyroid patients [Table/Fig-8]. Scatter plots o] R Liear =164
visually represented these correlations, showing a linear relationship

between TSH levels and uric acid as well as TSH levels and creatinine
in hypothyroidism.

14.00

Correlation of serum TSH with g =om
other parameters Pearson’s correlation (r) p-value g
Uric acid 0.42 <0.001 - 1000
Creatinine 0.45 <0.001
[Table/Fig-8]: Correlation of serum TSH with uric acid and creatinine. 800+
The study findings indicate that hypothyroidism is associated with oo °
alterations in serum creatinine and uric acid levels [Table/Fig-6,7]. s o 190 )

Hypothyroid patients exhibited elevated levels of both uric acid and
creatinine compared to euthyroid individuals. Additionally, there
was a significant positive correlation between TSH levels and both
uric acid and creatinine in hypothyroidism, suggesting a potential
link between thyroid function and renal function in these patients
[Table/Fig-8]. [Table/Fig-9] presents the correlation of serum FT3
levels with uric acid and creatinine. The analysis shows that there
is no statistically significant correlation between serum FT3 and
either uric acid (r=-0.005, p=0.970) or creatinine (r=-0.076, p=0.532).
These results suggest that there is no meaningful linear relationship
between serum FT3 levels and uric acid or creatinine in the studied
population. [Table/Fig-10], on the other hand, displays the correlation
of serum FT4 levels with uric acid and creatinine. Similar to the
findings for serum FT3, there is no statistically significant correlation o pm
between serum FT4 and uric acid (r=-0.018, p=0.883) or creatinine
(r=0.014, p=0.910). This indicates that there is no significant linear
association between serum FT4 levels and uric acid or creatinine

R? Linear = 0.209
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in the examined subjects. In summary, these results suggest that o X N Lo

serum FT3 and FT4 levels do not appear to be strongly linked to I R

uric acid or creatinine levels in the study population. “ o, g .

" %o Lo ©

Correlation of serum FT3 5 ™ s 8 O O o .
with other parameters Pearson’s correlation (r) p-value § o] . % . .
Uric acid -0.005 0.970 .0 3t o
Creatinine -0.076 0.532 - R L o
[Table/Fig-9]: Correlation of serum FT3 with other parameters. ® °

Correlation of serum FT4

with other parameters Pearson’s correlation (r) p-value [Table/Fig-13]:
Uric acid -0.018 0.883
Creatinine 0.014 0.910 o

[Table/Fig-10]: Correlation of serum FT4 with other parameters. ° g ° o

Scatter plots:

e  Scatter Plot 1: Serum TSH with uric acid - This plot illustrates 57 e e
= e 00 °

a significant positive correlation between serum TSH levels and o
uric acid in hypothyroid patients [Table/Fig-11].

e Scatter Plot 2: Serum TSH with creatinine - This plot demonstrates
a significant positive correlation between serum TSH levels and
creatinine in hypothyroid patients [Table/Fig-12].

[Table/Fig-14]:

e  Scatter Plot 3: Serum FT3 with uric acid - This plot indicates
an insignificant correlation between serum FT3 and uric acid in
hypothyroid patients [Table/Fig-13].
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e  Scatter Plot 4: Serum FT3 with creatinine - This plot shows oo, o o
an insignificant negative correlation between serum FT3 and o by 2
creatinine in hypothyroid patients [Table/Fig-14].
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e Scatter Plot 5: Serum FT4 with uric acid - This plot reveals o o e
no significant association between serum FT4 and uric acid in 8° oo o o .

hypothyroid patients [Table/Fig-15]. ) ° o

600

e  Scatter Plot 6: Serum FT4 with creatinine - This plot displays
an insignificant correlation between serum FT4 and creatinine
in hypothyroid patients [Table/Fig-1 6]. [Table/Fig-15]: Scatter Plot 5: Serum FT4 with uric acid.

T T T T T T
750 1000 1250 1500 1750 2000

m Journal of Clinical and Diagnostic Research. 2023 Oct, Vol-17(10): BCO6-BC10



www.jcdr.net

°
o
o

CREATININE
8
o
°
o

[Table/Fig-16]: Scatter Plot 6:Serum FT4 with creatinine.

DISCUSSION

The current study aimed to assess serum uric acid and serum
creatinine levels in hypothyroid patients and investigate potential
relationships with thyroid function indicators. The participants in
present study ranged in age from 20 to 60 years and included
70 hypothyroid patients and 70 healthy controls. The study
concentrated on common symptoms of hypothyroidism, including
fatigue, constipation, sensitivity to cold, menstrual cycle changes,
weight gain, and hair loss. With the help of pertinent sources, this
discussion thus provides a thorough examination of the findings and
contextualises them.

Association between hypothyroidism and gender: The study
found that 57.14% of hypothyroid patients were women, a
considerable prevalence. This finding is in line with a number of
earlier studies [7-10], which have repeatedly shown that women
are more likely than men to experience thyroid problems, including
hypothyroidism. The difference between men and women in their
hormones, particularly estrogen’s probable role in modifying thyroid
function, is suggested to be responsible for this gender gap in
thyroid problems [7,11,12].

Thyroid function parameters and hypothyroidism: The present
study comparative cross-sectional analysis revealed significant
differences between hypothyroid and euthyroid patients in several
important thyroid function indicators, including TSH, FT3, and FT4.

Serum TSH: The mean TSH concentration for hypothyroid patients
was significantly higher compared to the control group, indicating a
clear correlation between elevated TSH levels and hypothyroidism
[Table/Fig-3] [5]. This increase in TSH is a result of the body trying
to compensate for low thyroid hormone levels by stimulating the
thyroid gland to produce more thyroid hormones.

Serum FT3 and FT4: These levels were significantly lower in
hypothyroid patients as compared to euthyroid individuals [Table/
Fig-4-5]. Reduced levels of FT3 and FT4 are consistent with the
main symptom of hypothyroidism, which is the thyroid gland’s
underproduction of thyroid hormones by the thyroid gland. These
results support a number of earlier studies that have shown an
association between hypothyroidism and lower FT3 and FT4
levels [5,7,13-15].

Serum uric acid and hypothyroidism: The study observed a
noteworthy increase in serum uric acid levels in individuals with
hypothyroidism [Table/Fig-6]. This result indicates a potential
association between hypothyroidism and hyperuricemia. This finding
aligns with earlier studies, including those conducted by Kuzell WC
et al., (1955) [16], Giordano et al., (2001) [17], and Erickson et al.,
(1994)[183], which first suggested a link between hypothyroidism
and hyperuricemia. For instance, Kuzell WC and colleagues
examined gout patients and found that 20% of males and 30%
of females had hypothyroidism [16]. Several variables could be
responsible for the connection between hypothyroidism and
hyperuricemia. Firstly, hypothyroidism may result in decreased
renal plasma flow and glomerular filtration, which could raise blood
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uric acid levels [15]. Secondly, patients with hypothyroidism may
experience worsening hyperuricemia due to poor renal excretion of
uric acid, which may be brought on by a decreased GFR. Studies
by Kreisman SH and Hennessey JV (1999) [18], Schmid et al., (2004)
[14], and Jia et al., (2015) [19], which all revealed higher creatinine
levels in hypothyroidism, support these theories. While this study’s
findings highlight a significant positive correlation between serum
TSH and uric acid levels in hypothyroid patients [Table/Fig-8], the
lack of a correlation between serum FT3 or FT4 and uric acid levels
[Table/Fig-9,10] suggests that TSH might play a more direct role in
influencing uric acid metabolism. However, the exact mechanisms
underlying the relationship between thyroid function and uric acid
metabolism warrant further investigation.

Serum creatinine and hypothyroidism: Similar to serum uric acid,
the study observed a substantial increase in serum creatinine levels
in individuals with hypothyroidism [Table/Fig-7]. Elevated serum
creatinine levels are indicative of impaired renal function, which has
been consistently associated with hypothyroidism in prior research
[14,18-20]. Kreisman SH and Hennessey JV (1999) reported
significantly higher mean creatinine values during hypothyroidism
than during the euthyroid state, highlighting the impact of thyroid
dysfunction on renal function [18]. Furthermore, studies by Schmid
C et al., (2004) [14], Jia et al., (2015) [19], Sidhu et al., (2016) [20],
and Taruna Bharti et al., (2017) [15] consistently reported elevated
creatinine levels in hypothyroid patients. Additionally, Kumara DS et
al., (2017) [21] and Nagarajappa et al., (2014) [20] demonstrated
a significant relationship between hypothyroidism and increased
creatinine levels. These findings underscore the clinical significance
of evaluating renal function in hypothyroid patients.

Potential mechanisms underlying renal dysfunction in
hypothyroidism: The observed alterations in serum uric acid and
creatinine levels in hypothyroidism may be attributed to various
mechanisms. Firstly, the reduction in renal plasma flow and GFR
associated with hypothyroidism could lead to impaired clearance
of both uric acid and creatinine [15]. Secondly, the association
between hypothyroidism and muscle dysfunction could contribute
to the increase in creatinine levels [18,22].

The results of present study highlight how crucial it is to keep an
eye on thyroid function in those with abnormal renal function, and
vice versa. This is especially important for people on kidney-clearing
medications because thyroid hormones have a significant impact
on renal function. Further demonstrating the relationship between
thyroid function and renal health, Englund Fl et al., (2016) found
an inverse relationship between FT3 and FT4 levels and plasma
creatinine concentration [23]. Additionally, the Mooraki and Basani
(1998) study demonstrated how successfully treating hypothyroidism
might result in a decrease in blood creatinine levels, indicating the
possibility of reversible renal impairment in these patients [24].
The significance of early diagnosis and effective thyroid hormone
replacement therapy is highlighted by this.

Hence, new understandings of the relationships between altered
serum uric acid and creatinine levels and hypothyroidism can be
deduced from present study. The clinical importance of thyroid
assessment in patients presenting with renal failure, and vice
versa, is highlighted by the observed gender predominance among
hypothyroid patients and the considerable alterations in thyroid
function measures. To understand the precise mechanisms behind
these relationships and to investigate potential treatment strategies
to lessen renal impairment in hypothyroidism, more study is still
required. These findings highlight the need for a patient-centered
holistic strategy that considers thyroid and renal function.

Limitation(s)

e Serum FT3, FT4, and TSH estimation: While the Electro-
chemiluminescence technique offers high sensitivity and
specificity for thyroid function assessment, it may be affected
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by the presence of autoantibodies to thyroid hormones, which
can interfere with the assay results.

e Serum creatinine estimation: The Modified Jaffe’s method for
creatinine assessment is generally reliable for evaluating renal
function. However, it may be influenced by certain factors such
as the presence of substances like bilirubin and haemoglobin,
which can lead to potential interference in the results.

CONCLUSION(S)

The study has certain drawbacks, including a small sample size
and a brief time frame, which could affect the generalisability
of the results. There is no post-treatment analysis to determine
reversibility, and the causes of hypothyroidism are not investigated.
The study lacks thorough renal function tests and only examines
hypothyroidism, ignoring variations among thyroid disorders.
Furthermore, cardiovascular risk factors are not taken into account.
Despite these drawbacks, the study demonstrates strong correlations
between higher serum wuric acid and creatinine levels and
hypothyroidism, highlighting the clinical significance of assessing
these parameters in individuals with hypothyroidism. These aspects
of endocrine medicine require further study or a more comprehensive
understanding.
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