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Thyroid Function Disorders in Patients with Chronic Kidney
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Background: Various thyroid functional test abnormalities are commonly observed in chronic kidney disease (CKD) due to alterations
in thyroid hormone synthesis, metabolism, and regulation. Objectives: The study aims at investigating the prevalence of thyroid
function disorders in patients with CKD and its association with the degree of renal failure. Methods: A cross-sectional study was
performed on patients with CKD, at the Nephrology unit, Hawler Teaching Hospital, Erbil, Iraq from 1 July 2020 to 31 December
2020. Demographic features such as age, sex, and body mass index (BMI) were recorded; blood tests were done, including serum-free
triiodothyronine (FT3), free thyroxin (FT4), thyrotropin (TSH), and creatinine. The CKD-EPI (epidemiological) equation was used
to estimate glomerular filtration rate (¢GFR).The participants were classified according to their thyroid function, age, BMI, and
eGFR. The association of thyroid dysfunction with gender, age, BMI, and eGFR was studied. Results: A total of 104 patients with
CKD enrolled in the current study: Half of them were on conservative treatment, and the other half were on a chronic hemodialysis
(HD) program. Fifty four (51.9%) of them were male, mean age was 53.99 * 14.59 years, mean BMI was 25.19 * 3.14kg/m?, and
most of them (63.5%) were overweight. According to eGFR classification, most of the participants (70.2%) were at stage 5 CKD,
20.2% at stage 4, and 9.6% at stage 3. From the study population, it was observed that 34 out of 104 (32.7%) participants presented
with thyroid function disorders. Among them, 22 (21.2%) patients presented with subclinical hypothyroidism, seven (6.7%) had overt
hypothyroidism, three (2.9%) hyperthyroidism, and two (1.9%) subclinical hyperthyroidism. Hypothyroidism (clinical and subclinical)
was positively associated with increasing age and advanced CKD. Conclusion: Thyroid function disorders are common among patients
with CKD. Hypothyroidism, the most prevalent one, was positively associated with increasing age, low eGFR, and in patients on HD
therapy.
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INTRODUCTION and clinical trial data have investigated the effects of
thyroid hormones on renal function decline.” Thyroid
dysfunctions have an important effect on renal function,
as well as cardiovascular alterations.® On the other hand,
CKD can lead to changes in thyroid function, through
non-thyroidal illness, metabolic acidosis, altered hormonal
catabolism, diminished peripheral conversion, hormonal
removal during HD therapy, and increased iodine store in
the thyroid gland.®!¥

CKD represents a worldwide public health problem, with
a global prevalence of 9.1%.[1 1t is defined as abnormalities
of kidney structure or function present for more than three
months, with implications for health.”’? CKD increases the
risk of all-cause mortality, cardiovascular disease, and
progression to end-stage renal disease (ESRD).’! Thus,
identifying the risk factors for CKD or a decrease in
eGFR may help in understanding the mechanism of CKD
and provide new strategies for its prevention.®

Thyroid hormones play an important role in kidney
development and physiology, through their actions on
growth, renal blood flow, and maintenance of kidney
homeostasis.>! Several lines of epidemiological evidence  Submission: 28-10-2021 Accepted: 19-11-2021  Published: 20-Apr-2022
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A growing body of cross-sectional studies have linked overt
and subclinical hypothyroidism to a lower eGFR and an
increased prevalence of CKD.'!''?I Longitudinal studies
have presented conflicting results, linking kidney function
decline to low or high thyroid function.'*!3 The coexistence
of hypothyroidism and renal dysfunction in patients
has prompted investigation into the effects of thyroid
hormone replacement therapy on CKD.!'"! Interestingly,
there is evidence that a reduction of the eGFR may be
improved after thyroid hormone substitution therapy.®!”
However, most evidence regarding the association between
thyroid and kidney function has been based on cross-
sectional studies and included mostly patients with CKD
or thyroid dysfunction.'¥ Due to the nature of the cross-
sectional study and the conflicting results of prospective
studies, the causality between TSH and eGFR should be
further confirmed.!"¥ The study aims at investigating the
prevalence of thyroid function disorders in patients with
CKD and its association with the degree of renal failure,
as the identification of these patients could contribute to
correct diagnosis and treatment.

Patients aND MEeTHODS

Thiscross-sectional study was conducted in the Nephrology
unit in Hawler Teaching Hospital, Erbil, Iraq from July
1, 2020 to December 31, 2020. The study was approved
by the scientific and ethical committee of the College
of Medicine, HMU, in accordance with the Helsinki's
declaration guideline for the involvement of humans in
research. All participants gave their written and informed
consent. A sample of patients with confirmed CKD
defined on the basis of the National Kidney Foundation
guidelines of having an eGFR <60mL/min/1.732 m? for
more than three months® were enrolled in this study,
unless they met any of the following exclusion criteria:
less than 18 years of age, those with known thyroid
problems, a personal or family history of organ-specific
autoimmune diseases such as insulin-dependent diabetes
mellitus, seriously ill patients, and a history of intake of
medications such as amiodarone and steroids. Out of the
114 patients who met the inclusion criteria, 104 enrolled in
the study and the remaining dropped out because of their
unwillingness or missing data. All participants underwent
a detailed history and proper physical examination. For
each participant, the following data were recorded: age,
gender, BMI: kg/m?, duration of HD, and medication
use during the treatment course. Regarding their age, the
participants were divided into four groups as follows:
18-29, 30-49, 50-69, and 70-89 years. The patients were
classified according to their BMI kg/m? into five groups as
follows: underweight (BMI < 18.5), normal (18.5-24.9),
overweight (25-29.9), obese (30-39.9), and morbid obese
(>40).17 The venous blood was drawn in the morning
after an overnight fast for lab tests; serum creatinine
was assayed on KENZA 450 TX/KENZA 450 ISE
Automated Biochemistry Analyzer (France).'! GFR was

estimated by using the CKD Epidemiology Collaboration
2009 equation™ and reduced kidney function was defined
as eGFR <60mL/min/1.73 m? corresponding to stage
3-5 CKD, stage 3 (30-59), stage 4 (15-29), and stage 5
(<15).” Thyroid hormones were measured by using Vidas
and mini Vidas from Biomericux-France; mini Vidas is
a compact automate immunoassay system based on the
Enzyme-Linked Fluorescent Assay principles.'¥ Thyroid
dysfunction was considered if patients’ thyroid hormones
fall outside the reference range: free T3 (FT3) (4.0-8.3
pmol/L), free T4 (FT4) (9.0-20.0 pmol/L), and thyrotropin
(TSH) (0.25-5 mIU/L); overt hypothyroidism was defined
as TSH >5 mIU/L and FT3 < 4.0 and FT4 < 9.0 pmol/L;
subclinical hypothyroidism was considered if TSH >5
mlU/L and FT3 and FT4 were within the reference range;
subclinical hyperthyroidism was defined if TSH <0.25
mlIU/L and FT3 and FT4 were within the reference range;
and overt hyperthyroidism was considered if TSH<0.25
mlIU/L and FT3> 8.3 pmol/L and FT4> 20 pmol/L.*
Low T3 syndrome was defined as FT3< 4 pmol/L and if
TSH and FT4 were within the reference range.”

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and
analytical approval before sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
according to the document number 222 (including the
number and the date in 25/3/2020) to get this approval.

Statistical analysis

Continuous variables were presented as mean and
standard deviation (SD), and categorical variables were
presented as frequency and percentage. One-way ANOVA
test was used for continuous variables, and Chi-square test
was used for categorical variables to compare proportions.
Generated data were entered into MS excel and analyzed
with the Statistical Package for Social Sciences version
24 (SPSS, IBM company, USA). A p value of <0.05 was
considered significant.

ResuLts

A total of 104 patients (51.9% males and 48.1% females)
with CKD enrolled in this study. Their mean age was
53.99 * 14.59 years, mean BMI was 25.19 + 3.14kg/m?,
and most of them (59.6%) were overweight. Half of the
participants were on a chronic HD program with a mean
duration of 4.7 + 3.56 years, and the other half were on
conservative treatment at a different stage of CKD. Most of
the participants (70.2%) were at stage 5 of CKD and were
either on HD or on conservative treatment. Among the study
sample, 70 (67.3%) patients were euthyroid. Hypothyroidism
(subclinical and overt) is the most common thyroid disorder
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detected in 27.9% of participants. Low T3 syndrome (low
FT3 with normal FT4 and TSH) was observed in 14.4%
patients with CKD [Table 1].

The current study revealed a significant association between
hypothyroidism and gender, as overt hypothyroidism
(85.7%) was mainly detected in females, whereas subclinical
hypothyroidism (68.2%) was mostly seen in males

Table 1: Characteristics of the study population

Characteristics No./SD or %
Gender (M/F) 54/50
Age (years) 53.99 + 14.59
BMI (kg/m?) 25.19+3.14
e¢GFR (mL/min/1.73m2) 13.88 £ 11.55
Hemodialysis patients 52 (50%)
Patients with CKD on conservative 52 (50%)
treatment

Hemodialysis duration (years) 4.7 £3.56
Creatinine (mg/dl) 5.92+331
TSH (mIU/L) 3.76 £ 3.61
FT4 (pmol/L) 12.83 £3.22
FT3 (pmol/L) 5.35%£1.98
Subclinical hypothyroidism 22 (21.2%)
Overt hypothyroidism 7 (6.7%)
Overt hyperthyroidism 3(2.9%)
Subclinical hyperthyroidism 2 (1.9%)
Low T3 syndrome (low FT3 alone) 15 (14.4%)

BMI = body mass index, TSH = thyrotropin, eGFR = estimated glo-
merular filtration rate

(P = 0.032). Participants with hypothyroidism were more
likely to be older (P = 0.002), had a lower mean eGFR
(P = 0.023), or were on HD treatment (P = 0.002).There
was a nonsignificant association between TSH categories
and BMI classifications (P = 0.205) [Table 2].

Discussion

The patients with CKD may be at a higher risk for thyroid
dysfunction via several mechanisms such as iodine retention,
metabolic acidosis, mineral deficiency (e.g. selenium),
protein losses, alterations in regulation of the hypothalamic-
pituitary-thyroid axis, and changes in the metabolism,
degradation, and excretion of thyroid hormones.[*

In the current study, our main target was to evaluate the
prevalence of and risk factors for thyroid disease among
patients with CKD, as many cases of thyroid dysfunction,
particularly hypothyroidism, may remain latent or
undiagnosed in advanced CKD due to symptom overlap
with uremia (e.g. cold intolerance, fatigue, decreased
cognition) and coexisting comorbidities.®! Further, there
is evidence that exogenous thyroid hormone therapy may
lead to a significant improvement in renal function in
hypothyroid patients with CKD.'¥ Most of our patients
were euthyroid (67.3%); however, subclinical and overt
hypothyroidism is quite frequent among them, 21.2%
and 6.7% respectively, which is much higher than that
reported in the general population, 0.3% to 3.7%.2" Our
findings cannot be attributed exclusively to CKD, as we
have no data regarding their basic thyroid autoimmunity

Table 2: Association between TSH categories and gender, BMI, eGFR, and CKD state

Variables Normal Subclinical hypothyroidism  Hypothyroidism  Hyperthyroidism  Subclinical hyperthyroidism P Value
Gender

Male 36 (51.4%) 15 (68.2%) 1(14.3%) 1(33.3%) 1 (50%) 0.032
Female 34 (48.6%) 7 (31.8%) 6 (85.7%) 2 (66.7%) 1 (50%)

Age

(18-29 years) 25 (35.7%) 2 (9.09%) 0 (0%) 0 (0%) 0 (0%) 0.002
(30-49 years) 20 (28.5%) 2 (9.09%) 0 (0%) 1(33.3%) 1 (50%)

(5069 years) 15 (21.4%) 6 (27.2%) 3 (42.9%) 1(33.3%) 1 (50%)

(70-89 years) 10(14.2%) 12 (54.5%) 4 (57.1%) 1(33.3%) 0 (0%)

BMI

Underweight 0 (0%) 0 (0%) 0 (0%) 1(33.3%) 0 (0%) 0.205
Normal 24 (34.3%) 5(22.7%) 2 (28.6%) 1(33.3%) 1(50%)

Overweight 44 (62.9%) 16 (72.7%) 2 (28.6%) 1(33.3%) 1(50%)

Obese 2 (2.8%) 1 (4.6%) 3 (42.8%) 0 (0%) 0 (0%)

CKD stage

Stage 3 8 (11.4%) 1 (4.5%) 1 (14.3%) 1(33.3%) 0 (0%) 0.023
Stage 4 18 (25.7%) 2 (9%) 1 (14.3%) 0 (0%) 0 (0%)

Stage 5+ 5D* 44 (62.8%) 19 (86.3%) 5(71.4%) 2 (66.7%) 2 (100%)

CKD State

Dialysis (5-D) 29 (41.4%) 15 (68.2%) 4 (57.1%) 2 (66.7%) 2 (100%) 0.002
Conservative 41 (58.6%) 7 (31.8%) 3 (42.9%) 1(33.3%) 0 (0%)

Total 70 (100%) 22 (100%) 7 (100%) 3 (100%) 2(100%)

*Including all patients with Stage 5 CKD, on conservative or on HD therapy
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and iodine status; however, they are in concordance
with the results shown by several cross-sectional and
epidemiological studies, for instance a study performed
in the United States on a large, nationally representative
cohort of veterans with CKD by Rhee et al.,/7 and an
epidemiologic study that has largely been conducted
within European-based cohorts,?? in addition to a large
body of cross-sectional studies performed in different
countries.!'$2-2%

This study revealed an increasing trend for TSH levels
and/ or risk of hypothyroidism across CKD stages 3-5,
including those receiving HD therapy, with an inverse
association with eGFR. This finding clearly indicates
that more severe CKD will be associated with more
complications, including thyroid disorders, which was
consistent with the results demonstrated by many
epidemiological and cross-sectional studies.-?>?5"1 In
the largest U.S.-based study, Lo ez al® observed a high
prevalence of hypothyroidism with incrementally lower
categories of eGFR among the Third National Health
and Nutrition Examination Survey.

Our data revealed a female predominance of overt
hypothyroidism, with similar results reported in the
literature.?*?” However, subclinical hypothyroidism was
more prevalent among male patients. Such an association
was not observed in a number of studies,!'2>28 which may
reflect that hypothyroidism is derived from CKD rather
than due to gender differences.

Our observation, as expected, that hypothyroid patients
tended to be older, is in agreement with previous reports,
including a large observational study conducted on
U.S. veterans.” However, this is not the rule, as some
studies revealed no age-related changes in TSH.[1825

The present study showed no increase in the prevalence of
hypothyroidism among participants with higher BMI, in
disagreement with a study by Cotoi et al.,*” who reported
that an increase of BMI raises the risk of developing
thyroid disease. Our relatively small size sample may not
be enough to demonstrate such an association.

In the current study, overt and subclinical hyperthyroidism
was found in 2.9% and 1.9% patients with CKD, similar to
previous studies.'?”) The prevalence of hyperthyroidism
in patients with CKD is similar as in the case of the
general population; thus, CKD is not directly associated
with hyperthyroidism.!"”

Low FT3level (in euthyroid patients) is the most frequently
observed biochemical thyroid alteration in CKDF! that is
related to a higher risk of cardiovascular disease and all-
cause mortality!”” caused by the diminished peripheral
deiodination of T4-to-T3, and it is associated with chronic
metabolic acidosis, non-thyroidal illness, malnutrition, and
inflammatory markers.'*!?l However, our data exhibited
low T3 syndrome in 15% of participants, and this was

lower than most, but not all, previous reports,’>%2527 which
could be due to our exclusion of seriously ill patients.

Study limitations

There are many factors that may lead to thyroid
dysfunction had not been studied like; first, the prevalence
of thyroid autoimmunity status in the study population.
Second, the iodine status of the participants, as excess
iodine nutrition or iodine deficiency in our region may
contribute to thyroid disorders. Third, patients with non-
thyroidal illness were not identified.

CoNcLUSION

Thyroid function disorders are common among patients
with CKD. Hypothyroidism, the most prevalent one,
was positively associated with increasing age, low eGFR,
and in patients on HD therapy. We recommend regular
checkups of thyroid function profile in the case of patients
with CKD, as the early identification of thyroid disorders
would help in better management of these patients.
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