PN

Crd
P.I.‘w . .
o Al-Azhar International Medical Journal
Volume 5 | Issue 5 Article 25
5-31-2024

Section: Internal Medicine

Thyroid Hormone Profile in Advanced Chronic Kidney Disease

Mohamed EI-Sayed Mohamed Khalil
Internal Medicine, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt,
dr.khalil8919@gmail.com

Gamal Ali Badr
Internal Medicine, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt

Ibrahim Ghonim Ramadan
Internal Medicine, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt

Gamal Zakaria Almorsy
Clinical Pathology, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt

Follow this and additional works at: https://aimj.researchcommons.org/journal

b Part of the Medical Sciences Commons, Obstetrics and Gynecology Commons, and the Surgery
Commons

How to Cite This Article

Khalil, Mohamed EI-Sayed Mohamed; Badr, Gamal Ali; Ramadan, Ibrahim Ghonim; and Almorsy, Gamal
Zakaria (2024) "Thyroid Hormone Profile in Advanced Chronic Kidney Disease," Al-Azhar International
Medical Journal. Vol. 5: Iss. 5, Article 25.

DOI: https://doi.org/10.58675/2682-339X.2427

This Original Article is brought to you for free and open access by Al-Azhar International Medical Journal. It has
been accepted for inclusion in Al-Azhar International Medical Journal by an authorized editor of Al-Azhar
International Medical Journal. For more information, please contact dryasserhelmy@gmail.com.


https://aimj.researchcommons.org/journal
https://aimj.researchcommons.org/journal/vol5
https://aimj.researchcommons.org/journal/vol5/iss5
https://aimj.researchcommons.org/journal/vol5/iss5/25
https://aimj.researchcommons.org/journal?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol5%2Fiss5%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/664?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol5%2Fiss5%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/693?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol5%2Fiss5%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/706?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol5%2Fiss5%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/706?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol5%2Fiss5%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.58675/2682-339X.2427
mailto:dryasserhelmy@gmail.com

ORIGINAL ARTICLE

Thyroid Hormone Profile in Advanced Chronic Kidney
Disease
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a Department of Internal Medicine, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt
b Department of Clinical Pathology, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt

Abstract

Background: Interactions between thyroid hormones and renal function are complex. Both the metabolism and disposal of
thyroid hormones include the kidney. Additionally, it plays a crucial role in the function of thyroid hormones.

Objectives: To assess thyroid hormone disorders in advanced chronic kidney disease.

Patients and methods: This cross-sectional study involved fifty chronic kidney disease patients as group I and 50 end-stage
renal disease patients as group II. It was performed in the Internal Medicine Departinent and Nephrology Unit of EI-Hussein
Hospital, Al-Azhar University. Glomerular filtration rate (GFR) was calculated using the Modification of Diet in Renal
Disease study (MDRD) equation. Free triiodothyronine (FT3), free thyroxine (FT4), and thyroid stimulating hormone (TSH) were
measured.

Results: 24% and 1% of ESRD patients had subclinical hypothyroidism and overt hyperthyroidismn, respectively. At the same
time, 4% of CKD group patients had subclinical hyperthyroidism. Free triiodothyronine and free thyroxine were significantly
positively correlated with GFR, while thyroid stimulating hormone was significantly negatively correlated with GFR.

Conclusion: Both free triiodothyronine and free thyroxine levels were significantly reduced among ESRD patients and

significantly correlated with GFR.
Keywords: CKD; ESRD; thyroid disorders

1. Introduction

he prevalence of CKDD is 9.1 percent

worldwide, making it a major public health
concern.! Individuals with ESRD must undergo
renal replacement therapy, which can be
accomplished through hemodialysis, peritoneal
dialysis, or transplantation. Dialysis serves as a
transitional treatment before transplantation or
as a last resort in cases where transplantation
is not an option.?

Endocrine complications, such as aberrant
thyroid function, are common in individuals
with chronic renal illness and ESRD, especially
those who are on dialysis. A large body of
research has examined thyroid function in CKD
patients. Its effects on development, renal blood
flow, and homeostasis maintenance highlight its
significance = in  kidney physiology and
development.s:4

The effects of thyroid hormones on renal
function decline have been studied using
multiple lines of evidence, including data from
clinical trials and epidemiological studies. Renal
function and cardiovascular changes are both

significantly impacted by thyroid dysfunctions.>

On the other hand, CKD can lead to changes
in thyroid function through metabolic acidosis,
altered hormonal catabolism, non-thyroidal
illness, diminished peripheral conversion,
disturbed binding to carrier proteins, hormonal
removal during HD therapy, and increased
iodine storage in the thyroid gland. 6.7

In both non-dialysis dependent (NDD) dialysis
dependent chronic kidney disease patients,
hypothyroidism and other abnormalities in
thyroid functional tests have been associated
with an elevated risk of CVD, a low health-
related quality of life (HRQOL), mortality.89.10

Research has shown that those with CKD are
more likely to have subclinical hypothyroidism,
as well as those at the end of their renal failure
journey are more likely to have hypothyroidism
overall. Up to 9.5 percent of end-stage renal
disease patients may have primary
hypothyroidism, compared to 0.6 to 1.1 percent
of the overall population.!!

This study aimed to assess thyroid function in
individuals with severe chronic kidney disease.
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2. Patients and methods

This cross-sectional study was performed for 6
months, from March 2023 to September 2023,
and included 100 stable patients with chronic
kidney and end-stage renal disease. Patients were
recruited from the Internal Medicine Department
and Hemodialysis Unit at Al-Hussein Hospital, Al-
Azhar University. Patients were equally divided
into two groups: Group I, which included fifty
CKD patients, and Group II, which included fifty
end-stage renal disease patients on regular HD for
more than six months.

2.1.Inclusion criteria: In this context,
"patients" refers to individuals who are eighteen
years old or older, and "patients with confirmed
CKD" means that their estimated GFR has been
below Sixty ml/min/1.732 square meters for
three months or longer, & "patients with end-
stage renal disease" means that they have been on
regular hemodialysis for six months or longer.

2.2.Exclusion criteria: patients under eighteen
years of age, patients with known thyroid
disorders, personal or family history of organ-
specific autoimmune diseases, patients who are
too sick, patients undergoing peritoneal dialysis,
patients on medications affecting thyroid function
(oral contraceptives, iodine-containing drugs), and
pregnant women.

2.3.Ethical consideration: The Al-Azhar
University faculty of medicine's regional ethical
committee approved the study. All participants—
patients and controls—felt free to discontinue the
research voluntarily. Personal privacy was
maintained, and the data were only used for
research.

Patient consent: All participants were given a
thorough description of the study's benefits and
risks before they were asked to sign an informed
consent form.

2.4 Patient evaluation:

Demographic data and Clinical examination of
medical  history vital signs, Laboratory
investigations, Random blood glucose (RBG)

Kidney function test (KFT): Serum creatinine
blood urea nitrogen (BUN) using a fully automated
chemistry analyzer (Cobas c311, Germany). Roche

3. Results

Diagnostics, Germany, supplied the commercial
kits.
Both the estimated GFR and the stage of CKD
were determined using the MDRD equation.12
Thyroid function test: Free triiodothyronine

FT3, T4, and TSH using Cobs e411 (Roche
analytical platform) analyzer automated
chemiluminescent immunoassay (Roche

Diagnostics, Mannheim, Germany).

Any deviation from the normal range in a
patient's thyroid hormone levels indicates thyroid
dysfunction.; levels of FT3 (4.0-8.3 pmol/L), FT4
(9.0-20.0 pmol/L), & thyroid stimulating hormone
(0.25-5 mIU/L). The condition of being euthyroid
was defined as thyroid hormone levels that are
within the normal range. The presence of overt
hypothyroidism was determined by a thyroid-
stimulating hormone level above five mIU/L, FT3
levels less than 4.0 pmol/L, and FT4 levels less
than nine pmol/L. To diagnose subclinical
hypothyroidism, FT4 and FT3 levels had to be
within the reference range, and TSH had to be
above five mIU/L. Hypothyroidism in its
subclinical stage was characterized by a TSH level
below 0.25 mIU/L and free triiodothyronine (FT3)
and free thyroxine (FT4) levels within the normal
range.!

2.5.Statistical analysis: Results were
interpreted with the help of IBM SPSS Corp.,
Released in 2013. Version 22.0 of IBM's SPSS
Statistics for Windows. In Armonk, New York, IBM
Corp., Numbers and percentages were used to
describe the qualitative data. After ensuring
normalcy with the Kolmogorov-Smirnov test, we
utilized the median and interquartile range to
characterize non-parametric quantitative data and
the mean and standard deviation for parametric
data. Whenever we compared two or more groups,
we used the chi-square test. When comparing two
independent groups, the student t-test was
utilized, and one-way ANOVA was employed when
comparing more than two groups. The Mann-
Whitney U test was employed to compare the two
separate groups. Spearman's rank-order
correlation was employed to evaluate correlation.

Table 1. Comparison of demographic data & medical history among the 2 studied groups.

DEMOGRAPHIC DATA ALL CKD GROUP ESRD GROUP  TESTOF P
PATIENTS (N=50) (N=50) SIG.
(N = 100)
AGE Mean+SD 50.2+10.6  48.36+10.6  52.04* 10.3 t= 0.08
(YEAR) Min-Max 24-70 25-65 24-70 -0.176
BMI Median 25.9 (23.6- 25.9 (23.7- 25.9 (23.6-28.5)
(KG/M2) (IOR) 28.6) 29.4) U= 12115 0.79
Min-Max 19.4-40.5 19.4-40.5 20.5-34.5
N % N % N %
SEX Male 53  53.0 25  50.0 28 56.0 2=
Female 47 470 25  50.0 22 44.0 0.36 0.55
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HTN | 65  65.0 31  62.0 34 68.0  %2=0.39 0.53
DM 27 270 13 26.0 14.0 28.0  %2=0.05 0.82
CVD ' 38 380 17  17.0 21 42.0 72=0.68 0.41
SMOKING 10 10.0 7 14.0 3 6.0 $2=1.78 0.18

CKD: Chronic kidney disease, BMI: Body mass index, DM: Diabetes mellitus, CVD: Cardiovascular
disease, ESRD: End stage renal disease, HTN: Hypertension, IQR: Interquartile range, SD: Standard
deviation, t: Independent t test, y2: Chi square test, U: Mann-Whitney test, p: p-value >0.05: Non-
significant; p-value <0.05: Significant; p-value< 0.01: highly significant.

There wasn'’t statistically significant among the two groups regarding medical history & demographic.

Table 2. Comparison of vital signs between the two studied groups.

VITAL SIGNS ALL PATIENTS  CKD ESRD TEST OF P
(N = 100) GROUP GROUP SIG.

(N=50) (N=50)
SBP Median (IQR) 140 (130-150) 130 (127.5- 140 (130- U= 0.07
(MMHG) 150) 150) 992.5

Min-Max 110-170 110-170 110-170

DBP Median (IQR) 80 (80-90) 90 (80-90) 80 (70-90)  U=1014.5 0.09
(MMHG) Min-Max 70-110 70-110 70-100
RBG MEDIAN 163.5 (140.3- 161.5 171.5 U= 0.52
(MG/DL) (IQR) 227) (141.5- (139.8- 1156.5

198.3) 239.3)

DBP: Diastolic blood pressure, RBG: Random blood glucose, SBP: Systolic blood pressure,
The difference among the two groups regarding the medical history was not statistically significant.
Table 3. Comparison of kidney function test among the 2 studied groups.

KFT ALL CKD GROUP ESRD GROUP  TEST P
PATIENTS (N=50) (N=50) OF
(N = 100) SIG.
BUN Median 98 (82.3- 84 (49.5- 132.5 (104.5- U= 0.001*
(MG /DL) (IQR) 133.8) 95.5) 160) 190.5
Min-Max 14-196 16-126 80-240
SCR Mean+SD 6.16 + 3.8 2.7+0.72 9.6 + 2.94 t= 0.001*
(MG /DL) Min-Max 1.4-14.2 1.4-4.0 4.4-14.2 -18.5
GFR Median 15 (8-27.8) 27.5 (22- 8.0 (5.8-10) U= 0.001*
(ML/MIN) (IQR) 42.3) 0
Min-Max 3-58 16-58 3-14
FT4 Mean+SD 1.01 £0.34 1.11 +0.27 0.9+0.36 = 0.001*
(NG/DL) Min-Max 0.1-1.7 0.6-1.7 0.1-1.7 3.28
FT3 Mean+SD 2.85+0.78 3.14+0.56 2.58 + 0.87 = 0.001*
(PG /ML) Min-Max 1.1-4.3 2.1-4.3 1.1-4.3 3.79
TSH Mean+SD 2.7+1.48 1.82+0.78 3.59 £1.49 t= 0.001*
(MIU/L) Min-Max 0.1-6.5 0.3-3.6 0.1-6.5 -7.46
| N % N % N %
CKD 3A 10 10.0 10  20.0 0 0 100 <0.001*
STAGE 3B 15 15.0 15  30.0 0 0
4 25 250 25  50.0 0 0
5 50  50.0 0 0 50 100.0

BUN: Blood urea nitrogen, FT3: Free triiodothyronine, FT4: Free thyroxine, SCr: Serum creatinine,

GFR: Glomerular filtration rate, KFT: Kidney function test, TSH: Thyroid stimulating hormone, t:
Independent student t test

The variance among the 2 groups regarding biochemical blood tests and GFR was statistically
significant. Both FT4 and FT3 were significantly lower among ESRD patients, while TSH was
significantly higher among ESRD patients.

Table 4. Comparison of thyroid function according to CKD stage.

THYROID PROFILE TEST STAGE STAGE STAGE4  TEST OF P

3A 3B (N=25) SIG.

(N = 10) (N=15)
FT4 Mean+SD 1.22 + 1.1+0.27 1.03% F=2.55 0.089
(NG/DL) 0.37 0.21



148 Thyroid Hormone Profile in Advanced Chronic Kidney Disease

Min-Max 0.6-1.7 0.7-1.5 0.6-1.5
FT3 Mean+SD 3.81+ 3.2+0.56 2.83 £ F=19 P;=0.001*
(PG/ML) 0.29 0.36 P=0.001* P>=0.009*
Min-Max 3.4-4.3 2.2-4.2 2.1-3.6 P3=0.001*
TSH Mean+SD 1.08 £ 149+ 2.3+0.58 F=19.05 P;=0.089
MIU/L) 0.63 0.56 P=0.001* P>=0.001*
MIN-MAX 0.3-2.6 0.8-2.6 1.6-3.6 P3=0.001*

F: One-way ANOVA, pl: The difference between stage 3A and 3B, p2: The difference between stage
3B and 4, p3: The difference between 3A and 4,p: p-value >0.05: Non- significant; p-value <0.05:
Significant; p-value< 0.01: highly significant, *: Statistically significant.

FT3 was significantly lower among stage 4 and 3B CKD patients compared to stage 3A patients,
while TSH was significanlty higher among stage four CKD patients compared to stage 3A & 3B cronic
kidney disease patients.

Table 5. Comparison of thyroid disorders between the two studied groups.

DIAGNOSIS ALL CKD GROUP ~ ESRD GROUP  TEST OF P
PATIENTS (N=50) (N=50) SIG.
(N = 100)
N % N % N %
NORMAL 85 850 48 960 37 740  42-16.42 0.001*
THYROID DISORDER 15 150 2 2.0 13 260
SUBCLINICAL 12 120 0 0 12 240
HYPOTHYROIDISM
SUBCLINICAL 2 2.0 2 4.0 0 0
HYPERTHYROIDISM
HYPERTHYROIDISM 1 1.0 0 0 1 2.0

The prevalence of thyroid disease was significantly elevated among ESRD patients.
Table 6. Correlation between thyroid profile with each of demographic and laboratory data.

PARAMETERS FT4 (NG/DL) FT3 (PG/ML) TSH (MIU/ML)

R P r P r P
AGE (YEAR) -0.05 0.61 0.12 0.32 0.18 0.07
BMI (KG/M?) 0.02 0.86 0.04 0.69 -0.14 0.16
SBP (MMHG) -0.09 0.39 -0.03 0.78 0.04 0.69
DBP (MMHG) 0.003 0.97 -0.04 0.69 -0.04 0.69
RBG (MMHG) -0.05 0.66 0.02 0.82 0.01 0.9
BUN (MG/DL) -0.27* 0.006* -0.36* 0.001* 0.58** <0.001*
SCR (MG/DL) -0.31* 0.002* <-0.41* 0.001* 0.64** <0.001*
GFR 0.43* <0.001* <0.57** 0.001* -0.73** <0.001*

SCr: Serum creatinine, r: Spearman correlation coefficient, *: weak correlation; **: moderate
correlation; ***: strong correlation, p: p-value >0.05: non-significant; p-value <0.05: significant; p-value<
0.01: highly significant,*: Statistically significant.

Each of FT4 and FT3 were significantly negatively correlated with BUN & SCr, yet both were
positively correlated with GFR. While TSH was significantly positively correlated with BUN &SCr, but
negatively correlated with GFR.

and female patients aged 50 to 60 were the

4. Discussion largest age group, accounting for 31.9 percent.!®

In kidney development, growth, and Additionally, Lew et al. reported the mean BMI in
homeostasis, thyroid hormones (TH) are crucial. the study population to be 23.1 + 3.6 kg/m?2 .16

On the other hand, changes in the thyroid can The prevalence of HTN was the highest (65%)
impact electrolyte and water balance, glomerular among our patients, followed by CVD (38%) and
filtration rate (GFR), kidney structure and DM (27%). At the same time, 10% of the total
function, renal blood flow, and tubular function, study population were smokers.
all of which contribute to altered kidney Similarly, Hassaballa et al. annual report of
function.!s:14 Egyptian data renal system (ERDS) (2020)
By our results, El Sharkia, Egypt's fifteen reported HTN and DM as the most common
dialysis units, were part of a larger study of 1004 prevalent diseases among ESRD patients
chronic kidney disease patients conducted by  (41.26%) and (13.58%), respectively.!”
Ghonemy et al. The mean age of the patients was Accordingly, Peralta et al. reported that the
52.03 * 14.67 years, and there were more males mean SBP was 139 + 21 mm Hg, and the mean

(62.2 percent) than females (37.8 percent). Male DBP was 77+ 12 millimeters mercury.!8
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Our findings indicate that Kashif et al.
reported that the mean BUN was 153.94 + 72.50
(mg/dl), while the mean SCr was 8.76 + 3.48
(milligram/deciliter) among ESRD  cases.14
While Manickam et al. reported that the majority
of CKD patients were at stage 4 (76.2%), followed
by stage 3 (19 %) and stage 1 (4.8%).1°

Our results showed that both FI3 and FT4
were significantly lower among ESRD patients
while thyroid-stimulating =~ hormone  was
significantly increased among ESRD patients
compared to chronic kidney disease patients.

Luaibi et al. found similar results when they
studied fifty CKD patients aged 20 to 50 years.
Compared to controls, the patients showed a
highly significant reduction in T3 and T4 levels
as well as an increase in TSH.20

Rajagopalan et al. also observed that
chronic kidney disease patients, compared to
controls, had  significantly lower Free
triiodothyronine-free thyroxine levels while
maintaining an unchanged thyroid stimulating
hormone.2!

Malik conducted research in Iraq on chronic
kidney disease patients who were either
conservatively managed or received regular
hemodialysis. The results showed a significantly
lower T3 and T4 but no changes in TSH levels
compared to the control group.22

However, according to Kayima et al., patients
compared to controls had significantly lower
mean T4, T3, FT4, and FT3 values. Patients also
had a significantly higher mean TSH level (P <
0.01). There was no significant variance in any
parameters among patients on hemodialysis and
those receiving conservative management (P |
0.05).28

The combined prevalence of subclinical and
clinical Hypothyroidism was 26.6 percent among
hemodialysis patients in Western Nepal,
according to Paudel.24 Subclinical
hypothyroidism was also observed to be quite
common in CKD patients (27.2 percent)
according to Khatiwada et al., Hypothyroidism,
whether clinical or overt, raises the risk for
cardiovascular disease, estimates put the
incidence of subclinical Hypothyroidism in the
general population at 4-10percent.2>

The cause of the higher occurrence of
Hypothyroidism in end-stage renal disease is not
well understood. However, it is believed that the
buildup of inorganic iodide due to decreased
kidney excretion and the accumulation of other
toxic substances in the body, which have effects
on both the central and peripheral systems,
may contribute to this phenomena.26

Nevertheless, some individuals have discovered
that the prompt alterations in thyroid indices
caused by dialysis are not enduring and may be
connected to the concentration of blood or the

temporary impacts of hemodialysis on the binding
of thyroid hormones. Low levels of FT3 can also
be observed in cases of protein malnutrition and
chronic sickness. In such cases, an increase in
FT3 levels may indicate an improvement in
overall health rather than a direct change in
thyroid function.2”

Toda et al. discovered a direct relationship
between thyroid-stimulating hormone
concentration and the occurrence of CKD, as
opposed to the group with lower normal TSH
levels.28

4. Conclusion

The incidence of hypothyroidism in ESRD
patients was substantial. This was evidenced by
a substantial decrease in the average levels of
TT3 and TT4, accompanied by an increase in the
average level of TSH. The notable lower in FT3
and FT4, accompanied by a substantial increase
in TSH, correlated with the decline in estimated
GFR.

Disclosure

The authors have no financial interest to declare
in relation to the content of this article.

Authorship

All authors have a substantial contribution to
the article

Funding
No Funds : Yes

Conflicts of interest

There are no conflicts of interest.

References

1. Sinjari, HY.; Ibrahim, JM. Thyroid Function Disorders in
Patients with Chronic Kidney Disease. Med J Babylon.
2022; 19(1): 76-80.

2. Gupta R, Woo K, Yi JA. Epidemiology of end-stage kidney
disease. Semin Vasc Surg. 2021;34(1):71-78.

3. Cotoi L, Borcan F, Sporea I, et al. Thyroid Pathology in
End-Stage Renal Disease Patients on Hemodialysis.
Diagnostics (Basel). 2020;10(4):245.

4, Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the
treatment of hypothyroidism: prepared by the american
thyroid association task force on thyroid hormone
replacement. Thyroid. 2014;24(12):1670-1751.

5. Rhee CM, Brent GA, Kovesdy CP, et al. Thyroid functional
disease: an under-recognized cardiovascular risk factor in
kidney disease patients. Nephrol Dial Transplant.
2015;30(5):724-737.

6. Rhee CM, Kalantar-Zadeh K, Streja E, et al. The
relationship between thyroid function and estimated
glomerular filtration rate in patients with chronic kidney
disease. Nephrol Dial Transplant. 2015;30(2):282-287.

7. Mohamedali M, Reddy Maddika S, Vyas A, Iyer V,
Cheriyath P. Thyroid disorders and chronic kidney
disease. Int J Nephrol. 2014;2014:520281.



150 Thyroid Hormone Profile in Advanced Chronic Kidney Disease

8. Meuwese CL, Olauson H, Qureshi AR, et al. Associations
between Thyroid Hormones, Calcification Inhibitor
Levels and Vascular Calcification in End-Stage Renal
Disease. PLoS One. 2015;10(7):e0132353.

9. Rhee CM, Chen Y, You AS, et al. Thyroid Status, Quality
of Life, and Mental Health in Patients on Hemodialysis.
Clin J Am Soc Nephrol. 2017;12(8):1274-1283.

10.You AS, Sim JJ, Kovesdy CP, et al. Association of thyroid
status prior to transition to end-stage renal disease with
early dialysis mortality. Nephrol Dial Transplant.
2019;34(12):2095-2104.

11.You AS, Budoff M, Zeb I, et al. Elevated serum
thyrotropin levels and endothelial dysfunction in a
prospective  hemodialysis cohort. Hemodial Int.
2022;26(1):57-65.

12.Inker LA, Astor BC, Fox CH, et al. KDOQI US
commentary on the 2012 KDIGO clinical practice
guideline for the evaluation and management of CKD.
Am J Kidney Dis. 2014;63(5):713-735.

13.Iglesias P, Diez JJ. Thyroid dysfunction and kidney
disease. Eur J Endocrinol. 2009;160(4):503-515.

14 Kashif M, Hussain MS, Anis M, Shah PK. Thyroid
Dysfunction and Chronic Kidney Disease: A Study
Among the Northeastern Population of India. Cureus.
2023;15(5):e38700.

15.Ghonemy TA, Farag SE, Soliman SA, El-okely A, El-
hendy Y. Epidemiology and risk factors of chronic kidney
disease in the El-Sharkia Governorate, Egypt. Saudi J
Kidney Dis Transpl. 2016;27(1):111-117.

16.Lew QJ, Jafar TH, Talaei M, et al. Increased body mass
index is a risk factor for end-stage renal disease in the
Chinese Singapore population. Kidney Int.
2017;92(4):979-987.

17.Hassaballa, M.; El-Wakil, H.; Elsharkawy, M., et al.
Egyptian renal data system (ERDS) 2020: an annual
report of end-stage kidney disease patients on regular
hemodialysis. J Egypt Soc Nephrol Transplant.2022;
22(1): 1-28.

18.Peralta CA, Norris KC, Li S, et al. Blood pressure
components and end-stage renal disease in persons with
chronic kidney disease: the Kidney Early Evaluation
Program (KEEP). Arch Intern Med. 2012;172(1):41-47.

19.Manickam, K. A study of thyroid profile in chronic kidney
disease in tertiary care hospital in Chennai. IAIM.2020;
7(10): 29-34.

20.Luaibi, NM.; Falhi, AK.; Alsaedi, AJ. Hypothyroidism and
leptin in Iraqi patients with chronic kidney disease.
Baghdad Science Journal.2021;18(2):1081-1085.

21.Rajagopalan, B.; Dolia, PB.; Arumalla, VK., Seshadri
Reddy, V. Renal function markers and thyroid hormone
status in undialyzed chronic kidney disease. Al Ameen J
Med Sci. 2013;6(1):70-74.

22.Malik, AS. Evaluation of Thyroid Function in Patients
with  Chronic Kidney Disease. Iraqi J Med
Sci.2011;9(2).163-169.

23.Kayima JK, Otieno LS, Gitau W, Mwai S. Thyroid
hormone profiles in patients with chronic renal failure on
conservative management and regular haemodialysis.
East Afr Med J. 1992;69(6):333-336.

24.Paudel K. Prevalence and clinical characteristics of
hypothyroidism in a population undergoing maintenance
hemodialysis. J Clin Diagn Res. 2014;8(4):MC01-MC4.

25.Khatiwada S, Rajendra KC, Gautam S, Lamsal M, Baral
N. Thyroid dysfunction and dyslipidemia in chronic
kidney disease patients. BMC Endocr Disord.
2015;15:65.

26.Zoccali C, Mallamaci F. Thyroid function and clinical
outcomes in kidney failure. Clin J Am Soc Nephrol.
2012;7(1):12-14.

27.Lo JC, Beck GJ, Kaysen GA, et al. Thyroid function in
end stage renal disease and effects of frequent
hemodialysis. Hemodial Int. 2017;21(4):534-541.

28.Toda A, Hara S, Kato M, Tsuji H, Arase Y. Association of
Thyrotropin Concentration with Chronic Kidney Disease
in a Japanese General Population Cohort. Nephron.
2019;142(2):91-97.



	Thyroid Hormone Profile in Advanced Chronic Kidney Disease
	How to Cite This Article

	Complement Activation and Cytokine Production and Their Relation to Cardiovascular Changes in Hemodialysis Patients

