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Abstract

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 objectives of this study were to detect the levels of thyroid 
hormones at various stage of CKD and find a correlation of thyroid hormones with fibroblast growth factor-23 (FGF23). Materials 
and Methods: A cross-sectional study was conducted at an outpatient clinic (patient with chronic renal failure). Eighty patients 
reported chronic renal failure in an outpatient clinic from June 2020 to February 2021. Experimental work was carried out at private 
laboratories in Kirkuk, Iraq. Results: According to the findings of this study, the age group with the highest risk of renal failure was 
61–70 years, with a rate of 25%. The highest age group of patients with renal failure was 51–60 years with 23.8%, whereas the lowest 
age group of patients with renal failure was 31–40 years with 6.3%. FGF23 levels in the end stage increased significantly (P ≤ 0.05) as 
compared with other CKD stages. About thyroid hormones, T3 and T4 levels in the end stage were significantly lower (P < 0.05) than 
in other CKD stages. However, thyroid-stimulating hormone (TSH) levels in the end stage increased significantly (P < 0.05) compared 
with other CKD stages. The findings of this study revealed an inverse association between FGF23 and T3, with increased levels of 
FGF23 resulting in lower levels of T3, and the levels of correlation were R2 = 0.5931, also increased levels of FGF23 resulting in lower 
levels of T4, and the levels of correlation were R2 = 0.6356. Finally, the increase in levels of FGF23 lead to an increase in levels of 
TSH and the levels of correlation were R2 = 0.7106. Conclusions: Based on the results of this study, the study showed that there is a 
strong association between thyroid hormones and chronic renal failure. There is a decrease in thyroid hormone levels with an increase 
in fibroblast growth factor 23 levels.
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Introduction
Chronic kidney disease (CKD) is defined as kidney 
impairment that lasts for more than 3  months and is 
indicated by atypical albumin excretion or decreased 
kidney function as measured or approximated by the 
glomerular filtration rate (GFR).[1-5] Multiple endocrine 
disorders (e.g., insulin resistance and secondary 
hyperparathyroidism) have been identified as extrarenal 
complications of CKD as well as potential predictors of 
morbidity and mortality in this population.[6] It has long 
been known that there are associations between kidney 
and thyroid functions. Different kidney disorders have 
been linked to different thyroid dysfunctions.[7] The human 
body synthesizes thyroid hormones (TH) precisely in 
accordance with the shift in energy that it demands.[8] THs 

are necessary for healthy kidney growth and development. 
On the contrary, the kidney serves as a target tissue for 
certain iodothyronines functions in addition to being 
a metabolic and TH-removing organ.[9] In addition to 
the hypothalamus–pituitary–thyroid axis, CKD affects 
peripheral metabolism.[10] The 32-kDa peptide known as 
fibroblast growth factor-23 (FGF23) regulates calcium–
phosphate balance. As the illness worsens, FGF23 
levels increase.[11] In early CKD, this first physiological 
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adaption is essential for maintaining phosphate balance, 
but in advanced CKD, prolonged exposure and high 
concentrations can be detrimental, especially to the 
cardiovascular system. Retrospective studies have 
demonstrated a substantial correlation between high 
levels of FGF23 and unfavorable outcomes in all stages 
of CKD.[12-16] As a result, the study’s goals were to measure 
TH levels at various stages of chronic renal disease and 
determine whether they were correlated with FGF23. The 
National Kidney Foundation developed criteria as part of 
its Kidney Disease Outcomes Quality Initiative (NKF K/
DOQI) to stratify CKD patients:

Stage 1: normal eGFR R 90 mL/min per 1.73 m2 and 
persistent albuminuria

Stage 2: eGFR between 60 and 89 mL/min per 1.73 m2

Stage 3: eGFR between 30 and 59 mL/min per 1.73 m2

Stage 4: eGFR between 15 and 29 mL/min per 1.73 m2

Stage 5: eGFR 15 mL/min per 1.73 m2 or end-stage renal 
disease (ESRD)[17]

Materials and Methods

Study design
A cross-sectional research was done on 80 patients with 
chronic renal failure from June 2020 to February 2021 at 
Kirkuk outpatient clinic in Iraq.

Target population
The target population consists of patients with chronic 
renal disease of both sexes (48 men and 32 women) 
between the ages of 20 and 71 who attend an outpatient 
clinic in Kirkuk, Iraq.

Biochemical tests
The human FGF23 and TH enzyme-linked immunosorbent 
assay (ELISA) kits are a solid-phase sandwich ELISA 
designed to detect and quantify the levels of human 
FGF23 and TH in plasma, and serum.

Ethical approval
The study was carried out in conformity with the ethical 
standards set forth in the Helsinki Declaration. Before a 
sample was taken, it was done with the patient’s verbal 
and analytical consent. This approval was obtained on 
April 2, 2020.

Statistical analysis
Under the SPSS and Microsoft Excel XP systems, data 
were statistically analyzed using the Minitab statistical 
tool. The minimum and maximum values, as well as the 
mean and standard deviation (SD), were used to present 
the data.

Duncan’s multiple range test was used to compare data 
means using the analysis of variance test.

Results

The ages
According to the findings of this study, the age group with 
the highest risk of renal failure was 61–70 years, with a 
rate of 25%. The highest age group of patients with renal 
failure was 51–60 years, with 23.8%, whereas the lowest 
age group of patients with renal failure was 31–40 years, 
with 6.3%, as seen in Table 1.

Fibroblast growth factor 23
Findings of this study revealed substantial variations 
between CKD levels. In contrast, FGF23 levels in the end 
stage (192.15 ± 13.71) increased significantly (P ≤ 0.05) as 
compared to other CKD stages. In stage 1, the lowest level 
of FGF23 (5.63 ± 0.29) was found, as seen in Table 2.

Thyroid hormones
Triiodothyronine
The current research found that CKD stages differed 
significantly. Triiodothyronine (T3) levels in the end stage were 
5.17 ± 0.14; on the other hand, they were somewhat lower (P ≤ 
0.05) than in other CKD stages, although the highest level of 
T3 was in stage 1 (6.34 ± 0.28), as seen in Table 3.

Thyroxine
This study found major variations between CKD levels. 
Thyroxine (T4) levels in the end stage (7.17 ± 0.14) 
were significantly lower (P  =  0.05) than in other CKD 
stages. The highest degree of T4 was found in stage 1 
(10.44 ± 0.31), as seen in Table 4.

Table 1: Age groups of in present study

Age (years) Gender Total 

Male Female 
20–30 8 (16.7%) 4 (12.5%) 12 (15%)

31–40 3 (6.3%) 2 (6.2%) 5 (6.3%)

41–50 5 (10.4%) 2 (6.2%) 7 (8.7%)

51–60 9 (18.8%) 10 (31.3%) 19 (23.8%)

61–70 12 (25%) 8 (25%) 20 (25%)

≤71 11 (22.9%) 6 (14.3%) 17 (21.2%)

Total 48 (58%) 32 (18.8%) 80 (100.0%)

Table 2: FGF23 level in studied groups

Gender  
Parameter 

FGF23 P value 

Stage 1 5.63 ± 0.29 e 0.000*
Stage 2 27.34 ± 1.28 d

Stage 3 58.39 ± 4.62 c

Stage 4 128.31 ± 11.92 b

Stage 5 192.15 ± 13.71 a
Similar letters mean no significant differences, while different letters 
mean significant (P<0.05) differences
*means there are significant (P<0.05) differences
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Thyroid-stimulating hormone
This study found major variations between CKD levels. 
Thyroid-stimulating hormone (TSH) levels in the end stage 
(2.415 ± 0.146) increased significantly (P < 0.05) compared 
to other CKD stages. In contrast, the lowest degree of 
TSH was in stage 1 (1.614 ± 0.161), as seen in Table 5.

Correlations
Correlation between FGF23 and T3
The findings of this study revealed an inverse association 
between FGF23 and T3, with increased levels of FGF23 
resulting in lower levels of T3, and the levels of correlation 
were R2 = 0.5931, as seen in Figure 1.

Correlation between FGF23 and T4
Findings of this study illustrated an inverse association 
between FGF23 and T4, with increased levels of FGF23 

resulting in lower levels of T4, and the levels of correlation 
were R2 = 0.6356, as seen in Figure 2.

Correlation between FGF23 and TSH
The results of this study showed a positive correlation 
between FGF23 and TSH, as it was observed that 
the increased in levels of FGF23 lead to an increase in 
the levels of TSH, and the levels of correlation were 
R2 = 0.7106, as shown in Figure 3.

Discussion

A recent study discovered considerable variations in CKD 
stages. The levels of FGF23 in the end stage of CKD 

Table 3: T3 level in studied groups

Gender  
Parameter 

T3 P value 

Stage 1 6.34 ± 0.28 a
0.000*

Stage 2
5.85 ± 0.14 c

Stage 3
5.61 ± 0.19 c

Stage 4
5.29 ± 0.23 b

Stage 4 5.17 ± 0.14 b
Similar letters mean no significant differences, while different letters 
mean significant (P<0.05) differences
*means there are significant (P<0.05) differences

Table 4: T4 level in studied groups

Gender  
Parameter 

T4 P value 

Stage 1 10.44 ± 0.31 a 0.000*
Stage 2 9.42 ± 0.09 c

Stage 3 8.41 ± 0.22 c

Stage 4 7.31 ± 0.18 b

Stage 4 7.17 ± 0.14 b
Similar letters mean no significant differences, while different letters 
mean significant (P<0.05) differences
*means there are significant (P<0.05) differences

Table 5: TSH level in studied groups

Gender  
parameter 

TSH P value 

Stage 1 1.614 ± 0.161 c 0.000*
Stage 2 1.904 ± 0.127 b

Stage 3 1.92 ± 0.118 b

Stage 4 2.237 ± 0.134 a

Stage 4 2.415 ± 0.146 a
Similar letters mean no significant differences, while different letters 
mean significant (P<0.05) differences
*means there are significant (P<0.05) differences
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Figure 1: Correlation between FGF23 and T3
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Figure 2: Correlation between FGF23 and T4
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Figure 3: Correlation between FGF23 and TSH
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significantly increased (P  <  0.05) when compared to the 
other phases of the disease. FGF23 was linked in a dose–
response manner to the probability of death or ESRD.[18] 
Athab et al.’s[19] prior results from Iraq report that 52.07% of 
patients had a drop in calcium, 1.33% had a rise in calcium, 
and 46.6% had normal serum calcium levels along with an 
increase in FGF23 level. According to Portales-Castillo 
et  al.,[20] patients with CKD had higher levels of FGF23, 
while their serum calcium levels were still below acceptable 
limits.

The relationship between CKD and decreased GFR, 
decreased phosphorous excretion, and elevated serum 
FGF23 levels is well understood.[21,22] CKD and ESRD 
calcification and increased FGF23 have been linked in 
several studies.[23,24]

TSH is produced by the pituitary gland in response to 
feedback inhibition of T3 and T4, and levels of TSH 
are decreased in CKD patients as a result of muted TSH 
responses, blunted responses to thyrotropin-releasing 
hormone (TRH) responses, low renal clearance of TSH, 
and lower responses of TRH. This may also occur as a 
result of a nonthyroidal disease, which returns to normal 
once CKD is resolved.[25] Regardless of age or gender, TH 
levels decrease in CKD patients. The effects of clinical or 
subclinical hypothyroidism on physical function, cognitive 
function, quality of life, and the onset of depression in 
patients with CKD are caused by a variety of factors, 
including defects in iodine metabolism and autoimmune 
thyroiditis.[26]

Studies on people with CKD and subclinical 
hypothyroidism revealed that people who did not take TH 
experienced a rapid decline in GFR. Because TH therapy 
slows the rate at which GFR declines in kidney disease 
patients with subclinical hypothyroidism, it may prevent 
the development of ESRD.[27,28]

While TSH levels were typically average or raised and 
THs (T3 and T4) were somewhat reduced in patients with 
CKD, these findings were in line with those of Kaneko[29] 
and Singh et  al.[10] Patients with CKD have persistently 
high levels of FGF23, which continue to grow as renal 
function declines. When patients reach ESRD, FGF23 
concentrations are frequently 100–1000 times above 
average.[30]

The results of this study demonstrated a negative 
correlation between T3 and FGF23, and as has been 
shown in other research, chronic kidney illness lowers 
TH levels while raising FGF23 levels. This study draws 
the conclusion that decreased TH levels are associated 
with elevated levels of chronic renal disease (T3 and T4). 
Iodothyronine deiodinase is activated by fasting, chronic 
metabolic acidosis, and chronic protein insufficiency, 
which all contribute to low T3 levels in CKD (which aids 
in T3 synthesis from T4). Certain factors have an impact 
on proteins that bind to T3.[31,32]

Conclusions
Based on the results of this study, the study showed that 
there is a strong association between THs and chronic 
renal failure. There is a decrease in TH levels with an 
increase in FGF23 levels.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Levin  A. KDOQI clinical practice guidelines and clinical practice 

recommendations for anemia in chronic kidney disease. Am J 
Kidney Dis 2006;47:S11-5.

2.	 Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. 
Prevalence of chronic kidney disease in the United States. JAMA 
2007;298:2038-47.

3.	 Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. 
Chronic kidney disease: Global dimension and perspectives. Lancet 
2013;82:260-72.

4.	 Eckardt  K-U, Coresh  J, Devuyst  O, Johnson  RJ, Köttgen  A, 
Levey  AS, et  al. Evolving importance of kidney disease: From 
subspecialty to global health burden. Lancet 2013;382:158-69.

5.	 Ibrahim IA, Ramadan YK, Hassan EA, Eissa AH. Abnormalities in 
thyroid function and morphology in chronic hemodialysis patients. 
Med J Cairo Univ 2016;84:143-8.

6.	 Pham  H, Robinson-Cohen  C, Biggs  ML, Ix  JH, Mukamal  KJ, 
Fried LF, et al. Chronic kidney disease, insulin resistance, and incident 
diabetes in older adults. Clin J Am Soc Nephrol 2012;7:588-94.

7.	 Åsvold BO, Bjøro T, Vatten LJ. Association of thyroid function with 
estimated glomerular filtration rate in a population-based study: 
The HUNT study. Eur J Endocrinol 2011;164:101-5.

8.	 USRDS. 2016 USRDS Annual Data Report: Epidemiology of kidney 
disease in the United States. Am J Kidney Dis 2017;67:S291-334.

9.	 Iglesia  P, Diez  JJ. Thyroid dysfunction and kidney disease. Eur J 
Endocrinol 2009;160:503-15.

10.	 Singh PA, Bobby Z, Selvaraj N, Vinayagamoorthi R. An evaluation 
of thyroid hormone status and oxidative stress in undialyzed chronic 
renal failure patients. Indian J Physiol Pharmacol 2006;50:279-84.

11.	 Ix JH, Shlipak MG, Wassel CL, Whooley MA. Fibroblast growth 
factor-23 and early decrements in kidney function: The heart and 
soul study. Nephrol Dial Transplant 2010;25:993-7.

12.	 Capasso  G, Kinne  R, De  Santo  NG, Giordano  C. The use of 
micropuncture, isolated tubule, and vesicle technique in the study 
of the action of thyroid hormones on the proximal tubule function. 
Uremia Invest 2010;9:151-7.

13.	 Yilmaz MI, Sonmez A, Saglam M, Yaman H, Kilic S, Demirkaya E, 
et al. FGF-23 and vascular dysfunction in patients with stage 3 and 
4 chronic kidney disease. Kidney Int 2010;78:679-85.

14.	 Wolf M. Forging forward with 10 burning questions on FGF23 in 
kidney disease. J Am Soc Nephrol 2010;21:1427-35.

15.	 Faul  C, Amaral  AP, Oskouei  B, Hu  MC, Sloan  A, Isakova  T, 
et  al. FGF23 induces left ventricular hypertrophy. J Clin Invest 
2011;121:4393-408.

16.	 Titan  SM, Zatz  R, Graciolli  FG, dos  Reis  LM, Barros  RT, 
Jorgetti V, et al. FGF-23 as a predictor of renal outcome in diabetic 
nephropathy. Clin J Am Soc Nephrol 2011;6:241-7.

17.	 Thomas  R, Abbas  K, John  RS. Chronic kidney disease and its 
complications. Prim Care Clin Office Pract 2008;35:329-44.

18.	 Scialla JJ, Astor BC, Isakova T, Xie H, Appel LJ, Wolf M. Mineral 
metabolites and CKD progression in African Americans. J Am Soc 
Nephrol 2013;24:125-35.

19.	 Athab AM, Rashid BA, Mohammed AI. Nonsignificant difference 
in parathyroid hormone, calcium or phosphate levels in patients with 



Raoof, et al.: Correlation of FGF23 with thyroid disorder in patients with CKD

         32� 32    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

chronic kidney disease on conservative or replacement therapeutic 
modalities. Indian J For Med Tox 2009;13:1473.

20.	 Portales-Castillo  IA, Yu  EW, Jüppner  H, Nigwekar  SU. Chronic 
kidney disease—mineral and bone disorders. Approaches to chronic 
kidney disease. 2022. p. 253-79.

21.	 Isakova  T, Xie  H, Yang  W, Xie  D, Anderson  AH, Scialla  J, et  al. 
Fibroblast growth factor 23 and risks of mortality and end-stage renal 
disease in patients with chronic kidney disease. JAMA 2011;305:2432-9.

22.	 Russo  D, Battaglia  Y. Clinical significance of FGF-23 in patients 
with CKD. Int J Nephrol 2011;2011:364890.

23.	 Desjardins  L, Liabeuf  S, Renard  C, Lenglet  A, Lemke  HD, 
Choukroun  G, et  al. FGF23 is independently associated with 
vascular calcification but not bone mineral density in patients at 
various CKD stages. J Osteoporos Int 2012;23:2017-25.

24.	 Jean G, Bresson E, Terrat JC, Vanel T, Hurot JM, Lorriaux C, et al. 
Peripheral vascular calcification in long-haemodialysis patients: 
Associated factors and survival consequences. Nephrol Dial 
Transplant 2009;24:948-55.

25.	 Fan J. Prevalence and clinical significance of low T3 syndrome in 
non-dialysis patients with chronic kidney disease. Medical science 
monitor. Int Med J Exp Clin Res 2016;22:1171.

26.	 Praw  SS, Way  JSA, Weiss  R. Evaluating thyroid function tests in 
patients with kidney disease. In: Rhee C, Kalantar-Zadeh K, Brent 
G, editors. Endocrine Disorders in Kidney Disease. Cham: Springer; 
2019. p. 85-96.

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

28.	 Shin  DH. Preservation of renal function by thyroid hormone 
replacement therapy in chronic kidney disease patients with 
subclinical hypothyroidism. J Clin Endocr Met 2012;97: 
2732-40.

29.	 Kaptein  EM, Quion-Verde  H, Chooljian  CJ, Tang  WW, 
Friedman PE, Rodriquez HJ, et al. The thyroid in end-stage renal 
disease. Medicine (Baltimore) 2010;67:187-97.

30.	 Gutiérrez  OM, Januzzi  JL, Isakova  T, Laliberte  K, Smith  K, 
Collerone  G, et  al. Fibroblast growth factor 23 and left 
ventricular hypertrophy in chronic kidney disease. Circulation 
2009;119:2545-52.

31.	 Basu G, Mohapatra A. Interactions between thyroid disorders and 
kidney disease. Indian J Endocr Met 2012;16:204-13.

32.	 Sinjari HY, Ibrahim JM. Thyroid function disorders in patients with 
chronic kidney disease. Med J Babylon 2022;19:76-80.


