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Abstract: Background: Thyroid hormones affects functions of organ systems including the renal system, in which 

creatinine, blood urea nitrogen (BUN) and glomerular filtration rate (GFR) are affected. This study aimed to evaluate 

levels of creatinine, BUN and GFR in patients with hypo and hyperthyroidism and to correlate them with thyroid 

stimulating hormone (TSH), thyroxin (T4) and triiodothyronine (T3) levels. Methodology: A cross sectional descriptive 

study was conducted involving a total of 117 subjects in three groups: 37 hypothyroidism, 40 hyperthyroidism and 40 

apparently healthy subjects as control. Plasma TSH, T4, T3, creatinine, blood urea nitrogen (BUN) and albumin were 

determined, glomerular filtration rate (GFR) was calculated according to MDRD equation. Results: Mean creatinine in 

hypothyroidism was 0.9±0.1 mg/dl, in hyperthyroidism was 0.7±0.2 mg/dl, while in control was 0.6±0.1 mg/dl, mean BUN 

in hypothyroidism was 11±2.9 mg/dl, and in hyperthyroidism was 14±2.5 mg/dl while in control was 10±3.2 mg/dl, mean 

estimated GFR in hypothyroidism was 100±17 ml/min, and in hyperthyroidism was 143±32 ml/min while in control was 

163±23 ml/min. Correlation studies reveled that creatinine in hypothyroidism was significantly positive correlated with 

TSH and significantly negative correlated with T4 and T3, while in hyperthyroidism was significantly positive correlated 

with T4 and not correlated with TSH, BUN in hypothyroidism was significantly positive correlated with TSH but not 

correlated to T4 and T3 while in hyperthyroidism there is no correlation between BUN and thyroid hormones. GFR in 

hypothyroidism was significantly negative correlated with TSH and significantly positive correlated with T4 and T3 while 

in hyperthyroidism no correlation between GFR and thyroid hormones. Conclusion: Both overt hypo and hyperthyroidism 

significantly increase creatinine and BUN level while significantly decrease eGFR. Thyroid dysfunction significantly 

affects renal functions so normal functioning thyroid is needed for healthy kidney performance. 
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1. Introduction 
 

Thyroid hormones include thyroxin (T4) and 

triiodothyronine (T3) are produced and secreted from 

thyroid gland under stimulation of thyroid stimulating 

hormone (TSH) from anterior pituitary gland which is 

controlled by thyrotropin-releasing hormone (TRH) 

from hypothalamus, thyroid hormones exert a negative 

feedback effect on TSH secretion from the 

pituitary
[1,2]

. Furthermore they induce considerable 

functional effects in organ systems including heart, 

brain, and muscles 
[3]

. Renal system also affected by 

thyroid activity 
[4]

. Thyroid disorders are common 

endocrine disease in humans 
[5]

. During which 

histological 
[6,7]

, and physiological changes occur that 

will affect kidney structure, plasma hemodynamic, 

electrolytes homeostasis and glomerular filtration rate 

(GFR) 
[1,4]

. Pathophysiological changes in 

hypothyroidism are seen to be opposite to that occur 

during hyperthyroid status 
[5]

. That due to the 

generalized hypodynamic state of circulatory system 
[6]

. These changes can be outlined by measuring 

plasma markers for effective renal assessment which 

includes: blood urea nitrogen (BUN), creatinine, uric 

acid and electrolytes as a routine analysis 
[8]

. GFR can 

be calculated from serum creatinine as in creatinine 

clearance or measured by inulin clearance 
[4]

. 

Modification Of Diet in Renal Disease (MDRD) 

equation estimate GFR relayed on multiple regression 

analysis of large data base 
[4,10]

. Has been validated 

with the I
125

 – iothalamate (isotope) which is the gold 

standard method for clearance measurement 
[4]

, and it 

had been used by a number of studies to calculate 

GFR in patients with different conditions 
[4,11,12,13]

. 

Creatinine, BUN and GFR had been measured to 

evaluate renal status in patients with hypo and 

hyperthyroidism in many different studies 
[4,6,9,16,18,22]

. 

The objectives of the present study were to evaluate 

renal function tests and eGFR in patients with overt 

hypothyroidism and hyperthyroidism, and to correlate 

creatinine, BUN and eGFR with the thyroid function 

tests. GFR was estimated based on MDRD equation 

using serum urea, creatinine and albumin as variables.  

 

2. Materials and Methods 
 

A cross sectional descriptive study was conducted in 

Khartoum state study duration from January 2017 

until March 2017 involving a total of 117 subject 

divided into three group: group with hypothyroidism 

(n=37), group hyperthyroidism (n=40) and apparently 

healthly subjects (n=40) as control group. Patients 

included were newly overt hypo and hyperthyroidism 

of no history of diabetes, hypertension, malignancies 
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or kidney disease. Pregnant women and subclinical 

thyroid disorders were excluded. Blood samples were 

drawn for TFTs, urea, creatinine and albumin 

determination, GFR was calculated according to 

MDRD equation. 

 

TSH was determined by immunoassay technique 

(Roche Hitachi Cobas e411 automated analyzer) 

where as total T4, and total T3 were determined by 

Enzyme linked ImmunoSorbent Assay (ELISA) using 

State Fax instrument (BIOS reagents). Plasma 

creatinine, urea, and albumin were determined by full 

automated instrument (Roche Hitachi Cobas c311 

automated analyzer). GFR was calculated according to 

the MDRD (6 variable) equation: GFR= 170 × (Pcr)
-

0.999
 × (Age)

-0.176
 × (0.762 if patient is female) × (1.180 

if black) × (BUN)
-0.170

 × (Albumin)
0.318 [4,12,13,14,15]

 

(Where plasma creatinine (P.cr) concentration in 

mg/dl, blood urea nitrogen (BUN) in mg/dl and 

albumin in g/dl), urea was divided by 2.14 to give 

BUN concentration. The sample size was calculated 

and data were analyzed using SPSS (version17). 

Significance was defined by P. value <0.05.  

 

3. Results 
 

In hypothyroid group mean age was 40±9 years, mean TSH 

level was 12.1±2.5µIU/ml, mean T4 level 3.2±0.8 µg/dl, and 

mean T3 level was 0.6±0.3 ng/ml. In hyperthyroid group 

mean age was 40±9, mean TSH level was 0.08±0.06 

µIU/ml, mean T4 level 14.4±2.74 µg/dl, and mean T3 level 

was 3.0±1.79 ng/ml. While in control group mean TSH level 

was 1.65±0.51 µIU/ml, mean T4 level 7.0±1.0 µg/dl, and 

mean T3 level was 1.87±0.58 ng/ml. 

 

Creatinine, BUN and GFR levels showed significant 

difference in hypo and hyperthyroid groups when compared 

to control group. In hypothyroid group, creatinine level was 

significantly increased= 0.9±0.1 mg/dl, P=0.000, BUN level 

was significantly increased= 11±2.9 mg/dl, P=0.42 and 

eGFR level was significantly decreased= 100±17 ml/min, 

P=0.000. (Table (1)). While in hyperthyroid group, 

creatinine level was significantly increased= 0.7±0.2 mg/dl, 

P=0.39, BUN level was significantly increased= 14±2.5 

mg/dl, P=0.000, eGFR level was significantly 

decreased=143±32 ml/min, P= 0.003. (Table (2)) 

 

Correlation studies between creatinine, BUN and GFR 

and thyroid hormones in hypothyroid group showed 

that; creatinine was significantly positive correlated 

with TSH level (r=0.86, P=0.000) and significantly 

negative correlated with both T4 (r=-0.76, P=0.000) 

and T3 level (r=-0.67, P=0.000). while in hyperthyroid 

group Creatinine was significantly positive correlated 

with T4 (r=0.43, P=0.005) and T3 ( r=0.37, P=0.018) 

and not correlated with TSH level (r=-0.28, P=0.08), 

while BUN level in hypothyroid group show 

significant positive correlation with TSH (r=0.23, 

P=0.046), no correlations were found between T4, T3 

and BUN level. In hyperthyroid groups BUN not 

correlated with thyroid function tests. GFR in 

hypothyroid group was significantly negative 

correlated with TSH (r=-0.839, P=0.000) and 

significantly positive correlated with both T4 (r=0.75, 

P=0.000) and T3 level (r=60, P=0.000) while in 

hyperthyroid group no correlation between GFR and 

thyroid hormones level. (Table (3) and (4)).  

 

Table 1: Comparison of Creatinine, BUN and GFR between 

control and hypothyroidism: 
Variables Hypothyroidism mean Control mean P. value 

Creatinine 0.9 ± 0.1 0.6 ± 0.1 0.000** 

BUN 11 ± 2.9 10 ± 3.2 0.005* 

GFR 100± 17 163 ± 23 0.000** 

 

Table 2: Comparison of Creatinine, BUN and GFR between 

control and hyperthyroidism: 
Variables Hyperthyroidism mean Control mean P. value 

Creatinine 0.7 ± 0.2 0.6 ± 0.1 0.039* 

BUN 14 ± 2.5 10 ± 3.2 0.000** 

GFR 143 ± 32 163 ± 23 0.003** 

 

Table 3: Correlation between renal parameters and thyroid 

hormones in of hypothyroid group: 
 Variables Coefficient TSH T4 T3 

Creatinine R 0.860 -0.760 -0.670 

P 0.000* 0.000** 0.000ns 

BUN R 0.230 -0.171 -0.086 

P 0.046ns 0.136ns 0.450ns 

GFR R -0.839 0.750 0.600 

P 0.000** 0.000* 0.000ns 

 

Table 4: Correlation between renal parameters and thyroid 

hormones in of hyperthyroid group: 
 Variables Coefficient TSH T4 T3 

Creatinine R -0.279 0.431 0.372 

P 0.082ns 0.005** 0.018* 

BUN R -0.100 0.001 0.149 

P 0.541ns 0.998ns 0.360ns 

GFR R 0.297 -0.280 -0.220 

P 0.063ns 0.080ns 0.172ns 

**: significant at 0.01 level of probability, ns: no 

significant difference 

 

4. Discussion 
 

Significantly elevated plasma creatinine level was found in 

hypothyroid group (P=0.000) which was in agreements with 

study performed at 2012 by Saini V et al, in which creatinine 

level was significantly increased 
[18]

. Close similar result was 

found in study done at 2011 by Stojanoski S et al, where 

creatinine was increased and equal 115 µmol/l (1.3 mg/dl) 
[22]

. Another study carried in Sudan at 2006 by Khalid et al, 

showed that creatinine was significantly elevated and equal 

1.18 mg/dl and (P= 0.000) 
[4]

. The result also consistent with 

study done at 2003 by Fricker M et al, where creatinine was 

increased to 86 µmol/l (0.97 mg/dl) 
[9]

. Also study done at 

1999 by Kreisman SH et al, where creatinine was also 

significantly elevated (1.17mg/dl with P value of < 0.001) 
[6]

. Also closely similar results was found in study carried 

out at 1997 by Verhelst J et al 
[16]

. Plasma creatinine level 

was also significantly elevated in hyperthyroid subjects 

(P=0.039) this completely disagree with previously 

mentioned studies 
[22,9,16]

. Blood Urea Nitrogen level was 

significantly elevated in hypothyroidism (P=0.005) this 

closely agree with study performed at 2012 by Saini V et al 
[18]

. In hyperthyroid group significantly elevated BUN was 
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found (P=0.000). In this study, glomerular filtration rate was 

calculated using MDRD equation, in hypothyroid group 

eGFR was significantly decreased (P=0.000) being also 

consistent with study performed in Sudan at 2006 by Khalid 

et al in which eGFR was significantly decreased (GFR= 67.5 

ml/min, P=0.002) 
[4]

. GFR also significantly decreased in 

hyperthyroidism (P=0.003) although our study lacked the 

use of gold standard method for GFR estimation, the results 

of hypothyroid group were in close agreements with the 

study that used the standard method for GFR estimation 

which was carried at 2011 
[22]

. And also agree with other 

studies that used different methods and equations except in 

that the level of eGFR in hyperthyroid subjects in other 

studies was significantly increased 
[9,20]

.  

 

Correlation studies between renal parameters and 

thyroid functions reveled that in hypothyroid group 

plasma creatinine had a significant positive correlation 

with TSH and significant negative with both T4 and 

T3 level (P=0.000 in each), meant that creatinine 

increased as TSH increase and T4 and T3 decrease 

this results consistent with study done at 2015 in 

Pakistan by Attaullah S et al in which TSH had a 

significant positive correlation with creatinine and T3 

and significant negative correlation with T4 (P= 0.000 

for each) 
[21]

. Also consistent to some extend with 

study performed at 2012 by Saini V et al, in which 

TSH in hypothyroidism showed significant positive 

correlation with creatinine 
[18]

. In hyperthyroid 

subjects plasma creatinine level had a significant 

positive correlation with T4 (P=0.005) and T3 

(P=0.018) became increased as they increase, this 

disagree with the Pakistanian study in which 

creatinine had significant negative correlation with 

TSH, T4, and T3 during hyperthyroidism 
[21]

. BUN in 

hypothyroid group had a significant positive 

correlation with TSH (P=0.046) only while in 

hyperthyroidism BUN not correlated to TSH, T4 and 

T3 level. eGFR in hypothyroid had a significant 

negative correlation with TSH and significant positive 

correlation with T4 and T3 (P=0.000 for each) meant 

that it increased as TSH decrease, and decreased as T4 

and T3 decrease while in hyperthyroid eGFR not 

correlated to thyroid hormones level. Increased plasma 

creatinine, blood urea nitrogen and decreased eGFR in 

hypothyroid subjects believed to be related to the 

generalized hypodynamic circulatory system, results 

of hypothyroid obtained also reflect that these changes 

in creatinine and eGFR strongly related to TSH and 

T4 and T3 level, unlike hyperthyroid subjects results 

which were inconsistent and totally disagree with most 

studies performed considering renal parameters in 

hyperthyroidism and these discrepancy may due to 

initiation of treatment in most hyperthyroid subjects. 

 

5. Limitations 
 

Limitations were related to hyperthyroid patients 

samples as most were obtained during treatment 

course.
 

 

 

 

6. Conclusion 
 

The present study illustrated that overt hypo and 

hyperthyroidism cause significant increased creatinine 

and blood urea nitrogen while decreased estimated 

glomerular filtration rate. Correlations were found 

between creatinine, eGFR and thyroid hormone levels. 

BUN level exhibit different relationships with thyroid 

function tests depending on the type of thyroid 

dysfunction. Strict observation of renal function 

parameters to manage those patients accordingly is 

highly recommended because normal functioning 

thyroid is needed for healthy kidney performance.  
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