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ABSTRACT 
 

This cross-sectional study was performed with the aim of studying the association between TSH 
values and estimated-GFR (eGFR) levels in euthyroid patients of Metabolic Syndrome. Hence the study 
was performed in 94 euthyroid individuals with Metabolic Syndrome . The study was conducted in the 
department of Diabetology, department of General Medicine and department of Biochemistry. It is found 
that there is a positive correlation observed between TSH values and eGFR levels in euthyroid cases with 
metabolic syndrome. There is also a statistically significant negative correlation between uric acid values 
and eGFR levels in euthyroid cases with metabolic syndrome. Further studies to evaluate the relationship 
of uric acid, TSH with eGFR in metabolic syndrome patients should be undertaken to confirm the results 
of our study. 
Keywords: Metabolic syndrome, Thyroid stimulating hormone(TSH), estimated glomerular filtration 
rate (eGFR),  euthyroid  patients,  uric acid 
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INTRODUCTION 
 

Increased Visceral adiposity was primarily involved in the development of MetS, thus indicating 
that high calorie intake as a major cause for MetS. The wide distribution and increased incidence of 
metabolic syndrome in developing countries indicate that the lifestyle About 25% of the adult world 
population are estimated to have Metabolic Syndrome (MetS) as per the International Diabetes 
Federation[1]. The components of MetS comprise dyslipidemia (high triglycerides and low HDL 
cholesterol), central obesity, impaired fasting glucose, and elevated blood pressure[2]. Central obesity, 
insulin resistance, low-grade chronic inflammation and oxidative stress are implicated in etiology and 
progression of MetS[3], leading to an increased risk of developing chronic kidney disease(CKD) and other 
conditions like cardiovascular diseases(CVD), stroke etc.[4]  and environmental factors like excess calorie 
intake and lack of physical activity are the major contributors to developing metabolic syndrome in 
addition to genetic cause[5]    

 
The risk for CKD is increased progressively with increase in the number of components of the 

MetS[6]. Each component of MetS is associated with CKD incidence and progression[7].  A decrease in 
estimated glomerular filtration rate(eGFR), which is a surrogate for the development of CKD, provides 
strategies for early diagnosis and prevention of CKD[8].  It was also reported by Lee YK et al. that serum 
TSH concentrations within the normal reference range (euthyroid) were significantly positively 
correlated with the prevalence of MetS[9].  Other the patients might have thyroid receptor resistance 
leading to elevated TSH levels.   Garduno-Garcia et al., in a study involving 3,148 people , reported that 
increased TSH within the euthyroid ranges caused a significant increase in the frequency of MetS[11]. . 
Nathalie E Heima in a cohort study in a representative sample of Dutch older persons involving 1187 
subjects found that subjects in the upper quartile with a serum TSH level above 2.28 mU/l had a 
significantly increased prevalence of metabolic syndrome compared with subjects in the lowest quartile 
with a serum TSH below 1.04 mU/l and there was an association between metabolic syndrome and serum 
TSH in a serum TSH range of 0.3–10 mU/l[12]. 

 
Zhang et al. in his cohort study demonstrated that TSH within euthyroid range and low-normal levels of 
FT3 in euthyroid individuals were associated with an increased risk of CKD. studies state that high TSH is 
associated with increased risk of central obesity, elevated blood pressure, BMI, LDL and uric acid levels[9] 
as well as triglyceride[10] level. In metabolic syndrome. 
 

Thus these results suggest that these variations in TSH and FT3 levels, even within the normal 
range, may affect kidney function[13].Ming-Tsung Sun et al. described that TSH can be utilised as an 
independent factor of the CKD irrespective of body mass index, blood pressure, waist circumference, lipid 
profile, and fasting blood glucose[14].Studies reported that FT3 levels were positively correlated with 
eGFR and negatively correlated with serum creatinine levels[15]. FT3 levels are reported to reduce as the 
severity of renal damage increases . Low-normal levels of FT3 in euthyroid individuals from South Korea 
were associated with an increased  risk of chronic kidney disease in a large cohort study[13]. 

 
             Uric acid (UA), which is elevated in MetS, also inhibits Nitric oxide production, thus it contributes 
to endothelial dysfunction[16]. Renal microvascular endothelial dysfunction increases glomerular capillary 
wall permeability and albuminuria, and it may also promote glomerular capillary loss [17] in prolonged 
MetS and lead to the progression of renal injury[18]. Jalal D. et al. reported the harmful effect of high serum 
UA level on new-onset chronic kidney disease in individuals with normal renal function (eGFR >40 
and/or >60 ml/min/1.73 m2) and, this effect of UA has been independent of age, gender, BMI, HT, 
hypertriglyceridemia, type 2 diabetes, and MetS[19]. 
 
            Thus, elucidating the association between TSH and eGFR could facilitate an early diagnosis of renal 
dysfunction, by routine monitoring of renal functions in euthyroid patients of MetS with high TSH. Hence 
this study is undertaken to evaluate the association between TSH values and estimated-GFR (eGFR) levels 
in euthyroid patients of MetS so as to evaluate TSH as a biomarker and risk factor for renal dysfunction. 
 
Aim 
 

To study the association between TSH values and estimated-GFR (eGFR) levels in euthyroid 
patients of Metabolic Syndrome 
Objectives 
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• To estimate the serum TSH and creatinine values in euthyroid patients of metabolic syndrome 
• To calculate estimated-GFR (eGFR) from serum creatinine value 
• To elucidate the association between TSH values and eGFR levels 

 
MATERIALS AND METHODS 

 
This Cross-sectional study was carried out in the department of General Medicine, Department of 

Diabetology and Department of Biochemistry in our tertiary care centre after obtaining institutional 
ethical committee approval and informed consent from the participants. 

 
Study period: Two months  
 
Sample Size Calculation: 
 
Sample size was calculated as follows[for cross-sectional study] 
 

n= Zα/22 * p *(1-p) / d2 
 

Zα/2=1.96 
p =0.446 [2] 
d =0.1115 
On substituting the values, n=76(minimum) 

 
Sample size was calculated as follows [for Correlation study] 
 

n= [(Zα + Zβ)/C]2 + 3  

Zα =1.96 (α=0.05) 

Zβ =0.8416 (β=0.2) 

r =0.29 [1] (r=coefficient of correlation) 
 

c =0.5 x ln [(1+0.29)/(1-0.29)]=0.2986 On substituting the values,n=90(minimum) 
 
 
Hence minimum sample size(n) is 90 
 
Sample size(n) in our study is 94 
 
Study Population 
 
Inclusion Criteria 
 

Patients of age 18-65years, attending diabetology and Medicine OPD, diagnosed with Metabolic 
Syndrome.NCEP-ATP III consensus criteria, as mentioned below, were used as diagnostic criteria for 
metabolic syndrome. Patients with three or more criteria are diagnosed as metabolic syndrome. 
 

a. Central obesity: waist circumference >102cm(male), >88cm(female) 
b. Hypertriglyceridemia: triglyceride level ≥150mg/dl or specific medication for this 

condition 
c. Low HDL cholesterol:HDL levels <40mg/dl (male),<50mg/dl (female) or specific 

medication for this condition 
 

d. Hypertension:blood pressure ≥130mmHg systolic or ≥85mmHg diastolic or specific 
medication for this condition 
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e. Fasting plasma glucose level:≥100mg/dl or specific medication or previously diagnosed 
type 2 diabetes 

 
Exclusion Criteria 
 

a. Patients who did not meet the criteria for MetS 
b. Patients with eGFR level <40ml/min/1.73 m2 
c. Patients with TSH level not in the euthyroid range (0.1–5microIU/mL) 
d. Patients who have history of thyroid disease, or taking medication for thyroid disease, 

or antiepileptic drugs 
e. Pregnant women 

 
 
Measurements* 
 
Anthropometric Measurements: 
 

• Weight(kg). 
• Height(m). 

 
BMI Measurement: 
 

• BMI= weight in kg/height in m2 
 
Waist circumference Measurement: 
 

Waist circumference was measured using measuring tape at narrowest point between lower 
border of lowest ribs, iliac crest at the level of umbilicus, at the end of quiet inspiration with both feet 
touching and arms hanging freely. 
 
Blood Pressure Measurement: 
 
Systolic and diastolic BP were measured 
 

• Blood pressure was measured after participants had rested at least 5 minutes in sitting posture 
on the leftarm using sphygmomanometer. 

• Blood pressure was measured twice at an interval of 1 minute, mean of two readings considered 
 
Sample Collection 
 

Under aseptic conditions, 5 ml of blood was collected by venepuncture after 10-12 hours of 
fasting. Blood was immediately centrifuged, plasma, serum was separated. TSH, FT3, FT4 was analysed in 
fully automated immunoanalyser roche e411. Plasma glucose, serum creatinine and lipid profile were 
analysed using fully automated clinical chemistry random access analyser roche c311. 
 
Laboratory Investigations: 
 
Thyroid Hormone 
 
Method: Chemiluminescence immunoassay. 
 
Reference Range 
 
TSH:0.1-5microIU/ml 
FT3:2.1-4.4pg/ml 
FT4:0.8-2.7ng/dl 
Creatinine Estimation 
 
METHOD: Modified Jaffe’s reaction 
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eGFR Calculation 
 
Modification of diet in renal disease (MDRD) equation: 
 
eGFR(ml/min per 1.73m²) =186.3 × (SCr)-1.154 × (Age)-0.203 
 
multiply by 0.742 for women 
 
Normal value: ≥90ml/min/1.73m² 
 
 
OTHER BIOCHEMICAL INVESTIGATIONS: 
 
Fasting blood glucose Estimation 
 
METHOD: GOD-POD method (Enzymatic, End point analysis) 
 
Lipid Profile 
 
Serum High-Density Lipoprotein (HDL), Serum triglycerides(TGL), total cholesterol measured. 
 
HDL Estimation 
 
METHOD: Direct, Enzymatic colorimetric method 
 
Triglycerides Estimation 
 
METHOD: oxidase peroxidase method(GPO-PAP Endpoint) 
 
Total cholesterol Estimation 
 
METHOD: cholesterol oxidase-peroxidase method (CHOD-PAP endpoint) 
 
Very low-density lipoprotein 
 
METHOD: calculation by formula 
 

VLDL=TGL/5 
 
Low-density lipoprotein: 
 
METHOD: calculation by formula 
 

LDL=CHOL-HDL-VLDL 
 
Uric acid 
 
METHOD: Uricase method 
 
Normal Value: 
male:3.5–7.0mg/dl 
Female:2.5-6.5mg/dl 
 
 
Statistical Analysis 
 
Collected data was entered in MS-Excel and statistical analysis was performed using SPSSv29 package: 
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a. TSH, the related variables, and eGFR is expressed as mean with standard deviation. 
b. Correlation and regression analyses is performed to reveal the association between TSH(with 

other independent factors) and eGFR. 
c. p value <0.05 is considered statistically significant for all statistical analyses. 

 
OBSERVATION AND RESULTS 

 
Table 1. Laboratory variables of all cases with metabolic syndrome (MetS). 

 

PARAMETER 
mean ± 

SD  median Minimum Maximum 
      

Triglyceride 211.287 ± 184.000 72 520 

(mg/dl) 104.3377     
      

HDL (mg/dl) 47.968 ± 47.000 27 82 

 10.1308     
      

Total 202.894 ± 205.500 87 328 

cholesterol 46.1467     
(mg/dl)      

     

Serum Creatinine 0.849 ± 0.2024 0.800 0.5 1.6 

(mg/dl)      
     

Uric acid (mg/dl) 4.828 ± 1.4841 4.500 2.3 10.2 
      

FT3 (pg/ml) 4.4224 ± 4.2850 2.40 7 

 0.76721     
      

FT4 (ng/dl) 1.43743 ± 1.36000 0.698 2.300 

 0.280609     
      

TSH 2.36919 ± 2.15500 0.550 4.690 

(microIU/ml) 1.005487     
      

eGFR 85.68972 ± 89.68752 45.332 140.789 

(ml/min/1.73m2) 17.745902     
      

 
 

The study population consisted of 30 % (n = 28) males and 70 % (n = 66) females, with mean age of 
54.5 ± 9 years. Levels of biochemical parameters; triglyceride, HDL, total cholesterol, serum creatinine, 

uric acid, free T3, free T4, TSH and eGFR were 211.287±104.3377, 47.968 
± 10.1308, 202.894 ± 46.1467, 0.849 ± 0.2024, 4.828 ± 1.4841, 4.4224 ± 0.76721, 1.43743 ± 0.280609, 

2.36919 ± 1.005487 and 85.68972 ± 17.745902 respectively. 
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Table 2. Correlation between eGFR and other variables in Metabolic syndrome 
 

  Pearson’s  Partial  

  correlation p Correlation p 

  coefficient  coefficient (r)  
     

Triglyceride (mg/dl) -0.071 0.495 0.033 0.758 
     

HDL (mg/dl) -0.092 0.376 -0.047 0.663 
      

Total Cholesterol -0.181 0.081 -0.064 0.556 

(mg/dl)      
     

Uric acid (mg/dl) -0.417 <0.001 -0.416 < 0.001 
      

FT3 (pg/ml) 0.206 0.046 0.158 0.142 

FT4 (ng/dl) -0.050 0.630 -0.122 0.259 

TSH (microIU/ml) 0.203 0.050 0.156 0.146 

 
 

r: the partial correlation coefficient, p < 0.05 was considered significant. Partial 
correlation between TSH and eGFR is r=0.156 

 
Partial correlation between FT3 and eGFR is r=0.158 Partial 

correlation between FT4 and eGFR is r=-0.122 Partial 
correlation between HDL and eGFR is r=-0.047 

 
Partial correlation between total cholesterol and eGFR is r=-0.064 Partial 

correlation between triglycerides and eGFR is r=0.033 
 
 

Table 3: Multiple linear regression model with estimated-GFR: 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

The multiple regression between eGFR and TSH with other variables is found to be significant (p<0.005) 
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Table 4: Multiple linear regression model with estimated-GFR 
 

DEPENDENT INDEPENDENT b t P 

VARIABLE PREDICTORS    
     

 Triglyceride 0.034 0.309 0.758 

 (mg/dl)    
     

 HDL (mg/dl) -0.055 -0.437 0.663 

eGFR 

    

Total   Cholesterol -0.083 -0.591 0.556 

 (mg/dl)    
     

 Uric acid (mg/dl) -0.408 -4.248 < 0.001 
     

 FT3 (pg/dl) 0.148 1.483 0.142 
     

 FT4 (ng/dl) -0.109 -1.137 0.259 
     

 TSH (microIU/ml) 0.145 1.467 0.146 
     

 
b; standardized coefficients, t: t value, p < 0.05 was considered significant. In multiple 
linear regression, Regression between FT3 and eGFR is b=0.148 Regression between 

Triglyceride and eGFR is b=0.034 
Regression between HDL and eGFR is b=-0.055 

Regression between total cholesterol and eGFR is b=-0.083 
Regression between Uric acid and eGFR is b=-0.408 

Regression between FT4 and eGFR is b=-0.109 
Regression between TSH and eGFR is b=0.145 

 
 

Table 5: Scatter plot and partial regression plot between eGFR and other variables: 
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             All the patients were known cases of type 2 diabetes mellitus and hypertension and were on 
medication.         
 

DISCUSSION 
 
              The purpose of this study was to find if there is an association between TSH and eGFR in euthyroid 
cases of metabolic syndrome. Hence this cross-sectional study is performed in 94 euthyroid individuals 
with metabolic syndrome. This study was conducted in department of Diabetology, department of 
General Medicine and department of Biochemistry. 
 
              Patients who did not meet the criteria for metabolic syndrome, whose eGFR level is 
<40ml/min/1.73 m2, those with TSH level not in the euthyroid range (0.1–5microIU/mL), those with 
history of thyroid disease, or taking medication for thyroid disease, or antiepileptic drugs and pregnant 
women were excluded from this study. 
 
              TSH levels observed in this study in euthyroid individuals with metabolic syndrome is 
2.36919±1.005487 (median=2.15500) whereas other studies noted a value of 1.58(median) (range 0.50–
4.50) in metabolic syndrome patients [1]. The TSH value in this study in euthyroid metabolic syndrome 
patients is within the reference range (0.1-5microIU/ml). 
 
              The estimated-GFR value calculated using serum creatinine in euthyroid patients with metabolic 
syndrome is 85.68972 ± 17.745902, (median=89.68752), whereas Keskin H et al. in his study observed a 
value of 94.3 (median) (range 41.3–194) [1] . The mean eGFR value in our study was lower than the 
normal value of eGFR (>90ml/min/1.73m2) indicating that most of the euthyroid metabolic syndrome 
patients are progressing towards kidney dysfunction. 
 
             In this study performed in euthyroid patients of metabolic syndrome, the FT3 value is found as 
4.4224 ± 0.76721 (median=4.2850) which was higher than the reference range (2.1-4.4pg/ml). Studies 
have reported that there is inconsistency in the thyroid functions in metabolic syndrome. The rise in TSH 
with normal T3 and T4 is mostly reported [20] and also the rise in TSH with alteration in T3 without any 
effect on T4[21] and increased thyroid hormone levels also have been reported in metabolic syndrome and 
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this supports our study as most of the patients with metabolic syndrome have increased FT3 values. 
However, FT4 value noted was 1.43743 ± 0.280609, which was within normal range 0.8-2.7ng/dl 
substantiating that the patients are in euthyroid state. 
 
             In our study, the uric acid value was found to be 4.828 ± 1.4841 in euthyroid patients of metabolic 
syndrome. 
 
              The correlation between TSH and eGFR (r=0.156) is accessed in this study and there is a positive 
correlation between them and the correlation is stronger than the correlation between triglycerides, HDL, 
total cholesterol, FT4 and eGFR. Another cross-sectional study conducted in Norway, reported that high 
TSH levels, within the euthyroid range, were associated with decreased eGFR and higher prevalence of 
CKD[22.]  
 
             There is a positive correlation between FT3 and eGFR (r=0.158) observed in euthyroid cases of 
metabolic syndrome with eGFR > 40 ml/ min/1.73 m2 and the correlation is not significant. But there is 
no relationship between FT4 and eGFR (r=-0.122) in euthyroid patients of metabolic syndrome. In a 
study significant relationship was found for FT3 and three MetS components in men, and all five 
components in women[2]. Studies reported that FT3 levels were positively correlated with eGFR and 
negatively correlated with serum creatinine levels. FT3 levels was reported to reduce as the severity of 
renal damage increased [24].. Low-normal levels of FT3 in euthyroid individuals from South Korea were 
associated with an increased risk of chronic kidney disease in a large cohort study.  
 
                In this study there is no correlation between eGFR, and HDL (r=-0.047), total cholesterol (r=-
0.064), and triglycerides (r=0.033). Chen, J et al. reported that low HDL cholesterol and high triglyceride 
levels are associated with an increased risk for chronic kidney disease and microalbuminuria[6]. TG level 
was found to be negatively associated with the eGFR following multivariable adjustment [25]. H. Keskin et 
al. reported that the increased HDL was positively correlated with eGFR in the whole group[1]. 
 
             Several studies have reported a negative correlation between high serum uric acid level and renal 
function. Similar to the previous studies, in our study, there is a significant negative correlation between 
serum uric acid level (r=-0.416) and eGFR in our patient group. Uric acid which is an inflammatory 
marker, is shown to have negative effects on renal function, and metabolic syndrome development 
through several pathways which includes endothelial  dysfunction .The negative effect of high serum uric 
acid level on individuals with normal  renal function (eGFR >40 and/or >60 ml/min/1.73 m2) has been 
demonstrated by both studies and meta-analyses [19] and this effect of uric acid has been independent of 
age, gender, BMI, Hypertension.  Although high uric acid levels could be due to impaired uric acid 
clearance in CKD, it may be implicated in the development and progression of chronic kidney disease.  
 
               The multiple regression between eGFR and TSH with other variables is found to be significant 
(p<0.005). Multiple linear regression is conducted to determine the relationship between eGFR and 
various potential predictors and we found that there is a positive relationship of uric acid (b=-0.408) and 
eGFR, and the relationship is found significant (p<0.05). While the influence of other variables viz., 
Triglyceride (b=0.034), HDL (b=-0.055), FT3 (b=0.148), TSH (b=0.145), total Cholesterol (b=-0.083), and 
FT4 (b=-0.109) on eGFR is not significant (p not less than 0.05). 
 
                  In our study, there is a significant negative correlation between serum uric acid level (r=-0.416) 
and eGFR in euthyroid metabolic syndrome patients. Therefore an increase in uric acid levels in 
euthyroid patients of metabolic syndrome may implicate that the individual is progressing towards CKD. 
This observation in euthyroid metabolic syndrome patients should be substantiated with further studies. 
In this study there is a positive correlation between FT3 and eGFR (r=0.158) observed in euthyroid cases 
of metabolic syndrome and there is no relationship between FT4 and eGFR (r=-0.122). Renal dysfunction 
is associated with various alterations in the thyroid hormone metabolism, release and action. More 
comprehensive and multicentric studies should be performed in patients with MetS to determine the 
association of FT3, FT4 in metabolic syndrome patients. Our results report that there is a positive 
association between TSH values and eGFR levels and there is a statistically significant negative 
association between uric acid and eGFR levels in euthyroid cases with metabolic syndrome. 
 

CONCLUSION 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Keskin%20H%5BAuthor%5D
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          This study was undertaken to evaluate the relationship between TSH values and eGFR levels in 
euthyroid cases with metabolic syndrome. In this study there is a positive correlation observed between 
TSH values and eGFR levels in euthyroid cases with metabolic syndrome. There is also a significant 
negative correlation between uric acid values and eGFR levels in euthyroid cases with metabolic 
syndrome. This negative correlation between uric acid values and eGFR levels may be used to identify the 
metabolic syndrome patients progressing towards CKD by monitoring the uric acid levels.  
  
Limitations 
 

• In this study we chose the eGFR rather than the measured GFR, which is a calculated value. 
 

• This study was a single-center study, and there is regional homogeneity of the population visiting 
the Hospital. The data obtained does not reflect the general population.                 
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