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Abstract

OBJECTIVE: The aim of this study is to evaluate the frequency of thyroid dysfunction in adult 
patients with nephrotic syndrome and to investigate the relation between nephrotic syndrome and low 
triiodothyronine (T3) syndrome. 

MATERIAL and METHODS: Thirty three adult patients with nephrotic syndrome and 20 healthy 
controls  were included in the study. Serum thyroid-stimulating hormone (TSH), free thyroxine (fT4) 
and free triiodothyronine (fT3) were measured by chemiluminescent immunoassay. Proteinuria was 
measured in a 24-hour urine collection. Estimated Glomerular Filtration Rate (eGFR) was calculated 
by the Modification of Diet in Renal Disease (MDRD) equation. 

RESULTS: The mean age of the patients was 49±17 years. The mean levels for the parameters 
measured were as follows: serum albumin, 22±5 (g/L); urinary protein excretion in 24 hour collections, 
7.8±4.5 (g/day), serum creatinine 1.32±0.66 (mg/dL) ; serum TSH, 3.2±3.1 (mIU/mL).; fT3, 2.5±0.6 
(pg/mL), and fT4, 1.0±0.30 (ng/dL). In nephrotic syndrome patients, the mean serum TSH level was 
significantly higher whereas mean fT3 level was significantly lower when compared to the levels 
in the control group. Serum fT3 level correlated positively with serum albumin (r:0.56, p:0.01) and 
fT4 (r:0.51, p:0.03) and negatively with total cholesterol (r:-0.39, p:0.03). Seven (21%) patients were 
hypothyroid, 3 (9%) were hyperthyroid, and 11 (33%) had low T3 syndrome. 

CONCLUSION: Thyroid dysfunction, low T3 syndrome in particular, is frequent in adult patients 
with nephrotic syndrome. The free T3 level correlates with the severity of nephrotic syndrome. Further 
studies are necessary regarding the clinical importance of low T3 syndrome. 

Key words: Thyroid hormone, Thyroid dysfunction,  Low T3 syndrome, Low fT3, Nephrotic 
syndrome

Öz

AMAÇ: Bu çalışmanın amacı, erişkin nefrotik sendromlu olgularda tiroid disfonksiyonu sıklığını 
değerlendirmek, ve düşük triiodotironin (T3) sendromu ve nefrotik sendrom arasındaki ilişkiyi 
incelemektedir.

GEREÇ ve YÖNTEMLER: Tiroid fonksiyon parametreleri olan, 33 erişkin nefrotik sendromlu 
olgu ve 20 sağlıklı kontrol çalışmaya alındı. Serum tiroid sitimüle edici hormon (TSH), serbest 
tiroksin (fT4) ve serbest T3 (fT3) düzeyleri Kemilüminesans ile immünoassay yöntemi kullanılarak 
incelendi. Glomerüler filtrasyon hızı (eGFH), Renal Hastalıkta Diyet Modifikasyonu (MDRD) formülü 
kullanılarak hesaplandı. Proteinüri 24 saatlik idrarda ölçüldü. 

BULGULAR: Hastaların yaş ortalamaları 49±17 yıldı. Ortalama serum albumine 22±5 (g/L), 24 
saatlik idrarda protein 7,8±4,5 (g/gün) ve serum kreatinin 1,32±0,66 (mg/dL)’di. Hastaların TSH 
ortalaması 3,2±3,1(mIU/mL), serbest T3 ortalaması 2,5±0,6 (pg/mL) ve serbest T4 ortalaması 1,0±0,30 
(ng/dL)’dı. Nefrotik sendromlu hastalar kontrol grubuyla kıyaslandığında ortalama TSH düzeyleri daha 
yüksek, serbest T3 düzeyleri ise daha düşüktü. Nefrotik sendromlu hastalarda serbest T3 düzeyi, serum 
albumin (r:0,56, p:0,01), ve serbest T4 (r:0,51,p:0,03) ile pozitif, total kolesterol (r: -0,39, p:0,04) ile ise 
negatif korelasyon göstermekteydi. Hastaların 7 (%21) tanesinde hipotroidi, 3’ünde (%9) hipertroidi ve 
11 ‘inde (%33) ise düşük T3 sendromu vardı. 
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INTRODUCTION

The kidneys play a significant role in thyroid hormone 
metabolism. Deterioration in kidney functions may lead to 
important alterations in thyroid functions for which a variety 
of mechanisms have been suggested (1,2). In the nephrotic 
syndrome, however, loss of thyroid hormones as well as thyroid 
binding globulin leads to a compensatory increase in serum TSH 
level ending up with a thyroid dysfunction (3,4). Conversely, 
hypothyroidism may be an etiological factor in nephrotic 
syndrome in pediatric patients, and may lead to resistance to 
treatment (5). In the adult nephrotic syndrome, however, the 
exact frequency of impaired thyroid function is unclear. 

Nephrotic syndrome is characterized by hypoalbuminemia, 
edema, and dyslipidemia. It is associated with increased 
oxidative stress, endothelial dysfunction, and atherosclerosis 
(6,7). The risk for cardiovascular disease is increased in 
patients with nephrotic syndrome (6-8). The low T3 syndrome 
commonly accompanies chronic kidney disease (CKD), and 
its frequency increases with the severity of the disease (9). 
The low T3 syndrome is now considered to be responsible for 
increased mortality and morbidity both in patients with CKD 
and the non-uremic population (10-13). On the other hand, the 
exact frequency of low T3 as well as its clinical significance in 
nephrotic syndrome remains unclear. 

The aim of this study was to evaluate the frequency of 
thyroid dysfunction in adult patients with nephrotic syndrome 
and to investigate the relation between nephrotic syndrome and 
low T3 syndrome.

Material and method

Thirty three nephrotic syndrome patients who had presented 
at our outpatient clinic and 20 healthy controls in two nephrology 
centers were examined in the study. Inclusion criteria were to be 
older than 18 years and have all the criteria for the diagnosis of 
nephrotic syndrome (Proteinuria > 3.5 g/d, hypoalbuminemia, 
dyslipidemia, and edema). Exclusion criteria were the presence 
of a positive medical history for thyroid disorder, active 
infection, or malignancy. Demographical, clinical and laboratory 
characteristics along with renal biopsy data performed for 
diagnostic purposes were recorded retrospectively from the 
patients’ charts.

Serum TSH, free T4, and free T3 were measured by 
chemiluminescent immunoassay. Normal ranges for TSH, fT3 
and fT4 were 0.41-4.24 mIU/mL, 2.5-3.9 pg/mL, and 0.61-

1.06 ng/dL respectively. Thyroid abnormalities were defined as 
follows: Overt hypothyroidism: TSH > 4.24 mIU/mL and fT4 < 
0.61 ng/dL; subclinical hypothyroidism: TSH >4.24 mIU/mL and 
fT4 normal; hyperthyroidism: TSH < 0.41 mIU/mL and fT4 > 
1.06 ng/dL; subclinical hyperthyroidism: TSH < 0.41 mIU/mL 
and fT4 normal. The low T3 syndrome was defined as a serum 
fT3 level below the lower limit of the reference interval (< 2.5 pg/
mL) with a TSH level within normal range (0.41–4.24 IU/ml) and 
fT4 level which is normal or low (normal range: 0.61–1.06 ng/
dl) (14). Proteinuria was measured in a 24-hour urine collection. 
Estimated Glomerular Filtration Rate (eGFR) was calculated by 
the Modification of Diet in Renal Disease (MDRD) Formula (15). 

Statistical Analysis

All parameters are expressed as mean ± standard deviation 
(SD). A p value less than 0.05 was considered as statistically 
significant. Comparisons between two groups were assessed 
by independent t-test analysis. Pearson correlation was used to 
assess correlations of thyroid hormones with other variables. 
All statistical analyses were performed using SPSS, version 15 
(Chicago, IL, USA). 

Results 

The mean age of the patients was 49±17 years. Twenty three 
were female and 10 were male. A medical history of diabetes 
and hypertension was present in 12% and 18% of the patients, 
respectively. The etiology of nephrotic syndrome was membranous 
nephropathy in 12 (36%), focal segmental glomerulosclerosis in 
6 (18%), AA amyloidosis in 8 (24%), minimal change disease in 
4 (13%), membranoproliferative glomerulonephritis in 2 (6%), 
and IgA nephropathy in 1 (3%). The demographic and laboratory 
data of the patients are shown in Table I. 

The average levels for the parameters measured were as 
follows: serum albumin, 22±5 (g/L); urinary protein excretion 
in 24 hour collections, 7.8±4.5 (g/day); serum TSH, 3.2±3.1 
(mIU/mL).; fT3, 2.5±0.6 (pg/mL), and fT4, 1.0±0.30 (ng/dL). 
The serum fT3 level correlated positively with serum albumin 
(r:0.56, p:0.01), and fT4 (r:0.51,p:0.03) and negatively with 
total cholesterol (r: -0.39, p: 0.03). These correlations are 
demonstrated in Figure 1A,B. When the patients were separated 
into two groups according to the median serum fT3 level, the 
serum albumin level was observed to be significantly low in the 
group with lower serum T3 level whereas the levels of both total 
and LDL cholesterol as well as the amount of proteinuria were 
higher (Table I). 

SONUÇ: Erişkin nefrotik sendromlu olgularda düşük T3 sendromu başta olmak üzere tiroid disfonksiyonu oldukça fazla görülmektedir. Serbest 
T3 düzeyi ile nefrotik sendromun ciddiyeti arasında korelasyon bulunmuştur. Düşük T3 sendromunun klinik önemine yönelik ileri incelemeye 
ihtiyaç vardır.

Anahtar sözcükler: Tiroid Hormonu, Tiroid disfonksiyonu, Düşük T3 sendromu, Düşük T3, Nefrotik sendrom 



139

Türk Nefroloji Diyaliz ve Transplantasyon Dergisi
Turkish Nephrology, Dialysis and Transplantation Journal Tatar E et al : Low T3 Syndrome and Nephrotic Syndrome

Turk Neph Dial Transpl 2014; 23 (2): 137-141

Table I: Demographic, clinic, and laboratory data of the study patients and correlation of free triiodothyronine (fT3)  with 
clinical laboratory findings.

All patients
(n:33)

(Mean±SD)

Low free T3
(n:17, ≤2.50  pg/mL)

(Mean±SD)

High  free T3
(n:16, >2.50 pg/mL)

(Mean±SD)
p value Rho (p)

Age (years) 49±17 47±17 50±16 0.617 0.05 (0.78)

Gender (M/F) 23/10 13/4 10/6 0.372 -0.30 (0.87)

Diabetes Mellitus, (% ) 12 5 18 0.116 -0.01 (0.93)

CVD (%) 9 12 6 0.583 -0.49 (0.79)

Hypertension (%) 18 12 25 0.318 -0.11(0.53)

Proteinuria (g/day) 7.8±4.5 9.8±5.4 5.8±2.5 0.015 -0.13 (0.47)

Serum Albumin (g/L) 22±5 19±4 26±4 <0.001 0.56(0.01)

Total Cholesterol (mg/dL) 344±111 383±94 272±89 0.004 -0.39 (0.04)

Triglyceride (mg/dL) 214±114 237±143 172±53 0.107 -0.06 (0.77)

LDL(mg/dL) 249±108 281±87 175±86 0.006 -0.39 (0.05)

HDL(mg/dL) 52±15 55±15 49±15 0.292 -0.31 (0.10)

Serum Creatinine (mg/dl) 1.32±0.66 1.28±0.72 1.33±0.66 0.835 0.19 (0.30)

eGFR (ml/min/ 1.73m2) 77±48 83±52 75±48 0.649 -0.11 (0.55)

CRP (mg/dl) 1.7±3.7 2.1±4.8 1.2±2.8 0.565 -0.24 (0.27)

Uric Acid (mg/dl) 5.9±1.3 5.8±1.1 5.9±1.2 0.640 -0.98 (0.64)

Sodium (meq/dL) 140±3 139±3 140±3 0.685 -0.78 (0.67)

TSH  (µIU/mL) 3.2±3.1 3.4±3.2 3.4±3.3 0.965 -0.86 (0.64)

Free T3 ( pg/mL) 2.5±0.6 2.1±0.4 3.0±0.5 <0.001 1

Free T4 ( ng/dL) 1.0±0.30 1.0±0.30 1.0±0.40 0.986 0.51(0.003)

LDL: Low-density lipoprotein, HDL: High-density lipoprotein, CRP:   C-reactive protein, eGFR: Estimated glomerular filtration rate,                         
TSH: Thyroid-stimulating hormone, T3: Triiodothyronine, T4: Thyroxine.

Six of the patients had subclinical, while 1 had clinical 
hypothyroidism, 1 had subclinical hyperthyroidism and 2 had 
clinical hyperthyroidism. Eleven of the patients (33%) had 
low T3 syndrome. A total of 21 (63.6%) out of 33 patients 
had a thyroid dysfunction. When compared to others, low T3 
syndrome patients had significantly low serum albumin levels 
(2.4±0.5 g/L, 1.9±0.3 g/L; p:0.008), whereas the amount of 
proteinuria (6.8±3.5 g/day, 9.6±5.7 g/day; p:0.161), and serum 
C-reactive protein (CRP) levels (1.2±1.9 mg/dL, 2.6±5.6 mg/
dL; p:0.406) tended to be higher in this group. 

The mean age of the control group was 44±11 years. Age 
and sex ratios of the control group were similar to the nephrotic 
syndrome patients. Thyroid function parameters were as 
follows: TSH, 1.29±0.68 (0.41-2.90) (mIU/mL).; fT3, 3.24±3.16 
(2.51-5.30) (pg/mL), and fT4, 1.06±0.15 (0.80-1.30) (ng/dL). 
Thyroid dysfunction was not present in this group. Serum TSH 

(1.29±0.68, 3.24±3.16; p=0.002) and fT3 (3.44±0.63, 2.50±0.61; 
p<0.001) levels differed significantly between the controls and 
nephrotic patients whereas serum fT4 levels were similar in both 
groups (Table II). 

Discussion

In this cross- sectional study, we found that alterations in 
thyroid function parameters are quite frequent in adult nephrotic 
syndrome patients .We observed low T3 syndrome in one-third of 
the patients. We found an inverse correlation between tbetween 
serum free T3 levels and the severity of nephrotic syndrome. 

Kidneys have important effects on thyroid hormone 
metabolism. They play a role in the clearance of iodine, TSH 
and thyrotropin-releasing hormone (1,2). Alterations in thyroid 
hormone levels may be observed in nephrotic syndrome (3,4). 
The loss of thyroid hormones as well as thyroid binding globulin 
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in nephrotic syndrome leads to a compensatory increase in 
serum TSH level ending up with thyroid dysfunction (3,4). 
There are a limited number of studies on this issue. In a study 
with 159 patients with nephrotic syndrome, Gilles et al.(16) 
found that 11.3% of the patients had subclinical hypothyroidism 
and had significantly higher serum TSH levels when compared 
to the control group. The study emphasized that the frequency 
of clinical hypothyroidism among nephrotic patients was quite 
low. In our study, clinical hypothyroidism was found in only 
1 patient whereas the frequency of subclinical hypothyroidism 
was 18%.

On the other hand, experimental and clinical studies 
have shown that thyroid hormones play an important role 
in glomerular and tubular function as well as in water and 
electrolyte homeostasis (17). Both clinical and subclinical 

hypothyroidism may lead to a decrease in GFR and renal blood 
flow, ending up with an elevated serum creatinine level (17). 
Similarly, hypothyroidism is considered to be responsible in 
the etiology of steroid-resistant pediatric nephrotic syndrome, 
particularly in patients with end-stage kidney disease (5). 

Low T3 syndrome is observed quite commonly in the course 
of CKD with a frequency range between 20 and 80% (9). In the 
pathogenesis of low T3 syndrome, proinflammatory mechanisms 
which lead to inhibition of the 5-deiodinase enzyme and therefore 
block the peripheral fT4 to fT3 conversion are implicated (18,19). 
In addition, the low T3 syndrome is associated with endothelial 
dysfunction, atherosclerosis, and cardiac dysfunction in CKD 
patients (20-22) and with cardiovascular mortality and morbidity 
in both uremic and non-uremic populations (10,11,13,21,22). 
The frequency of the low T3 syndrome in nephrotic patients is 

Figure 1: Correlations of fT3 levels with Serum Albumin (A) and Total Cholesterol (B).

Table II: Comparison of thyroid function parameters in patients with nephrotic syndrome and the control group.

Nephrotic syndrome patients (n:33) The control groups (n:20) p value
TSH (mIU/mL)
Mean±SD  
(Range)

3.24±3.16
(0.01-12.45)

1.29±0.68
(0.41-2.90) 0.002

Free T3 (pg/mL)
Mean±SD 
(Range)

2.50±0.61
(1.03-4.22)

3.44±0.63
(2.51-5.30) <0.001

Free T4 (ng/dL)
Mean±SD 
(Range)

0.95±0.30
(0.37-2.09)

1.06±0.15
(0.80-1.30) 0.159

TSH: Thyroid-stimulating hormone, T3: Triiodothyronine, T4: Thyroxine.

BA



141

Türk Nefroloji Diyaliz ve Transplantasyon Dergisi
Turkish Nephrology, Dialysis and Transplantation Journal Tatar E et al : Low T3 Syndrome and Nephrotic Syndrome

Turk Neph Dial Transpl 2014; 23 (2): 137-141

9.	 Song SH, Kwak IS, Lee DW, Kang YH, Seong EY, Park JS: The 
prevalence of low triiodothyronine according to the stage of chronic 
kidney disease in subjects with a normal thyroid-stimulating 
hormone. Nephrol Dial Transplant 2009; 24: 1534-1538

10.	Zoccali C, Mallamaci F, Tripepi G Cutrupi S, Pizzini P: Low 
triiodothyronine and survival in end-stage renal disease. Kidney Int 
2006; 70: 523-528

11.	Carrero JJ, Qureshi AR, Axelsson J Yilmaz MI, Rehnmark S, 
Witt MR, Bárány P, Heimbürger O, Suliman ME, Alvestrand A, 
Lindholm B, Stenvinkel P: Clinical and biochemical implications 
of low thyroid hormone levels (total and free forms) in euthyroid 
patients with chronic kidney disease. J Intern Med 2007; 262:      
690-701

12.	Ozen KP, Asci G, Gungor O, Carrero JJ, Kircelli F, Tatar E, Sevinc 
Ok E, Ozkahya M, Toz H, Cirit M, Basci A, Ok E: Nutritional 
state alters the association between free triiodothyronine levels and 
mortality in hemodialysis patients. Am J Nephrol 2011; 33: 305-312

13.	Pfister R, Strack N, Wielckens K, Malchau G, Erdmann E, Schneider 
CA: The relationship and prognostic impact of low-T3 syndrome 
and NT-pro-BNP in cardiovascular patients. Int J Cardiol 2010; 144: 
187-190

14.	De Groot LJ: Dangerous dogmas in medicine: The nonthyroidal 
illness syndrome. J Clin Endocrinol Metab 1999; 84: 151-164

15.	Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A 
more accurate method to estimate glomerular filtration rate from 
serum creatinine: A new prediction equation. Modification of Diet 
in Renal Disease Study Group. Ann Intern Med 1999; 130: 461-470

16.	Gilles R, den Heijer M, Ross AH, Sweep FC, Hermus AR, Wetzels 
JF: Thyroid function in patients with proteinuria. Neth J Med 2008; 
66: 483-485

17.	Iglesias P, Díez JJ: Thyroid dysfunction and kidney disease. Eur J 
Endocrinol 2009; 160: 503-515

18.	Bartalena L, Brogioni S, Grasso L,Velluzzi F, Martino E: 
Relationship of the increased serum interleukin-6 concentration to 
changes of thyroid function in nonthyroidal illness. J Endocrinol 
Invest 1994; 17:269-274

19.	Corssmit EP, Heyligenberg R, Endert E, Sauerwein HP, Romijn JA: 
Acute effects of interferon-alpha administration on thyroid hormone 
metabolism in healthy men. J Clin Endocrinol Metab 1995; 80: 
3140-3144

20.	Tatar E, Kircelli F, Ok E: The contribution of thyroid dysfunction 
on cardiovascular disease in patients with chronic kidney disease. 
Atherosclerosis 2013; 227: 26-31 

21.	Tatar E, Kircelli F, Asci G, Carrero JJ, Gungor O, Demirci MS, 
Ozbek SS, Ceylan N, Ozkahya M, Toz H, Ok E: Associations of 
triiodothyronine levels with carotid atherosclerosis and arterial 
stiffness in hemodialysis patients. Clin J Am Soc Nephrol 2011; 6: 
2240-2246

22.	Tatar E, Sezis Demirci M, Kircelli F, Gungor O, Yaprak M, Asci 
G, Basci A, Ozkahya M, Ok E: The association between thyroid 
hormones and arterial stiffness in peritoneal dialysis patients. Int 
Urol Nephrol 2012; 44: 601-606

unknown. Serum fT3 has previously been reported to be low in 
nephrotic patients (5). However, the clinical significance of low 
T3 in these patients remains unclear. Various mechanisms may 
be responsible; first, the increased inflammation in nephrotic 
syndrome may inhibit conversion of fT4 to fT3 due to blockage 
of 5-deiodinaseand second, serum fT3 levels may be decreased 
as an adaptive mechanism to minimize energy consumption.

The several limitations of this study include the low 
number of patients, and the cross-sectional and retrospective 
nature of the study. Therefore we were not able to find a causal 
relationship between thyroid hormones and nephrotic syndrome. 
Other limitations were that serum total T3 and T4 levels were 
not studied, and the amount of thyroid hormone loss in urine was 
not measured. However, this study could serve as a model for 
future investigations as it reports the frequent low T3 syndrome 
concurrence in nephrotic patients for the first time. 

In conclusion, thyroid dysfunction, particularly low T3 
syndrome, is frequent in adult patients with nephrotic syndrome. 
Serum free T3 levels correlate inversely with the severity of 
nephrotic syndrome. Further studies are necessary regarding the 
clinical importance of low fT3 levels. 
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