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Abstract 

 

Hypothyroidism is a condition in which the thyroid gland does not produce enough thyroid hormone. 

Hypothyroidism is associated with reduced Glomerular filtration rate and hyperthyroidism results in increased GFR 

as well as increased renin angiotensin aldosterone activation. Chronic Kidney disease (CKD) is characterized by a 

low T3 syndrome which is now considered a part of an atypical nonthyroidal illness. This review studies probable 

mechanistic relations between thyroid and kidney disease. 
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Introduction 

Hypothyroidism 

The most common kidney disarrangements associated 

to hypothyroidism are: elevation of serum creatinine 

levels, reduction in GFR and renal plasma flow (RPF), 

disruption of the capacity to excrete free water and 

hyponatremia. These alterations may be absent in 

patients with central hypothyroidism due to the fact 

that this kind of thyroid hypofunction is often 

accompanied by other pituitary hormone deficiencies 

that might affect directly or indirectly the kidney 

function.[7] 

Primary hypothyroidism is associated with a reduction 

of GFR and RPF that are normalized following 

levothyroxine administration. Similarly, normalization 

of circulating TH concentrations with replacement 

therapy in hypothyroid patients with chronic kidney 

disease (CKD) can significantly improve GFR. 

However, it has recently been reported that kidney 

function recovers slowly in hypothyroid children, and 

sometimes partially, after the introduction of 

replacement with levothyroxine. The long-term clinical 

implications of these findings are unknown [1]. 

Hypothyroidism-associated kidney dysfunction seems 

to be more related with the decline in thyroid hormone 

levels rather than with thyroid autoimmunity. Among 

the mechanisms involved in hypothyroidism-associated 

kidney disarrangements are direct effects of TH on the 

cardiovascular system (increased peripheral resistance 

and reduction of myocardial contractility and stroke 

volume) and metabolism (hyperlipidemia), and indirect 

effects through paracrine or endocrine mediators, such 

as insulin-like growth factor type 1 (IGF-1) and 

vascular endothelial growth factor [2]. 

Thyrotoxicosis 

Thyrotoxicosis is characterized by an increase in RPF 

and GFR resulting in a reduction of serum creatinine 

levels. These changes are normalized after the control 

of thyroid function with appropriate treatment. 

Hyperthyroidism may be linked to a decrease in total 

body water and exchangeable K. By contrast, the 

amount of exchangeable Na tends to increase.[7] 

However, serum concentrations of Na, K, and Cl are 

normal. These alterations are typical of endogenous 

hyperthyroidism and exogenous thyrotoxicosis. 

However, central hyperthyroidism may not be 

accompanied by these changes when it is associated 
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with other pituitary disorders. The reduction of serum 

creatinine has also been reported in subclinical 

hyperthyroidism. However, changes in water and 

electrolyte metabolism have not been reported by other 

authors [8]. 

Hemodynamic changes, i.e., increase in systolic 

volume, heart rate, and cardiac output coupled with a 

reduction of peripheral vascular resistance, also 

participate in alteration in renal function reported in 

patients with hyperthyroidism. These changes are due 

to the increased circulating demands as a result of 

hypermetabolism and the need to dissipate excess heat 

associated with hyperthyroidism [9]. 

Effects of Thyroid hormone on renal physiology 

TH plays an important role in growth, development, 

and physiology of the kidney (Figure 1). It is known 

that hypothyroidism reduces and hyperthyroidism 

increases the kidney-to-body weight ratio by a not fully 

understood mechanism. On the other hand, children 

with congenital hypothyroidism have an increased 

prevalence of congenital renal anomalies. These 

findings support an important role of TH during early 

embryogenesis [3]. 

 

Figure 1: Effects of thyroid hormones on the kidney 

 

Thyroid function also influences water and electrolyte 

balance on different compartments of the body. The 

kidney also plays a role on the regulation of 

metabolism and elimination of TH and is an important 

target organ for TH actions. The decrease in the 

activity of TH is accompanied by an inability to excrete 

an oral water overload. This effect is not due to an 

incomplete suppression of vasopressin production, or a 

decrease in the resorptive ability in the dilutor segment 

of the kidney tubule, but rather to a reduction in the 

glomerular filtration rate (GFR) [4]. 

TH have a hold upon tubular transport of sodium, via 

their actions on the sodium–potassium ATP pump 

(Na/K ATPase) and on the potassium permeability in 

the membrane of proximal tubules. In fact, tubular 

reabsorption of Na per gram of kidney tissue in rats 

was the lowest in thyroidectomized rats than in 

controls and was accompanied by a similar reduction 

of the specific activity of the Na-K ATPase pump. On 

the contrary, that activity increased when the 

reabsorption of Na increased in euthyroid rats treated 

with triiodothyronine (T3). As it occurs with Na, the 

reduction of TH activity at kidney level is accompanied 
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by a decrease in the absorption of calcium at tubular 

level without affecting magnesium [5]. 

TH stimulates renin, released by the juxtaglomerular 

cells through a mechanism independent of the sensitive 

sodium pump and protein synthesis and influence 

kidney angiotensinase activity. T3 is also involved in 

sulfate homeostasis through the regulation of kidney 

sodium-sulfate cotransporter, NaS(i)-1, a protein 

entailed in the control of serum sulfate levels. Finally, 

different studies in animals have shown that TH act on 

the regulation of kidney dopaminergic system [6]. 

Effects of thyroid dysfunction on the kidney 

Thyroid dysfunction causes significant changes in 

kidney function (Table 1). Both hypo-thyroidism and 

hyperthyroidism affect renal blood flow, GFR, tubular 

function, electrolytes homeostasis, electrolyte pump 

functions, and kidney structure. 

Table 1: Effects of thyroid dysfunction on the kidney 

HYPOTHYROIDISM THYROTOXICOSIS 

Increased serum creatinine Decreased serum creatinine 

Decreased glomerular filtration Increased glomerular filtration 

Decreased renal plasma flow Increased renal plasma flow 

Decreased sodium reabsorption Increased tubular reabsorption 

Decreased renal ability to dilute urine Resistance to recombinant human erythropoietin action 

Hyponatremia Decreased sodium level in serum 

 

Kidney disease associated to thyroid dysfunction 

The different types of kidney diseases can be 

associated with various disorders of thyroid function. 

(i) Glomerular disease: Thyroid disease may be 

linked to different forms of glomerulonephritis. Both 

hypothyroidism and hyperthyroidism can coincide with 

different forms of glomerular disease. The more 

frequent form is membranous glomerulopathy 

associated with nephrotic syndrome (NS). Thyroid 

dysfunction has been reported to be associated with 

IgA glomerulonephritis, mesangio capillary or 

membranoproliferative glomerulonephritis, and 

minimal change glomerulonephritis [10]. 

Several mechanisms have been involved in these 

associations. Proteinuria may promote the development 

of primary hypothyroidism, and the immune activation 

of the thyroid or kidney disorders could induce the 

formation of immunocomplexes. The presence of 

immunocomplexes is common in patients with thyroid 

disease.  

In a study performed in 171 patients with thyroid 

disease, the presence of immunocomplexes was 

detected in 26% of patients in comparison with 8% of 

the control subjects. This percentage increased to 33–

55% in patients with an autoimmune process and was 

correlated with the presence of thyroid peroxidase 

antibodies, but not with the titer of these antibodies. 

Also, immunocomplexes deposits in the basement 

membrane of thyroid follicular epithelium and the 

glomeruli have been reported in patients with 

Hashimoto's thyroiditis and membranous 

glomerulopathy [11].  

Therefore, several data support the autoimmune 

pathogenesis for this association:  

i) The association of kidney and thyroid diseases of 

autoimmune origin. 

ii) Its association with other autoimmune diseases such 

as type 1 diabetes. 

iii) The presence of deposits of immunoglobulins and 

thyroglobulin in the glomeruli of some patients.  

Although autoimmune thyroid disease has occasionally 

been reported in patients with glomerulonephritis, no 

causal relationship between the two disorders has been 

proved so far. Glomerular disease in general is 

associated and occasionally caused by autoimmune 

disease (e.g. lupus nephritis, antineutrophil cytoplasmic 

antibodies (ANCA) associated vasculitis) that can be 

associated to autoimmune thyroid disease [12] 
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(ii) Tubular disease: Although less frequently than 

glomerular disease, tubular or tubulointerstitial damage 

has also been reported to be associated with thyroid 

dysfunction. Isolated cases of hyperthyroidism have 

been reported in association with tubulointerstitial 

nephritis and uveitis, a self-limited syndrome of 

unknown etiology that responds to glucocorticoids. In 

these cases, the etiology of hyperthyroidism was not 

Graves’ disease, but rather a destructive thyroiditis 

with the absence of thyroid autoimmunity, low uptake 

in thyroid scintigraphy, and adequate response to 

steroid therapy. Tubulointerstitial nephritis and 

hyperthyroidism has been reported to be associated in 

patients under treatment with rifampicin [13]. 

(iii) Nephrotic syndrome: NS is associated with 

changes in serum TH levels. Urinary losses of binding 

proteins, such as thyroxine binding globulin (TBG), 

transthyretin or pre-albumin, albumin, and TH binded 

to them, result in a reduction in serum total thyroxine 

(T4) and, sometimes, in total T3 levels. These hormonal 

changes are related both to the degree of proteinuria 

and to serum albumin levels [14]. However, patients 

often remain euthyroid, because free T4 and T3 levels 

are usually normal. This suggests that thyroid is able to 

compensate for hormonal urinary losses keeping the 

patient euthyroid. However, in patients with low 

thyroid reserve overt hypothyroidism can develop. 

Similarly, NS may increase the exogenous 

levothyroxine needs in patients with hypothyroidism 

[15]. 

Primary hypothyroidism linked to congenital NS 

(CNS) has been reported. TH urinary loss associated 

with the intrauterine massive proteinuria stimulates the 

hypothalamus–pituitary–thyroid axis increasing serum 

thyrotropin (TSH) concentrations. Other involved 

factors are malnutrition and iodine depletion. However, 

the main cause is TH urinary losses, since it was 

observed that bilateral nephrectomy followed by extra 

renal purification treatment reverses completely the 

CNS associated hypothyroidism and permits the 

withdrawal of hormonal treatment with levothyroxine. 

Some authors recommend treatment with levothyroxine 

supplementation in children with CNS as it facilitates 

their normal development [16]. 

(iv) Acute kidney injury: Acute kidney injury (AKI) 

is associated with abnormalities in thyroid function 

tests similar to those found in euthyroid sick syndrome 

(ESS). Contrary to the usual form of the ESS, patients 

with AKI may not exhibit an elevation or reverse (r) 

T3 levels. The hypothyroidism-associated rise in serum 

creatinine may be of relevance in patients with thyroid 

carcinoma in which the withdrawal of levothyroxine 

treatment for total body scan preparation can lead to 

accumulation of drugs whose metabolism and 

elimination is primarily renal [17].  

(v) Chronic kidney disease: CKD affects both 

hypothalamus–pituitary–thyroid axis and TH 

peripheral metabolism (Figure 2). Uremia influences 

the function and size of the thyroid. Uraemic patients 

have an increased thyroid volume compared with 

subjects with normal renal function and a higher 

prevalence of goiter, mainly in women. Also, thyroid 

nodules and thyroid carcinoma are more common in 

uraemic patients than in the general population [18]. 

 

Figure 2: Effects of chronic renal failure on hypothalamus–pituitary–thyroid axis 
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Serum TSH concentrations are usually normal or 

elevated in CKD, but its response to its releasing 

hormone (TRH) is generally low. These findings 

suggest the presence of intrathyroidal and pituitary 

disturbances associated with uremia. Also, both TSH 

circadian rhythm and TSH glycosylation are altered in 

CKD. The latter may compromise TSH bioactivity 

[18]. 

Free and total T3 and T4 concentrations are usually 

normal or low in patients with CKD. The reduction in 

T3 levels (low T3syndrome) is the most frequently 

observed thyroid alteration in these patients. This 

reduction in T3 concentrations has been linked to a 

decrease in the peripheral synthesis of T3 from T4. 

Chronic metabolic acidosis associated with the CKD 

may contribute in this effect. Although free and total 

T4 concentrations may be normal or slightly reduced, 

sometimes free T4 may be high due to the effect of 

heparin used in anticoagulation during hemodialysis 

(HD), which inhibits T4-binding to its binding proteins 

[19]. 

 

Kidney disease in relation to thyroid disorders 

As mentioned, CKD affects the hypothalamus-

pituitary-thyroid axis and the peripheral metabolism of 

thyroid hormone. Low T3 is the most common 

laboratory finding and subclinical hypothyroidism is 

most common thyroid disorder found in CKD patients. 

TSH levels are usually normal with an altered circadian 

rhythm (comprised of TSH bioactivity). In uremia, the 

pituitary receptor response to TRH is blunted causing a 

decrease in TSH release.[23] The response of TSH to 

TRH is delayed because of the decreased clearance and 

the increase of half-life of TSH. Abnormal serum 

constituents found in uremic conditions can also 

displace T3 and T4 from normal protein binding sites. 

Normal or low levels of T4 may be due to the 

monodeiodinase action occurring in the inner benzene 

ring instead of outer ring of T4, resulting in the 

formation of reverse T3. Reverse T3 levels, however, 

are found to be normal in CKD patients because it 

moves from the vascular space to extra vascular and 

intracellular spaces. Transient increases in T4 levels 

are usually seen after hemodialysis.[24] This effect is 

mainly due to the use of heparin as an anticoagulant 

which inhibits T4 binding to proteins and leads to an 

increase in T4 levels [20]. 

 
Figure 3: Kidney disease in relation to thyroid disorders 

 

Low T3 levels in CKD may be due to the 

iodothyronine deiodinase (helps in T3 synthesis from 

T4) affected by fasting, chronic metabolic acidosis, and 

chronic protein malnutrition seen in CKD. Such factors 

influence the proteins binding to T3. Low T3 levels in 

CKD may also be due to the decreased peripheral 

(extra thyroidal) conversion from T4 to T3 due to 

decreased clearance of the inflammatory cytokines 

such as TNF-alpha and IL-1. These cytokines inhibit 

expression of 1 5′-deiodinase that helped convert T4 to 

T3. Low free T3 levels have shown to be an 

independent predictor of mortality in hemodialysis 
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patients. Low T3 levels prior to renal transplant are 

associated with posttransplant risks of graft loss. All 

clinicians are advised to check T3 levels before renal 

transplantation. Low T3 levels in CKD may not be able 

to increase TSH levels. Experimental evidence 

suggests that, in uremia, the sensitivity of thyrotrophs 

is increased. This may account for the resetting of the 

central thyrostat indicating a lower level of the 

circulating thyroid hormones and, in turn, affect the 

negative feedback inhibition. In CKD, physiological 

compensation for low T3/T4 (with normal TSH levels) 

causes a reduction in protein catabolism which 

increases the nitrogen waste overload [21, 22]. 
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