? frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

EDITED BY
Paolo Miccoli,

Saint Camillus International University of
Health and Medical Sciences, Italy

REVIEWED BY

Poupak Fallahi,

University of Pisa, Italy

Angelika Buczyriska,

Medical University of Bialystok, Poland

*CORRESPONDENCE
Junyu Zhao
zhaojunyu@sdfmu.edu.cn

RECEIVED 06 December 2024
ACCEPTED 06 February 2025
PUBLISHED 24 February 2025

CITATION

Zhao X, Liu F, Yuan S, Wang F, Li C, Guo C
and Zhao J (2025) Thyroid hormone
replacement therapy in dialysis/renal
insufficiency patients.

Front. Endocrinol. 16:1540802.

doi: 10.3389/fendo.2025.1540802

COPYRIGHT

© 2025 Zhao, Liu, Yuan, Wang, Li, Guo and
Zhao. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums
is permitted, provided the original author(s)
and the copyright owner(s) are credited and
that the original publication in this journal is
cited, in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Endocrinology

TYPE Review
PUBLISHED 24 February 2025
Dol 10.3389/fendo.2025.1540802

Thyroid hormone replacement
therapy in dialysis/renal
insufficiency patients

Xiaolu Zhao', Fan Liu?, Saiya Yuan?, Fei Wang? Chunyu Li?,
Congcong Guo? and Junyu Zhao**

tSchool of Clinical Medicine, Shandong Second Medical University, Weifang, China, 2Department of
Endocrinology and Metabology, The First Affiliated Hospital of Shandong First Medical University and
Shandong Provincial Qianfoshan Hospital, Shandong First Medical University, Shandong Key
Laboratory of Rheumatic Disease and Translational Medicine, Shandong Institute of Nephrology,
Jinan, China

Dialysis/renal insufficiency patients are often accompanied by hypothyroidism
due to renal damage, the mechanisms of which are complex. The use of thyroid
hormone replacement therapy in such patients has become an important clinical
issue. This article reviews the mechanism of hypothyroidism in dialysis/renal
insufficiency patients and describes the importance and precautions of thyroid
hormone replacement therapy to provide a reference for clinical diagnosis
and treatment.
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1 Introduction

The kidney functions as both an excretory and a crucial endocrine organ, playing a
significant role in the body’s metabolism, degradation, and excretion of thyroid hormones
(TH) (1). TH play a critical role in regulating growth and development, metabolism, and
the maintenance of renal growth. Several factors, including malnutrition, inflammation,
metabolic acidosis, medications, mineral deficiencies (e.g., selenium), and dialysis patterns
(such as loss of peritoneal effluent), predispose chronic kidney disease (CKD) patients to
low levels of thyroid hormones. Similarly, reduced TH levels can lead to kidney damage
through various pathways (2). As an important treatment for the life extension of patients
with end-stage renal disease, dialysis efficiently removes accumulated metabolic wastes and
excess water from the body through the extracorporeal circulation mechanism, thus
alleviating the condition. However, dialysis/renal insufficiency and the patient’s
medication may interfere with the metabolism and distribution of thyroid hormones.
The purpose of this article is to review the mechanism of hypothyroidism in the context of
dialysis/renal insufficiency, the need for thyroid hormone replacement therapy, and the
precautions to be taken to provide a reference for clinical practice.
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2 Interaction between dialysis/
renal insufficiency and
hypothyroidism

2.1 Mechanisms of hypothyroidism in
dialysis/renal insufficiency patients

Dialysis/renal insufficiency patients tend to be comorbid with
hypothyroidism, and a cross-sectional study found that the
prevalence of hypothyroidism in hemodialysis patients was 28%,
of which 57.8% had subclinical hypothyroidism and 42.2% had
overt hypothyroidism (3). The mechanisms involved are complex.
Uremia is a syndrome triggered by severe impairment of renal
function, which can result in impaired clearance of many hormones
and metabolites in the body. Electrolyte disturbances, especially
hyperphosphatemia and hypocalcemia, which are common in
patients with renal insufficiency, also affect thyroid function.
Hyperphosphatemia can inhibit the synthesis and secretion of
TH, while hypocalcemia may affect the thyroid cell membrane’s
ion- channels, thereby affecting TH’s synthesis and release (4). In
addition, the kidneys, as the main metabolizing organs of iodine,
have impaired iodine excretion when functioning abnormally.
Excess iodine can lead to hypothyroidism, while impaired iodine
excretion itself can cause further damage to the kidneys (5, 6).
Chronic renal insufficiency patients often exhibit significant
hypoalbuminemia, which leads to a substantial decrease in the
levels of thyroid hormone-binding globulin and thyroid hormone-
binding prealbumin. The synthesis of thyroid hormone (T4) and
triiodothyronine (T3) is decreased in patients, resulting in
hypothyroidism (7). In addition, a decreased activity of 5-
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deiodinase is found in patients with chronic renal insufficiency,
resulting in a decreased conversion of T4 to T3, and finally leading
to a decreased T3 (8). Patients with chronic renal insufficiency are
usually accompanied by varying degrees of anemia, impaired
synthesis and secretion of TH due to insufficient blood supply to
the thyroid gland, as well as decreased iodine intake in patients due
to loss of appetite and poor nutritional status, both of which lead to
insufficient synthesis of TH (9). Patients with chronic renal
insufficiency have increased glomerular permeability and
decreased tubular reabsorption. A large amount of thyroid
hormone-binding globulin and T4/T3 complexes are excreted in
urine, resulting in significant loss of T4 and T3 (10), affecting
thyroid function.

In summary, the mechanisms by which hypothyroidism occurs
in patients with renal insufficiency/dialysis are complex and involve
electrolyte disorders (e.g., hyperphosphatemia and hypocalcemia),
abnormalities of iodine metabolism, hypoproteinemia, and decreased
5’-deiodinase activity, as well as anemia and nutritional deficiencies.
In addition, thyroid function is further affected by increased
glomerular permeability and decreased tubular reabsorption.

2.2 Effects of hypothyroidism on the kidney

The effects of hypothyroidism on the kidneys are manifold. In
hypothyroidism, the activity of renal tubular ion transport proteins
(e.g., Na+-K+-2Cl- cotransporter) is altered, resulting in increased
tubular feedback and ultimately a decrease in GFR (11). A study has
reported decreased urine concentrating ability of renal tubules in
hypothyroid rats (12). It has also been found that hypothyroidism
decreases the synthesis or activity of vasodilators (vascular

GFR |

hypothyroidism

kidney perfusion |

kidney vasoconstrictionT

altered kidney structure

dialysis/renal insufficiency

FIGURE 1
Dialysis/renal insufficiency and hypothyroidism interaction flowchart.
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endothelial growth factor and insulin like growth factor-1),
exacerbating renal vasoconstriction, which leads to decreased
perfusion to the kidneys (13). It has been directly demonstrated
that the expression and secretion of the components of the renin-
angiotensin-aldosterone system are directly affected, leading to a
decrease in the autoregulation of renal perfusion (14). Reduced
reabsorption of sodium, chloride, and water in the proximal tubule
and impaired basolateral chloride channels trigger glomerular
feedback, resulting in reduced activity of the renin-angiotensin-
aldosterone system (15). Animal studies have confirmed that
hypothyroidism causes a decrease in GFR, renal plasma
perfusion, and renal capillary hydrostatic pressure (16, 17).
Hypothyroidism can indirectly lead to decreased renal perfusion
by affecting cardiac output and cardiac contractility (18).
Hypothyroidism also leads to pathologic changes in the structure
of the glomerulus, e.g., thickening of the thylakoid stroma and
glomerular basement membrane (19). In addition, the glomerular
capillaries’ permeability to proteins increases, leading to the
development of large amounts of proteinuria (20).

Thus, renal damage is further exacerbated when patients are in a
hypothyroid state. It affects the function and structure of the
kidneys by direct or indirect means, resulting in decreased GFR,
increased renal vasoconstriction, decreased renal perfusion,
increased capillary permeability, and thickening of the tethered
matrix and glomerular basement membrane. It even affects renal
perfusion by influencing cardiac function. Through the previous
discussion, we found that the relationship between dialysis/renal
insufficiency and hypothyroidism is complex, and Figure 1 shows
their interaction.

3 Importance of thyroid hormone
replacement therapy

3.1 Slowing down the rate of deterioration
of the kidneys

There is a strong link between hypothyroidism and chronic kidney
disease (21), and severe hypothyroidism can cause further kidney
damage (22). Therefore, thyroid hormone replacement therapy is vital
in treating dialysis/renal insufficiency patients. Nie Jingrong et al. (23)
showed a specific degree of recovery in renal function after
administering a certain dose of levothyroxine (L-T4) in patients with
nephrotic syndrome. In addition, animal studies found that the
mesangial matrix, mesangial cells, and immune complex
precipitation were improved after injection of different doses of T3,
and these changes suggest the possibility of TH supplementation in
improving renal function (24). In addition, myosin and creatine
phosphokinase levels, which are toxic to the renal tubules, decreased
in hypothyroidism patients after thyroid hormone replacement
therapy (25). Shin D H et al. (26) found in their study that patients
with chronic kidney disease undergoing thyroid hormone replacement
therapy showed a significant decrease in the slope of glomerular
filtration rate (GFR) decline, a lower rate of kidney deterioration,
and a delay in achieving end-stage renal disease. Shin D H et al. (27)
conducted a study on 309 patients with chronic kidney disease in stages
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2-4. After 12 months follow-up, it was found that the GFR decreased in
the nontreatment group, and the overall decline rate significantly
increased. Kaplan Meier’s analysis also concluded that there was no
decrease in renal cell survival. Lu Y and other scholars conducted a
case-control study on 90 patients aged 65 and above with subclinical
hypothyroidism who were followed up for 36 months. They found that
the GFR significantly improved after thyroid hormone replacement
therapy (28). LoJCetal. (29) found a significant increase in GFR before
and after thyroid hormone replacement therapy in the same patients by
comparing changes in GFR in two populations. Another prospective
study treated 30 patients with hypothyroidism with TH therapy.
Among them, patients with microalbuminuria and massive
proteinuria before treatment showed improvement in proteinuria to
normal and microalbuminuria, respectively, and a decrease in serum
creatinine after treatment (25). In addition, it was also found that
patients with diabetic nephropathy combined with subclinical
hypothyroidism had greater oxidative stress, weaker resistance to
oxidation, and more severe renal damage, and when L-T4 treatment
was given, oxidative stress decreased, and antioxidant levels increased
after 24 weeks of follow-up (30). A systematic review also found, by
reviewing 12 research papers involving 10,371 patients, that the
application of L-T4 reduced the urinary albumin excretion rate,
reduced oxidative stress, and provided renal protection compared to
placebo (31).

From the above studies, we can find that thyroid hormone
replacement therapy for patients on dialysis or with renal
insufficiency can improve renal function and slow down the rate
of renal deterioration.

3.2 Improvement of patients’ quality of life

Dialysis/renal insufficiency patients usually suffer from a sharp
decline in quality of life due to malnutrition, cardiovascular
complications, and anemia. In previous clinical trials,
levothyroxine sodium tablets were found to increase muscle and
protein synthesis and improve malnutrition in dialysis patients (32).
In addition, Ouyang Yulin and other scholars (33) supplemented 78
patients on maintenance hemodialysis for >6 months with a small
dose of L-T4, and a six-month follow-up found that the nutritional
status of the patients as well as subjective sensations such as
weakness caused by malnutrition improved significantly.
Cardiovascular is one of the sensitive target organs of thyroid
hormones. Severe hypothyroidism leads to significant
abnormalities in myocardial contractility, heart rate, and cardiac
electrical conduction (34). The risk of heart failure and coronary
heart disease events significantly increases, including mortality
caused by coronary heart disease when TSH levels exceed 10
mIU/L (35). The longer the duration of dialysis, the more
pronounced the decrease in TH levels, along with a significant
decrease in left ventricular ejection fraction, cardiac index, and
cardiac output (36). With the addition of L-T4 to dialysis therapy,
calcium ATP activity in the myocardial cell membrane and
sarcoplasmic reticulum was effectively improved, myocardial con-
tractility was enhanced, and cardiac output and coronary blood flow
were increased, leading to an improvement in cardiac function (37).
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Thyroid hormone replacement therapy was found to prevent
myocardial fibrosis and cardiomyocyte injury and improve left
ventricular diastolic function in relevant animal models (38). 18
elderly patients with chronic heart failure and subclinical
hypothyroidism, oral L-T4 therapy was administered, and a one-
year follow-up showed an improvement in cardiac function and a
decrease in the incidence of ventricular arrhythmias (39). In
addition, thyroxine replacement therapy reduced the incidence of
cardiovascular disease in patients with diabetic nephropathy and
subclinical hypothyroidism and also significantly reduced the risk of
cardiovascular disease (40). L-T4 was given to patients with
subclinical hypothyroidism for one month, and a three-month
follow-up found that the 6-minute walk test and ventricular
ejection fraction improved significantly compared to the control
group (41). In addition, low-dose L-T4 significantly improve the
anemia in patients with uremia and hypothyroidism, but without
significant adverse reactions (42).

Therefore, thyroid hormone replacement therapy for patients
with dialysis/renal insufficiency combined with hypothyroidism or
subclinical hypothyroidism can improve the nutritional status of
the patients, improve cardiac function, ameliorate anemia, thus
improve the quality of life.

4 Potential risks and precautions of
thyroid hormone replacement therapy

Although there are some benefits of thyroid hormone
replacement therapy for dialysis/renal insufficiency patients in
terms of improving renal function and quality of life, there are
still some risks concerned.

4.1 Impact of different dialysis modalities

Researches have shown that different dialysis methods have
varying effects on thyroid function, and treatment effectiveness can
also be improved by assisting thyroid hormone replacement therapy
in improving patients’ nutritional status, quality of life, and other
aspects. Patients undergoing maintenance hemodialysis often have
thyroid dysfunction, mainly manifested as a decrease in FT4 (43). In
addition, different calcium ion concentrations of dialysate used
during hemodialysis will affect parathyroid hormone levels (44),
further affecting thyroid function. Adding methods such as
hemoperfusion or hemodiafiltration to hemodialysis can
significantly improve the removal of parathyroid hormone, thus
positively affecting the function of the thyroid gland (45). The high-
flux dialyzer is more thorough in removing toxins, allowing the
conversion and secretion of thyroxine to be more consistent with
the body’s normal physiology (46). In a clinical study, 82 patients
with chronic renal failure were divided into two groups, in which
the observation group undergoing high-throughput dialysis was
compared with the control group, high-throughput dialysis can
better reduce the inflammatory response of patients with chronic
renal failure, improve the antioxidant and immune ability, and help
to maintain the metabolic balance of calcium and phosphorus (47).
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However, high-flux dialyzers not only extend the range of diffusible
molecules but also extend the possibility of convective mass transfer
into the patient’s body due to the reverse osmosis of the dialysate, so
when the dialysate of high-flux dialysis is not pure enough, the
bacteria in the dialysate enter the patient’s body through reverse
transport and exacerbate the patient’s inflammatory response (48).
In stable dialysis populations, 3-2-microglobulin can be removed
more efficiently with the use of ultraflux Helixone membranes, with
no negative impact on nutrient parameters or small molecule
removal despite increased albumin loss (49). Patients treated with
online hemodialysis filtration maintain higher levels of antioxidant
defenses, which may balance the high oxidative stress during
dialysis (50).

Therefore, when thyroid hormone replacement therapy is
performed in dialysis patients, the advantages and disadvantages
of various dialysis should be considered comprehensively, and the
selection of different dialysis modalities according to the patient’s
condition may be more helpful to improve the therapeutic effect.

4.2 Cardiovascular risk management

Thyroid hormone replacement therapy in dialysis/renal
insufficiency patients may improve cardiac function while also
posing a number of potential risks, such as nervousness,
palpitations, atrial fibrillation, and worsening angina pector-is
(51). Even if a patient does not have significant coronary artery
disease, it can cause myocardial ischemia, increased coronary
spasm, etc.,when high doses of thyroxine are applied (52).
Excessive thyroid hormone can cause myocardial hypertrophy,
and its mechanism of action includes the direct action of the
hormone on the heart, Ca2+ transport, generation of oxygen free
radicals, depletion of ATP, and activation of the renin-angiotensin
system (53). Thyroxine affects collagen synthesis and, thus, cardiac
remodeling primarily by influencing the activity of fibroblasts and
matrix metalloproteinases (54). Patients with end-stage renal
disease tend to suffer from left ventricular dysfunction and
entricular hypertrophy. Some clinical studies have found that
with serum TSH concentrations above 4.0 mU/L, the probability
of cardiovascular disease is significantly increased in patients on
long-term thyroid hormone replacement therapy, especially in male
patients (55). It has been found that short-term supplementation of
small doses of thyroxine in patients with end-stage renal disease can
improve the function of the left heart, but it can also accelerate the
heart rate and increase myocardial oxygen consumption, further
aggravating the cardiac disease of patients. Therefore, careful
consideration should be given to the dose of thyroxine in patients
with end-stage renal disease (56).

Among patients maintained on renal dialysis, the
cardiovascular morbidity rate is extremely high, and the
hypothyroidism caused by dialysis also affects cardiac function in
the adoption of thyroxine replacement therapy for these patients,
although it can improve cardiac function, it may also lead to the
aggravation of the condition or the emergence of new problems.
Therefore, regular monitoring of cardiac function by
echocardiogram and other means during thyroid hormone
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replacement therapy not only reduces the mortality rate of patients
but also enables thyroid hormone replacement therapy to exert its
best therapeutic effect.

4.3 Influence of drug and type of
preparation on the absorption
of levothyroxine

The pharmacologic effects of the drugs on each other may
interfere with the absorption of L-T4 when patients receive multiple
medications at the same time and affect the efficacy of treatment.
Several studies have shown that there are interactions between L-T4
and other drugs such as protease inhibitors, phenytoin, calcium
formulations, proton-pump inhibitors, orlistat, sevelamer, and
amiodarone, which affect the absorption of L-T4. Table 1
summarizes the drugs and mechanisms of action that affect L-T4
uptake (57, 58). L-T4 is mainly absorbed in the jejunum and ileum
(59), while proton-pump inhibitors reduce the absorption of L-T4
in the intestine by affecting its acidity and alkalinity (60). One study
found that TSH returned to normal one month after discontinuing
sevelamer and changing the duration of L-T4 administration but
increased after reintroduction of sevelamer (61). Calcium
formulations can affect the absorption of L-T4. The impact on the
absorption of L-T4 is relatively small, when patients take both L-T4
and prescribed doses of calcium formulations. However, a low L-T4
dose, the absorption of L-T4 decreases by 20% -25% (62).
Cholestyramine affects L-T4 absorption across the intestinal wall,
and ingestion of cholestyramine and levothyroxine must be
separated by 4-5 hours for L-T4 absorption to normalize (63, 64).
Colesevelam reduces L-T4 absorption by 96%, and sucralfate and
ferrous sulfate have insignificant effects on L-T4 absorption (65). In
a report by Madhava and Hardley, a patient who underwent
thyroidectomy had a stable serum TSH when taking L-T4 alone,
which was markedly elevated with the addition of orlistat, after
discontinuing orlistat and increasing the dose of L-T4, TSH was
again suppressed (66). Amiodarone is not only a structural analog
of TH but is also capable of destroying thyroid follicles (67). A
clinical study found that serum TSH levels were significantly
elevated in TH-treated patients given aluminum hydroxide
preparations for 2-4 weeks, suggesting that aluminum hydroxide
reduces the bioavailability of L-T4 either by nonspecific adsorption

TABLE 1 The interaction between drugs and L-T4.

10.3389/fendo.2025.1540802

or by forming a complex with L-T4 (68). Postoperative imatinib
administration in patients with thyroidectomized thyroids resulted
in a significant decrease in serum TSH, and an increase in the
amount of L-T4 treatment was required compared with the
previous (69). The enzyme inducer carbamazepine enhances TH
metabolism through enzyme induction (70). Clinical treatment
with carbamazepine in nine patients with hypothyroidism showed
a decrease in serum TH levels and no significant change in TSH
levels (71).

The form of the L-T4 preparation also affects absorption. The
most common form of L-T4 is the tablet form, which requires an
acidic gastric pH after ingestion to be absorbed, with approximately
70% being absorbed when no other factors are altered (72). Therefore,
tablets are susceptible to changes in gastric pH. When L-T4
malabsorption occurs in hypothyroid patients, new capsule or
liquid formulations can improve drug absorption and maintain
TSH levels (73). Even the newer formulations are able to maintain
normal TSH values in hypothyroid patients more effectively than
tablets for those with or without malabsorption (74). Liquid
formulations of L-T4 consist of L-T4 dissolved in liquid glycerin
and ethanol, while softgel formulations consist of liquid L-T4
encapsulated in an outer gelatin shell (75, 76). Negro et al.
conducted a clinical trial and found that there were more patients
with abnormal TSH levels in the tablet group than in the liquid
formulation group, and that patients in the tablet group were taking
higher doses (77). Cappelli et al. found no statistically significant
difference in TSH or TH levels whether liquid L-T4 was taken at
breakfast or 30 minutes before breakfast (78). In a prospective cohort
study of 24 patients with L-T4 malabsorption due to PPI
administration, Vita et al. showed a decrease in serum TSH after
replacing tablets with the same dose of liquid formulation (79). A
clinical study analyzing patients with impaired gastric acid secretion
suggested that for such patients the therapeutic goal could be
maintained with a capsule formulation at a lower dose than the
tablet L-T4 (80).

L-T4 is the main drug for the treatment of hypothyroidism, and
its efficacy will not only be affected by factors such as dosage but also
by the influence of other drugs and types of preparations, leading to a
decrease in the efficacy of L-T4, resulting in poor therapeutic effect.
Therefore, when taking L-T4, the matching of drugs should be fully
considered to reduce the adverse effects of the above drugs and types
of preparations on L-T4 and try to maximize the efficacy of L-T4.

mechanism of action drugs

Decrease T4 absorption
Increased degradation of L-T4
Inhibition of L-T4 binding

nhibition of L-T4 metabolism

Bile Acid Sequestrants,

Antacids, PPI, Orlistat,etc.

Phenobarbital, Rifampin
Salicylates, Carbamazepine,etc.

Glucocorticoids, Beta-adrenergic antagonists (Propranolol), Amiodarone etc.

Increase serum thyroxine-binding globulin (TBG) concentration. .
Tamoxifen etc.

Decrease serum thyroxine-binding globulin (TBG) concentration.
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Clofibrate, Estrogen-containing /contraceptives, Heroin / Methadone, 5-Fluorouracil, Mitotane,

Androgens / Anabolic Steroids, Asparaginase,
Glucocorticoids, Slow-Release Nicotinic Acid etc.
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4.4 Regular monitor the thyroid
morphology and function

During thyroid hormone replacement therapy, monitoring
thyroid morphology and function is critical in ensuring the
efficacy of treatment and avoiding potential side effects.
Hypothyroidism may be exacerbated when thyroid morphology
becomes abnormal during the course of treatment. A higher
prevalence of nodular goiter in patients with end-stage renal
disease was reported (81). Kaptein et al. found that the prevalence
of goiter increased with the duration of dialysis (39% of patients on
dialysis for less than a year and 50% of patients on dialysis for more
than a year) (82). However, a study conducted by Lin C C et al. (83)
concluded that there was no significant relationship between
nodular goiter and duration of dialysis. Ana et al. (84) found that
nearly a quarter of hemodialysis patients have thyroid nodules
larger than 10mm. A clinical study of thyroid ultrasound and
calculation of thyroid volume in hemodialysis patients found that
the mean thyroid volume increased in hemodialysis patients
compared to healthy participants (85). Thyroid function not only
assesses and predicts prognosis in patients with dialysis/renal
insufficiency but also influences the efficacy of thyroid hormone
replacement therapy. If the thyroid function is abnormal, it is
accompanied by numerous health problems, such as changes in
heart structure and function, cardiovascular lesions, malnutrition,
inflammation, and even nodules.

Therefore, regular thyroid ultrasound and functional tests are
recommended to assess thyroid morphology and function in
dialysis/renal insufficiency patients.

4.5 Effect of diet on levothyroxine

In clinical work, it was found that the absorption of L-T4 was
affected by some dietary habits or foods, such as soy, coffee, dietary
fiber and grapefruit juice, when L-T4 was taken in regular or even
high doses. The earliest report on the effect of soy on L-T4
absorption was that a patient with goiter was unable to suppress
TSH when taking L-T4 at a dose of 0.3mg/day, and in the process of
investigating the influencing factors, it was found that the most
probable influence was the soy consumed by the patient. After a
period of time, it was found that when the dose of L-T4 was reduced
to 0.15mg/day, TSH was completely suppressed (86). A clinical
study comparing 8 patients with hypothyroidism who consumed
soy with 70 patients on a non-soy diet found that the soy-
consuming group took longer to reach normal TSH levels (87).
Chorazy et al. reported on an infant who was given L-T4 after birth
and was also fed soy formula and found elevated TSH levels (88).
But currently there are only a few reported cases, and there is still
insufficient evidence to prove it. L-T4 can non-specifically adsorb
onto dietary fiber, leading to a decrease in its bioavailability (89). In
a clinical study, 13 hypothyroid patients were asked to consume
dietary fiber while taking L-T4, and after a period of time, 12 of
them were found to have elevated serum TSH or increased doses of
L-T4 (90). Some studies have found that coffee binds to L-T4 and
affects the absorption of L-T4 in the gut (91). A case report showed
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that serum TSH levels failed to be normalized when coffee and L-T4
were taken at the same time; after correcting this habit, serum TSH
levels were normalized (92). The effect of coftee on the extent of L-
T4 uptake varies from study to study depending on the variety,
concentration, etc (93). Grapefruit juice may slightly L-T4
absorption is prolonged, but seems to have little effect on its
bioavailability (94).

From the above studies we found that by avoiding soy and
dietary fiber we can improve the therapeutic effect of L-T4 and
suppress TSH levels, thus helping to stabilize thyroid function.
However, soy and dietary fiber are known to have many benefits for
the human body, and we don’t necessarily need to completely stop
using them in our daily lives; we can consider improving the
therapeutic effect by increasing the dose of L-T4. Avoid taking L-
T4 with coffee or grapefruit juice, or use a time interval program. In
fact, in our actual clinical work we have found that patients who eat
regularly according to their daily habits do not have great changes
in their individual TSH levels.

4.6 Practical applications

The goal of thyroxine replacement therapy is to restore normal
function of the thyroid gland and to eliminate signs and symptoms.
Serum TSH is recognized as a reliable, sensitive and reproducible
indicator of thyroid status (95). Patients’ replacement therapy TSH
should be maintained in the lower half of the normal range (0.5-2.0
mlU/L), and if serum TSH is elevated or suppressed, modest
increases or decreases in the L-T4 dose, respectively, will be
required; ideally, the dose should not be increased or decreased
by more than 12.5 or 25ug at a time (96). L-T4 treatment requires
regular monitoring, and it is clear from the previous discussion that
over- or under-supplementation can have detrimental effects.
Exogenous supplementation of thyroxine to reestablish the
balance of the hypothalamic-pituitary-thyroid axis generally takes
4 to 6 weeks, so serum TSH and FT4 are measured at 4- to 6-week
intervals during the initial phase of treatment (97). Determine an
adequate replacement dose, test TSH again in 6 months, and
measure TSH at 12-month intervals thereafter (98).

5 Summary

In conclusion, a strong association exists between dialysis/renal
insufficiency and hypothyroidism. Dialysis/renal insufficiency can
induce hypothyroidism through multiple potential mechanisms.
Conversely, hypothyroidism can lead to renal damage in patients
with dialysis/renal insufficiency, accelerating renal deterioration
and contributing to higher mortality rates in this population.
Therefore, thyroid hormone replacement therapy holds significant
importance in enhancing renal function and quality of life for
patients with dialysis/renal insufficiency. During the replacement
therapy, it is recommended to maintain a normal diet, and if the
daily diet has soy, coffee and other foods discussed above that affect
the absorption of L-T4, a time-interval regimen can be used; avoid
taking L-T4 and the above medications at the same time, or liquid
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or capsule preparations can be chosen. The clearance of L-T4 varies
with different dialysis modalities, and a high flux dialyzer can be
chosen according to the patient’s actual condition or methods such
as hemoperfusion or hemodialysis filtration can be added on top of
hemodialysis. TSH in dialysis/renal insufficiency patients should be
maintained at 0.5-2.0 mIU/L, and L-T4 should be increased or
decreased when it exceeds the upper limit or falls below the lower
limit, respectively. TSH should be measured once every 4-6 weeks at
the beginning of the treatment period until a final dose is
determined, and then again after 6 months of consuming
according to the dosage, and then TSH should be measured every
12 months. As research progresses on the metabolism of thyroid
hormones and novel drug development, thyroid hormone
replacement therapy for patients with dialysis and renal
insufficiency is poised to become more precise and efficacious in
the future.
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