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Abstract
The age-related resistance to thyroid hormones (THs) explains the paucity of symptoms and signs of hyperthyroidism in 
older adults and may partly explain the myriad of symptoms and signs of hypothyroidism in biochemically euthyroid older 
people. This review considers the available data on the mechanisms underlying TH resistance with aging and compares these 
physiologic changes with the changes observed in congenital TH resistance syndromes. Aging is associated with alterations 
in TH economy along with a host of changes in the responsiveness of various tissues to THs. The age-related resistance to 
THs can be attributed to decreased TH transport to tissues, decreased nuclear receptor occupancy, decreased activation of 
thyroxine to triiodothyronine, and alterations in TH responsive gene expression. Although an increase in serum TH levels 
is expected in syndromes of TH resistance, unchanged serum TH levels in the euthyroid elderly is the result of increased 
sensitivity to TH negative feedback with increased suppression of thyroid-stimulating hormone, decreased thyroidal sensitiv-
ity to thyroid-stimulating hormone, and decreased TH production and secretion. The current clinical evidence suggests that 
the age-related TH resistance is mostly an adaptive response of the aging organism. It is tempting to speculate that similar 
changes can occur prematurely in a group of younger people who present with signs and symptoms of hypothyroidism despite 
normal serum thyroid function tests.
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Key Points 

The age-related resistance to thyroid hormones (THs) 
explains the paucity of symptoms and signs of hyperthy-
roidism in older adults and may explain the hypothyroid 
phenotype in euthyroid older people.

TH resistance is the result of changes in TH economy 
and cellular biology.

Similar changes may occur prematurely in a group of 
younger people who present with signs and symptoms of 
hypothyroidism despite normal serum TH levels.

1  Introduction

Aging is associated with a host of hormonal changes [1]. 
Much of the change is regarded as an adaptive response of 
an organism attempting to conserve energy, shut down pro-
cesses that are not essential for individual survival, and to 
minimize the risk of neoplastic disease [2]. One of the age-
related changes in the hormonal milieu that is not widely 
appreciated is the reduced responsiveness of tissues to thy-
roid hormone (TH) action. This age-related resistance to TH 
may partly explain the myriad of symptoms and signs of 
hypothyroidism that older subjects exhibit despite normal 
plasma levels of TH [3, 4]. It can also account for the paucity 
of symptoms or signs of excess TH in patients with apathetic 
hyperthyroidism [5]. In extreme cases, a complete absence 
of any signs and symptoms of clinical hyperthyroidism 
may be found in some older patients with overt biochemi-
cal hyperthyroidism [5]. However, it is noteworthy that the 
signs and symptoms of hypothyroidism in older adults are 
generally not specific and may be related to concomitant 
diseases such as anemia and sarcopenia.

The interplay between the age-related changes in TH 
economy and TH action results in a unique syndrome that is 
distinct from the commonly recognized cases of congenital 
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syndromes of TH resistance. These syndromes are char-
acterized by reduced responsiveness of peripheral tissues 
to TH, and in most cases, they are the result of germline 
pathogenic variants in the TH receptor β gene [6]. The bio-
chemical profile of these patients includes elevated plasma 
levels of TH with normal or mildly elevated plasma levels 
of thyroid-stimulating hormone (TSH) [6]. In contrast, age-
related changes in TH responsiveness are associated with 
normal plasma levels of TH and TSH.

In this communication, the age-related changes in the TH 
economy and TH action are reviewed, and the distinctive 
features of TH resistance in aging are discussed. Relevant 
manuscripts were identified through a MEDLINE search on 
1 April, 2019 of the English-language literature using the 
key phrase TH resistance and aging. The literature search 
was limited to core clinical journals that have accessible 
full texts.

2 � Changes in Thyroid Hormone Economy

Several variables commonly found in older adults such as 
comorbidities, malnutrition, and polypharmacy are known 
to interfere with TH economy. However, even healthy older 
adults may have some changes in the TH economy. The 
changes attributable to aging per se occur at various levels 
of the hypothalamic-pituitary-thyroid gland axis [3, 4, 7]. 
There may be a reduction in the thyrotropin-releasing hor-
mone level, as less thyrotropin-releasing hormone is released 
in vitro by hypothalamic tissue from older as compared with 
younger rats [8]. Furthermore, pituitary sensitivity to TH 
negative feedback may be increased [9–11]. In a study of 381 
men, the steady-state serum free thyroxine (FT4) levels were 
correlated with the logarithm of serum TSH and the slope of 
the correlation was determined in 259 men over the age of 
60 years (mean ± standard deviation 72.2 ± 8.6) and in 122 
subjects aged younger than 60 (45.5 ± 9.4) years [10]. The 
slope of the curve in older men (− 0.038 ± 0.005) was some-
what lower than that in middle aged men (− 0.055 ± 0.008). 
However, this difference did not reach statistical significance 
[10]. These findings may be sex specific as there is a sex-
specific response to TH with aging [11]. It is noteworthy 
that there is also sex- and age-related influences in the rela-
tionship between hypothyroidism and the lipid profile [12].

A more direct estimate of pituitary sensitivity to TH 
was observed by the pituitary response to thyroxine (T4) 
that is suppressed with exogenous iodide [13]. This study 
showed that the effectiveness of T4 in suppressing the 
TSH during hypothyroxinemia is increased in the elderly 
[13]. These changes could be partially attributed to either 
increased TH receptors in the pituitary, or more impor-
tantly, increased conversion of T4 to triiodothyronine 
(T3) through increased activity of 5′ deiodinase type 2, as 

has been previously observed in animal experiments [14, 
15]. The central role of 5′ deiodinase type 2 in the TSH 
response to TH is supported by the observation that selec-
tive loss of this enzyme in mouse thyrotrophs blunts the 
thyrotropin response to hypothyroidism [16].

The neuroendocrine rhythm of TSH secretion is altered 
in older people with blunting of the nocturnal TSH peak 
and the circadian rises of TSH occurring 1–1.5 h earlier 
[17–19]. There is a resetting of the pituitary threshold 
of the TSH feedback suppression and the TSH nocturnal 
surge may be lost, suggesting hypothalamic dysfunction 
with age [19].

In aging rats, thyroid gland responsiveness to TSH 
can also be reduced [20]. In addition to reduced thyroidal 
secretion of TH, decreased T3 production also occurs in 
plasma secondary to decreased peripheral conversion of 
T4 to T3, as a result of a decreased T4 substrate and pos-
sibly secondary to reduced activity of 5′ deiodinase type 
1 [14]. However, the reduced TH production with age in 
humans is mostly related to decreased serum TH clearance 
with a resultant increase in negative feedback inhibition 
of thyrotropin-releasing hormone and TSH [21]. In gen-
eral, the serum levels of TH do not change with age as 
the decreased production of TH is counterbalanced with 
decreased clearance of TH [21]. However, in older people 
with frailty, high circulating FT4 levels are observed [22].

Although some studies have reported an age-dependent 
decline in serum free T3 (FT3) and an increase in reverse 
T3 (rT3) [23, 24], a more rigorously conducted study found 
a decreased level of serum FT3 only in centenarians [25]. 
Thus, the changes in FT3 and rT3 reported with age are 
probably a reflection of comorbidities or dietary changes 
that are common in people over the age of 80 years. It is 
noteworthy that more people in the older age groups may 
have serum TSH levels below the lower limit or above 
the higher limit of the reference range for younger people 
[26, 27]. It appears that the optimum serum TSH level that 
correlates best with longevity is somewhat higher than 
the currently accepted upper limit of the TSH reference 
range [28, 29].

Acute illness, inflammation, and poor nutrition (espe-
cially restriction of carbohydrates in the diet) cause a pref-
erential conversion of T4 to rT3 through increased activity 
of deiodinase type 3 that has inner ring deiodinase activity 
and degrades T4 to rT3 and T3 to 3,3′-T2 [30]. The degree 
of peripheral thyroxine deiodination may also have a role in 
frailty, and long-term survival in hospitalized older patients 
[31]. Iodothyronine deiodinase types 2 and 3 that convert the 
prohormone T4 to its bioactive form T3 and degrade T4 to rT3 
and T3 to 3,3′-T2, respectively, can locally modify TH bio-
activity independent of serum TH levels [31]. Age-related 
changes of TH metabolism at the tissue level may also play 
an important role in TH metabolism and action.
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3 � Changes in Thyroid Hormone Action

Age-related changes in TH action are observed in vari-
ous tissues including blood cells, thymocytes, and car-
diac, renal, hepatic, and cerebral tissues (Table 1) [32–56]. 
Most of these changes are mediated through the nuclear 
receptors while some are non-nuclear receptor-mediated 

effects. The latter category include changes in human red 
blood cell Ca++ ATP-ase activity [34] and rat thymocyte 
membrane transport of glucose [36].

The basal levels and the response of the renal cortical 
Na+–K+–ATP-ase activity are reduced in aging rats [37]. 
A similar trend was observed in the activity of this enzyme 
in the liver [37]. Thyroid hormone responsiveness of some 

Table 1   Age-related changes in 
tissue-specific thyroid hormone 
(TH) responsiveness (adapted 
from [4])

mRNA messenger RNA, TSH thyroid-stimulating hormone
a Change attributed to decreased dietary intake
b 55-kDa glucose transporter in hyperthyroid young rats is decreased while in aged rats it is increased

Parameter TH responsiveness in aging

(1) Intact animal
(a) Metabolic rate Decreased
(b) Catabolic effect No change or increaseda

(c) Lipid peroxidation No change or decreaseda

(2) Plasma
(a) Angiotensin-converting enzyme No change
(b) Serum TSH Decreased
(3) Blood cells
(a) Na+–K+ ATPase (mononuclear cells) Decreased
(b) Ca2+ ATPase (red blood cells) Decreased in humans

No change in rats
(c) 2-Deoxyglucose transport (red blood cells) Decreased
(4) Liver
(a) Malic enzyme Decreased
(b) Fatty acid synthase Decreased
(c) a-Glycerophosphate dehydrogenase No change
(d) Spot14 Decreased
(e) Apolipoprotein A-1 Decreased
(f) Na+–K+ ATPase Decreased (insignificantly)
(g) Novel translational repressor (NAT-1) mRNA Decreased
(5) Kidney
(a) Na+-K+ ATPase Decreased
(6) Thymocytes
(a) 2-Deoxyglucose transport Decreased
(7) Submandibular gland
(a) Epidermal growth factor Decreased in female but not male mice
(8) Heart
(a) β-Adrenergic receptor number No change
(b) Isoproterenol-stimulated adenylate cyclase Decreased
(c) Sarcoplasmic Ca2+ ATPase mRNA Decreased
(d) β-Myosin heavy chain Decreased
(e) Glucose transporter 1 Decreased
(f) Glucose transporter 4 No change
(9) Cerebrum
(a) Synaptosomal β-adrenergic receptors Decreased
(b) Thyroid hormone responsive protein (THRP) Decreased
(c) Novel translational repressor (NAT-1) mRNA Decreased
(d) Glucose transporter 1 Alteredb
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lipogenic enzymes such as malic enzyme, glucose-6 phos-
phate dehydrogenase, and free fatty acid synthase are 
reduced in aged rats [39, 40]. The responsiveness of apoli-
poprotein A1 gene to TH is also reduced with aging [41], 
and the age-related changes in the responsiveness of Spot 
14, a gene product implicated in lipogenesis, is attributed 
to alterations of key transcription factors notably P-1 and 
PS-1 [42].

In the heart, there are age-related changes in TH effects 
on sarcoplasmic Ca2+ ATPase [43], β-myosin heavy chain 
[44, 45], glucose transporter 1 [46], and in the number of 
β-adrenergic receptors and the response of isoproterenol-
stimulated adenylate cyclase activity [47, 48]. The inductive 
effects of T3 on epidermal growth factor in the submandibu-
lar glands is reduced with aging [49, 50]. This response is 
observed only in female mice. These observations highlight 
sex specificity of the age-related changes in TH action [49, 
50].

The effect of age on the TH responsiveness of the cerebral 
cortex is not well studied as there are only a few biomarkers 
of TH action in the brain of mature animals [51]. The TH 
responsiveness of β-adrenergic receptor activity in synap-
tosomal membranes and cerebral microvessels is reduced 
in aged rats [52, 53]. Cerebral glucose transporter 1 expres-
sion in response to TH is also altered in aging rats such that 
the 55-kDa moiety of glucose transporter 1 in hyperthyroid 
young rats is decreased while in aged rats it is increased 
[54]. Two markers of TH action in the brain, namely thyroid 
hormone responsive protein (THRP) and novel translational 
repressor (NAT-1), also show a significant reduction in TH 
responsiveness in senescent rats [55, 56].

The overall metabolic response of rats to TH is reduced 
with aging. The ethane exhalation following TH treatment, 
a function of metabolism and lipid peroxidation, is reduced 
in aging rats [57]. Thus, most of the changes with age show 
a decreased responsiveness to TH. One glaring exception is 
the effect of TH on body weight. Older rats lose more weight 
during experimental hyperthyroidism than younger rats [58]. 
Thus, differential weight loss was entirely the result of a 
decreased food intake in aging rats.

4 � Mechanisms of Reduced Thyroid Hormone 
Responsiveness

There are several alterations that can possibly explain 
the age-related resistance to TH (Fig. 1). These include 
decreased TH transport to the tissues, decreased nuclear 
receptor occupancy, decreased activation of thyroxin to T3, 
and alterations in TH responsive gene expression [4].

At steady-state conditions, T3 uptake by the liver, heart, 
and rectus abdominis muscle is reduced in aged rats [59]. 
In cerebral tissue, the blood–brain transport of T3 is also 

reduced with aging [60]. Transport of T3 across plasma 
membranes is a carrier-mediated process that has been 
shown to be reduced by 50% in the liver of old rats, leading 
to a decrease in the number of nuclear receptors occupied 
by T3, while receptor affinity for T3 (association constant) 
measured in vitro is unchanged [59]. However, a study of 
nuclear binding to TH in human mononuclear cells found 
that there is an age-related decline in nuclear binding of TH, 
while the association constant for T4 was increased and that 
of T3 was decreased [61].

Another important alteration with age that contributes to 
apparent TH resistance is changes in the tissue-specific deio-
dinase activity that would limit intracellular activation of T4 
to T3. Aging is associated with an increase in the activity of 
5′-deiodinase in the adenohypophysis, while 5′-deiodinase 
activity in the liver and thyroid gland is reduced [14]. How-
ever, the total conversion of T4–T3 in vivo is increased in 
older animals [62]. More importantly, there may be altera-
tions in post-receptor processes that modulate gene expres-
sion. These could be related to alterations in transcription 
factors or secondary to structural changes of the gene such 
as altered methylation [4, 42]. In a seminal article, Visser 
et al. reported a significant common transcriptomic signature 
in livers from hypothyroid mice, DNA repair-deficient mice 
with severe or intermediate progeria, and naturally aged 
mice [63]. Induction of TH-inactivating deiodinase type 3 
and a decrease of TH-activating deiodinase type 1 activi-
ties were observed in naturally aged animals, in mice with 
a progeria-like syndrome, and in wild-type mice exposed to 
a long-term sub-toxic dose of DNA-damaging agents [63]. 
In contrast, TH signaling in the muscle, heart, and brain 
was unaltered. These data highlight the importance of DNA 
damage as the underlying mechanism of suppression of TH 

Fig. 1   Age-related impairment of the various steps in thyroid hor-
mone action. mRNA messenger RNA, RXR  retinoid X receptor, T3 
triiodothyronine, T4 thyroxine, TRα/β  thyroid hormone receptor 
alpha/beta, TRE T3 response element
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signaling in specific organs in premature and normal aging. 
Diminished TH signaling may contribute to the protective 
metabolic response in aging [63].

5 � Age‑Related vs. Congenital Thyroid 
Hormone Resistance

One of the biochemical hallmarks of congenital TH resist-
ance is increased FT4 and FT3 with normal or mildly ele-
vated serum TSH levels [6, 64]. Although an increase in 
serum TH levels is expected in a syndrome characterized 
by resistance to TH action, unchanged serum TH levels in 
euthyroid elderly people may be secondary to confounding 
physiological changes with age, including increased sensi-
tivity to TH negative feedback with increased suppression of 
TSH, decreased thyroidal sensitivity to TSH, and decreased 
TH production and secretion [4]. The combination of periph-
eral tissue resistance to TH action coupled by a lack of com-
pensatory increase in plasma TH levels would potentially 
result in clinical or organ-specific hypothyroidism despite 
normal plasma TH levels. It is noteworthy that most of the 
evidence for age-related resistance to TH is derived from 
studies in animal models. Given the species specificity of 
TH actions, caution should be exercised when extrapolating 
the observations made in animal models to a clinical setting.

6 � Is Thyroid Hormone Resistance in Aging 
Adaptive or Maladaptive?

An important area of uncertainty is the question whether 
supplementing euthyroid elderly patients with thyroxine 
would ameliorate some of the age-related changes that 
resemble hypothyroidism. The small number of clinical tri-
als in older people with subclinical hypothyroidism and the 
observations made in older adults with subclinical hyperthy-
roidism suggest that age-related TH resistance is mostly an 
adaptive response of the aging organism.

Although subclinical hypothyroidism (normal FT4 and 
TSH < 10 and more than the upper limit of the normal 
reference range) in a younger population (younger than 
65 years) may be associated with cardiovascular disease, 
stroke, and vascular dementia [65–68], in older people 
over the age of 75 years, there are no significant clinical 
sequelae of subclinical hypothyroidism [68–73] except 
possibly depression [74]. In a study of 559 Dutch indi-
viduals aged 85 through 89 years, subclinical or overt 
hypothyroidism was not associated with either depres-
sive symptoms or impaired physical and cognitive func-
tion [72]. More importantly, mild TSH elevation in older 
adults aged 85 years or older was associated with longevity 
advantage [27, 72, 73], while higher levels of serum T4 

were associated with increased mortality [72]. In another 
study of 403 independently living ambulatory men aged 
73–94 years, low serum FT4 was associated with increased 
4-year survival [28]. However, some studies do not sup-
port these observations. A meta-analysis of population-
based prospective cohort studies found higher mortality 
rates associated with subclinical hypothyroidism for all 
age groups [65]. The contemporary data suggest that older 
people with low serum T3 levels may be subdivided into 
two groups: those with low serum FT4 and normal rT3, in 
whom a longer survival is expected, and those with mild 
non-thyroidal illness with high serum rT3 and FT4 [75].

There are several potential explanations for increased 
survival in older people with mild hypothyroidism. Overall 
reduced metabolic rate is associated with increased survival 
across species. Life-span extension with calorie restriction 
has been partly attributed to reduced metabolic rate, reduced 
oxidative load, reduced adrenergic tone, and down-regula-
tion of thyroid function [76–79].

In contrast to the paucity of clinical sequelae of subclini-
cal hypothyroidism in older adults, subclinical hyperthyroid-
ism (low TSH especially < 0.10 mIU/L with normal FT4 and 
FT3) is associated with deleterious effects on the cardiovas-
cular system, bone, and cognitive function [80–86]; three 
organ systems that undergo significant functional decline 
with age. In a study of 672 Italian subjects (age range 
52–113 years), the investigators observed that the FT3 level 
and FT3/FT4 ratio decrease while FT4 and TSH increase in 
an age-dependent manner. In centenarians aged 105 years or 
older, a higher FT4 level and lower FT3/FT4 ratio are asso-
ciated with an impaired functional status and an increased 
mortality [87]. However, there was large heterogeneity in 
thyroid function tests of centenarians that was related to dif-
ferent health, functional, and cognitive status [87].

Interventional trials with thyroxine supplementation in 
older patients with subclinical or mild hypothyroidism did 
not find any clinically and functionally beneficial outcomes 
[88]. In a double-blind, randomized, placebo-controlled 
trial involving 737 adults who were at least 65 years of age 
(mean age of 74.4 years) and who had FT4 levels within the 
reference range and thyrotropin levels of 4.60–19.99 mIU/L 
(mean of 6.40 ± 2.01 mIU/L), thyroxine supplementation did 
not improve the two primary outcomes, namely a change in 
the hypothyroid symptoms score and tiredness score on a 
thyroid-related quality-of-life questionnaire. Thyroid hor-
mone therapy did not have any apparent benefits in older 
adults with subclinical hypothyroidism [88].

These observations taken together suggest that age-
related TH resistance is adaptive. Whether it can become 
maladaptive in a subgroup of older people remains to be 
seen. The clinical impact of this adaptive or maladaptive 
change is not known. Studies of thyroid function in cen-
tenarians as a model of healthy aging would be helpful to 
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elucidate possible TH-related adaptive mechanisms to attain 
longevity [89].

7 � Future Directions of Research

The age-related change in TH responsiveness is the result 
of complex coordinated changes at multiple levels of TH 
economy and cellular biology. It is tempting to speculate 
that similar changes can occur prematurely in a group of 
younger people who present with signs and symptoms of 
hypothyroidism despite normal serum thyroid function tests. 
Progress in this area has been hampered by the lack of reli-
able and easily quantifiable tissue biomarkers of TH action. 
Future research should strive to identify such biomarkers, 
develop laboratory tools to measure cellular TH transport 
and deiodination capacity, elucidate the role of potential 
inhibitors of TH action such as thyronamines [90], and 
expand the armamentarium of tissue-specific analogs of 
TH [91].
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