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Abstract
The global population is aging with millions of people today living into their 90 s. Thyroid disease, particularly
hypothyroidism, is widespread among all age groups, and it is expected to steadily increase as the population gets older.
Clinical diagnosis of hypothyroidism is challenging, as the TSH reference range needs to be evaluated according to age,
while evaluation of TSH levels must also take into account body weight and other variants such as polypharmacy,
comorbidities, and general health condition. Since thyroid hormone has a potent regulatory effect on cholesterol metabolism,
the possibility of thyroid dysfunction should be considered in cases of unexplained dyslipidemia. Once hypothyroidism has
been confirmed, treatment requires caution, frequent cardiovascular monitoring, and individualized (precision) medicine.
Treatment of subclinical hypothyroidism (SCH) in the elderly should be undertaken with care, guided by age and the degree
of SCH: a TSH higher than 10 mU/l seems a reasonable threshold, though it should be regularly re-evaluated, while the LT4
dose needs to be tailored, taking into account the patient’s health condition and the potential presence of dyslipidemia as well
as other metabolic derangements.
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Introduction

“The afternoon knows what the morning never suspected”
Robert Lee Frost, 1874-1963. The past century has been
marked by the rapid growth of the oldest age groups due to
the overall increase of populations in almost all regions of
the world as well as the concurrent decrease in leading
causes of death [1]. It is estimated that by 2030, there will
be 72.1 million people over the age of 65 years, and by
2040, the number of very old (85 and above) is expected to
reach 14.1 million [2]. Clearly, this demographic transfor-
mation will severely impact health care resources. It is thus
obvious that radical changes in both health care and
socioeconomic systems urgently need to be implemented,
for which, however, we are largely unprepared.

Ηypothyroidism is a frequent disease among the elderly,
affecting 5–20% of women and 3–8% of men, its severity
depending on the degree of thyroid insufficiency [3]. Sub-
clinical hypothyroidism (SCH) is defined as peripheral free
thyroxine (FT4) and free triiodothyronine (FT3) levels
within the normal range, while serum thyroid stimulating
hormone (TSH) is increased. It represents the most common
form of thyroid failure with an estimated prevalence in the
general population ranging between 3 and 8% and is pro-
jected to increase as populations age [4]. Currently, normal
TSH values, which are based on a general population-
derived reference range, are routinely used to identify
thyroid dysfunction in elderly adults. However, accepted
values for the upper limit of normal of TSH may be inap-
propriate for diagnosing SCH in individuals aged 65 and
older resulting in potential overestimation of the prevalence
of SCH in this population.

The aim of this review is to summarize the current evi-
dence on observed alterations in thyroid hormone levels in
the elderly and the interactions of the various forms of
thyroid failure on lipid metabolism, while attention is also
given to the challenge faced in diagnosing hypothyroidism,
particularly SCH, and to the prerequisites for levothyroxine
(LT4) treatment in the elderly.
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Diagnosis and clinical signs of
hypothyroidism in the elderly

In the Whickham Study carried out in Great Britain over a
20-year period, it was found that 10% of the population
above the age of 75 years had elevated serum TSH levels
[5]. However, it is now well established that an age-related
rise in serum TSH is common among older individuals who
may have no apparent thyroid disease or else nonsignificant
outcomes. In agreement with the above, the NHANES study
demonstrated that the upper limit of the reference range
(97.5% confidence interval) increases from 3.56 mU/L in
20–29 years old and to 7.9 mU/L in persons more than 80
years of age [6], a shift which, in the diagnosis of hypo-
thyroidism, needs to be taken seriously into account. In the
Thyroid Epidemiology, Audit, and Research Study con-
ducted in Scotland and assessing TSH distribution among
different age groups, a significant increase in median TSH
and 97.5th centile TSH (1.86 and 5.94 mU/L at >90 years,
respectively) was detected with increasing age [7]. The
introduction of age-specific reference intervals for TSH in
the elderly, as suggested by Leng and Razvi [8], and par-
ticularly for those aged over 70, is highly advisable for
reclassification of TSH results in this population, thus,
crucially, avoiding unnecessary treatment. In the same line,
a cross-sectional study of adult populations was conducted
in 10 cities of China including 15,008 individuals [9]. The
aim was, among others, to establish an age-specific serum
TSH reference range. By using an age-specific serum TSH
reference range, the prevalence of SCH in older adults was
3.3%, which was significantly lower than that based on the
reference range of the general population (3.3 vs. 19.87%).
Meanwhile, the prevalence rates of overt hypothyroidism
and hyperthyroidism as well as of subclinical hyperthyr-
oidism did not differ much [9].

Symptoms and signs of hypothyroidism might be mild or
even absent in the elderly, while some older individuals
present atypical symptoms, rendering the diagnosis still
more difficult. Nevertheless, since even mild symptoms of
hypothyroidism may have a profound impact on overall
health and wellbeing in this population, timely identification
of the symptoms and signs of the disease are essential for
the diagnosis and for implementation of optimal treatment.
The most common symptoms of hypothyroidism in the old
are depicted in Fig. 1. Given that elevated cholesterol might
be the only sign of thyroid insufficiency in an older person,
its presence always warrants a thyroid evaluation. Hypo-
thyroidism leads to reduction of blood volume, systolic
dysfunction, and slower heart rate, which may all contribute
to heart failure. Some elderly patients present with con-
stipation due to infrequent bowel movements, while in
others, the only symptom of hypothyroidism may be vague
joint pain. Depression can frequently affect older

hypothyroid patients, while debilitating memory loss, often
accompanied by depression or psychosis, can be the only
symptom. Hypothyroidism can lead to abnormalities in the
cerebellum causing balance problems in walking in older
people (Fig. 1). Hypothyroidism in the elderly may cause or
exacerbate macrocytic anemia, hypercholesterolemia, and
kidney dysfunction, therefore careful clinical and bio-
chemical assessment is necessary [10]. Transient profound
hypothyroidism, which is characterized by such neurologic
disorders as depression, diminished fine motor performance,
slow reaction times, and reduced processing speed, has been
shown to be an important public health risk with wide-
ranging implications, for example, with regard to driving
vehicles [11].

While clinical signs associated with SCH are clearly
identifiable in patients <60 years, they are not conclusive in
older subjects, in whom, as a result, TSH measurements
should not be solely evaluated on the basis of clinical signs
but also of reference range set according to age [12].

The hypothalamic–pituitary–thyroid axis in
the elderly

It is established that, up until the age of 40, for each
increasing quartile of TSH, free T3 (FT3) and the FT3:FT4
ratio increase, while FT4 decreases significantly. However,
this process does not occur in the old, which probably
reflects a decrease in T4 to T3 conversion with age as part
of the aging process [13]. Thyroid function is preserved in
healthy aging adults, while FT3 levels decline, leading to
reduced FT3:FT4 ratio. Meanwhile, there is a tendency to
higher basal TSH concentrations particularly in women,
whereas a decreased nocturnal TSH surge in basal overnight
and TRH-stimulated TSH release with age is more often
demonstrated in men [14, 15]. A decline in T3 levels with
concomitantly low normal but detectable TSH levels may

Fig. 1 Signs and symptoms commonly presented in hypothyroidism
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reflect either illness or medication-induced inhibition of
both TSH secretion and 5′-deiodinase activity [15].

In the very old (85+), reductions in mean and 24 h
rhythmic (nychthemeral) TSH concentrations are more
prominent, probably due to the decreased hypothalamic
synthesis of TRH together with reduced outer ring deiodi-
nation of T4 and resetting of the thyrotroph threshold of
TSH feedback suppression [16]. In aging individuals
reduced serum T3 concentrations occur in both sexes and
are particularly low in patients with organ failure, under-
nutrition, systemic inflammation, or debilitating illness [16].
With regard to neuropsychiatric diseases in the elderly,
uncertainty remains concerning the extent to which low T3
levels are involved in manifestation of such conditions [17].

Serum TSH was lower among older individuals for the
same degree of thyroid dysfunction [16], this probably
caused by a drop in hypothalamic–pituitary response to low
serum T4. Meanwhile, among this population, a rise in
serum TSH could point to more severe hypothyroidism than
would be found in a young patient [18].

A longitudinal study recruiting 1100 participants found
an association between aging and higher serum TSH con-
centrations, not accompanied, however, by any change in
FT4 concentrations [19]. The fact that the greatest TSH
increase occurs in individuals with the lowest baseline TSH
levels indicates that the TSH increase stems not from occult
thyroid disease but instead from either age-related alteration
in the TSH set point or reduced TSH bioactivity. With
regard to the latter, the hypothesis is that each individual has
a specific set point for the hypothalamic–pituitary–thyroid
(HPT) axis, which is, to a large extent, genetically deter-
mined [20]. Other studies also showed that the upper limits
for serum TSH at the 95% for individuals 80–90 years old
was 6.0 mIU/L, and for individuals of 90 years or older it
was 8.0 mIU/L [21], further supporting the notion that TSH
levels rise physiologically with aging, independently of any
accompanying thyroid conditions.

Thyroid status and longevity

There is good evidence that thyroid status is associated
with longevity. In an analysis of TSH, FT4, and TSH
frequency distribution curves in thyroid disease-free
Ashkenazi Jews with exceptional longevity (centenar-
ians; median age 98 years), it was shown that while, as is
normally the case, TSH shifts to higher concentrations
with age, it also appears as a continuum among this group,
extending even to people of very great age [22]. The
inverse correlation registered between TSH and FT4 in
this study population points to changes in negative feed-
back, which could well contribute to these individuals’
exceptional longevity [22].

In a prospective, observational, population-based follow-
up study within the Leiden 85-Plus Study, a total of 599
participants were followed up from age 85 to 89 years [23].
Plasma levels of TSH and FT4 were not associated with
disability in daily life and were, moreover, linked to a lower
mortality rate, which persisted even after adjustments were
performed for baseline disability and health status. It thus
seems apparent that in the general population of the oldest
old, individuals with abnormally high levels of TSH usually
do not experience adverse effects and may, in fact, enjoy a
prolonged and relatively healthy life [23].

In an extension of this study, 805 nonagenarians from the
Leiden Longevity Study and 259 nonagenarians from the
Leiden 85-plus Study were followed up to assess mortality
data [24]. No association was found between parameters of
thyroid function and the study population in relation to
mortality. It is noteworthy that a higher FT3/FT4 ratio,
higher FT3 values, and lower FT4 values were related to
lower mortality in both long-lived families and in the gen-
eral population.

These results are corroborated by those of a cross-
sectional study including 859 nonagenarian siblings (med-
ian age 92.9 years) from 421 long-lived families, in whom a
lower family mortality history score of the subjects’ parents
was associated with higher serum TSH levels and lower
FT4 and FT3 levels [25]. While the biological mechanism
has not as yet been clarified, these findings combined sug-
gest that low thyroid activity in humans may comprise a
heritable human phenotype contributing to exceptional
familial longevity, as was determined in the Leiden
Longevity Study.

The available data thus, suggest that slightly higher TSH
concentrations may be normal in the elderly, implying that
age modifies the pituitary set point and that a lower TSH
response to hypothyroxinemia in older adults may be pro-
tective [26], a hypothesis that would be in concert with the
findings that higher TSH concentrations are associated with
longevity in older individuals.

Hypothyroidism and lipids

Hypothyroidism is accompanied by changes in lipid meta-
bolism, increasing the risk for nonischemic cardiomyopathy
[27, 28]. The impact of thyroid insufficiency on the lipid
profile is briefly discussed below.

According to the third National Health and Nutrition
Examination Survey (NHANES III), the prevalence of
hypothyroidism was 1.4–13% in patients with hyperlipide-
mia [6, 29]. Similar findings were observed in other studies
from Europe [30, 31]. Hypothyroidism is characterized by
increased serum LDL-C and triglyceride levels, while a
strong correlation exists between TSH values and the
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severity of dyslipidemia in hypothyroid patients [31].
Indeed, when the TSH levels were between 5.1 and 10 mIU/
L, patients had significantly higher mean total cholesterol
(TC) and LDL-C levels than euthyroid individuals. In a
retrospective cohort study, TSH was elevated in 5.2% of
patients who were diagnosed with hyperlipidemia, 3.5%
had TSH levels between 5 and 10 mIU/L, 1.7% had TSH
levels >10 mIU/L and only about 50% of patients with
newly diagnosed hyperlipidemia were monitored for thyroid
dysfunction [32]. Taken together these studies suggest that
not only hypothyroidism but also SCH could generate
hypercholesterolemia and increase the risk for coronary
heart disease [33]. In particular, the increase in LDL-C
could lead to an accumulation in the arterial intima, where it
undergoes lipid peroxidation by reactive oxygen species
and causes oxidative stress, inflammation, and recruitment
of macrophages, this leading to the development and pro-
gression of atherosclerotic plaque formation [34]. It also is
possible that tissue -associated hypothyroidism can occur
within the liver even when serum thyroid hormone and TSH
values are normal, and thereby contribute to the develop-
ment of hypercholesterolemia, hypertriglyceridemia and/or
non-alcoholic fatty liver disease (NAFLD).

In a seminal paper, Pihlajamaki et al. analyzed tran-
scriptomes from liver samples obtained from patients
undergoing bariatric surgery and found the most prominent
gene set that was altered and was related to TH action [35].
TH plays an important role in hepatic autophagy,
β-oxidation of fatty acids, mitophagy, and mitochondrial
biogenesis [36].

The fact that thyroid failure has deleterious genomic and
nongenomic effects on lipid metabolism, as briefly depicted
in this short section, needs to be taken into account when
treatment decisions are made in older patients with TSH at
least >7 mIU/L and concomitantly high plasma TC and
LDL concentrations. Furthermore, thyroid function testing
is recommended in elderly subjects with high lipid levels.

Hypothyroid treatment with LT4 in the
elderly

While thyroxine is used in the elderly as first line treatment
for hypothyroidism [37], caution should prevail. For
example, when high TSH is confirmed in the old and very
old by a second exam within a few weeks after the first,
LT4 should be started at a dose of about 50 μg/day, or
25 μg/day when the patient is underweight or cardiovascular
disease is detected, while the general condition of the
patient, comorbidities, and medication must also be taken
into consideration [38]. It is recommended that a stepwise
approach be taken by increasing the dosage by 25 μg within
2–3 weeks in accordance with the patient’s complaints or

improvements while informing family members about
possible reactions and/or symptoms.

Generally, hormone replacement with LT4 in patients
with hypothyroidism requires patient-specific therapy. LT4
is available in the form of tablets at various doses, but also
in liquid form as an oral solution, thus enabling a custo-
mized dose titration.

However, because of the high prevalence of abnormal
thyroid function test results in older people under LT4
treatment, particularly in underweight patients or those with
diabetes mellitus and a high risk of adverse cardiovascular
and skeletal effects from overreplacement, frequent TSH
monitoring of therapy is essential [39].

Reasons for patients needing high-dose LT4 replacement
include poor compliance, medication interference, parietal
cell antibodies (as a marker of atrophic/autoimmune gas-
tritis), and celiac disease. Doses can be decreased following
advice regarding medication or after management of
underlying conditions [40].

Recently, the association between TSH and FT4 levels
and mortality in hypothyroid patients was assessed in 611
patients aged 60–80 years treated with LT4. The study
reported increased mortality in patients with median TSH
levels of 5–10 IU/L, but no adverse effect was related to
FT4 levels. The authors proposed that treatment should aim
at achieving euthyroidism to improve survival [41].

In the elderly, >65 years old, as well as in younger
patients with hypothyroidism and severe dyslipidemia or
with familiar hypercholesterolemia, statin add-on therapy,
by suppressing 3-hydroxy-3-methylglutaryl coenzyme A
activity, decreases TC and LDL-C [42]. In addition, ezeti-
mibe (EZE) and proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitors, in conjunction with LT4 therapy,
may have a synergistic effect and produce an even more
favorable lipid profile [42]. EZE blocks the intestinal
absorption of cholesterol, while in patients with hetero-
zygous familiar hyperlipidemia, PCSK9 inhibitors suppress
PCSK9, thereby promoting LDL-C degradation.

A common condition among elderly people is SCH [43].
However, as serum TSH levels rise physiologically with
aging, independent of any accompanying thyroid conditions,
the TSH levels may exceed the upper limit of the reference
range of 4–5mIU/L in the elderly patients. [44]. Treatment
recommendations of SCH are based on the degree to which
TSH hormone concentrations have deviated from normal as
well as in the presence of comorbidities [44, 45].

In the Cardiovascular Health Study including 3996 parti-
cipants of at least 65 years old, estimates of persistence,
resolution, and progression of SCH were assessed over a
period of 4 years and stratified by baseline TSH, antithyroid
peroxidase antibody (TPOAb) status, age, and sex [46]. SCH
was detected at baseline in 459 untreated individuals, and
persisted for 4 years in just over half of older individuals. It is

66 Endocrine (2019) 66:63–69



noteworthy that high rates of reversion to euthyroidism in
individuals with lower TSH concentrations and TPOAb
negativity were registered. The results indicate that in
advanced age, treatment of SCH should be carefully con-
sidered following re-evaluation of TSH in conjunction with
biomarkers of autoimmunity, biochemical analyses, and the
general health condition of the patient. In a randomized,
double-blind, placebo-controlled trial (within the Thyroid
Hormone Replacement for SCH trial), LT4 treatment did not
induce any change in carotid intima media thickness or in
carotid atherosclerosis in elderly individuals with SCH [47].
Baseline mean TSH ± SD was 6.35 ± 1.95mIU/L and
decreased to 3.55 ± 2.14mIU/L under treatment with LT4, as
compared with the placebo mean TSH 5.29 ± 2.21mIU/L.
Moreover, among well-functioning community-dwelling
elderly recruited to the PROSPER study, no evidence was
found that SCH decreased self-reported functional capacity
[48]. However, in a final analysis of 1956 individuals with
SCH, average age 83 years, who were followed up for 10
years, SCH (HR, 1.75; confidence interval [CI], 1.63–1.88)
was associated with significantly increased mortality, which
persisted in multivariate analysis [49]. A threshold TSH value
of >6.35 mIU/l in the setting of SCH appears to be associated
with higher mortality.

In a recent double-blind, randomized, placebo-con-
trolled, parallel-group trial involving 737 adults (mean age
was 74.4 years) with persistent SCH (TSH:
4.60–19.99 mIU/l), 368 patients received LT4 and 369
patients were assigned to receive placebo [50]. No differ-
ences in the mean change at 1 year in the Hypothyroid
Symptoms Score or the Tiredness Score or on secondary
outcome measures was found between groups. The study by
Stott et al. is, nevertheless, of significance as no adverse
effect of LT4 treatment in older patients with SCH was
observed. On the other hand, a major criticism of the latter
study is that FT4 levels were reported as pretreatment levels
at baseline and no posttreatment values were available,
while, in addition, the lipid levels were not included in the
cardiovascular risk assessment [51]. Of interest, however, is
a case-control study that enrolled patients aged 65 years or
older with TSH levels 4.2–10 mIU/L and compared those
who expired during the period 2012–2016 (“cases”) with
matched controls who remained alive during the same
timeframe [52]. It was observed that though atrial fibrilla-
tion and femoral fractures following initiation of LT4
therapy were not more prevalent in the above group who
died during the follow-up period, LT4 treatment was,
nevertheless, strongly associated with increased mortality,
as assessed by multivariate analysis.

There is certainly the need for appropriately designed
and powered RCTs to evaluate the risk/benefit of treatment
of mild SCH in older patients and to guide clinical man-
agement. However, until this is achieved, it is rational to

aim for a higher TSH target when treating older hypothyr-
oid patients, since their TH requirements may be lower,
while, in general, a conservative policy in the management
of SCH in older individuals is advocated. Furthermore,
additional variants, such as unexplained TC and LDL-C
levels as well as concomitant nonalcoholic fatty liver dis-
ease and T2D, must be considered before decision for
treatment is made, due to the potential positive effect of
LT4 treatment on lipids and lipid accumulation in the liver
[53]. The ongoing combined analysis of the participants in
the Institute for Evidence-Based Medicine in Old Age with
participants aged over 80 in the TRUST trial will provide
the firmest evidence base to date on multimodal effects of
levothyroxine treatment in 80-plus persons [54].

Treatment of SCH in the old and very old should be indi-
vidualized and guided by the degree of SCH, with a TSH
higher than 10mIU/L most likely being a reasonable thresh-
old. The European Thyroid Association recommends treatment
in patients above 70 years old who have a TSH >10mUI/L
and signs and/or symptoms of hypothyroidism, or who are at
high risk of CVD [55]. However, the LT4 dose needs to be
tailored, aiming for a TSH level between 4 and 10mIU/L,
while the patient’s health condition and the potential presence
of dyslipidemia and other metabolic derangements should be
considered. In fact, even when therapy is started, not all treated
patients are maintained at the original treatment target. More-
over, because of the well-known poor consistency between
TSH and thyroid function testing [56], it is advisable that each
patient’s thyroid function be periodically assessed on an
individual basis, with the subject’s entire clinical picture kept
in mind, while TSH monitoring at regular intervals is recom-
mended to avoid overtreatment.

To conclude, hypothyroidism is widespread among the
elderly population and steadily increases with age, while
symptoms can be extremely varied and even atypical. In the
face of this challenge, efforts should be made to maintain
optimal thyroid function, individualizing treatment in
accordance with the subject’s age, degree of SCH, comor-
bidities, and other essential factors, while lifelong follow-up
is strongly indicated.
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