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Abstract

With the wide application of thyroid function tests performed in current clinical medicine, including field of
preventive medicine, subclinical hypothyroidism has become an increasingly recognized clinical entity in daily
practices encountered by physicians in general practice and subspecialties, including endocrinologists and
geriatricians. The diagnosis may not be difficult since measured levels of thyroid-stimulating hormone (TSH),
by definition higher than the upper normal limit of the laboratory references, and free thyroxine (fT4) within
the normal reference range can provide enough biochemical evidence for a tentative diagnosis, although
repeated tests are often required for confirmative purpose due to the largely unpredictable natural course of
this endocrine disease. The presence of autoimmune antibodies (especially thyroid-peroxidase antibodies)
significantly increases the risk of future development into overt hypothyroidism. Beyond that, challenges in
clinical scenario, especially in the elderly population, may lie in the decision of providing optimal manage-
ment by administration or not of levothyroxine supplement therapy, even when a diagnosis has been given.
Indications for treating subclinical hypothyroidism include a desired improvement in symptoms, prevention of
adverse events associated (especially the cardiovascular disorders), as well as prevention of overt hypothy-
roidism. Current guidelines from academic societies recommend that, in those with TSH levels > 10 ulU/mL,
small doses (eg, 25-75 g per day) of levothyroxine usually suffice to restore normal serum thyrotropin levels
in the majority of non-pregnant patients. The targets of TSH levels are recommended to set by age groups: for
younger patient (< 60 years): 1-2.5 ulU/mL, whereas enlarged to 3-4 ulU/mL in patients between 60-70 years
and 4-6 ulU/mL when older than 70 years. However, these potential benefits of levothyroxine supplementation
should be weighed against the risks of reducing thyrotropin values below the reference range and potentially
causing iatrogenic subclinical or overt hyperthyroidism. (J Intern Med Taiwan 2022; 33: 203-217)
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Introduction

By definition, overt hypothyroidism is diag-
nosed by an elevated thyroid-stimulating hormone

(TSH), usually above 10 ulU/mL (unless in central

hypothyroidism, in which case the TSH levels may be
within or lower than the normal reference ranges), in
combination with reduced circulating free thyroxine
(fT4) levels. Next in the spectrum of hypo-function
of thyroid gland may see subclinical hypothyroid-
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ism which is defined biochemically as a serum TSH
level above the upper reference limit but a T4 level
within normal, provided that there is no existing
acute or chronic or ongoing severe illnesses, and the
thyroid function has been stable for weeks before
the testing, which indicates an intact hypothalam-
ic-pituitary-thyroid axis'. Although higher baseline
TSH levels, along with presence of autoimmune anti-
bodies against thyroid-derived antigens (especially
anti-thyroid peroxidase, TPO-Ab), age, and ultraso-
nography (US) findings of the thyroid gland have all
been suggested as predictors of future development
to overt hypothyroidism, the largely unpredictable
natural course of thyroid function changes over time
still gives clinical indications for repeated measure-
ment of serum TSH for several years in follow-up
in order to discern among variable thyroid function
statuses and the decision-making of treatment strat-
egy?. There has been clear association between overt
hypothyroidism and the negative impact on health,
especially those associated with cardiovascular (CV)
system that warrants the treatment of this disorder
with levothyroxine3”. For subclinical hypothyroid-
ism, whether to treat or not with levothyroxine is
similarly based on the multiple physiological regu-
lations exerted by thyroid hormones which, when in
deficiency may cause hyperlipidemia®?, hyperten-
sion!%-12 various pro-atherogenic anthropometric
parameters and biochemical markers'!, metabolic
syndrome (MetS)!3-15, hypercoagulability'¢, and
impaired endothelial function!” , risk factors that
may all lead to a pro-atherogenic status. Respective
discussion on the association between these factors
and subclinical hypothyroidism will be given in the
following text, preceded by an understanding of the

natural history of this entity.

Prevalence and natural history of
subclinical hypothyroidism

With the advent of TSH radioimmunoassay
in the 1970s, the entity of mildly elevated TSH and

normal serum thyroid hormones levels has been
increasingly recognized. The prevalence of subclin-
ical hypothyroidism is about 4 to 8.5 percent, and
may be as high as 20 percent in women older than
60 years. This wide range is a result of differences
in age, sex, body-mass index (BMI), race, dietary
iodine intake, and the cutoff values of serum TSH
that are used to define the function status. After
the initial assessment, there is good evidence that
subclinical hypothyroidism can be associated with
progression to overt disease, especially when it is
associated with positive TPO-Ab!8-23,

In a community-based British cohort of over
2,000 subjects, the spectrum of thyroid disorders
was analyzed first at recruitment, which was then
followed for a term as long as 20 years. Minor
degrees of hypothyroidism were defined on the
basis of elevated serum TSH levels in the absence
of obvious clinical features of hypothyroidism. Ele-
vated TSH levels (> 6 ulU/mL) were recorded in
7.5% of females and 2.8% of males of all ages and
were noted to reflect a significant lowering of circu-
lating thyroxine levels and also a strong association
with thyroid antibodies in both sexes, independent
of age. While not observed in male subjects, TSH
levels increased markedly in females after the age
of 45 years, but this rise was abolished when sub-
jects with thyroid antibodies were excluded from
the analysis'®. The ongoing follow-up of this cohort
for the next 20 years has been conducted with one
of the aims to determine the development and risk
factors of overt hypothyroidism. The results showed
that the mean incidence (with 95% confidence inter-
vals, CI) of spontaneous hypothyroidism in women
was 3.5/1,000 survivors/year (2.8-4.5), whereas in
men was 0.6/1,000 survivors/year (0.3-1.2). Further
examination of risk factors of developing hypothy-
roidism has identified that the odds ratios (with 95%
CI) increased with (a) raised serum TSH alone: 8
(3-20) for women and 44 (19-104) for men; (b) posi-

tive anti-thyroid antibodies alone: 8 (5-15) for women
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and 25 (10-63) for men; (c) both raised serum TSH
and positive anti-thyroid antibodies: 38 (22-65) for
women and 173 (81-370) for men. An initial serum
TSH level above 2 ulU/mL increased the probability
of developing hypothyroidism, which was further
increased in the presence of anti-thyroid antibod-
ies!®. In this longitudinal follow-up study up to
20 years, rising TSH and presence of anti-thyroid
antibodies together pose risk to developing overt
hypothyroidism in both sexes having subclinical
hypothyroidism at baseline.

The trajectory of changes in thyroid function
status has been evaluated in a 13-year-long follow-up
study in a cohort of health surveys program among
1,184 subjects conducted in Australia. Risk factors
for hypothyroidism [TSH, fT4, TPO-Ab, and thyro-
globulin antibody (Tg-Ab)] were evaluated, and the
results revealed that optimal cutoffs for predicting
hypothyroidism were baseline TSH above 2.5 ulU/
mL, TPO-Ab above 29 kIU/L, and Tg-Ab above
22 kIU/L, when the respective reference ranges
with upper limits of 4.0 ulU/mL, 35 kIU/L, and 55
kIU/L, were used. In women with positive TPO-Ab
or Tg-Ab, the prevalence of hypothyroidism at fol-
low-up (with 95% CI) was 12.0% (3.0-21.0%) when
baseline TSH was <2.5 ulU/mL, 55.2% (37.1-73.3%)
for TSH 2.5-4.0 ulU/mL, and 85.7% (74.1-97.3%) for
TSH > 4.0 ulU/mL. The authors concluded that the
use of TSH cutoffs of 2.5 and 4.0 ulU/mL in com-
bination with presence of thyroid antibodies pro-
vides a clinically useful estimate of the long-term
risk of hypothyroidism?(. Since methods of assay
on TSH or autoimmune antibodies applied in dif-
ferent laboratories may vary, the cutoff values used
for purpose of prediction or diagnosis may only be
acquired from individual dataset obtained from the
study cohort.

Aging itself has been considered as a prominent
factor leading to overt hypothyroidism in subjects
having been diagnosed with subclinical hypothy-

roidism. In a Japanese study which had followed

up the thyroid function in 71 individuals (mean age
70-year-old) who were atomic-bomb survivors and
diagnosed with spontaneous subclinical hypothy-
roidism (defined as TSH > 4.5 ulU/mL and normal
fT4 levels, without a history of thyroid treatment),
the TSH and fT4 levels were repeatedly tested in a
follow-up for an average of 4.2 years (range, 1.9-6.9).
The progression of thyroid function was compared
to that derived from 562 euthyroid control subjects.
Analysis at study-end found that the risk for pro-
gression to overt hypothyroidism was significantly
increased in subclinical hypothyroid patients (7.0%)
compared with the controls (1.6%) after adjusting
for age and sex (odds ratio, 4.56; p = 0.009). Higher
baseline TSH levels were associated with progres-
sion from subclinical to overt hypothyroidism (p
= 0.02) in the multivariate analysis, including age,
sex, TPO-Ab, and thyroiditis in US findings. A TSH
level > 8ulU/mL was a predictive value for develop-
ment of overt hypothyroidism (p = 0.005). During
the follow-up period, serum TSH levels spontane-
ously normalized in 38 (53.5%) of the patients with
subclinical hypothyroidism. In the multivariate
analysis, normalization of TSH levels was associ-
ated with lower baseline TSH levels (p = 0.004) and
normal and homogenous thyroid US findings (p =
0.04). Interestingly, this study did not find associa-
tion between atomic-bomb radiation dose and occur-
rence of subclinical hypothyroidism or its course.
The authors concluded that subclinical hypothyroid-
ism was four times more likely to be associated with
development of overt hypothyroidism than euthy-
roid controls in this sample population of elderly
Japanese. Baseline TSH level and thyroid US find-
ings are potential predictors of future thyroid func-
tion in subclinical hypothyroidism?!.

In another longitudinal study conducted in
aged people (> 65-year-old), 459 individuals who
were found to have subclinical hypothyroidism at
baseline evaluation out of a cohort of 3,996 elderly

subjects who were initially enrolled in the Cardio-



206 S. C. Chiou, Y. Y. Huang, and Y. M. Song

vascular Health Study were included in a 4-year
follow-up study in the US. The laboratory tests on
thyroid function were repeated at 2- and 4-year, and
the results were stratified by baseline TSH, status
of TPO-AD, age, and sex. The results showed that
persistence of subclinical hypothyroidism was 56%
at 2- and 4-year. At 2-year, resolution was more
common with a TSH of 4.5-6.9 ulU/mL, as com-
pared to higher baseline TSH levels [46 vs. 10%
(TSH 7-9.9 ulU/mL) and 7% (TSH > 10 ulU/mL); p
<0.001] and with TPO-ADb negativity (48 vs. 15% for
positive; p < 0.001). Higher TSH levels and TPO-Ab
positivity were independently associated with lower
likelihood of reversion to euthyroidism (p < 0.05).
Furthermore, TSH > 10 ulU/mL was independently
associated with progression to overt hypothyroid-
ism (p < 0.05). It was concluded that transitions
between subclinical hypothyroidism and euthyroid-
ism were common between 2- and 4-year since the
initial diagnosis. Subclinical hypothyroidism may
persist for 4 years in over half of the elderly indi-
viduals, but higher rate of reversion to euthyroidism
was observed in subjects with lower TSH levels and
TPO-Ab negativity?2.

Geographic conditions pertaining to amount of
iodine consumption of the general population may
also have impact on the development of subclinical
hypothyroidism into an overt one. A 5-year follow-
up study in China has investigated the risk factors
associated with thyroid dysfunction (either hyper- or
hypo-function) in three different regions where the
iodine contained in the diets differ (mildly deficient,
more than adequate, and excessive iodine intake,
respectively.). After 5 years, an association between
a higher iodine intake and higher incidence of supra-
normal TSH (TSH > 4.8 ulU/mL) was found in ini-
tially euthyroid subjects who were tested positive
for TPO-Ab and/or Tg-Ab at baseline (p < 0.010
among the three regions compared). In those ini-
tially euthyroid subjects who were positive for either
TPO-Ab or Tg-Ab at study entry, those who devel-

oped to overt hypothyroidism had higher baseline
TSH levels than those remaining euthyroid (median:
3.14 vs. 1.74 ulU/mL, p < 0.0001). Further analysis
showed that subjects who were antibody positive
with TSH > 2 ulU/mL at baseline were more likely
to develop supra-normal TSH levels than those who
were antibody positive but with TSH < 2 ulU/mL
(16.28 vs. 2.04%, p < 0.001)23. A higher baseline
TSH level than auto-antibodies positivity seems to
play a more critical role in predicting the develop-

ment into overt hypothyroidism in this study.

Diagnosis of subclinical hypothyroidism

Due to the existence of wide variation in
normal references of TSH levels among different
ethnics, countries, and also ages, the interpretation
of abnormal TSH for giving a diagnosis should be in
a cautious way since it is unlikely to define a single
and universal discernable cutoff point. However,
other than TSH, markers such as thyroid antibodies
and findings from US that are identified in popula-
tion-based prospective cohort studies could help the
clinician in decision-making?*.

The findings of slightly elevated TSH and
normal thyroid hormone levels do not necessarily
imply the presence of subclinical hypothyroidism.
Other considerations before a definite diagnosis can
be given may include rarely the presence of Addi-
son’s disease which may elevate serum TSH levels
when supplemental steroid therapy is yet provided?>.
In addition, transient elevation of TSH within the
first several hours of diverse non-thyroidal illnesses
(sick euthyroid syndrome) is a common observation
in patients suffering from acute illnesses?®. Further-
more, elevation of TSH levels after an episode of
subacute thyroiditis is also a common observation
and the changing pattern is used to predict recovery
or not of thyroid function within the first one to two
years after the inflammation episode?’.

There are medications known to cause an ele-

vation in TSH (and sometimes overt hypothyroid-
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ism when the suppressive effect on thyroid function
is severe enough), such as lithium, amiodarone,
iodine, and interferone-o28.

Since the elderly populations are more prone
to development of thyroid hypofunction compared
to the younger ones, the physiological changes with
age must also be concerned. Factors could include
different genetic set point, aging of pituitary gland
which may affect the TSH response to normal physi-
ological homeostasis as in negative feedback, and
adaptive response to energy demands that is lower
in the elderly?®. As people age, changes occurring
in the endocrine system include the amount of hor-
mones secreted, peripheral metabolism of the hor-
mones, or the sensitivity of target organs. There has
been long-standing controversy about the thyroid
function test results in the elderly. Serum TSH,
fT4, and free triiodothyronine (fT3) concentrations
change with aging and observational studies have
suggested that serum TSH levels increase in older
people. Thus, it has been suggested that a higher TSH
threshold applied for decision of treating subclinical
hypothyroidism in the elderly deserves concern33!,
In an analysis derived from the NHANES-III data
of the US, Surks and Hollowell3? had found a pro-
gressive increase in mean, median, and 97.5 centile
for TSH concentration with age. Data showing that
the 97.5 centile at about 3.6 ulU/mL in people aged
20- to 39-year-old, and 5.9 and 7.5 ulU/mL in those
aged 70-79 and 80-year-old and older, respectively,
suggested that TSH levels are age-dependent. The
authors also demonstrated that about 70% of older
patients who would be classified as subclinical
hypothyroidism with TSH greater than 4.5 ulU/mL
were within their age-specific reference range. Con-
sequently, the authors suggested that age-based ref-
erence ranges for TSH should be of concern when
giving a clinical diagnosis of hypo-function of the
thyroid.

Initial diagnosis of subclinical hypothyroid-

ism should be confirmed by reassessment of TSH,

fT4 and TPO-Ab after 8-12 weeks®3. No further
evaluation is needed if the above tests were normal.
Whereas in those with persistent uncertainty for
a diagnosis, tests on thyroid function should be
repeated every 6 months in the first 2 years, then
annually3*. The follow-up tests can be discontinued
from the third year on if patients are asymptomatic
of hypothyroidism, with negative results of TPO-AD,
and goiter, unless becoming pregnant or developed
hypothyroid symptoms33. In a longitudinal follow-
up study carried out in subjects aged 55 and older
who had been diagnosed as subclinical hypothy-
roidism, a prominent decrease in thyroid function
suggesting development into overt hypothyroidism
was noted when TSH rises more than 40%, or when
fT4 decreases by more than 15% between two con-
secutive tests, with TSH concentration being the
most powerful predictor in this age group>*3>,
When diagnosed, subclinical hypothyroid-
ism turns to a long-debated clinical issue of treat-
ment or not with levothyroxine, concerning yet
unanimous conclusions drawn regarding clinical
benefits derived from multiple observational or clin-
ical studies which had apply such treatment in the

trials30:37,

Association between subclinical hy-
pothyroidism and cardiovascular
outcomes

Observational studies have found association
between subclinical hypothyroidism and CV out-
comes, including coronary heart disease (CHD)
and associated mortality. In a cross-sectional study
carried out in 1,149 women (mean age + SD, 69.0
+ 7.5 years) participating in the Rotterdam Study,
data on thyroid status, aortic atherosclerosis (AS),
and history of myocardial infarction (MI) were
obtained. Among the 10.8% of the cohort who had
subclinical hypothyroidism, there was greater age-
adjusted prevalence of AS (odds ratio (OR): 1.7;
[95% CI, 1.1-2.6]) and MI (OR: 2.3; [CI, 1.3-4.0]).
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Associations with the CV outcomes were slightly
stronger in women who also had positive TPO-Ab
(OR for AS: 1.9; [CI, 1.1-3.6]; OR for MI: 3.1; [CI,
1.5-6.3]). It was concluded that subclinical hypothy-
roidism is a strong indicator of risk for atherosclero-
sis and MI in this cohort of elderly Dutch women38.

By using individual data from 55,287 par-
ticipants with 542,494 person-years of follow-up
between 1972 and 2007 that were derived from 11
prospective study cohorts, the association between
baseline thyroid function and subsequent CHD
events, CHD mortality, and total mortality were
examined. Subclinical hypothyroidism was defined
asaTSH level of 4.5 to 19.9 ulU/mL with normal thy-
roxine concentrations and the prevalence was found
to be 6.2% of the cohort in total. The risk of CHD
events and CHD mortality increased with higher
TSH concentrations. In age- and sex-adjusted analy-
ses, when compared to participants with euthyroid-
ism, the hazard ratio (HR) for CHD events paralleled
those of TSH levels as: 1.00 (95% CI, 0.86-1.18) for
a TSH level of 4.5-6.9 ulU/mL, 1.17 (95% CI, 0.96-
1.43) for 7.0-9.9 ulU/mL, and 1.89 (95% CI, 1.28-
2.80) for 10-19.9 ulU/mL (p < 0.001 for trend). The
corresponding HRs for CHD mortality were 1.09
(95% CI, 0.91-1.30), 1.42 (95% CI, 1.03-1.95), and
1.58 (95% CI, 1.10-2.27, p = 0.005 for trend), respec-
tively; while total mortality was not increased. It
was concluded that subclinical hypothyroidism is
associated with an increased risk of CHD events
and CHD mortality in those with higher TSH levels,
particularly when > 10 ulU/mL?.

Association between subclinical hy-
pothyroidism and cardiovascular
risk factors

Lipid disorder

Either overt or subclinical hypothyroidism neg-
atively affects lipid metabolism, leading to hyper-
cholesterolemia which progressively increases the

risk for CV disease over time and, potentially, mor-

tality. A major pathophysiology underlying hyper-
cholesterolemia in hypothyroidism is a reduction
in low-density lipoprotein (LDL) receptor activity,
accompanied by concomitant diminished control by
T3 of sterol regulatory element-binding protein 2,
which modulates cholesterol biosynthesis by reg-
ulating rate-limit degrading enzyme 3-hydroxy-
3-methylglutaryl-coenzyme A reductase activity’.

A meta-analysis using results obtained from
16 observational studies on the association between
lipid profile and subclinical hypothyroidism has
found that serum total cholesterol (T-C), LDL-cho-
lesterol (LDL-C), and triglyceride (TG) levels were
significantly increased in patients with subclinical
hypothyroidism compared with euthyroidism indi-
viduals, and the calculated overall weighted mean
difference (WMD) were 12.17 mg/dL, 7.01 mg/
dL, and 13.19 mg/dL, respectively (p < 0.001 for
all), while no significant difference was observed
for serum high-density lipoprotein-cholesterol
(HDL-C) levels. The heterogeneity in results from
different studies could be caused by heterogeneous
match strategies applied*?.

In view of the increased CV risk associated
with subclinical hypothyroidism and the critical role
of lipid disorder as major risk factor for CV events,
it is prudent for physicians to evaluate lipid profile
in subjects with subclinical hypothyroidism for a

decision-making of relevant management.

Hypertension

Hypothyroidism has been considered a second-
ary cause of hypertension, mechanisms implicated
include changes in circulating catecholamines,
their receptors and the renin-angiotensin aldoste-
rone system*. In a cohort including 66,140 adults
from the Nord-Trendelag Health Study (HUNT)
conducted in Norway, a cross-sectional, popula-
tion-based study investigating into the relationship
between hypertension and categories of TSH levels

had found that, within the reference range of TSH,
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there existed a positive association between TSH
levels and both systolic and diastolic blood pres-
sure (BP)*2. However, controversy exists whether
mild thyroid dysfunction, such as subclinical hypo-
thyroidism affects BP. The association between BP
levels and subclinical hypothyroidism has been
examined in a meta-analysis from results derived
from 7 cross-sectional studies. The analysis found
that, as compared to euthyroid controls, in subjects
with subclinical hypothyroidism there existed a sig-
nificant difference in both systolic BP (WMD with
95% CI; 1.89 mmHg (0.98-2.80), p < 0.05) and dia-
stolic BP (WMD with 95% CI; 0.75 mmHg (0.24-
1.27), p < 0.05)%.

An increased incidence of target organ damage
and a worse outcome in terms of CVD have been
reported in the mon-dippers' who lack the antici-
pated nocturnal decrease in BP44. In a study includ-
ing 109 normotensive patients diagnosed with overt
and subclinical hypothyroidism, the number of non-
dippers according to systolic, diastolic and mean
BPs was significantly higher in the patients with
overt or subclinical hypothyroidism, as compared
to 75 age- and gender-matched euthyroid control
group. In linear regression analysis, TSH levels had
a negative effect on the night/day ratio of the sys-
tolic, diastolic and mean BPs*°.

To investigate daily BP changes and the fre-
quency of non-dipping patterns (defined as BP fall
of < 10%) in patients with subclinical hypothyroid-
ism, a group of 49 patients with subclinical hypo-
thyroidism but without hypertension were compared
with 50 healthy sex- and age-matched euthyroid con-
trols using ambulatory BP monitoring. The results
showed that levels of mean diastolic, daytime dia-
stolic, nighttime diastolic and nighttime systolic BP
were significantly higher in the subclinical hypo-
thyroidism group (p = 0.001 for mean, daytime
and nighttime diastolic and p = 0.01 for nighttime
systolic). Diastolic non-dipping occurred more fre-

quently in the subclinical hypothyroidism group

(subclinical hypothyroidism group 49% vs. control
group 26%, p = 0.01). On multivariate analysis, sub-
clinical hypothyroidism was significantly and inde-
pendently associated with diastolic non-dipping
(95% CI, 1.162-8.053, OR 1.182, p = 0.024)%,

Whether treatment with levothyroxine will
benefit BP in patients with subclinical hypothy-
roidism has been examined in a meta-analysis
using results derived from 29 RCTs or prospective
follow-up studies. The analysis revealed that, in
those 10 RCTs, levothyroxine supplement signifi-
cantly reduced SBP in patients of subclinical hypo-
thyroidism by 2.48 mmHg (95% CI, -4.63 to -0.33,
p = 0.024), and in those 19 prospective follow-up
studies the levothyroxine therapy also significantly
decreased SBP and DBP by 4.80 mmHg (95% CI,
-6.50 to -3.09, p < 0.001) and 2.74 mmHg (95% CI,
-4.06 to -1.43, p < 0.001), respectively. From these
findings, the authors concluded that levothyroxine
supplement can reduce BP in patients having sub-
clinical hypothyroidism®’.

In addition to dyslipidemia, changes in BP and
its pattern seems also to play an important role in
the CV effects in subjects with subclinical hypothy-

roidism.

Insulin resistance

Hyperinsulinemia and insulin resistance (IR)
have long been recognized as a major risk factor for
the development and progression of atherosclerotic
changes of the vasculature. In an early study com-
paring the levels of fasting insulin and C-reactive
protein (CRP) between subjects with subclinical
hypothyroidism (n = 77) and age-matched euthy-
roidism (n=80), the results showed that there were
significantly higher fasting insulin and CRP levels
in the subclinical hypothyroidism group, and a posi-
tive correlation between these two parameters also
existed. The presence of higher CRP levels may
implicate a low grade systemic inflammation, and,

along with hyperinsulinemia, both could be signifi-
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cant biomarkers for atherosclerosis changes*$-30. In a
study to assess the sensitivity of glucose metabolism
to insulin both in vivo (by an oral glucose tolerance
test) and in vitro (by measuring insulin-stimulated
rates of glucose transport in isolated monocytes
with flow cytometry), 21 subjects of euthyroid-
ism, 12 patients with overt hypothyroidism, and 13
patients with subclinical hypothyroidism were com-
pared. The results showed that, while all 3 groups
had comparable plasma glucose levels, the overt
hypothyroidism and subclinical hypothyroidism
had higher plasma insulin than the euthyroidism
group (p < 0.05). Homeostasis model assessment
index for IR (HOMA-IR) was increased in overt
hypothyroidism (1.97 + 0.22) and subclinical hypo-
thyroidism (1.99 + 0.13) versus euthyroidism (1.27 +
0.16, p < 0.05), while Matsuda index, another indi-
cator for insulin sensitivity, was decreased in overt
hypothyroidism (3.89 + 0.36) and subclinical hypo-
thyroidism (4.26 + 0.48) versus euthyroidism (7.76
+ 0.87, p <0.001), suggesting IR in both fasting and
post-glucose challenge state. At an insulin concen-
tration of 100 mU/mL, glucose transporter type 4
levels on the monocyte plasma membrane, as well as
the glucose transport rates in monocytes were found
to have decreased in both overt hypothyroidism and
subclinical hypothyroidism, as compared to euthy-
roidism subjects. These findings could justify the
increased risk for IR-associated disorders, such as
CVD, that has been observed in patients with overt
or subclinical hypothyroidism>'.

An interesting finding regarding a possible role
that IR plays in subjects with hypothyroidism was
found in a clinical study in which an association
existed between poor glycemic control in T2DM
patients having simultaneously subclinical hypothy-
roidism, as compared to the euthyroid counterpart™2.

The presence of IR in subclinical hypothy-
roidism should be regarded significant mechanism
underlying the occurrence of multiple CV risk

factors in subclinical hypothyroidism, either alone

or when clustering into metabolic syndrome as will

be discussed below.

Metabolic syndrome

The cluster of multiple risk factors compris-
ing MetS leads to a higher CV events and mortality.
Obesity is regarded as the fundamental pathophysi-
ology that triggers the development and formation
of MetS. Clear evidences have shown that thyroid
hormones play critical roles in the regulation of
metabolic rate, which in turn influences adiposity.
Thyroid hormones act in controlling core body tem-
perature, appetite, and sympathetic activity. Several
studies have demonstrated that weight gain and
MetS development are positively associated with
TSH levels. Adverse glucose metabolism, abnormal
serum TG levels, higher BP could all be consequen-
tial to genomic or non-genomic action of thyroid
hormones on the vasculature and in the heart!>,

In subclinical hypothyroidism, the prevalence
of MetS has been found to be higher than euthyroid
population. In a cross-sectional study conducted to
evaluate the CV risk in subjects diagnosed with sub-
clinical hypothyroidism (n = 60) and a gender- and
age- matched control group of healthy volunteers
(n = 60), parameters of MetS including BMI, waist
circumference (WC), BP, fasting plasma glucose,
HDL-C, and TG, were measured, along with tests
on TSH, fT4, TPO-Ab, TG-Ab, T-C, LDL-C, basal
insulin levels, with calculation of HOMA-IR index
derived from the relevant measurements. The results
showed that more frequent MetS was diagnosed in
patients with subclinical hypothyroidism (46.67%)
than in the control group (33.33%), although the dif-
ference did not show statistical significance. Indices
like BMI, diastolic BP, T-C, TG and basal insulin
level were statistically significantly higher in the
subclinical hypothyroidism group, as compared
to the euthyroid controls. Although the results did
not confirm significantly higher presence of MetS

in subclinical hypothyroidism patients in compari-
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son with euthyroid counterpart, the traditional CV
risk factors were more frequently present in subjects
with subclinical hypothyroidism?3.

Since there has been evidence that the progres-
sion of subclinical to overt hypothyroidism is more
significant in the elderly, and older persons are fre-
quently affected by the constellation of CV and met-
abolic risk factors that constitute the syndrome, it is
prudent to investigate into the association between
subclinical hypothyroidism and MetS in this spe-
cific populaiton?!#, Using data from the Longitu-
dinal Aging Study Amsterdam, which is an ongoing
cohort study in a representative sample of Dutch
older persons, analysis was conducted to investi-
gate into the association between serum TSH and
the MetS. A total of 1,187 subjects (M/F=590/597)
between the ages of 65 and 88 years were recruited
for the study. The prevalence of MetS among the
cohort as a whole was 34.2%. Subjects in the upper
quartile TSH levels above 2.28 ulU/mL had a signif-
icantly increased prevalence of MetS compared with
subjects in the lowest quartile with a serum TSH
below 1.04 ulU/mL (OR:1.68; 95% CI, 1.19-2.37)%.

Vice versa, studies have also found a higher
incidence of subclinical hypothyroidism in sub-
jects diagnosed to have MetS. In a prospective study
carried out in Taiwan, an unselected cohort of 66,822
participants with and without MetS were followed
to find the association with subclinical hypothyroid-
ism. During an average follow-up of 4.2 years, the
incident rates for subclinical hypothyroidism were
substantially higher in participants who already had
MetS at the study entry, as compared with meta-
bolically normal controls. After controlling for risk
factors, patients with MetS were at a 21% excess risk
of developing subclinical hypothyroidism (adjusted
HR 1.21; 95% CI, 1.03-1.42)%°.

Among a cohort of 5,319 participants (M/F:
3,013/2,306) recruited from the general health
examination program in a single medical center in

China, a total prevalence of subclinical hypothyroid-

ism was found in 3.40% of those diagnosed to have
MetS. Further analysis showed that the prevalence
of subclinical hypothyroidism was much higher in
participants with one or two metabolic risk factors
than in those with no metabolic risk factors such as
BMI, SBP and DBP, regardless of age (p < 0.01)*”.
From the above studies, a bidirectional rela-
tionship has been noted to exist between the occur-
rence of subclinical hypothyroidism and MetS,
implicating that the presence of either disorder may
have impact on CV health due to their potential

co-existence.

Endothelial function

In a study assessing carotid intima-media
thickness (CIMT, as a marker of atherosclerosis) by
high-resolution color-coded Doppler US, and endo-
thelial (ED) function in patients with overt or sub-
clinical hypothyroidism, it was found that CIMT
was significantly higher not only in patients with
overt but also in those with subclinical hypothy-
roidism, as compared to the euthyroid control sub-
jects (0.7 £ 0.2 and 0.6 = 0.2 mm respectively vs 0.45
+ 0.07 mm, p < 0.001 for both). A similar finding
existed in measurement of ED function with signifi-
cant impairment in patients with overt and subclin-
ical hypothyroidism as compared with the control
group (328 + 17 and 545 + 406% respectively vs
898 + 195%, p < 0.001 for both), though the impair-
ment was more significant in overt than subclini-
cal hypothyroidism subjects (p = 0.014). The authors
concluded that impairment of ED function could be
a risk factor contributing to the increased risk of
atherosclerosis in patients with various degrees of
hypothyroidism!”.

Impaired ED function could be an early sign
of and a surrogate for generalized atherosclerosis
change, an implication of negative impacts from
changes in lipid profile, low grade chronic inflam-
mation, oxidative stress and insulin resistance in

subjects with subclinical hypothyroidism?.
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Treatment or not with levothyroxine
in non-pregnant adults with subclini-
cal hypothyroidism?

There have been extensive studies into the
treatment effect by levothyroxine supplement in sub-
jects having subclinical hypothyroidism, aiming to
find any significant clinical outcomes. The impacts
on lipid profile changes with thyroid hormone sup-
plement in patients with subclinical hypothyroid-
ism are not consistent among different studies. In
patients with thyroid cancer rendered hypothyroid-
ism after thyroidectomy, the T-C levels in the group
without levothyroxine supplementation were sig-
nificantly increased 1 year after surgery than those
before surgery (168.17 £ 29.19 mg/dL vs 182.50 +
34.03 mg/dL, p=0.003). Among those receiving
levothyroxine supplementation, serum TG levels
were significantly decreased, while T-C and LDL-C
levels showed no significant changes as compared
to values after the thyroidectomy®. A meta-analysis
using results derived from studies that were carried
out in patients of overt and primary hypothyroidism
and were put on levothyroxine replacement therapy,
it was noted that, even when serum TSH levels have
been brought into normal reference ranges, LDL-C
levels were still higher than those euthyroid coun-
terpart, with 3.31+1.64 mg/dL higher LDL-C (p =
0.044) and 9.60 £ 3.55 mg/dL higher serum T-C (p =
0.007) measured®. On the other hand, studies have
found improvement in lipid profile after supplement
of levothyroxine in patients with subclinical hypo-
thyroidism. In a systemic review using data from
12 randomized, controlled clinical trials which had
included 940 participants, levothyroxine substitu-
tion had yielded a significantly mean reduction in
T-C of -11.6 mg/dL (-40 to - 6.4) and LDL-C of -8.8
mg/dL (-14.4 to - 3.6) as compared with the control
group, although no significant changes was found in
HDL-C or TG levels. Trials in which only patients
with mild subclinical hypothyroidism (TSH < 10

ulU/mL) were enrolled showed equivalent signifi-
cant effects, although with weaker magnitude. This
meta-analysis revealed clear benefits of levothyrox-
ine administration for reducing T-C and LDL-C in
subclinical hypothyroidism patients with TSH levels
<10 ulU/mL®!,

Despite the favorable changes in lipid profile
obtained after levothyroxine supplement, current
guidelines recommend against treatment in the
elderly in whom serum TSH concentrations sit
between the upper normal limit of the reference
range and 10 ulU/mLS%2. These recommendations are
supported by a recent case control study evaluating
the association between levothyroxine therapy and
mortality in individuals 65 years or older with sub-
clinical hypothyroidism and TSH values of 4.2 - 10
ulU/mL. By study design, the “cases” (n =419) were
those who died in the study years of 2012-2016, as
opposed to the matched “controls” (n = 1,558) indi-
viduals who were still alive during the same time
frame. On multivariate analysis, treatment with
levothyroxine was associated with significantly
increased mortality (HR =1.19, CI: 1.03-1.38) in
this cohort of patients > 65 year-old who were diag-
nosed to have subclinical hypothyroidism with TSH
< 10 ulU/mLS%3. On the other hand, it is suggested
that levothyroxine treatment may be considered in
patients between 45 and 65 years, and particularly in
subjects with comorbidities like dyslipidemia, arte-
rial hypertension and/or IR%465,

For depressive symptoms in the elderly with
underlying subclinical hypothyroidism, a recently
published clinical study did not find the adminis-
tration of levothyroxine for 12 months effective in
evaluation score regarding depression in compari-
son with placebo group®®.

The evidence supporting clinical benefit from
unselected levothyroxine supplementation to non-
pregnant adults with subclinical hypothyroidism is
yet to be elucidated, especially when this clinical

entity is encountered more in aged people.
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Specific concerns given to treat-
ment of subclinical hypothyroidism
in the elderly

There has been increasing attention to thyroid
hypofunction, overt or subclinical, in the elderly
because of its higher prevalence compared to
younger age group, and the association with frailty,
cognitive function, and risk for CVD®". There is no
doubt about the benefits and indication of replace-
ment therapy for treating overt hypothyroidism in
the elderly. Thyroid hormone replacement therapy
provides symptomatic relief, has positive effects on
cardiac, executive and cognitive functions, which
are strongly affected by overt hypothyroidism in the
elderly®s. However, the clinical outcomes of subclin-
ical hypothyroidism, without treatment intervention,
in the elderly were not found to bear a poorer prog-
nosis than the younger counterpart. In a meta-anal-
ysis using data from 15 clinical studies investigating
association between thyroid function status and
ischemic heart disease (IHD) events in adults, [HD
incidence and prevalence were higher in subclinical
hypothyroidism subjects compared with euthyroid
participants from studies including those younger
than 65 year-old, but not in studies of subjects aged >
65 years. All cause together with CV mortality was
also elevated in participants from the younger than
65-year studies, but, again not in studies recruiting
older people. The analysis revealed that the increased
risk was limited to studies including younger sub-
jects, but not in those aged 65 and older®. Thus,
although the detrimental effect of overt hypothy-
roidism on CV hemodynamics and on many of the
modifiable CV risk factors for IHD is widely recog-
nized, the clinical relevance of subclinical hypothy-
roidism in the elderly has been disputed’’.

As the largest clinical trial to date, the TRUST
trial (a double-blind, randomized, placebo-con-
trolled, parallel-group trial) had recruited 737 adults
[F/M: 396/341 (53.7%/46.3%)] who were at least 65

years of age (mean age: 74.4 years) and who had
persisting subclinical hypothyroidism (TSH: 4.60
to 19.99 ulU/mL; free T4 level within the reference
range) to evaluate the clinical effects of providing
levothyroxine in this elderly population. Among
them, 368 patients were assigned to receive levothy-
roxine (at a starting dose of 50 ug daily, or 25 pg if
the BW was < 50 kg or the patient had CHD), with
dose adjustment according to the TSH level, while
the rest of the 369 patients were assigned placebo.
The results showed that there was no effect of levo-
thyroxine on the primary outcomes of hypothy-
roid symptoms and fatigue scores after 12 months
of therapy, and nor on the secondary outcomes of
quality of life (QoL), handgrip strength, cogni-
tive function, BP, BW, BMI, WC, CIMT, or carotid
plaque thickness. Meanwhile, no excess of adverse
events or hyperthyroid symptoms was observed
in the treated group. The authors concluded that,
from this trial, treatment with levothyroxine in
older persons with subclinical hypothyroidism pro-
vided no symptomatic benefits’!. Furthermore, a
meta-analysis of 21 trials including the TRUST
trial found no difference in general QoL or thyroid-
related symptoms between participants with sub-
clinical hypothyroidism treated with levothyroxine
compared with placebo. No difference was found
for multiple secondary outcomes, including depres-
sion, cognitive function testing, fatigue or tiredness,
muscle strength, SBP, or BMI72.

As proposed by the recent European-Thyroid-
Association (ETA) guidelines, the decision to treat
the elderly with subclinical hypothyroidism should
be individualized and based upon the degree of TSH
elevation (usually a TSH > 10 ulU/mL required),
patient’s age and life expectancy, potentially asso-
ciated risk factors, and comorbid conditions. In
old patients with milder TSH elevation (< 10 ulU/
mL), a wait-and-see approach with close monitor-
ing of thyroid function is warranted. Once the deci-

sion to treat is made, it is prudent to start with lower
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doses of levothyroxine in elderly patients owing
to the age-dependent decrease in thyroid hormone
requirements and the increase in levothyroxine half-
life. In patients who are elderly and frail, a starting
dose of 12.5-25 pg/day levothyroxine should be pro-
gressively increased by 12.5-25 ng daily every 4-8
weeks with regular monitoring, and TSH should be
targeted to 4-6 ulU/mL in persons older than 70-80
years’374,

As the debate regarding benefit of levothyrox-
ine supplement in the elderly with subclinical hypo-
thyroidism may still continue with need of more
convincing clinical study results, the current rec-
ommendations or consensus favors the therapy in
those aged 65 and younger. However, in even older
subjects, treatment should be considered when TSH
level is higher than 10 ulU/mL, the value above
which the risk of health disorders rises, especially

heart failure’>.

Conclusion

Subclinical hypothyroidism may affect up
to 10% of the non-pregnant adult population. In
patients who have detectable TPO-Ab, there is a
greater risk of progression to overt hypothyroidism.
The clinical significance resides in its association
with an increased risk of HF, events and mortal-
ity from CAD. In the absence of large randomized
trials showing benefit from levothyroxine therapy,
the rationale for treatment is based on the potential
for decreasing the risk of adverse CV events and the
possibility of preventing progression to overt hypo-
thyroidism. More than half of individuals with sub-
clinical hypothyroidism can be observed without
treatment. When indicated, treatment with levothy-
roxine might be administered to young and middle-
aged individuals who have symptoms consistent
with mild hypothyroidism. In the elderly, there is
no evidence that it is beneficial in persons aged
65 years or older, and the treatment may be asso-

ciated with iatrogenic thyrotoxicosis. None of the

randomized trials to date has had sufficient power
to examine the effects of treatment of subclinical
hypothyroidism on end points such as incidence of
CV events, dementia, or fracture. It is neither rec-
ommended to treat in the elderly patients aiming to
improve cognitive function or QoL. Nevertheless,
in patients with TSH levels persistently > 10 ulU/
mL, the higher risk of progression to overt hypo-
thyroidism and increased CV risk without treatment
had provided the rationale for treatment. Since the
degree of thyroid dysfunction is mild, small (eg,
25-75 pg per day) doses of levothyroxine usually
suffice to restore normal TSH levels in the majority
of non-pregnant adults’. Serum TSH levels should
be assessed 6 weeks after initiating the medica-
tion, then at 6-week intervals should any changes in
dosage occur. The targets of TSH levels are recom-
mended as follows, by age groups, 1-2.5 ulU/mL in
patients < 60 years, which could be relaxed to 3-4
ulU/mL in patients between 60-70 years, and 4-6
ulU/mL in patients older than 70 years.

References

1.Garber JR, Cobin RH, Gharib H, et al. Clinical practice
guidelines for hypothyroidism in adults: Cosponsored by the
American Association of Clinical Endocrinologists and the
American Thyroid Association. Endocrine Practice 2012;
18: 988-1028.

2.Biondi B, Cappola AR, Cooper DS. Subclinical hypothy-
roidism- a review. JAMA 2019;322:153-60. doi:10.1001/
jama.2019.9052.

3.Ning Y, Cheng YJ, Liu LJ, et al. What is the association of
hypothyroidism with risks of cardiovascular events and
mortality? A meta-analysis of 55 cohort studies involv-
ing 1,898,314 participants. BMC Medicine 2017; 15:21. doi
10.1186/s12916-017-0777-9.

4.Pucci E, Chiovato L, Pinchera A. Thyroid and lipid metab-
olism. Int J Obes Relat Metab Disord 2000; 24 (Suppl 2):
S109-S112.

5.Peppa M, Betsi G, Dimitriadis G. Lipid abnormalities and
cardiometabolic risk in patients with overt and subclinical
thyroid disease. J Lipids 2011;2011:575840. doi: 10.1155/
2011/575840.

6.Sinha RA, Singh BK, Yen PM. Thyroid hormone regulation
of hepatic lipid and carbohydrate metabolism. Trends Endro-
crinol Metab 2014;25:538-45. doi: 10.1016/j.tem.2014.07.001.

7.Duntas LH and Brenta G. A renewed focus on the asso-
ciation between thyroid hormones and lipid metabolism.



Subclinical Hypothyroidism in Non-pregnant Adults 215

Front Endocrinol (Lausanne) 2018; 9:511. doi: 10.3389/
fendo.2018.00511.

8.Khan MAH, Majumder I, Hoque MM, et al. Lipid profile in
hypothyroid patients: A cross sectional study. Med Today
2013; 25: 21-4.

9.Alamdari S, Amouzegar A, Tohidi M, et al. Hypothyroid-
ism and lipid levels in a community based study (TTS). Int J
Endocrinol Metab 2016; 14: €22827. doi: 10.5812/ijem.22827.

10. Saito I, Ito K, Saruta T. Hypothyroidism as a cause of hyper-
tension. Hypertension 1983; 5: 112-5.

11. Purohit P and Mathur R. Hypertension association with serum
lipoproteins, insulin, insulin resistance and C-peptide: unex-
plored forte of cardiovascular risk in hypothyroidism. N Am
J Med Sci 2013; 5: 195-201. doi:10.4103/1947-2714.109187.

12.Berta E, Lengyel I, Halmi S, et al. Hypertension in thyroid
disorders. Front Endocrinol 2019; 10:482. doi: 10.3389/
fendo.2019.00482.

13.Iwen KA, Schroder E, Brabant G. Thyroid hormones and
the metabolic syndrome. Eur Thyroid J 2013; 2:83-92. doi:
10.1159/000351249.

14.Mullur R, Liu Y'Y, Brent GA. Thyroid hormone regulation
of metabolism. Physiol Rev 2014; 94: 355-82. doi:10.1152/
physrev.00030.2013.

15. de Fatima dos Santos Teixeira P, dos Santos PB, Cabanelas
Pazos-Moura C. The role of thyroid hormone in metabolism
and metabolic syndrome. Ther Adv Endocrinol Metab 2020,
11: 1-33. doi: 10.1177/2042018820917869.

16.Ordookhani A and Burman KD. Hemostasis in hypothy-
roidism and autoimmune thyroid disorders. Int J Endocrinol
Metab 2017; 15:426-49. doi: 10.5812/ijem.42649.

17. Saif A, Mousa S, Assem M, et al. Endothelial dysfunction
and the risk of atherosclerosis in overt and subclinical hypo-
thyroidism. Endocr Connect 2018; 7: 1075-80.

18. Tunbridge WM, Evered DC, Hall R, et al. The spectrum of
thyroid disease in a community: The Whickham survey.
Clin Endocrinol (Oxf) 1977;7:481- 93.

19. Vanderpump MP, Tunbridge WM, French JM, et al. The inci-
dence of thyroid disorders in the community: A twenty-year
follow-up of the Whickham Survey. Clin Endocrinol 1995;
43:55- 68. doi: 10.1111/1.1365-2265. 1995.tb01894 .

20.Walsh JP, Bremner AP, Feddema P, et al. Thyrotropin and
thyroid antibodies as predictors of hypothyroidism: A 13-
year, longitudinal study of a community-based cohort using
current immunoassay techniques. J Clin Endocrinol Metab
2010; 95: 1095-104.

21.Imaizumi M, Sera N, Ueki I, et al. Risk for progression to
overt hypothyroidism in an elderly Japanese population with
subclinical hypothyroidism. Thyroid 2011; 21: 1177-82.

22.Somwaru LL, Rariy CM, Arnold AM, et al. The natural
history of subclinical hypothyroidism in the elderly: The
Cardiovascular Health Study. J Clin Endocrinol Metab 2012;
97: 1962-9.

23.Li Y, Teng D, Shan Z, et al. Antithyroperoxidase and an-
tithyroglobulin antibodies in a five-year follow-up survey of
populations with different iodine intakes. J Clin Endocrinol
Metab 2008; 93: 1751-7.

24.Mayoral LPC, Hern'andez-Huerta MT, Mayoral-Andrade G,

et al. TSH levels in subclinical hypothyroidism in the 97.5th
percentile of the population. Int J Endocrinol 2020; article
ID 2698627. https://doi.org/10.1155/2020/2698627.

25.Ismail AA, Burr WA, Walker PL. Acute changes in serum
thyrotrophin in treated Addison’s disease. Clin Endocrinol
1989; 30: 225-30.

26.Langouche L, Jacobs A, Van den Berghe G. Nonthyroidal
illness syndrome across the ages. J Endocr Soc 2019; 3:
2313-25. doi: 10.1210/j5.2019-00325.

27.Zhao N, Wang S, Cui XJ, et al. Two-years prospective fol-
low-up study of subacute thyroiditis. Front Endocrinol
2020;11:47. doi: 10.3389/fendo.2020.00047.

28.Rizzo LFL, Mana DL, Serra HA. Drug-induced hypothy-
roidism. Medicina (Buenos Aires) 2017; 77: 394-404.

29.Mammen JS. Interpreting elevated TSH in older adults.
Curr Opin Endocr Metab Res 2019; 5: 68-73. doi:10.1016/j.
coemr.2019.04.001.

30.Aggarwal N and Razvi S. Thyroid and aging or the
aging thyroid? An evidence-based analysis of the litera-
ture. J Thyroid Res 2013; article ID 481287. http://dx.doi.
org/10.1155/2013/481287.

31. Barbesino G. Thyroid function changes in the elderly and
their relationship to cardiovascular health: A mini-review.
Gerontology 2019; 65:1-8. doi: 10.1159/000490911.

32.Surks MI and Hollowell JG. Age-specific distribution of
serum thyrotropin and antithyroid antibodies in the U.S.
population: implications for the prevalence of subclinical
hypothyroidism. J Clin Endocrinol Metab 2007; 92: 4575-
82.

33. Meyerovitch J, Rotman-Pikielny P, Sherf M, et al. Serum thy-
rotropin measurements in the community: Five-year follow-
up in a large network of primary care physicians. Arch Intern
Med 2007;167:1533-8. doi:10. 1001/archinte.167.14.1533.

34.Diez JJ and Iglesias P. Spontaneous subclinical hypothy-
roidism in patients older than 55 years: An analysis of
natural course and risk factors for the development of overt
thyroid failure. J Clin Endocrinol Metab 2004; 89: 4890-7.
doi:10.1210/j¢.2003-032061.

35.Karmisholt J, Andersen S, and Laurberg P. Variation in
thyroid function in subclinical hypothyroidism: importance
of clinical follow-up and therapy. Eur J Endocrinol 2011;
164: 317-23.

36.Wai Ng MCW, Loo YX, Poon ZM. Subclinical thyroid disor-
ders: clinical significance and when to treat? Proc Singapore
Healthc 2014; 23: 226-40.

37. Peeters RP and Brito JP. Subclinical hypothyroidism: to treat
or not to treat? Eur J Endocrinol 2020; 183, D15-D24.

38.Hak AE, Pols HAP, TJ, et al. Subclinical hypothyroidism is
an independent risk factor for atherosclerosis and myocar-
dial infarction in elderly women: the Rotterdam Study. Ann
Intern Med 2000;132:270-8.

39.Rodondi N, den Elzen WPJ, Bauer DC, et al. Subclinical
hypothyroidism and the risk of coronary heart disease and
mortality. JAMA 2010; 304: 1365-74. doi:10.1001/jama.2010.
1361.

40.Liu XL, He S, Zhang SF, et al. Alteration of lipid profile in
subclinical hypothyroidism: a meta-analysis. Med Sci Monit



216 S. C. Chiou, Y. Y. Huang, and Y. M. Song

2014; 20: 1432-41. doi: 10.12659/MSM.891163.

41. AK Fletcher and AP Weetman. Hypertension and hypothy-
roidism. J Hum Hypertens 1998;12:79-82.

42.Asvold BO, Bjero T, Nilsen TIL, et al. Association between
blood pressure and serum thyroid-stimulating hormone con-
centration within the reference range: A population-based
study. J Clin Endocrinol Metab 2007; 92: 841-5.

43.Cai Y, RenY, ShiJ. Blood pressure levels in patients with sub-
clinical thyroid dysfunction: A meta-analysis of cross-sec-
tional data. Hypertens Res 2011; 34: 1098-105; doi:10.1038/
hr.2011.91.

44.de Melo ROV, Toledo JCY, Loureiro AAC, et al. Absence of
nocturnal dipping is associated with stroke and myocardium
infarction. Arq Bras Cardiol 2010; 94 : 74-80.

45.1nal S, Karakog¢ MA, Kan E, et al. The effect of overt and
subclinical hypothyroidism on the development of non-dip-
per blood pressure. Endokrynol Pol 2012;63:97-103.

46.Canbolat IP, Belen E, Bayyigit A, et al. Evaluation of daily
blood pressure alteration in subclinical hypothyroidism.
Acta Cardiol Sin 2017; 33:489-94.

47.He W, Li S, Zhang J.et al. Effect of levothyroxine on blood
pressure in patients with subclinical hypothyroidism: A sys-
tematic review and meta-analysis. Front Endocrinol 2018;
9:454. doi: 10.3389/fendo.2018.00454.

48.Tuzcu A, Bahceci M, Gokalp D, et al. Subclinical hypo-
thyroidism may be associated with elevated high-sensitive
c-reactive protein (low grade inflammation) and fasting hy-
perinsulinemia. Endocr J 2005; 52:89-94.

49.Badimon L, Pefia E, Arderiu G, et al. C-reactive protein in
atherothrombosis and angiogenesis. Front Immunol 2018;
9:430. doi: 10.3389/fimmu.2018.00430.

50.Beverly JK and Budoff MJ. Atherosclerosis: pathophysiol-
ogy of insulin resistance, hyperglycemia, hyperlipidemia,
and inflammation. J Diabetes 2020; 12:102-4. https://doi.
org/10.1111/1753-0407.12970104.

51. Maratou E, Hadjidakis DJ, Kollias A, et al. Studies of insulin
resistance in patients with clinical and subclinical hypothy-
roidism. Eur J Endocrinol 2009; 160: 785-90.

52.Cho JH, Kim HJ, Lee JH, et al. Poor glycemic control is as-
sociated with the risk of subclinical hypothyroidism in pa-
tients with type 2 diabetes mellitus. Korean J Intern Med
2016; 31:703-11. http://dx.doi.org/10.3904/kjim.2015.198.

53. Pesic MM, Radojkovic D, Antic S, et al. Subclinical hypo-
thyroidism: association with cardiovascular risk factors and
components of metabolic syndrome, Biotechnol Biotechnol
Equip 2015; 29:157-63, doi: 10.1080/13102818.2014.991136.

54.Dominguez LJ and Barbagallo M. The biology of the meta-
bolic syndrome and aging. Curr Opin Clin Nutr Metab Care
2016; 19:5-11.

55.Heima NE, Eekhoff EMW, Oosterwerff MM, et al. Thyroid
function and the metabolic syndrome in older persons: a
population-based study. Eur J Endocrinol 2013; 168: 59-65.

56.Chang CH, Yeh YC, Caffrey JL, et al. Metabolic syndrome
is associated with an increased incidence of subclinical hy-
pothyroidism — A Cohort Study. Sci Rep 2017;7:6754. doi:
10.1038/541598-017-07004-2.

57.Jiang L, Du J, Wu W, et al. Sex differences in subclinical hy-

pothyroidism and associations with metabolic risk factors:
a health examination-based study in mainland China. BMC
Endocr Disord 2020; 20:100. https://doi.org/10.1186/s12902-
020-00586-5.

58.Lu M, Yang CB, Gao L, et al. Mechanism of subclinical hy-
pothyroidism accelerating endothelial dysfunction (review).
Exp Ther Med 2015; 9:3-10.

59.Chu CH, Kim SY, Lee YS, et al. Lipid profile change after
thyroidectomy. J Endocr Surg 2020;20:41-6.

60.McAninch EA, Rajan KB, Miller CH, et al. Systemic thyroid
hormone status during levothyroxine therapy in hypothy-
roidism: a systematic review and meta-analysis. J Clin En-
docrinol Metab 2018; 103: 4533-42.

61.Li X, Wang Y, Guan Q, et al. The lipid-lowering effect of
levothyroxine in patients with subclinical hypothyroidism:
a systematic review and meta-analysis of randomized con-
trolled trials. Clin Endocrinol 2017;87:1-9.

62.Pearce SH, Brabant G, Duntas LH, et al. 2013 ETA guideline:
Management of subclinical hypothyroidism. Eur Thyroid J
2013; 2:215-28. doi: 10.1159/000356507.

63.Grossman A, Feldhamer I, Meyerovitch J. Treatment with
levothyroxine in subclinical hypothyroidism is associated
with increased mortality in the elderly. Eur J Intern Med
2018; 50:65-8. doi: 10.1016/j.ejim.2017.11.010.

64.Chrysant SG. The current debate over treatment of subclini-
cal hypothyroidism to prevent cardiovascular complications.
Int J Clin Pract 2020;74:¢13499. https://doi.org/10.1111/
ijep.13499.

65.Sgarbi JA and Ward LS. A practical contemporary approach
to decision-making on subclinical hypothyroidism. Arch
Endocrinol Metab 2021;65:32-9.

66.Wildisen L, Feller M, Del Giovane C, et al. Effect of levo-
thyroxine therapy on the development of depressive symp-
toms in older adults with subclinical hypothyroidism:
an ancillary study of a randomized clinical trial. JAMA
Network Open 2021;4:¢2036645. doi:10.1001/jamanetworko-
pen.2020.36645.

67. Yeap BB, Manning L, Chubb SA, et al. Reference ranges
for thyroid-stimulating hormone and free thyroxine in older
men: Results from the Health in Men Study. J Gerontol A
Biol Sci Med Sci, 2017; 72:444-449.

68.Biondi B and Wartofsky L. Treatment with thyroid hormone.
Endocr Rev 2014; 35: 433-512.

69.Razvi S, Shakoor A, Vanderpump M, et al. The influence of
age on the relationship between subclinical hypothyroidism
and ischemic heart disease: A metaanalysis. J Clin Endo-
crinol Metab 2008; 93: 2998-3007.

70.Pasqualetti G, Tognini S, Polini A, et al. Subclinical hypo-
thyroidism and heart failure risk in older people. Endocr
Metab Immune Disord Drug Targets 2013;13: 13-21.

71.Stott DJ, Rodondi N, Kearney PM, et al. for the TRUST
Study Group. Thyroid hormone therapy for older adults with
subclinical hypothyroidism. N Engl J Med 2017; 376: 2534-
44. doi: 10.1056/NEJMoal603825.

72.Feller M, Snel M, Moutzouri E, et al. Association of thyroid
hormone therapy with quality of life and thyroid-relat-
ed symptoms in patients with subclinical hypothyroidism.



Subclinical Hypothyroidism in Non-pregnant Adults 217

JAMA 2018; 320: 1349-59. d0i:10.1001/jama.2018.13770. elderly: A challenge in clinical practice. Eur J Endocrinol
73.Chakera A, Pearce SHS, Vaidya B. Treatment for primary 2017; 177: R199-R217.

hypothyroidism: Current approaches and future possibili- 75. Calsolaro V, Niccolai F, Pasqualetti G, et al. Overt and sub-

ties. Drug Des Devel Ther 2012; 6:1-11. clinical hypothyroidism in the elderly: When to treat? Front
74.Ruggeri RM, Trimarchi F, Biondi B. Management of endo- Endocrinol 2019;10:177. doi: 10.3389/fendo.2019.00177.

crine disease: L-thyroxine replacement therapy in the frail

FEIR B PR F 2R AF X B B R T AR AR 2 AT -
A SRR T RR

BRH 4k T Fipm! REHR?

’A¢Mﬁ§% PI AR PG 5 it B 5 4K A
L./I i,ﬁﬁg,ﬁﬁ%

wm B

Y

FARM S ZFAGEHFEREREABRERNAE TRIRDBKRTHBECLIE LI o
BB ER G FARE B RIEBEAE ARG R R w0 SRAR
ATHo#aEs: aBEETRBIEBRTHEL TERChETRABMA TR BILH
LTI TR E R AL - K B ETHRIRD AR B HE R 0 B R BB B K TR
MK T (T RE : HAHEEB TR ERMAET > ERTVRBEANZESALETSEM @
& > 4.5 ulU/mL) 69 # F IR G2 38 e » 33 18 gk 9% #2 2R O A AT 3 & A8 o gk gR R I T84
HH o EETEMEREMEREATEERC LT RABAEEFEAAMACEYE I BIZTF
A& A %%%R%%ﬁ%@%&&&ui%ﬁﬁﬁﬁﬁ%@%ﬁ’ﬂ%%@%%ﬁa
BE M) A 706 T 0 SRR A K R B R BRI o IRIE B AT G RAR S AR ¢ A Pokae i
>wmwmdl&ﬁ%ﬁkm%‘Wm%TégﬁM%ﬁﬁn@%%’@?ﬁ@?%%%ﬁ
B G o AR HE TAK(F B 12.5-25ug 0 Hv9 AR E B8 A 12.5-25 pg) K EI oy EE A
4 B 25-75 ug BT R AME TRV E EZEZEFHE - VAR R E0E%FBAEE
B8 E D 60K AT ¢ 1-2.5 ulU/mL, 60- 70& 3-4 ulU/mL * 703§yx¢éﬁ73%§$9'lﬂz‘i?;§
4-6 ulU/mL ° & HAAm ) & b ol - B3 & FH 20 5 F 23y BRI F AR ah T i

nu\



