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ABSTRACT Thyroid dysfunction and diabetes mellitus are closely linked. Several studies have documented the increased prevalence of

thyroid disorders in patients with diabetes mellitus and vice versa. This review critically discusses the different underlying mechanisms linking

type 1 and 2 diabetes and thyroid dysfunction to demonstrate that the association of these two common disorders is unlikely a simple

coincidence. We assess the current state of knowledge on the central and peripheral control of thyroid hormone on food intake and glucose

and lipid metabolism in target tissues (such as liver, white and brown adipose tissue, pancreatic b cells, and skeletal muscle) to explain the

mechanism linking overt and subclinical hypothyroidism to type 2 diabetes and metabolic syndrome. We also elucidate the common

susceptibility genes and the pathogenetic mechanisms contributing to the autoimmune mechanism involved in the onset of type 1 diabetes

mellitus and autoimmune thyroid disorders. An untreated thyroid dysfunction can impair the metabolic control of diabetic patients, and

this association can have important repercussions on the outcome of both of these disorders. Therefore, we offer recommendations for the

diagnosis, management, and screening of thyroid disorders in patients with diabetes mellitus, including the treatment of diabetic patients

planning a pregnancy. We also discuss the major causes of failure to achieve an optimal management of thyroid dysfunction in diabetic

patients and provide recommendations for assessing and treating these disorders during therapy with antidiabetic drugs. An algorithm for a

correct approach of these disorders when linked is also provided. (Endocrine Reviews 40: 789 – 824, 2019)

T hyroid dysfunction (TD) and diabetes mellitus
(DM) are two of the most frequent chronic

endocrine disorders with variable prevalence among
different populations.

The prevalence of TD in Europe and the United
States is ~.% in adults (–); it increases with age and
is higher in women than in men. Both hyperthy-
roidism and hypothyroidism can develop in severe or
subclinical forms (). T, the active thyroid hormone
(TH), exerts a negative feedback at the level of both
thyrotrophs in the pituitary and tanycytes in the hy-
pothalamus; it induces a reduction in TRH, as well as
TSH secretion in response to adequate tissue levels of
TH. Therefore, subclinical thyroid disorders (STDs)
are characterized by low or increased serum TSH with
TH levels at the upper and lower limits of their ref-
erence range, respectively, in subclinical hyperthy-
roidism (SHyper) and subclinical hypothyroidism

(SHypo) (, ). STDs are more frequent than overt
diseases; they can be asymptomatic and, therefore,
undiagnosed and untreated, leading to important
adverse events (, ).

DM is also a frequent condition in the general
population. The global prevalence of this disorder
has nearly doubled since , rising from .%
to .% in the adult population (). The Na-
tional Health and Nutrition Examination Survey
(NHANES) III reports that ~% of the adult US
population suffers from either DM or an impaired
fasting glucose levels (). Data from the Centers for
Disease Control and Prevention National Diabetes
Fact Sheet estimate that DM may be frequently
undiagnosed; ~% of the adults. years of age and
% of those. years of age in the United States may
have prediabetes based on fasting glucose or glycated
HbAc levels ().
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DM and thyroid disease are two closely associated
disorders. The NHANES III study reported a higher
prevalence of TD in subjects in the United States with
diabetes compared with those without diabetes, es-
pecially in patients with positive anti-thyroperoxidase
(TPO) antibodies (Abs) ().

The aim of this review is to describe the effect of
THs on glucose metabolism and assess the current
state of knowledge on type  and  diabetes (TD and
TD) and coexisting TD, the prevalence of these two
associated diseases, and the underlying mechanisms
linking these conditions. Both hyperthyroidism and
hypothyroidism can impair the metabolic control in
patients with diabetes. For this reason, we will dis-
cuss the consequences of TD in patients with diabetes
and the prognostic implications of these associated

comorbidities. Current evidence suggests the necessity
of treating TD in patients with DM to improve their
prognosis. Therefore, we will offer recommendations
for the management of TD in patients with both
subclinical and overt thyroid disorders and DM, in-
cluding the treatment of patients with diabetes who are
planning a pregnancy and during pregnancy. To aid
clinicians in daily practice, we will provide an algo-
rithm for the evaluation and treatment of TD and DM
examined from a global viewpoint. Finally, given the
relatively high prevalence of both TD and DM and the
serious nature of their prognosis, especially when
correlated, we will discuss the need to screen the onset
of thyroid disease in patients with diabetes. To this
point, we will talk about the controversies regarding
the screening program among different guidelines

Methods

Identification of sources
We searched for personal files, MEDLINE articles,
meta-analyses, and references of relevant articles
and textbooks published from  to , as well
as citations from recently published international
guidelines.

The following search terms were used: thyroxine,
triiodothyronine, hypothyroidism, hyperthyroidism,
subclinical thyroid disease, type  and type  diabetes
mellitus, insulin resistance, metabolic syndrome,
gestational diabetes, prevalence, incidence, deiodi-
nases, glucose metabolism, lipid metabolism, adipose
tissue, appetite regulation, skeletal muscle, screening,
morbidity, and mortality.

Methods of evaluation
A critical assessment of the literature was performed.
The authors agreed on the criteria for the inclusion or
exclusion of the studies considered. Preference was
given to high-quality papers, meta-analyses, ran-
domized controlled and longitudinal trials, and studies
performed with correct statistical analysis and accurate
methods. When identified, limitations in the study
design or execution were also discussed.

TD and T1D

Prevalence of TD in patients with T1D
TD is due to autoimmune b cell destruction, usually
leading to absolute insulin deficiency. This disorder is
closely associated with autoimmune-induced TD in
clinical practice because these endocrine diseases are
linked by the same pathophysiological mechanism.
They share an autoimmune predisposition, and some
genetic factors might contribute to the co-occurrence
of autoimmune thyroid disease (AITD) and TD (,
). An increased risk for thyroid autoimmunity has
been reported in adults with TD and late-onset
autoimmune-induced diabetes (–).

AITD occurs in % to % of adults with TD;
these patients are at an increased risk of both
autoimmune-induced hypothyroidism [Hashimoto
thyroiditis, (HT)] as well as hyperthyroidism [Graves
disease (GD)] (–). TD patients develop TD at an
early age compared with the general population, and
therefore autoimmune hypothyroidism is present in
% of children with TD (, ). Its onset is as-
sociated with a more aggressive presentation of TD
and poorly controlled diabetes in pediatric patients
with TD (, ) [see Table  (–)].

ESSENTIAL POINTS

· Autoimmune thyroid dysfucntion occurs in 17% to 30% of adults with type 1 diabetes

· Thyroid dysfunction is more common in patients with type 2 diabetes than in the general population

· Preexisting diabetes mellitus is exacerbated by hyperthyroidism

· Insulin treatment should be adjusted in patients with diabetes after the occurrence of thyroid dysfunction

· Hyperglycemia should be reevaluated in hyperthyroid subjects after the control of thyroid dysfunction

· Liraglutide is not recommended in patients with a personal or family history of medullary thyroid cancer or type 2
multiple endocrine neoplasia

· Pioglitazone should not be administered to diabetic patients with clinically active Graves ophthalmopathy
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According to the results of the HUNT study, a
population-based study in Nord-Trøndelag, Nor-
way, adult women with TD have about a twofold
higher risk of having hypothyroidism, whereas men
with TD have an approximate fourfold higher risk
for developing hypothyroidism, with an increased
prevalence in patients with positive TPO Abs ().
Patients with TD and TPO Ab positivity are
-fold more likely to develop hypothyroidism
compared with type  patients with diabetes with
TPO negativity during a period of  years (). The
onset of TD is frequently associated with duration of
diabetes ().

Association of T1D and AITD
The association of AITD and TD as two autoimmune-
induced endocrine disorders is denominated as autoim-
mune polyglandular syndrome type  variant (APS). TD
and AITD may also coexist within both the very
rare juvenile APS type  (encompassing autoimmune
hypoparathyroidism and primary hypogonadism) as
well as within the APS adult type  with Addison
disease as the primary endocrine component. How-
ever, both in APS and APS, AITD and TD neither
define the diagnosis nor are they the major endocrine
components (, ). The prevalence of APS is
~:, (). It occurs more frequently in women.
The male-to-female ratio is :. The incidence of APS
peaks at ages  to  years, mostly in the third or
fourth decade (). AITD peaks in the fourth decade
for GD or fifth and sixth decade for HT. The si-
multaneous occurrence of autoimmune-induced hy-
pothyroidism and TD leads often to hypoglycemia
due to decreased insulin requirement and increased
insulin sensitivity. Glucose intolerance accompanies
autoimmune hyperthyroidism in % of patients. In
APS, circulating organ-specific Abs are present in
each of the component diseases. Occasionally, Abs will
cross-react with more than one gland. Abs usually
precede clinical disease; however, in contrast to anti-
islet Abs, anti-thyroid Abs can be present for decades
without progression to overt disease. Current di-
agnosis of APS involves serological measurement
of organ-specific Abs and subsequent functional
testing, that is, baseline TSH, FSH, LH, free T, tes-
tosterone, estradiol, fasting morning glucose, and
cortisol, an ACTH stimulation test (when adrenal Abs

are present), as well as serum Na+, K+, Ca, and blood
cell count (). Management of patients with APS,
including their family relatives, is recommended in
centers with special expertise in autoimmune endo-
crine disorders.

Joint susceptibility genes in AITD plus T1D and
pathogenic mechanisms contributing to
polyglandular autoimmunity
APS is a genetically complex and multifactorial
syndrome (). Several genetic loci possibly interact
with environmental factors. APS is characterized by a
complex inheritance pattern. Family and population
studies showed that APS has a strong genetic
background. Whole-genome and candidate gene ap-
proaches identified several gene variations, which are
present in both TD and AITD. For APS, disease
susceptibility genes are human leukocyte antigen
(HLA) on chromosome , protein tyrosine phos-
phatase nonreceptor type  (PTPN) on chromo-
some , cytotoxic T lymphocyte antigen (CTLA) on
chromosome , forkhead box P (FOXP) on the X
chromosome, and IL- receptor a (IL-Ra) gene
region on chromosome  (). These genes are in-
volved in the immune regulation and T cell activation
within the immunological synapse (Table ). Further
candidate genes with joint risk for AITD and TD are
the v-erb-b erythroblast leukemia viral oncogene
homolog  (ERBB) gene on chromosome , C-type
lectin domain family  member A (CLECA) on
chromosome  (involved in pathogen recognition),
the proinflammatory cytokine TNF-a gene, major
histocompatibility complex (MHC) class I chain-
related gene A (MICA), the VNTR (insulin) gene,
and the CD gene. Thus, TD and AITD share
common susceptibility gene variants, which possibly
act pleiotropically as risk factors for the development
of autoimmunity in APS.

TD and AITD are both organ-specific T cell–
mediated diseases. All four confirmed joint suscepti-
bility genes identified for APS are involved in the
immunological synapse and T cell activation: the
HLA-DR molecules present autoantigens to T cells,
PTPN negatively influences the T cell receptor
signaling pathway, CTLA- suppresses T cell activa-
tion, and FOXP regulates the differentiation of reg-
ulatory T cells ().

Table 1. Prevalence of TD in T1D

Prevalence Associated Risk Factors

Risk of AITD in adults with T1D 17%–30%

Risk factors for AITD Female sex, TPO Ab-positive, duration of diabetes

Risk of hypothyroidism in children with T1D 25%

Risk factors for hypothyroidism in children Poorly controlled diabetes

From Eisenbarth and Gottlieb
(10); Shun et al. (11); Jin et al.
(12); Gambelunghe et al. (13);
Libman et al. (14); and
Fatourechi et al. (15).
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APS is strongly associated with certain alleles of
theHLA genes within the MHC (Table ).HLA class II
is a potential gene locus for combined susceptibility to
TD and AITD, as has been shown in whites and
Asians (–). The gene products of the HLA class II
genes are involved in immune reactions. The different
HLA class II alleles are characterized by different af-
finities for peptides. Therefore, some autoantigenic
peptides may be recognized by T lymphocyte re-
ceptors, whereas others may not (). Most family
studies gave evidence that the haplotype HLA-DR-
DQB* is the primary haplotype conferring
susceptibility to both TD and AITD within families
(). Here, DR seems to be the primary allele
conferring risk to both TD and AITD, whereas
DQB* is less relevant. Many population studies
indicate that both HLA haplotypes DR-DQB*
and DR-DQB* contribute to APS (, ).
The HLA-DRB* allele was strongly increased in
patients with APS (%) vs both controls [%, P ,
.; relative risk (RR), .; % CI, . to .]
and monoglandular autoimmune disease (%, P ,
.). HLA-DRB* was highly prevalent in APS
patients with early vs late disease onset (P , .).
HLA-DRB* allele carriers were more present in

APS vs controls (% vs %, P , .; RR, .;
% CI, . to .). Furthermore, HLA-DQB*
was increased in APS vs controls (P, .), whereas
HLA-DQB* was decreased (P , .). Thus,
HLA-DRB* is a stronger genetic marker in APS,
foremost in those with early disease onset ().

The different HLA class II alleles show different
pocket II structures and different affinities for peptides
(). There are two mechanisms by which HLA class II
variants could be involved in the common etiology of
TD and AITD. The first mechanism refers to the
structure of the HLA pockets, coded by the HLA class
II alleles, and the second mechanism refers to the
peptide binding (, ). First, two distinct HLA class
II molecules (e.g., DQB for TD and DR for AITD)
with distinct pocket structures are in tight linkage
disequilibrium, and thereby they are inherited together
and expressed on antigen-presenting cells (APCs)
together. Thus, both islet cell peptides and thyroid-
derived peptides will fit in these pockets. Second, two
distinct HLA class II molecules share a similar HLA
class II pocket structure fitting both islet cell peptides
as well as thyroid-derived peptides (). The common
pocket structure could also influence the anchoring of
the T cell receptor and not the peptide binding.

Table 2. Joint Susceptibility Genes for T1D and AITD

Gene Chromosome Function

Confirmed joint susceptibility genes

HLA class II genes 6 Presents autoantigens to T cells

PTPN22 1 Negatively influences T cell receptor signaling pathway

CTLA-4 2 Suppresses T cell activation

FOXP3 X Controls differentiation of regulatory T cells

Candidate susceptibility genes

IL-1RA 2 Implicated in pathogenesis of autoimmune diseases

IL-4 5 Implicated in Th2 humoral immunity

MICA 6 NKG2D receptors stimulate NK cells and T cell effector functions

TNF-a 6 Implicated in pathogenesis of autoimmune diseases

Tg 8 Represents a major target of the immune response in AITD

IL2RA/CD25 10 Impacts production and function of regulatory T cells

VNTR (insulin) 11 Alters transcription of the insulin gene

ERBB3 12 Not defined

CLEC16A 16 Implicated in pathogen recognition

CD40 20 Interacts with CD40 ligand on T cells

Abbreviations: CD40, B cell–associated molecule CD40; CLEC16A, C-type lectin domain family 16 member A; ERBB3, v-erb-b2 erythroblast leukemia viral oncogene homolog 3; IL-1RA,
IL-1 receptor antagonist; IL2RA, IL-2Ra; MICA, MHC class I chain-related gene A; NK, natural killer; NKG2, NK cell group 2 (group of genes that are expressed primarily in NK cells
encoding a family of C-type lectins; the NKG2D gene is expressed as a major 1.8-kb and a minor 3.2-kb transcript in NK cell lines and in some T cell lines); Tg, thyroglobulin; VNTR
(insulin), insulin gene variable number of an 86-tandem repeat [a penta-allelic 86-bp tandem repeat (VNTR) occurs in intron 2, of which allele 2 (IL1RN*2) is associated with
autoimmune conditions].
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The PTPN gene maps on chromosome one
location p (). This gene encodes the lymphoid
tyrosine phosphatase (LYP) protein. Both immature
and mature B and T lymphocytes express LYP, which
is a negative regulator of signal transduction through
the T cell receptor. LYP inhibits the T lymphocyte
antigen receptor signaling pathway () and binds to
protein kinase Csk, thereby limiting the response to
antigens (). LYP associates with the molecular
adaptor protein CBL and may be involved in regu-
lating CBL function in the T cell antigen receptor
signaling pathway. It binds to Csk, thereby limiting the
response to antigens. A single nucleotide poly-
morphism (SNP) in the PTPN gene, a  C→T
transition, causing a tryptophan for arginine sub-
stitution in the LYP protein (RW), is associated
with TD, AITD, and vitiligo (–). Alternative
splicing of this gene results in two transcript variants
encoding distinct isoforms of the protein. The minor T
allele is associated with TD and AITD (–). This is
involved in altered T lymphocyte activation. In Asian
patients, a novel SNP in the promoter region of the
PTPN gene, GC, has been associated with TD
and AITD (). Additional candidate polymorphisms
may be also causative (). In an association study, 
white subjects with APS, AITD, or TD or healthy
controls were genotyped for the CT poly-
morphism (). The PTPN  minor T allele
frequency was strongly increased in patients with
APS (%) compared with controls (.%, P, .),
with patients with AITD only (%, P, .), or with
TD only (%, P , .). T allele carriers were also
more frequently present in the group with APS vs
controls (% vs %; OR, .; % CI, . to .),
AITD (%; OR, .; % CI, . to .), and TD
(%; OR, .; % CI, . to .). Especially in
subjects with both HT and TD, T allele carriers were
mostly frequent (% vs %; OR, .; % CI, .
to .; P , .). Considering all included pa-
tients with AITD, T allele carriers were % vs .%
in controls (P , .; OR, .; % CI, . to
.). Patients carrying the PTPN  T allele
had a twofold increased frequency of the HLA-
DRB* allele (% vs %, P , .). Finally, in
the first performed genome-wide association study
in patients with both TD and AITD, the PTPN
gene on chromosome  was recognized as joint
susceptibility locus with a significantly increased log
score ().

The CTLA- gene encodes a negative regulator of
T cell activation, which is expressed on the surface of
activated T lymphocytes. It is involved in the in-
teraction between T lymphocytes and APCs ().
APCs present to the T lymphocyte receptor an anti-
genic peptide bound to an HLA class II protein on the
cell surface, thus activating T lymphocytes. Further-
more, costimulatory signals on the APC surface in-
teract with receptors (e.g., CTLA-) on the surface of

CD+ T lymphocytes during antigen presentation.
CTLA- downregulates T lymphocyte activation ().
A genetic variant that decreases CTLA- function and
therefore increases T cell activation might promote
development of autoimmunity in APS. CTLA-
polymorphisms are associated with AITD (). In
contrast, findings are inconsistent with respect to the
association of CTLA- and TD, suggesting a weak
effect (–). A 9 untranslated region (AT)n
microsatellite polymorphism with longer and shorter
repeats of AT are related to autoimmunity, whereas
longer repeats are associated with decreased inhibitory
function of CTLA- (). Longer repeats correlate
with a shorter half-life of the CTLA- mRNA than do
shorter repeats (). The CTLA- AT repeat affects the
inhibitory function of CTLA- in that the long AT
repeat allele is associated with a reduced control of
T cell proliferation in patients with GD (). The
causative CTLA- gene polymorphism for autoim-
munity may be located in the 9 untranslated region of
the CTLA- gene. CTLA- CT, another CTLA-
gene polymorphism, was analyzed in patients with
APS, AITD, TD, and in healthy controls (). The
CT G/G genotype was significantly more common
in patients with APS than in healthy controls (%
vs %; OR, .; % CI, . to .; P = .). The
CT allele frequencies differed as well between APS
patients and controls, with the predisposing G allele
being increased in APS (OR, .; % CI, . to
.; P = .). Patients with APS did not differ
from those with AITD or TD. Another A/G SNP
results in a threonine-to-alanine substitution in the
signal peptide of the CTLA- protein. This leads to a
less efficient glycosylation in the endoplasmic
reticulum and reduced surface expression of the
CTLA- protein (), which negatively affects CTLA-
 function or expression, resulting in increased T cell
activation.

The FOXP gene modulates the differentiation of
regulatory T cells (). A reduced function, due to
genetic variants, could promote the development of
autoimmunity in APS. Both a haplotype consisting of
allele  of a microsatellite and the T allele of a C/T
SNP were related with APS (). Because the
microsatellite is located past the zinc finger domain of
the FOXP gene, it could affect downstream splicing,
thereby impeding the function of the gene.

The IL-Ra/CD gene impacts production and
function of regulatory T cells actively suppressing
autoreactive T cells in the periphery (). Poly-
morphisms in the CD gene region might affect the
function of regulatory T cells, and thereby could in-
fluence the development of the autoimmune diseases
TD and AITD (). The CLECA gene contains a
C-type lectin domain, and the encoded protein is
detected in immune cells (). It is implicated in
pathogen recognition andmight predispose for immune-
mediated diseases.
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The proinflammatory cytokine TNFa gene is lo-
cated within the class III region of the MHC between
HLA-B loci of class I and HLA-D loci of class II. It
encodes the proinflammatory cytokine TNFa. The
uncommon A allele of the TNFa 2 SNP is as-
sociated with increased transcription and production
of the TNFa protein, which has been implicated in the
pathogenesis of autoimmune diseases (, ). The
putative association between a polymorphism of the
TNFa 2 and APS was analyzed (). The
TNFa 2*A allele occurred more frequently in
patients (.) than in controls (., P = .). Also,
TNFa2*A carriers were more frequent in patients
than controls (% vs %; OR, .; % CI, . to
.). The frequency of the AA genotype was increased
in APS (P = .). APS patients with AITD and the
TNFa 2 AA genotype showed the highest prev-
alence of thyroid autoantibodies. Finally, HLA-
DRB* and TNFa 2*A alleles were strongly
associated in patients with APS (%, P , .).
Collectively, these findings indicate similar immuno-
genetics of TD and AITD.

Genetic mitochondrial diabetes
DM has been reported in mitochondrial diseases
caused by autosomal recessive mutations in the nu-
clear genes POLG, RRMB, OPA, and MPV ().
Mitochondrial dysfunction can lead to type  or type 
DM. The average age of onset of this disorder is 
years for the common m.A.G mutation, and 
to  years for other mutations. Individuals with
m.A.G and DM have combined insulin de-
ficiency and insulin resistance and a high risk of
progression of their dysfunction. Genetic mitochon-
drial disease should be suspected in patients with
endocrine dysfunction (DM, ovarian failure, adrenal
insufficiency, and hypoparathyroidism) and associated
with multisystem disease. However, tyroid dysfunction
has been infrequently reported inmitochondrial disease.
A polyendocrinopathy including DM, adrenal in-
sufficiency, and hypothyroidism was reported in twins
with a heterozygous POLG mutation p.GV ().

Maturity-onset diabetes and association between
hepatocyte nuclear factor-1a and thyroid cancer
Maturity-onset diabetes of the young (MODY) is a
monogenic form of DM characterized by autosomal
dominant inheritance and early age of onset (,
years) (). Mutations in the hepatocyte nuclear factor
(HNF)-a or HNF-b genes are responsible for
MODY type  and MODY type , respectively ().
Interestingly, HNF-a may also influence carcino-
genesis. HNF-b is expressed in papillary cancer cell
lines with high human nicotinamide N-methyl-
transferase gene expression (). It is not expressed in
other papillary, follicular, and Hürthle cancer cell lines
and in primary cultures of normal thyroid cells and
benign thyroid conditions. Moreover, both HNF-a

mRNA and protein have been detected in anaplastic
thyroid cancer cell lines, suggesting a potential role of
HNF-a in more aggressive forms of thyroid cancer ().
Further studies on the function of HNF-a andHNF-b
in thyroid cancer cells should be performed to in-
dividualize molecular targeted therapy in the future.

Underlying Mechanisms of the Association
Between TD and Type 2 DM

Prevalence of TD in patients with T2D
TD is due to a progressive loss of b cell insulin
secretion commonly on the background of insulin
resistance (). In  it was estimated that ~
million people had DM, of whom % to % had
TD (). According to the World Health Organi-
zation, the prevalence of DM is expected to increase to
 million by , developing in ~.% to .% of
adults () with an epidemic risk of TD in pop-
ulations such as China, Oceania, South and Central
Asia, Latin America, and theMiddle East (–). This
increasing prevalence of TD worldwide is probably
due to unhealthy lifestyles and the increasing aging
population. Insulin resistance, defined as the inability
of insulin to increase glucose uptake and utilization in
peripheral tissues (muscle, adipose tissue and liver), is a
very early event in the pathogenesis of TD, inducing
b cell dysfunction (, ). Insulin resistance and the
underlying metabolic abnormalities (overnutrition,
obesity, and poor physical exercise and inactivity) can
be present for years before the onset of hyperglycemia
and the clinical diagnosis of TD. During its early
stages, b cells compensate for insulin resistance by
increasing insulin secretion to ensure an appropriate
glucose uptake and metabolism in peripheral tissues.
However, b cells are unable to support persistent
hyperinsulinemia and, subsequently, postprandial
hyperglycemia can develop with the onset of overt
TD in adults. Insulin resistance can occur as part of a
cluster of cardiovascular and metabolic abnormalities
commonly identified as metabolic syndrome (MetS)
(). This disorder is recognized as an independent
risk factor for TD and cardiovascular disease (CVD),
leading to the development of hypertension and
accelerated atherosclerosis or polycystic ovarian syn-
drome, in relationship to the age of the patients and
the genetic background (, ). TD is more common
in patients with TD than in the general population
and can adversely influence the metabolic control.
Goiter has been recognized as a risk factor for TD in
patients with DM, as observed in nondiabetics (),
and parity is a risk factor for TD in women with
diabetes (). The overall prevalence of TD in patients
with DM in studies from Europe and Saudi Arabia
ranges from % to % (, ).

A few studies have prospectively investigated the
relationship between TD and the incidence of diabetes
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(–). Two Danish register-based studies have re-
ported conflicting results (, ). A nationwide
registry study reported an increased risk of DM in
individuals with hyperthyroidism (), whereas two
other studies reported an increased risk of DM in
patients with hypothyroidism (, ).

Hyperthyroidism and T2D

Prevalence and risk of progression
The prevalence of hyperthyroidism in patients with
diabetes is higher than in the general population ();
it was found in .% of adult patients with TD (),
while SHyper was present in ~% to % of T patients
with diabetes (, ). New diagnosis of SHyper in
patients with TD was higher in females than in males
(.% vs .%), and the relative risk was significantly
increased in females only (). Advanced age and the
presence of goiter are significantly and indepen-
dently correlated with the presence of SHyper in the
population with diabetes, suggesting that toxic mul-
tinodular goiter is a more frequent cause of hyper-
thyroidism than GD (). The presence of TD does
not predict the incidence of hyperthyroidism in the
elderly population with diabetes ().

Hypothyroidism and T2D

Prevalence of hypothyroidism in T2D
TH deficiency is unlikely to be a coincidence in pa-
tients with TD because the prevalence of hypothy-
roidism is higher in patients with diabetes than in the
general population. Subclinical and overt hypothy-
roidism are the most common form of TD in TD and
MetS (, ). The prevalence of hypothyroidism
in TD ranges from % to % in epidemiologic
studies across different ethnic groups (Table )
(–). This wide range could reflect differences in
age, sex, and iodine intake in the populations surveyed.
Female sex, older age, obesity, TPO Ab positivity, and

hospitalization are associated with an increased risk of
developing hypothyroidism in TD (, –). A
significant increased risk of hypothyroidism was ob-
served in patients with TD . years of age with an
OR of . and a clear difference between males and
females (OR, . vs .), patients with obesity and
without obesity (OR, . vs .), and presence or
absence of thyroid autoantibodies (OR, . vs .)
().

A large longitudinal study from Australia in
women with TD reported that SHypo is a common
finding in TD (). It was the prevalent form of TH
deficiency in females with diabetes (, ) and
patients with positive TPO Abs (, –). In line
with these results, a meta-analysis on  articles
confirmed a higher pooled prevalence of SHypo in
patients with TD when compared with healthy
controls (.-fold increased risk; % CI, . to .)
(). It was associated with an increased risk of di-
abetic microvascular complications ().

Changes in TSH and/or TH in longitudinal studies
and incidence of diabetes
Serum TSH was positively associated with hypergly-
cemia and insulin resistance in euthyroid subjects in
several studies (–). TSH may directly affect
metabolic parameters and stimulate leptin secretion in
human adipose tissue (–). It exerts an im-
portant role in hepatic glucose metabolism with
stimulative effects on hepatic glucose production in
vivo and in vitro (, ). TSH increases the ex-
pression of glucose -phosphate and phosphoenol-
pyruvate carboxykinase (PEPCK) at the mRNA level
in a mouse liver (, ). Moreover, TSH reduces
insulin secretion and its synthesis from pancreatic b
cells and consequently increases serum blood glucose
levels (–). Leptin is an important neuroendo-
crine regulator of the hypothalamic–pituitary–thyroid
(HPT) axis; it acts directly by regulating TRH gene
expression in the paraventricular nucleus (PVN) and

Table 3. Prevalence of TD in T2D

Prevalence Associated Risk Factors

Risk of hypothyroidism in adults with T2D 6%–20%

Risk factors for hypothyroidism Female sex, TPO Ab+, advanced age, hospitalization

Risk of hypothyroidism in T2D .65 years of age OR, 4.82 males vs 2.60 females

OR, 2.56 obese vs 3.11 nonobese

OR, 4.26 TPO+ vs 2.93 TPO2

Risk of SHypo in T2D 10.2%

Prevalence of subclinical hypothyroidsm in adults with T2D vs healthy controls* 1.93-Fold increased risk (95% CI, 1.66–2.24)

From Al-Geffari et al. (99); Song et al. (100); D́ıez amd Iglesias (101); Chen et al. (102); Han et al. (103); and Gray et al. (104).
aPooled prevalence from Gray et al. (104).
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indirectly by regulating TRH via effects in the arcuate
nucleus (ARC) (–) (Fig. ). Leptin levels cor-
relate with TSH levels and are elevated in patients with
hypothyroidism (–). Moreover, leptin levels are
elevated in many patients with diabetes and might
stimulate the synthesis of TSH by affecting the HPT axis
via Janus activating kinase (JAK)-/signal transducer and
activator of transcription (STAT) factor (, ).

Some prospective studies have investigated
whether changes in serum TSH and/or THs were
associated with the risk for developing TDM. In a
large longitudinal study on a euthyroid population
without diabetes, Jun et al. () assessed the asso-
ciation between consecutive changes in serum TSH
from the baseline values and the incidence of TD
during a -year follow-up. Cox proportional hazard
models showed that the risk of incident TD was
significantly increased with each  mU/L increment of
serum TSH; in particular, this risk was increased in
subjects with the highest TSH change tertile compared
with the lowest tertile (hazard ratio, .; % CI, .
to .; P for trend = .). Changes in serum TSH
correlated with changes in gylcated hemoglobin
(HbAc), which represents the main indicator of the
average glycemic control during  to  months ().
The same group of authors reported that individual
changes in TSH and THs, even within the normal
reference range, were an additional risk factor of in-
cident TDM during a -year longitudinal study on
 euthyroid subjects without TD (). A pro-
gressive increase in TSH with a decrease in T and
FT, suggesting the development of a more severe
form of hypothyroidism, was independently associated
with the risk of developing TD regardless of sex and
thyroid autoimmunity. An increase in TSH from
baseline (range, –. mU/L to +. mU/L) was as-
sociated with a higher risk of TD (HR, .; % CI,
. to . per SD). An increase in FT (range, –.
to +. ng/dL) or T (range, –. to + ng/dL) was
associated with a lower risk of incidence of TD. T
directly increases islet b cell mass pathways () and
controls insulin secretion () and intracellular
glucose availability. These results suggest that subtle
changes in the levels of serum TSH and THs, even
within the physiological range, can induce insulin
resistance or diabetes (, ).

The Rotterdam Study, a large prospective
population-based cohort study, investigated the as-
sociation of thyroid function with the incidence of
TD and the progression from prediabetes to diabetes
(). Higher TSH levels and lower FT levels were
associated with an increased risk of diabetes and
progression from prediabetes to diabetes. On the
contrary, high and high-normal thyroid function was
protective against the development of and/or pro-
gression to TD ().

A recent large cross-sectional study from China has
found that decreased FT, decreased FT/FT ratios,

and increased FT levels were independently related
to a higher prevalence of TD in both males and
females (). A higher prevalence of TD had a
negative correlation with FT and a positive corre-
lation with FT, even after the adjustment for con-
founding factors in both males and females. The
decreased FT/FT ratio could be considered the
indicator of the inhibition of the peripheral deiodinase
activity, which can lower the basal metabolic rate and
explain the pathogenesis of TD or could reflect the
low T syndrome in inadequately controlled patients
with diabetes (, ). In a further study, hypo-
thyroidism increased the risk of developing diabetes
(RR, .; % CI, . to .) (), also showing that
the risk of DM was also prominent in statin users with
SHypo (). The RR was . (% CI, . to .) and
. (% CI, . to .) in statin users and nonusers,
respectively (). Mitochondrial dysfunction can rep-
resent the commonmechanism related to both DM and
TD that can be aggravated by statins. In fact, hypo-
thyroidism and statins can both induce mitochondrial
dysfunction (–). Interestingly, in this study, pa-
tients with hypothyroidism treated with replacement
doses of L-T were not at increased risk for DM ()

Risk of progression of TH deficiency in T2D
There is an increased risk of progression from sub-
clinical to overt hypothyroidism in patients with TD,
especially in women (). This progression may be
deleterious in patients with TD because the onset of
overt TD may deteriorate glucose control in patients
with diabetes. A progression rate of % per year from
SHypo to overt Hypo was reported in patients with
diabetes with positive TPO Abs (). Both AITD and
female sex are risk factors for progression of TD
among patients with diabetes. Although the duration
of diabetes can be a risk for AITD in children and
adolescents with TD (), it is not the case in those
suffering from TD ().

Central and Peripheral Effects of THs on the
Regulation of b Cell Function, Glucose
Tolerance, Hepatic Glucose Production,
and Peripheral Glucose Utilization

TH exerts profound effects on the regulation of glu-
cose homeostasis and lipid metabolism. These effects
are mediated both throughout the central nervous
system and the direct interaction of THs with pe-
ripheral target organs such as liver, white and brown
adipose tissues (WAT and BAT, respectively), pan-
creatic b cells, and skeletal muscle () (Fig. ).

Regulation of hepatic glucose and
lipid metabolism
TH receptors (TRs) a and b are important
for normal pancreatic islet development ().
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Neonatal b cells have TH receptors, and their ex-
posure to T determines the activation of the tran-
scription factor MAFA, which stimulates b cell
maturation and insulin secretion. Moreover, T
promotes proliferation of pancreatic islet cells ().
It increases proinsulin mRNA expression () and
also acts as a mitogenic prosurvival factor for
pancreatic b cells through a mechanism that seems
to involve MAPK/ERK activation (). T is a
physiological regulator of b cell function. It controls
insulin secretion and glucose uptake, acting diff-
erently in the liver, skeletal muscle, and adipose
tissue, which are the main targets of insulin action
(, ). TH has insulin-antagonistic effects in the
liver, whereas it acts synergically with insulin in the

peripheral tissues. TH increases hepatic glucose
output through increased hepatic expression of
glucose transporter (GLUT) and stimulates the
endogenous production of glucose through the
increase in gluconeogenesis and glycogenolysis,
which is responsible for the decrease of liver sen-
sitivity to insulin (). Treatment with TH in-
creases alanine transport into hepatocytes and the
conversion of alanine into glucose (). An im-
portant effect of T is the increase of glucose
-phosphate mRNA expression and the synthesis of
PEPCK (, ). Hepatic PEPCK mRNA is
stimulated .-fold in thyrotoxic rats, and it is re-
sistant to insulin suppression of hepatic glucose
production compared with euthyroid rats ().

Figure 1. Central and peripheral regulation of TH on food intake, glucose and lipid metabolism in target organs such as liver, white and
brown adipose tissue, pancreatic b cells, and skeletal muscle. AgRP, agouti-related protein; BDNF, brain-derived neurotrophic factor;
CART, cocaine- and amphetamine-regulated transcript; D2, deiodinase type 2; NE, norepinephrine; NPY, neuropeptide Y; POMC,
proopiomelanocortin; PP, pancreatic polypeptide; SNS, sympathetic nervous system; a-MSH, a-melanocyte–stimulating hormone; b-r,
b-receptor.
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Other hepatic gluconeogenic enzymes are positively
regulated by TH ().

T can also centrally modulate hepatic glucose
production and insulin sensitivity by acting on the
sympathetic pathway, connecting the paraventricular
hypothalamus to the liver (). T administration in
hypothalamic PVN increases hepatic glucose pro-
duction independent of plasma T, insulin, glucagon,
and corticosterone. This effect is abolished by se-
lective hepatic sympathectomy, supporting that T-
sensitive neurons in PVN mediate liver glucose
production via sympathetic projections on the liver.
TH facilitates the glycogenolytic and gluconeogenic
effects of epinephrine and glucagon by inducing
b-adrenergic receptor mRNA and repression of
inhibitory G protein RNA of the adenylate cyclase
cascade (). T further increases the dysregulation
of liver glucose and lipid metabolism characteristic of
insulin resistance by the induction of lipogenic en-
zymes (). Both lipogenesis and lipolysis are
stimulated by T. TH may increase fatty acid uptake
in the liver via the regulation of fatty acid trans-
porter proteins and increases in hepatic lipogenesis
(–). The activation of hepatic lipases and
lipophagy has been implicated in the intrahepatic
lipolysis induced by T (). The conversion of
glucose into fatty acids together with nonsuppressed
gluconeogenesis perpetuates the hyperinsulinemic
state. Hyperthyroidism and high-fat feeding result in
significant impairment of islet function. In contrast,
physiological T treatment prevents streptozocin-
induced islet deterioration and maintains islet struc-
ture, size, and consistency ().

Regulation of glucose metabolism in the skeletal
muscle and adipose tissue
T upregulates the expression of genes involved in
glucose transport and glycolisis in peripheral tissues
(). In the skeletal muscle, T modulates mRNA
and protein expression of GLUT, adenosine
monophosphate–activated protein kinase, and acetyl
coenzyme A carboxylase (). Therefore, T increases
basal and insulin-stimulated glucose transport in this
tissue (). The transcriptional regulation of the
sarcoplasmic endoplasmic reticulum (SERCAa,
SERCAa) and other important proteins can explain
the TH-induced shift to faster contractile function in
the muscle and the concomitant increase in both
glycolytic and oxidative capacities (–). T can
also act by a nongenomic mechanism because it is able
to induce within  minutes an increase in insulin-
dependent GLUT-mediated glucose uptake, without
interfering with other transporters such as GLUT and
GLUT (). Adipose tissue can modulate insulin
sensitivity of skeletal muscle by the release of adipo-
kines and, alternatively, the skeletal muscle can affect
adipose tissue by the production of several myokines
(). Interestingly, both hypothyroidism and

hyperthyroidism can interfere with the normal
adipocyte–myocyte crosstalk, thus contributing to the
insulin resistance (). Another T target in the
skeletal muscle is mitochondrial uncoupling protein
(UCP); this effect explains the increased energy ex-
penditure induced by TH excess (–).

Metabolic Changes and Glycemic Control in
Patients With TD and DM

Metabolic changes in patients with
hyperthyroidism and the effect of
hyperthyroidism on glycemic control
Glucose intolerance in patients with hyperthyroidism
is prevalently due to hepatic insulin resistance because
TH excess increases the endogenous glucose pro-
duction and insulin requirement and reduces hepatic
insulin sensitivity (Fig. ) (, ). Fasting or
postprandial insulin and proinsulin levels are elevated
in hyperthyroidism, and free fatty acid concentrations
are raised (, ). Glucose and insulin response is
increased after an oral glucose tolerance test in patients
with subclinical and overt hyperthyroidism ().
Moreover, hyperthyroidism has been associated with
increased degradation of insulin (). Gluconeo-
genesis is increased in both subclinical and overt
hyperthyroidism when compared with euthyroidism.
Moreover¸ TH excess increases b cell apoptosis, and
this effect could be one of the major elements re-
sponsible for the deterioration of glucose tolerance in
thyrotoxicosis leading to hyperglycemia. Peripheral
glucose transport and tissue utilization are increased in
hyperthyroidism with peripheral insulin resistance
(, ). The insulin-stimulated glucose oxidation
rate is increased in the muscle and adipose tissue of
patients with hyperthyroidism. The considerable in-
crease of glucose in peripheral tissues leads to an
increased metabolism of glucose through the non-
oxidative pathway. In fact, owing to the muscle insulin
resistance, glucose is processed mainly by glycolysis
that generates lactic acid; it is released into the cir-
culation and returns to the liver, determining an in-
crease of hepatic glucose production (, , ,
). Peripheral insulin resistance can also be due to
the secretion of hyperthyroidism-induced proin-
flammatory mediators (IL-, TNFa, and several adi-
pokines) by adipocytes ().

Therefore, hyperthyroidism is associated with a
hypermetabolic state with increased energy expendi-
ture and weight loss despite increased appetite and
food intake, reduced cholesterol levels, increased li-
polysis, and gluconeogenesis. Insulin resistance, which
is associated with hyperthyroidism, can be improved
with the restoration of euthyroidism (). Patients
with hyperthyroidism can have an increased risk of
severe hyperglycemia (, ), and preexisting DM
is exacerbated by hyperthyroidism.
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Metabolic changes in patients with hypothyroidism
and the effect of hypothyroidism on
glycemic control
Hypothyroidism is characterized by impaired glucose
absorption from the gastrointestinal tract, delayed
peripheral glucose assimilation, decreased or normal
hepatic glucose output, and reduced liver and muscle
gluconeogenesis and glycogenolysis () (Fig. ).
Insulin secretion has been reported to be normal,
increased, or reduced, and the insulin half-life is
prolonged ().

Adipocytes and skeletal muscle of hypothyroid rats
are less responsive to insulin (–) because overt
and SHypo are associated with decreased glucose
transport in myocytes (). Glucose utilization is
slowed in the peripheral tissues, and the rates of
glucose oxidation and glycogen synthesis are decreased
in hypothyroidism. The inability of insulin to suffi-
ciently maintain glucose utilization by the muscles
leads to insulin resistance in patients with subclinical
and overt hypothyroidism (, ).

The Health ABC study revealed a positive corre-
lation between subclinical and overt hypothyroidism
and elevated fasting glucose levels at baseline ().
Several studies have demonstrated higher insulin levels
in hypothyroidism with a lower insulin clearance
(). Insulin resistance, in both fasting and post-
glucose conditions, has been reported in patients with
overt and SHypo, with a positive correlation between
THs and the Matsuda index (). The pathogenetic
mechanism leading to insulin resistance in hypothy-
roidism may be related to the dysregulation of the
leptin action at the hypothalamic level, the impaired
GLUT translocation, and the increase in free fatty
acids. Insulin-stimulated glucose transport has been
found to be decreased in isolated monocytes from
patients with overt and SHypo due to impaired
translocation of GLUT glucose transporters on the

plasma membrane, suggesting similar changes in
peripheral tissues (). Moreover, a community-
based observational study in healthy subjects, the
Fremantle diabetes study, showed that the combina-
tion of serum TSH and tissue insulin sensitivity has
important effects on serum lipid parameters in TD,
supporting its important contribution to diabetic
dyslipidemia (). Hypothyroid thyroidectomized
patients have insulin resistance even after acute L-T
withdrawal ().

Glucose-induced insulin secretion by the b cells is
increased in hypothyroidism and is reduced after L-T
therapy (). The insulin requirement is decreased in
insulin-treated patients with diabetes developing hy-
pothyroidism because of the impaired renal insulin
clearance (–). Therefore, during treatment with
insulin, patients with hypothyroidism with DM re-
quire decreased insulin doses and, when exogenous
insulin is not decreased, symptomatic hypoglycemia
can occur. Uncontrolled and untreated hypothyroid-
ism (overt and SHyo) may induce recurrent hypo-
glycemic episodes in treated patients with TD, and a
reduction in the insulin dosage should be considered
to prevent hypoglycemia. As a result, insulin doses
should be modulated with the correction of hypo-
thyroidism, and insulin requirements should be
assessed in light of the increased risk of hypoglycemia
().

Diagnosis of TD in Patients With DM

It is essential to recognize TD in patients with DM.
However, this diagnosis can be difficult because DM
can affect the evaluation of a concomitant TD
(Table ) (–). DM influences thyroid function
by controlling TSH release at the level of hypothal-
amus and by affecting T-to-T conversion in the

Figure 2. Metabolic changes
and glycemic control in
patients with TD.
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peripheral tissues (–). Experimental-induced
diabetes may cause alterations in the HPT axis by
reducing the levels of plasma TRH and TSH, thereby
affecting TH production (, ). Patients with
diabetes may have an impaired TSH response to TRH
stimulation with decreased T-to-T conversion. A
significant correlation between HbAc concentration
and TSH levels has been reported (, ).

The clinical diagnosis of DM may be delayed in
patients with hyperthyroidism and, alternatively, the
clinical features of decompensated diabetes may be
masked by hyperthyroidism (). The evaluation of
serum TSH and FT can provide unreliable results for
the coexistence of the low T syndrome (, ).
Both TD and TD may induce a “low T” condition
with low serum total and FT and increased reverse T
levels. An abnormal TH pattern associated with di-
abetes was attributed to the presence of TH binding
inhibitor (THBI), an inhibitor of the extrathyroidal
conversion enzyme (9-deiodinase) of T to T, and to
the dysfunction of the HPT axis (). These features
were exacerbated by stress and poorly controlled di-
abetes. Additionally, some oral hypoglycemic agents
can influence serum TSH levels ().

Treatment of Thyroid Dyfunction in Patients
With DM

Treatment of hyperthyroidism
Hyperthyroidism is successfully treated with antithy-
roid drugs (ATDs), radioactive iodine (RAI), or sur-
gery. Treatment of hyperthyroidism is recommended
by the European Thyroid Association (ETA) and the
American Thyroid Association (ATA) in patients with
overt disease and in those with severe (grade ) SHyper
in both GD and toxic nodular thyroid disease (,
) for the increased risk of atrial fibrillation, heart
failure, fractures, cognitive dysfunction, and all-cause
and cardiovascular mortality (, ). Treatment of mild
(grade ) SHyper (TSH of . to . mU/L) can be
considered when serum TSH is persistently low, es-
pecially in elderly patients and in those with a high
cardiovascular risk (history of atrial fibrillation or
stroke, heart failure, and coronary disease) or risk

factors for osteoporosis (, , –). However, no
prospective randomized controlled trial has been
performed to evaluate whether treatment can improve
the adverse outcomes associated with SHyper.

The choice of appropriate treatment should take
into account the etiology and severity of hyperthy-
roidism, the age of the patients, associated comor-
bidities, the size of the goiter and patient’s preference.
ATDs (e.g., methimazole and propylthiouracil) are
appropriate in GD because a spontaneous remission of
this autoimmune condition is possible after  to
months of therapy. Pretreatment with ATDs can be
necessary in patients with toxic adenoma and mul-
tinodular goiter with severe hyperthyroidism or
comorbidies, even though a definitive treatment with
thyroid ablation therapy (e.g., RAI or surgery) would
be preferred, especially in patients with persistent
hyperthyroidism at high risk of adverse cardiac events
or fractures (, , ) (Fig. ). Surgery is usually
reserved in the presence of large goiters, coexisting
hyperparathyroidism, or suspicion of thyroid cancer.

Treatment of hyperthyroidism with ATDs does not
affect glycemic control, apart from possible iatrogenic
hypothyroidism. Corticosteroids are occasionally used
for treatment of Graves ophthalmopathy (GO) or to
prevent its exacerbation after the administration of
RAI. These drugs may worsen glycemic control or
induce diabetes (). Therefore, the negative effects of
administered steroids on metabolic control should be
considered in patients with hyperthyroidism and di-
abetes as well as the onset/exacerbation of GO.

The adjustment of insulin treatment should be
considered in patients with diabetes after the occur-
rence of hyperthyroidism. The evaluation of thyroid
function should be performed during ketoacidosis in
patients with clinical symptoms and signs raising a
suspicion of hyperthyroidism. However, the hormonal
profile should be cautiously considered because of the
frequent coexistence of a low T syndrome. Hyper-
glycemia should be reevaluated in subjects with hy-
perthyroidism after the control of TD.

Treatment of hypothyroidism
Treatment of hypothyroidism in adult patients with
TD is simple and available because hypothyroidism is
successfully treated with oral L-T monotherapy. This
treatment is recommended by both the ETA and ATA
when serum TSH levels are .. mU/L (, )
(Fig. ). Uncontrolled diabetes may impair the ef-
fectiveness of L-T treatment in hypothyroidism.
Alternatively, L-T treatment may normalize fasting
hyperinsulinemia and significantly improve insulin
sensitivity in patients with hypothyroidism and TD.
This could suggest consideration of a potential benefit
of L-T administration in treating even mild TH
deficiency to improve the insulin resistance and
dyslipidemia that is associated with SHypo ().
Prospective studies are warranted to address this issue.

Table 4. Factors Limiting the Diagnosis of TD in Patients With DM

• The clinical diagnosis may be delayed because symptoms are masked by DM

• Diabetes-induced alterations of HPT axis with reduced levels of TRH and TSH

• Decreased T4-to-T3 conversion, especially in poorly controlled diabetes

• Low T3 syndrome in diabetic ketoacidosis

• Potential interference of TH binding inhibitor on T3 production

• Effect of oral hypoglycemic agents on serum TSH levels
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Patients with hypothyroidism and DM have re-
duced insulin requirements, and therefore an in-
creased insulin dose may be necessary when starting
treatment with L-T (). Excessive L-T therapy
inducing TSH suppression should be avoided because
it may induce iatrogenic hyperthyroidism and cause
a further impairment in glycemic metabolism. The
lipid profile is usually partially normalized by L-T
replacement therapy (); therefore, combination
therapy with statins is frequently required to obtain
greater improvement in lipid profile in patients with
hypothyroidism. However, the risk of statin-induced
myopathy is greater in patients with hypothyroidism
and DM (, ). Accordingly, when required, a
lower statin dose should be administered in combi-
nation with other lipid-lowering treatments. The use
of statins should be considered only after the cor-
rection of possible hypothyroidism to prevent the risk
of myopathy.

Effect of Antidiabetic Medications on
Thyroid Function

Some antidiabetic drugs can affect thyroid func-
tion and impact the HPT axis. Therefore, the use of
these drugs in patients with TD diabetes can in-
fluence the evaluation of serum TSH and TH levels
(Table ). Specific recommendations should be con-
sidered during treatment with antidiabetic medications
(Table ).

Metformin
Metformin, an oral hypoglycemic biguanide, is the first
drug of choice for treatment of patients with TD
because of its safety profile, efficacy in controlling
glycemic levels, and reasonably good compliance and
tolerance (). The main side effect of metformin is
gastrointestinal intolerance (diarrhea, nausea, dys-
pepsia, and abdominal pain), which may be observed
in up to % of patients and lead to discontinuation of
therapy in ,% of patients (). The TSH-lowering
effect of metformin in patients with TD with primary
hypothyroidism was first reported in  ().
Subsequent studies have suggested that metformin
may reduce serum TSH levels in patients with primary
hypothyroidism; this effect was observed in both
patients with hypothyroidism under LT replacement
therapy and in untreated subjects (, ).

A meta-analysis assessed the changes in serum
TSH levels in  patients before and after metformin
treatment (). It included seven studies, of which
four studies were performed on  patients with overt
hypothyroidism receiving L-T replacement therapy,
two studies on  patients with SHypo not receiving
L-T, and one study on  euthyroid patients without
any L-T therapy (). Six data sets included subjects
with diabetes and one study selected women receiving
metformin for PCOS (). The results showed that
metformin reduces TSH levels in both overt and
SHypo, whereas no change in TSH levels was observed
in euthyroid patients (). The results of this meta-
analysis on the nonsignificant effect of metformin on

Figure 3. Algorithm for the
diagnosis and treatment of
TD in patients with T1D and
T2D.
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serum TSH in euthyroid individuals were mainly
based on one prospective study by Cappelli et al. ()
that examined  euthyroid patients with TD. These
data were subsequently confirmed in the cross-
sectional study by Dı́ez and Iglesias () on 
patients with TD and by Rezzónico et al. (), which
included only women with insulin resistance and
thyroid nodules. In a second paper, Cappelli et al. ()
performed a large retrospective study on  patients
with TD and showed that metformin had a lowering
TSH effect in subjects with high-normal basal serum
TSH levels (TSH levels .. mU/L) and in patients
with hypothyroidism. A retrospective study in seven
primary health care centers in Spain assessed 
patients with TD ( females) and evaluated serum

TSH levels before and  year after the onset of
metformin treatment (). Based on a mathematical
model, a TSH cut-off point level of . mU/L was
associated with a lowering effect of metformin ().
Therefore, a serum TSH cut-off of . to  mU/L can
predict the effect of metformin on serum TSH.

The decline in serum TSH levels during treatment
with metformin was not associated with alterations in
plasma FT and FT concentrations in the studies
previously discussed. Therefore, changes in serum
TSH levels were independent from a potential effect of
metformin on L-T absorption, as demonstrated by
the lack of the effects on circulating TH (, ).
Moreover, the effect of metformin was reversible after
its discontinuation. Also, thyroid autoimmunity and

Table 5. Effect of Antidiabetic Medications on Thyroid Function

Metformin

• Lowering TSH effect in subjects with high-normal serum TSH levels (TSH levels .2.5–3 mU/L) and in patients with overt and
SHypo

• Reversible effect after discontinuation of metformin

• The TSH lowering effect of metformin can be observed in diabetic patients with thyroid disorder also when treating with T4

Sulfonylureas

• Goitrogenic activity of the first-generation sulfonylurea compounds

• Higher incidence of hypothyroidism in diabetic patients treated with the first-generation sulfonylureas compared with controls
treated with diet alone or insulin

• No influence of second generation of sulfonylureas (glibenclamide and gliclazide) on TH metabolism

Thiazolidinediones

• Activation of PPAR-g stimulates functional TSH receptor expression

• Increased recruitment and differentiation of orbital fibroblasts and stimulation of adipogenesis

• Increased risk of GO

Incretin mimetics

Animal models

• Activation of GLP-1 receptors on thyroid C cells

• Increased release of CT

• Increased C cell hyperplasia and adenomas

• Increased risk of medullary thyroid cancer at very high doses

Humans

• No effect on GLP-1 receptor activation

• No effects on serum CT levels

• No evidence for adverse effects

Insulin

• Enhanced levels of FT4 and reduced levels of T3

• Modulation of TRH and TSH secretion
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obesity were not involved in the relationship between
metformin and thyroid profile (, ).

Metformin is able to cross the blood–brain barrier
and reach a high concentration in the pituitary ().
Therefore, the hypothetical mechanisms for the effect
of metformin on serum TSH might be related to the
potential effect on TRs or the modulation of the ac-
tivity of type II deiodinase at the hypothalamic–
pituitary level (). Regarding the underlying
mechanism of these effects, potential explanations
include the possibilities that metformin might induce
changes in the affinity of TRs, TH binding, bio-
availability and metabolism of TH, or induce in-
terference with the TSH assay. THs negatively regulate
their production through the HPT axis. However,
some conditions, such as reduced food availability,
may downregulate the HPT axis, even in the presence
of normal or lower TH levels (, ). Metformin
mainly acts by suppressing hepatic gluconeogenesis via
activation of AMP-activated protein kinase (AMPK)
and sirtuin  (SIRT). These effects may probably
counteract the hypothalamic T action on TSH se-
cretion by inhibiting central AMPK (). There is
also evidence that metformin increases hypothalamic
dopaminergic tone in association with improved in-
sulin sensitivity and thereby could modulate the do-
paminergic tone on TSH secretion (). Moreover,
metformin might affect deiodinase type  (D) activity
in glial cells, astrocytes, and tanycytes in the medi-
obasal hypothalamus, where D catalyzes the con-
version of T to active T (). Interestingly, D
polymorphism generating less T has been associated
with some degrees of insulin resistance, and metfor-
min might enhance D activity providing more T at
the pituitary level in patients with hypothyroidism
().

In conclusion, available evidence supports the
conclusion that metformin treatment is not associated
with a significant modification of TSH values in
subjects with an intact HPT axis (). A TSH-
lowering effect of metformin can be observed in
patients with diabetes with thyroid disorder, in-
dependently of treatment with thyroxine. Although
the effect of metformin is yet to be clearly established,
literature results suggest that TSH levels should be
monitored in patients with diabetes with overt hy-
pothyroidism and SHypo during treatment with
metformin. A possible adjunctive role of metformin
during L-T therapy to obtain TSH suppression in
thyroidectomized patients with differentiated thyroid
cancer has been reported; it should be further in-
vestigated to reduce the adverse effects of exogenous
SHyper on the heart and bone (, ).

Regarding the effects of metformin on thyroid
morphology, one study showed that it significantly
decreased nodule size by % to % of the initial
volume in patients with insulin resistance (). More
importantly, it has also been reported that metformin
exerts an antimitogenic and proapoptotic effect in
thyroid carcinoma cell lines and increases the anti-
proliferative effect of chemotherapeutic agents, such as
doxorubicin and cisplatin (). It inhibits insulin-
induced growth stimulation in differentiated and
undifferentiated thyroid carcinoma and thyroid cancer
stem cells ().

Moreover, treatment with metformin could sup-
press the growth of metastatic medullary thyroid
carcinoma (MTC) cells by downregulating the mTOR
pathway (). These observations suggest an im-
portant potential role of metformin as an adjuvant
treatment in the management of thyroid cancer, es-
pecially in patients with diabetes.

Table 6. Recommendations on the Treatment of TD in Patients With DM

• TSH levels should be monitored after beginning metformin treatment in diabetic patients with overt and SHypo.

• There is insufficient evidence to recommend the assessment of serum TSH and FT4 levels and thyroid ultrasound in patients
treated with sulphonylureas.

• Pioglitazone should not be administered to diabetic patients with GO.

• GLP-1 receptor agonists are not recommended in patients with a personal or family history of MTC or type 2 multiple endocrine
neoplasia.

• The adjustment of insulin treatment should be considered in patients with diabetes after the occurrence of TD.

• The evaluation of thyroid function should be performed during ketoacidosis in patients with clinical symptoms and signs raising a
suspicion of hyperthyroidism.

• Glycemic control should be reassessed in hyperthyroid subjects after the control of hyperthyroidism with ATDs.

• An increased insulin dose may be necessary when starting treatment with L-T4 in hypothyroid patients with DM.

• Excessive L-T4 therapy inducing TSH suppression should be avoided because it may induce iatrogenic hyperthyroidism
determining an impaired glycemic control.

• The use of statins should be considered only after the correction of hypothyroidism to prevent the risk of myopathy.
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Sulfonylureas
Antithyroid and goitrogenic activities of sulfonylurea
have been reported. In animals receiving large doses of
sulfonylureas, the weight of the thyroid gland was
increased and iodine content and radioiodine uptake
were reduced (–). A higher incidence of hy-
pothyroidism was found in patients with diabetes
treated with the first-generation sulfonylureas com-
pared with controls treated with diet alone or insulin
(). Chlorpropamide and tolbutamide inhibit the
binding of T and T to T-binding globulin com-
petitively in vitro and after IV administration. In one
study they only had a minimal effect after oral ad-
ministration (). Studies on the second-generation
sulfonylureas demonstrated that glibenclamide and
gliclazide had no influence on TH metabolism
(–). Therefore, there is insufficient evidence to
recommend the assessment of serum TSH and FT
levels and thyroid ultrasound in patients treated with
sulfonylureas.

Thiazolidinediones
The thiazolidinediones (TZDs) are among one of
several classes of oral hypoglycemic agents commonly
used in TD. They are potent agonists of the nuclear
hormone receptor, peroxisome proliferator–activated
receptor-g (PPAR-g), which is found predominantly
in adipose tissue and plays a dominant role in adi-
pocyte differentiation (). The expression of
PPAR-g is greater in adipose and connective tissue
from patients during the active stages of GO. The
activation of PPAR-g by its agonist, TZD, was
shown to stimulate functional TSH receptor
expression. It also induces the recruitment and
differentiation of orbital fibroblasts into mature
lipid-laden adipocytes, suggesting that the activa-
tion of PPAR-g may play an important role in the
stimulation of adipogenesis and the pathogenesis of
GO induced by TZDs (). Further studies have
shown that patients with TD can have increased
eye protrusion during treatment with pioglitazone
(). Exacerbation of GO was described in patients
with TD following treatment with glitazones
without apparent changes in TH levels. The with-
drawal of pioglitazone treatment did not result in
remission of GO (–). Thus, TZDs should be
administered with caution in patients with diabetes
with GD. It seems apparent that pioglitazone should
not be administered to patients with diabetes with
clinically active GO.

The results from one study suggest that rosiglita-
zone use in patients with TDmight reduce the risk of
thyroid cancer ().

Incretin mimetics
Incretins act by increasing the activity of human
glucagon-like peptide- (GLP-), an endogenous
hormone released by the intestine in response to

food; they are designed as additional treatment to
metformin in patients with TD to improve the
control of blood glucose (). These drugs are able
to reduce HbAc levels without inducing episodes
of severe hyoglycaemia and can also induce weight
loss in patients who are obese. Incretin mimetics
(exenatide) or analogs (liraglutide) act as GLP-
receptor agonists but are resistant to the degrada-
tion of dipeptidyl peptidase- (DPP-). Sitagliptin
and other similar drugs specifically inhibit DPP-
and therefore increase the half-life of endogenous
GLP-. Treatment with incretins has been associ-
ated with an increased risk of thyroid cancer (),
although this risk is controversial and may differ
between GLP- receptor agonists and DPP- in-
hibitors and among different DPP- inhibitors
(). There is weak evidence suggesting an asso-
ciation between sitagliptin and an increased risk of
thyroid cancer in Taiwanese patients with TD,
especially during the first year of treatment ().
However, the lack of specific information on the
pathology, grading, staging of thyroid cancer, and
potential confounders (radiation, smoking, lifestyle,
insulin resistance, inflammation, and genetic fac-
tors) does not permit examination of the potential
mechanism of this association.

GLP- promotes b cell proliferation and inhibits
apoptosis, stimulates insulin secretion, and reduces
blood glucose in human subjects with TD. GLP-
controls glycemia via additional actions on glucose
sensors, the inhibition of gastric emptying, food intake,
and glucagon secretion ().

Serum calcitonin (CT) is an important bio-
marker for C cell diseases such as MTC and he-
reditary C cell hyperplasia (). Preclinical studies
in mice and rats demonstrated that liraglutide ac-
tivates GLP- receptors on the thyroid C cells,
causing the release of CT with a dose-dependent
effect on C cell pathology (). Animal models
have demonstrated an association between treat-
ment with exenatide or liraglutide and the ap-
pearance of abnormalities of thyroid C cells, with
progressive development of hyperplasia and ade-
nomas (–). These lesions were preceded by
an increase in plasma CT levels. Very high doses of
liraglutide (-fold human exposure) caused a small
number of C cell carcinomas in female mice. In
contrast, C cells within the monkey and human
thyroid gland exhibited lower levels of GLP- re-
ceptor expression and did not respond to GLP-
receptor agonists with an acute release of CT.
Prolonged administration of liraglutide at very high
doses did not produce C cell proliferation in
monkeys and did not induce significant changes in
CT levels in clinical studies in humans compared
with controls (, ). A large population-based
randomized study (the LEADER Trial) assessed the
long-term effects of the GLP- receptor agonist

804 Biondi et al Thyroid Dysfunction and Diabetes Mellitus Endocrine Reviews, June 2019, 40(3):789–824

REVIEW
D

ow
nloaded from

 https://academ
ic.oup.com

/edrv/article/40/3/789/5288751 by guest on 10 April 2024



liraglutide on serum CT concentrations during a
.- to -year period. Unstimulated serum CT
concentrations were measured in . patients
with TD receiving liraglutide or placebo (). The
results did not support any effect of GLP- receptor
activation on serum CT levels, C cell hyperplasia, or
C cell malignancy in humans, suggesting that the
findings previously reported in rodents may not
apply to humans (). Therefore, there is no evi-
dence for adverse effects of liraglutide in humans.
The reported adverse events of this drug can be
explained by the greater sensitivity and density of
GLP- receptors in rat C cells as well as the high
dosage of the drug when employed in animal
models. The Food and Drug Administration stated
that patients taking a GLP- receptor agonist do not
need to be monitored for the potential development
of MTC with CT levels. Nevertheless, GLP- re-
ceptor agonists are not recommended in patients
with a personal or family history of MTC or type 
multiple endocrine neoplasia.

Insulin
Insulin enhances the levels of FT and suppresses the
level of T by inhibiting the hepatic conversion of T
to T. Insulin modulates TRH and TSH levels ().
These effects can be worsened in poorly controlled
patients with diabetes.

Polymorphism of the D2 Gene, Thr92Ala, and
Increased Risk of T2D

Deiodinases are selenoenzymes that regulate the in-
tracellular concentration of T, thereby indirectly
controlling the response of these tissues to THs. They
control the activation and inactivation of T and T
and therefore central and peripheral T levels (,
). Deiodinase type  (D) is expressed pre-
dominantly in the liver, kidney, and thyroid in
humans. D has an important role for the adaptation
to iodine deficiency and for reducing the impact of
elevated TH levels in hyperthyroidism. D is highly
expressed in BAT, skeletal muscle, brain, and pituitary
and has an essential role in preserving the availability
of T levels in these tissues. D is the main source of
circulating levels of T in euthyroid subjects (, ).
The T generated intracellularly by D is transferred to
the nucleus and regulates specific gene transcription.
Polymorphisms in the D gene have been associated
with interindividual variation in the TSH-free T “set
point” (). Deiodinase type  (D) is predominantly
expressed in the adult central nervous system, skin,
vascular tissue, placenta, pregnant uterus, and fetal
tissues. D protects the fetus from excessive maternal
TH production. The deiodinase enzymes also differ in
their subcellular localization, because D and D are
expressed on the cell membrane, whereas D is

expressed in the endoplasmic reticulum (). T
upregulates the expression of GLUT-, the insulin-
responsive glucose transporter in the skeletal muscle
that mediates the rate-limiting step of glucose meta-
bolism and increases glucose uptake. Thus, a lower
intracellular D-generated T decreases the tran-
scription rate of GLUT- in the skeletal muscle and
adipose tissue and is responsible for an impaired
insulin-stimulated glucose disposal resulting in
increased insulin resistance and contributing to
weight gain (). A single-nucleotide polymorphism
(ThrAla) in the coding region of the human D gene
was associated with increased insulin resistance in
subjects with TD and those who were nondiabetic
(). This polymorphism is extremely prevalent
among various ethnic groups. It has been reported that
the Ala allele frequencies vary among different pop-
ulations: Indians (.), Han Chinese in Beijing (.),
Mexican Americans (.), African Americans (.),
British (.), and Finnish (.) (). The ThrAla
variants rs and rs were modestly asso-
ciated with an early onset of TD in Pima Indians,
although none of these variants was significantly as-
sociated with either fasting insulin levels or rates of
insulin-mediated glucose uptake (). Moreover, this
gene did not have a large impact on TD at older ages
and did not influence body mass index (BMI) in
the Pima Indians. Associations with common D
ThrAla polymorphism with insulin resistance were
also found in Mexican Americans and Brazilian co-
horts (, ). A Danish study reported a link be-
tween the D Ala/Ala genotype and glycemic traits of
insulin resistance (). In this study, an increased area
under the serum insulin curve was observed during the
oral glucose tolerance test, and an elevated fasting
plasma glucose was found in the D Ala/Ala group,
although no increased risk of TD was reported
(). However, studies performed in other pop-
ulations found an inconsistent association between the
ThrAla D variant and insulin resistance and/or
TD (, ).

Environmental factors and lifestyle could influence
the genetic predisposition factors for TD and explain
these conflicting results. Physical exercise might po-
tentially overrule the effects on insulin resistance of the
ThrAla D polymorphism by the exercise-induced
increase in translocation of GLUT- to the cell
membranes (). Conversely, in sedentary in-
dividuals, low intracellular levels of T might reduce
GLUT- transcription, leading to a decreased insulin-
stimulated glucose disposal. A recent meta-analysis in
, subjects confirmed the association of the D
Ala/Ala genotype with increased insulin resistance
(increased homeostatic model assessment index)
(). This study demonstrated that this genotype is
also linked to a worse glycemic control (increased
HbAc levels) in a cohort of  subjects with TD
(). In a further meta-analysis, the homozygosis for

“GLP-1 receptor agonists are
not recommended in patients
with a personal or family
history of MTC or type 2
multiple endocrine neoplasia.”
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the D ThrAla polymorphism was also associated
with higher HbAC levels in patients with TD,
suggesting that this polymorphismmight be correlated
with a worse glycemic control in patients with TD
().

In conclusion, all available studies underline the
potential genetic contribution of D ThrAla poly-
morphism to the pathogenesis of TD.

Underlying Mechanisms of the Association
Between MetS in TD

MetS is characterized by a cluster of cardiovascular risk
factors (). Isulin resistance is the main clinical and
pathogenic feature of this syndrome. The definition of
MetS is based on central obesity plus any two of the
following factors: (i) atherogenic dyslipidemia, with
high triglycerides and low high-density lipoprotein
cholesterol (HDL-C) or specific treatment of this lipid
abnormality; (ii) high blood pressure or antihyper-
tensive treatment; (iii) insulin resistance and elevated
fasting plasma glucose concentration or previously
diagnosed of TD (). A prothrombotic state and a
proinflammatory state are usually associated with
MetS, which is as an independent risk factor for CVDs
and TD (, ).

TH affects food intake, resting energy expenditure,
and thermogenesis, and consequently metabolic al-
terations can develop in patients with TD. T in-
fluences both metabolism and thermogenesis by
regulating (i) transcription factors involved in adi-
pogenesis of WAT and BAT, (ii) appetite, and (iii)
glucose and lipid metabolism and oxidation (, ,
, ). Alternatively, the combination of central
nutritional state and hormonal signals, including
leptin, dopamine, somatostatin, insulin, and adren-
ergic signaling, integrate information regarding overall
nutritional status, circadian rhythms, and stress to
modulate TH production (, ).

Effects of TH on thermogenesis
TH plays a significant role in energy expendi-
ture through both central and peripheral actions.
Obligatory thermogenesis is the generation of heat
that accompanies metabolic processes. Facultative
thermogenesis is important to maintain body tem-
perature after cold exposure and increase energy ex-
penditure after eating. The primary site of this adaptive
thermogenesis in rodents is in BATs (). The TH
plays a major role in regulating both obligatory and
adaptive thermogenesis by increasing the basal met-
abolic rate and by modulating the sympathetic nervous
system activation of BAT (, ) (Fig. ). TH
stimulates basal metabolic rate by increasing ATP
production for metabolic processes and by generating
and maintaining ion gradients. D is expressed in the
WAT, BAT, and skeletal muscle and is required for

adaptive thermogenesis. There is an important central
role for T in stimulating adrenergic-mediated ther-
mogenesis due to direct actions on BAT. A central
administration of T in rats leads to sympathetic
nervous system activation and upregulation of BAT
thermogenesis via the reduction in the hypothalamic
AMP-activated protein kinase activity. The inhibition
of this pathway resulted in increased lipogenesis with a
net effect of increased thermogenesis and energy ex-
penditure (, ).

Humans have both visceral and subcutaneous
BAT. However, human BAT is considered more
important in neonates than in the adults. There is
more BAT in younger and leaner individuals and it is
induced by cold temperature. Recent studies using
positron emission tomography and CT imaging have
shown a significant amount of BAT, especially in the
subscapular and chest region (). Although the
importance of BAT for metabolic regulation in adults
is controversial, functional imaging by positron
emission tomography scan has demonstrated BAT
activation after overnight cold exposure ().
Treatment with b-adrenergic blockers reduces BAT
activity, suggesting the importance of catecholamine
for the development and regulation of BAT. During
cold exposure, D increases the generation of T in
BAT, thus promoting heat production (). The
thermogenic effect of T in BAT is mediated by UCP.
The expression of UCP is required for BAT ther-
mogenesis, and UCP is synergistically regulated by
both noradreanaline and T (). TRb regulates
UCP expression in BAT; TRa mediates sensitivity to
adrenergic simulation. T and noradreanaline increase
UCP expression by twofold separately. On the
contrary, when both agents are combined they
induce a -fold expression of UCP ().

Effects of hypothalamic pituitary thyroid axis on
appetite regulation
The hypothalamic area of the brain is critical in the
regulation of food intake. It contains the ARC, PVN,
ventromedial nucleus (VMN), dorsomedial nucleus,
and lateral hypothalamic area/perifornical area. The
ARC, which is adjacent to the floor of the third
ventricle, is the most important hypothalamic region
in controlling appetite and is known as ‘‘the center of
food intake.” This area is not fully protected from the
circulation by the blood–brain barrier and receives
information regarding energy status from peripheral
circulating factors produced by peripheral organs such
as leptin by adipose tissue, insulin and pancreatic
polypeptide by the pancreas, gut hormones (ghrelin,
obestatin, GLP-, oxyntomodulin, peptide YY), and
T by the thyroid gland (, ). The ARC is able to
integrate these peripheral signals and regulate food
intake through expression of orexigenic factors (ap-
petite stimulation) such as neuropeptide Y (NPY) and
agouti-related protein (AgRP), as well as the
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expression of anorexigenic factors (appetite inhibition)
such as proopiomelanocortin (POMC), which encodes
for a-melanocyte–stimulating hormone (a-MSH) and
cocaine- and amphetamine-regulated transcript
(CART) (–) (Fig. ). Both NPY and AgRP
increase food intake when administered intra-
cerebroventricularly (ICV) to rats, whereas CART and
a-MSH inhibit food intake when administered ICV.
The NPY/AgRP and POMC/CART neurons from the
ARC are extensively connected to other hypothalamic
areas, including the lateral hypothalamic area and
perifornical area. This last area is the site of production
of other orexigenic neuropeptides, melanin-
concentrating hormone, and the orexins. The ICV
administration of orexins increases food intake.

The brain-derived neurotrophic factor (BDNF) is
highly expressed in the VMN. The central infusion of
BDNF reduces food intake and induces weight loss in
rats (). The VMN receives NPY/AgRP, and POMC
neuronal projections from the ARC and POMC
neurons from the ARC play a role in activating BDNF
neurons in the VMN to decrease the food intake ().
The TRH, secreted from the hypothalamus, has direct
anorectic effects and can regulate food intake in-
dependent of effects on the HPT axis. In rodents,
central and peripheral administration of TRH reduces
food intake (). TSH has also been shown to reduce
food intake when injected centrally into rats and could
be involved with the seasonal alterations in food intake
and body weight that occur in some species (, ).
T in the brain is crucial for the feedback regulation of
TSH secretion. T directly stimulates food intake at the
level of the hypothalamus, independently of changes in
energy expenditure. In rodent models, peripheral and
central hypothalamic administration of T increases
food intake (). In fact, T can directly cross the
blood–brain barrier, and the central administration of
T activates the mTOR signaling pathway and is as-
sociated with increased expression of AgRP and NPY,
as well as decreased POMC expression in hypotha-
lamic ARC (, ). Direct administration of T into
the VMN increases food intake in rats (). The
effects of T in the VMN may be mediated by glu-
tamatergic neurons that modulate ARC POMC
neurons and/or BDNF neurons ().

D activity is particularly high in the ARC and
median eminence, where it is expressed within as-
trocytes and tanycytes () in direct contact with
NPY/AgRP neurons. Despite the reductions in pe-
ripheral and liver T levels during fasting, hypotha-
lamic D activity is increased with fasting, resulting in
an increase in local hypothalamic T production
and a consequent mitochondrial proliferation in
NPY/AgRP neurons, leading to increased appetite.
Hypothalamic D mRNA shows a diurnal variation,
peaking in the nocturnal feeding phase in rats. This
suggests that local production of T in the hypo-
thalamus may be involved in appetite regulation and

supports the hypothesis that the mechanism to
stimulate arcuate NPY/AgRP neurons may have an
important physiological role in the regulation of food
intake (, ).

Leptin is an adipokine and its serum concentration
is proportional to body fat content. Leptin acts on the
hypothalamus to influence food intake (Fig. ). The
administration of leptin to normal weight rodents
produces a dramatic reduction in food intake and
body weight because leptin directly activates anorectic
POMC neurons and inhibits orexigenic AgRP/NPY
neurons (). Both leptin and TH regulate signaling
in the ACN (–). Leptin levels are reduced in
hyperthyroidism, correlating with BMI.

Insulin has anorectic effects in the central nervous
system and its ICV administration reduces food intake
and body weight () (Fig. ). Its anorectic effect
involves insulin receptors on ARC neurons ().
Insulin binds to the insulin receptor and activates the
insulin receptor substrate (IRS) proteins. These in turn
allow IRS proteins to activate the phosphatidylinositol-
-OH kinase pathway. It is interesting that this IRS/
phosphatidylinositol--OH kinase pathway is also
activated by leptin, and therefore the similar effects of
leptin and insulin on food intake may be mediated via
this common pathway in the hypothalamus ().
Hypoglycemia potently stimulates food intake; how-
ever, this effect is due to low glucose, not elevated
insulin. Arcuate NPY/AgRP neurons do not respond
directly to hypoglycemia, but their activation during
glucoprivation depends on catecholamine projections
from the hindbrain (, ).

The hyperthyroidism-induced increase in food
intake is associated with the dysregulation of the
hypothalamic neuropeptide system, including in-
creased NPY and AgRP expression, and decreased
POMC expression in ARC. T-treated rats have sig-
nificantly lower plasma leptin levels compared with
control rats; hypothalamic expression of NPY mRNA
is increased fourfold, and hypothalamic POMC and
CART mRNA are reduced by ~%, compared with
control rats. The hyperthyroidism-induced increase in
food intake is reversed by central treatment with the
specific mTOR inhibitor rapamycin, resulting in
weight loss (, , ). Despite increased appetite,
hyperthyroidism is usually associated with a variable
decrease in body weight owing to the increase in total
energy expenditure (). Oppositely, the correction of
hyperthyroidism may be responsible for excessive
weight gain, independent of the treatment modality of
thyrotoxicosis, that is, surgery, RAI, or ATDs ().

Regarding hypothyroidism, weight excess was re-
ported in % patients with overt hypothyroidism,
reflecting both the accumulation of body fat, due to
decreased resting energy expenditure, and the in-
creased water content of the body, consequent to a
reduced capacity of excreting free water (). In spite
of adequate replacement therapy with L-T and the

“The administration of leptin
to normal weight rodents
produces a dramatic
reduction in food intake and
body weight….”
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increase in resting energy expenditure, hypothyroid
patients usually have only a modest and/or transient
weight loss prevalently due to the excretion of excess
body water, rather than reduction in fat mass ().

Impact of obesity, insulin resistance, and other
risk factors for MetS in patients with clinical
and SHypo

Obesity
Obesity can induce insulin resistance and diabetes
because the adipose tissue is an active endocrine tissue;
it releases free fatty acids, leptin, adiponectin, resistin,
and other products that play an important major role
in glucose and lipid metabolism (). An early marker
for the risk of diabetes is the increased accumulation of
lipid within nonadipose tissue, including the skeletal
muscle and liver. Inflammation within the adipose
tissue, particularly related to obesity and high fat
consumption, may contribute to systemic insulin re-
sistance ().

TD is associated with changes in body weight and
composition, body temperature, and total and resting
energy expenditure independently of physical activity
(, , ). Both subclinical and overt hypothy-
roidism are frequently associated with weight gain,
decreased thermogenesis, and metabolic rate (,
). Moreover, slight variations in thyroid function,
even within the laboratory reference range, can be
associated with the development of regional obesity
and the tendency to gain weight (, ). The
NHANES – analysis of  euthyr-
oidhealthy men and women showed that TSH levels
and FT were correlated with BMI and waist cir-
cumference (). Moreover, raising TSH levels has
been linked to a progressive increase in weight over
time (). The correlation between TSH and BMI
could be mediated by leptin produced by adipose
tissue because a positive correlation has been identified
between serum leptin and serum TSH levels in in-
dividuals who are obese. TSH in turn can stimulate
leptin secretion by human adipose tissue via TSH
receptors that are expressed on adipocytes (, ,
).

In vivo, the administration of recombinant human
TSH at supraphysiological doses can induce the release
of small, but significant amounts of leptin, which are
proportional to the adipose mass (). Leptin can also
regulate D, activating the conversion of T to T
().

Isolated hyperthyrotropinemia is frequently ob-
served in patients who are obese. It is a condition
spontaneously reversible by losing weight without the
necessity of specific treatment; in fact, it is usually
associated with FT levels that are at the upper limit
of the normal range (). Alternatively, individuals
who are morbidly obese show a high prevalence of
overt and subclinical autoimmune hypothyroidism,

accounting for .% of hypothyroidsm (, ). A
link has been reported between obesity, TSH increase,
leptin increase, thyroid autoimmunity, alterations and
development of subclinical and overt hypothyroidism,
and deranged lipid profile, thereby bringing the
thyroid/obesity association to a full circle (, ).

Insulin resistance
Indices of insulin resistance are closely linked to TSH
and TH levels, even within the normal range in eu-
thyroid eumetabolic subjects (, –). In a
Korean study on  nondiabetic euthyroid subjects,
those with the lowest FT quartile had twice the risk of
insulin resistance when compared with those in the
highest quartile after adjusting for age, sex, metabolic,
and lifestyle factors (). In healthy euthyroid
middle-aged subjects, FT and FT levels and the FT/
FT ratio were associated with various markers of
unfavorable metabolic profile and cardiovascular risk
(). Furthermore, it has been shown that in both
euthyroid adults with and without diabetes, small
variations in TSH at different levels of insulin sensi-
tivity might exert a marked effect on lipid levels ().
Regarding the effects of insulin on the thyroid gland,
high circulating levels of insulin may induce increased
thyroid proliferation with the development of larger
thyroid volume and the formation of nodules. This
goitrogenic action of insulin may explain why the
thyroid gland was considered another victim of the
insulin resistance syndrome ().

Lipids, blood pressure, and nonalcoholic fatty
liver disease
The lipid status is affected by TD (, ). THs
modulate cholesterol synthesis, mobilization, and
breakdown. In particular, they increase cholesterol
synthesis via the rate-limiting enzyme -OH-
methylglutaryl coenzyme A reductase and, in turn,
stimulate its removal by enhancing the expression of
low-density lipoprotein (LDL) receptors in the liver
(). An increase of total cholesterol and its sub-
fractions is a common finding in hypothyroidism,
and a direct relationship between serum TSH and total
cholesterol levels has been described (). Reduced
expression of the hepatic LDL receptor gene, re-
sponsible for an impaired cholesterol clearance, may
contribute to hypercholesterolemia in patients with
hypothyroidism (). The elevation of triglycerides in
hypothyroidism is due to a decrease in the activity of
hepatic triglyceride lipase ().

Overt hypothyroidism is associated with hy-
perlipidemia, and even SHypo has been related to
alterations in plasma lipids, although with con-
flicting results (). Data from the EPIC-Norfolk
study showed a higher total and LDL cholesterol
(LDL-C) in women with SHypo and reported that,
even in the euthyroid population, there were as-
sociations between TSH levels and lipid profiles
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(). Other studies confirmed that the association
between TSH and total cholesterol and LDL-C
remained significant after the adjustment for age
and sex (, , ). In the HUNT Study, among
, euthyroid individuals, serum TSH levels
within the euthyroid range were positively and
significantly associated with total cholesterol, LDL-
C, and triglycerides, with an inverse relationship
between serum TSH and HDL-C (). Higher TSH
levels were also associated with higher triglycerides
and lower HDL; furthermore, this relationship was
stronger among individuals who were overweight
(BMI . kg/m) (). Moreover, serum TSH was
positively associated with total cholesterol and tri-
glycerides among a cohort of  euthyroid His-
panic individuals, and serum-free T was positively
correlated with serum HDL-C ().

Two meta-analyses found that systolic (, )
and diastolic blood pressure () were higher in the
group with SHypo than in euthyroid controls.

One of the mechanisms that links the MetS with
hepatic steatosis is the insulin stimulation of lipo-
genesis, which can lead to fatty liver and worsen in-
sulin resistance (). Longitudinal studies support the
association of nonalcoholic fatty liver disease with
either TD orMetS. Moreover, SHypo and high serum
TSH levels were associated with nonalcoholic fatty
liver disease (–).

All of these studies suggest that atherogenic dys-
lipidemia, insulin resistance, and hypertension can be
linked with overt and subclinical hypothyroid states,
and consequently TH deficiency is significantly as-
sociated with some components of MetS.

Association between MetS and TH deficiency
The prevalence of MetS was reported to be % in
patients with hypothyroidism and % in patients with
SHypo compared with % in the control group (P =
.) (). A significant increase in the odds of
having MetS was found in participants with marked
SHypo (TSH  to  mU/L). Two meta-analysis of
cross-sectional studies concluded that SHypo might be
associated with an increased risk of MetS (, ).
However, heterogeneity was observed among the in-
cluded studies because the authors did not apply a
uniform definition of MetS for their study design and
data synthesis. Another meta-analysis assessed the
association between MetS and SHypo by employing
the Adult Treatment Panel III criteria for MetS ().
Although this study did not report a significant dif-
ference in MetS prevalence between individuals with
SHypo and euthyroid individuals (OR, .; % CI,
. to .), the prevalence of central obesity (OR,
.; % CI, . to .) was significantly higher in
the group with SHypo, and hypertriglyceridemia was
prevalent in the female group with SHypo ().

There are reports on higher TSH levels in patients
with MetS than in healthy ones, as well as a high

prevalence of MetS in subjects with TSH levels higher
than normal when compared with those with normal
TSH levels (, ). Even high-normal serum TSH
levels and low-normal free T levels have been sig-
nificantly associated with increased prevalence of MetS
().

A large population-based study of older adults
reported that increasing TSH levels were associated
with greater odds of having MetS and found a sig-
nificant association between continuous serum TSH
levels and prevalent MetS among euthyroid partici-
pants (). A study on a euthyroid German cohort
(mean age  years) found that TSH in the upper
normal range (. to . mU/L) was associated with a
.-fold increased risk of MetS compared with a low-
normal TSH (. to . mU/L) (). Euthyroid
subjects with TSH values in the upper normal range
(. to .mU/L) were more obese (BMI. kg/m),
had higher triglyceride levels, and had an increased
likelihood of having MetS (). Another study on
 euthyroid postmenopausal women in Korea
(mean age  years) reported an OR for MetS of . in
participants with the highest vs lowest quartiles of TSH
(). Interestingly, the prevalence of MetS decreased
significantly from the higher to lower FT tertiles
within the euthyroid range (.% in the lowest FT
tertile to .% in the highest FT tertile) (P , .)
(). Higher FT values were associated with lower
odds of MetS (OR, .; % CI, . to .; P = .)
(). Moreover, an association between FT and
lipids in MetS was demonstrated ().

All of these data suggest that there is a higher
prevalence of metabolic abnormalities with increasing
serum TSH levels.

Both MetS and hypothyroidism are independent
risk factors for CVDs (). The MetS has been linked
to CVD and mortality in the general population (,
, ). This high cardiovascular risk could be
further increased when metabolic syndrome is asso-
ciated with TH deficiency (). SHypo was consid-
ered a risk factor for MetS (). Consequently, a
considerable overlap may occur in the pathogenetic
mechanisms of atherosclerotic disease correlated with
MetS and hypothyroidism (Fig. ).

Prognosis of PatientsWith T2D and Associated
TD: Long-Term Morbidity and Mortality

DM is associated with increased morbidity and mor-
tality. Patients with DM have an increased risk of heart
disease, stroke, heart failure, kidney disease, blindness,
amputations, and neuropathy (–). DM caused
.million deaths in , with an excess relative risk of
mortality, ranging from . to ., mainly attributable
to cardiovascular causes (–).

Epidemiological studies have shown an increased
cardiovascular risk in patients with subclinical and

“…all subjects with T1D should
undergo annual functional
screening by serum TSH
measurement to detect
asymptomatic TD….”
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overt hypothyroidism (). Insulin resistance, di-
astolic hypertension, increased systemic vascular re-
sistance, increased arterial stiffness, endothelial
dysfunction, and altered coagulability represent the
main risk factors responsible for the increased car-
diovascular mortality associated with TH deficiency
(). Individual participant data meta-analyses reported
that SHypo was associated with an increased risk for
coronary heart disease (CHD) events and mortality
() and heart failure (), especially in patients with
serum TSH . mU/L.

The onset of TD can further increase the long-term
morbidity and mortality associated with diabetes. The
coexistence of both diabetes and thyroid disorders may
worsen the risk of diabetic retinopathy (DR) and
diabetic nephropathy (DN) in patients with diabetes
(–). DR, a common microvascular complica-
tion of diabetes, can be completely asymptomatic
until a significant visual impairment occurs, and pa-
tients often miss the opportunity for appropriate
treatment. Risk factors for the development of DR
include duration of diabetes, poor glycemic control,
elevated blood pressure, and dyslipidemia ().
SHypo is linked to DR (, ). A meta-analysis
including eight epidemiological studies confirmed this
association showing that the onset of SHypo increased
the risk of DR by .-fold (% CI, . to .; P ,
.) compared with euthyroid individuals ().

A growing body of evidence suggests that hypo-
thyroidism is a risk factor for incident chronic kidney
disease, progression of chronic kidney disease , and
higher death risk in kidney disease patients (, ).
SHypo was associated with albuminuria in patients
with TD, and an increased serum TSH was an in-
dependent risk factor for the presence of albuminuria
(). A greater prevalence of DN was reported in a
cross-sectional analysis on  patients with TD and
SHypo compared with euthyroid individuals ().
SHypo was associated with an OR of . (%CI, .
to .) for the development of DN and was also
responsible for an increased risk of cardiovascular
events mediated by DN ().

There are conflicting results on cardiovascular
mortality in patients with diabetes and TH deficiency
(, ). Patients with diabetes have up to a sixfold
higher risk of future CHD events compared with

nondiabetic individuals (–). The coexistence of
both TD and thyroid diseases could further increase
the risk of CHD ().

A meta-analysis of  articles assessed the preva-
lence of complications in patients with TD with
SHypo (). The risks of diabetic microangiopathy
and macroangiopathy were evaluated by assessing the
risk of DN and DR, peripheral arterial disease (PAD),
CHD, and diabetic peripheral neuropathy (DPN). The
OR for DN was . (% CI, . to .) when
pooling data from  studies, which included 
individuals with TDwith SHypo compared with 
euthyroid individuals with TD. The OR for DR was
. (% CI, . to .) when pooling the results
from  studies that enrolled  individuals with TD
with SHypo and  euthyroid individuals with TD.
The OR for CHD was . (% CI, . to .) when
pooling data from  studies that included  in-
dividuals with TD with SHypo and  euthyroid
individuals with TD. The pooled OR for PAD was
. (% CI, . to .) when pooling data from
four studies that included  cases and  controls.
The pooled OR for DPN was . (% CI, . to
.) when pooling data from three studies that in-
cluded of  individuals with TD with SHypo and
 euthyroid individuals with TD. Therefore, the
authors concluded that SHypo is prevalent in patients
with TD and may be responsible for a greater risk of
diabetic complications such as DN, DR, PAD, and
DPN, but not CHD ().

Thyroid Dyfunction and Gestational Diabetes

Incidence and adverse effects of TD during
pregnancy in patients with diabetes
DM and TD are among the most common endo-
crinopathies during pregnancy. Hypothyroidism can
be responsible for a variety of adverse effects in
pregnancy outcomes and offspring- and pregnancy-
related complications (, ). The prevalence of
hypothyroidism in women during the reproductive
age is % to %, and chronic autoimmune thyroiditis is
the main cause of hypothyroidism during pregnancy.
Pregnancy has a profound impact on thyroid gland
morphology and function. TH and daily iodine

Figure 4. The pathogenetic
mechanism for
atherosclerotic disease
correlates with
hypothyroidism and MetS.
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requirements increase during pregnancy because of
important changes in the thyroid function and renal
iodine excretion (–). Serum FT decreases
whereas TSH gradually rises within normal limits
during pregnancy owing to the influence of increasing
concentrations of T-binding globulin and the
transplacental transfer of FT. Moreover, the turnover
of FT is increased for the enhanced activity of pla-
cental type III deiodinase. This trend is further in-
creased in women with HT, leading to an increased
risk of TH deficiency during pregnancy (–).
Severe maternal hypothyroidism is associated with an
increased risk of adverse pregnancy complications
(fetal death, premature birth, low birth weight,
pregnancy loss, and gestational hypertension) as well
as detrimental effects on fetal neurocognitive de-
velopment, leading to a lower intelligence quotient in
the offspring (–). An increased risk of preg-
nancy complications is also associated with SHypo,
especially in TPO Ab-positive women (–).
Recent guidelines have recommended treating overt
and SHypo on the basis of these adverse effects,
especially in TPO Ab-positive women with a TSH
greater than the pregnancy-specific reference range
(, ). Moreover, the ATA guidelines have
recommended L-T therapy for TPO Ab-negative
women with a TSH .. mIU/per liter (),
whereas the ETA guidelines recommend L-T re-
placement in women with SHypo who are TPO Ab-
negative ().

Gestational DM (GDM) is defined by the World
Health Organization as “any degree of glucose in-
tolerance with the onset or first recognition during
pregnancy” (, ). The prevalence of GDM in
pregnant women ranges from .% to %, with a wide
difference according to country, screening strategy,
and diagnostic criteria (, –). The incidence
of TD in pregnant women is increased with both
maternal age and increasing prepregnancy BMI
(–). Moreover, pregnant women with a family
history of diabetes have a much higher incidence of
GDM than do those without a family history of di-
abetes (–). Patients with poorly controlled DM
may have up to a % increased risk of pregnancy loss
(). Women diagnosed with GDM should receive
lifelong screening for prediabetes and TD because
they have an increased risk for the development of
TD after delivery (, ).

The incidence of TD during pregnancy in women
with TD is threefold higher than in the general
population, particularly in the first trimester of
pregnancy and in the first year postpartum (). TD
was observed in .% of women with TD in the first
trimester and .% in the third trimester; the prev-
alent form of TD was subclinical or overt hypothy-
roidism (). Alternatively, pregnant women with
hypothyroidism or isolated hypothyroxinemia can
have adverse metabolic characteristics (e.g., raised

blood glucose, HbAc, insulin resistance, and gesta-
tional diabetes) (–). A meta-analysis of six
cohort studies showed that the incidence of GDM in
patients with SHypo was .-fold higher than the
incidence in the control group (). The risk for
gestational diabetes is increased even in women with
high TSH levels within the normal reference range
(). A large meta-analysis reported that the presence
of thyroid autoantibodies did not increase the risk of
GDM in euthyroid pregnant women, and their pos-
itivity in the first trimester did not have a predictive
value for the risk of GDM (). Conversely, the
combination of high serum TSH and thyroid auto-
immunity in early pregnancy was associated with a
fourfold increased risk for GMD (RR, .; % CI, .
to .) and a threefold increased risk for low birth
weight neonates (RR, .; % CI, . to .) after
adjustment for several confounders ().

A prospective study of  Chinese pregnant
women showed that low FT levels during pregnancy
were a risk factor for GDM and preeclampsia ().
Conversely, the incidence of GDM decreased in
women with higher FT levels, showing a protective
effect for the development of GDM (). GDM can
induce adverse outcomes such as miscarriage, exces-
sive fetal growth, birth trauma, and neonatal metabolic
abnormalities. These complications may be further
increased when hypothyroidism develops in patients
with GMD (). Additionally, women with GDM are
at a high risk of developing chronic hypertension and
vascular complications (, ). An association has
been reported between overt hypothyroidism during
pregnancy and subsequent diabetes morbidity later in
life ().

Risk of postpartum thyroiditis in patients
with diabetes
Postpartum thyroiditis (PPTD) is caused by a de-
structive autoimmune thyroiditis in the postpartum
period, mediated by a rebound of both cellular and
humoral immunity. The clinical presentation can vary
from hyperthyroidism to hypothyroidism or both and
is associated with a significant increased incidence of
depression (). PPTD developed in up to % to

Table 7. Major Criteria Supporting the Screening of TD in
Patients With Type 1 DM

• TD and T1D are frequently associated.

• The clinical and laboratory diagnosis is easily performed.

• The delay or lack of diagnosis of TD can worsen the
prognosis of T1D.

• Early treatment of these disorders can improve their
prognosis.

• The cost-benefit ratio is favorable for a screening of TD.
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Table 8. Summary of Guidelines on a Screening Program for TD in Patients With T1D and T2D, in the General Population, and in Pregnant Patients

Guidelines (Ref.) T1D T2D In the General Population In Pregnant Patients

BTA (391) TSH and TPO Ab at diagnosis
and every year

Thyroid function tests at
baseline. Routine annual
thyroid function testing is
not recommended

Not applicable TSH and Abs are recommended in
diabetic patients in pregnancy
and postpartum

ADA (392–394) TSH, TPO Ab, and Tg Ab
evaluation at diagnosis

Measure TSH soon after the
diagnosis of T1D and after
glucose control. Annual
screening when TPO Abs are
initially negative and more
frequent (up to every 6 mo)
when TPO Abs are positive or
when there are symptoms of
TD such as goiter, abnormal
growth rate in pediatric age,
or unexplained glycemic
variation

A1c, islet cell Abs, and glutamic
acid decarboxylase Abs at the
time of diagnosis of AITD

Thyroid palpation in all
diabetic patients

TSH in adults .50 y of age
or in patients with
dyslipidemia

TSH screening at the age of 45 y and
in younger adults who are
overweight with one or more of
the following risk factors:

(i) positive family history of diabetes
(ii) coming from high-risk minority

ethnic/racial groups
(iii) presence of hyperlipidemia
(iv) being physically inactive
(v) experiencing signs/symptoms of

insulin resistance and/or
(vi) presence of hypertension or

treatment of hypertension
(vii) women with polycystic ovary

syndrome or other clinical
conditions associated with insulin
resistance (e.g. severe obesity,
acanthosis nigricans)

Women who were diagnosed with
GDM should have lifelong
testing at least every 3 y

AACE (395) Thyroid palpation and TSH at
diagnosis and at regular
intervals in patients with
goiter and AITD

Thyroid palpation and TSH at
diagnosis and at regular
intervals in patients with
goiter and AITD

Screening of TD in older
patients, especially women

Annual screening for patients with
two or more risk factors

Individuals at risk for DM whose
glucose values are in the normal
range should be screened every
3 y

Pregnant females with DM risk
factors should be screened at
the first prenatal visit for
undiagnosed T2D using
standard criteria. At 24- to 28-
wk gestation, all pregnant
subjects should be screened for
gestational diabetes

Assessment of thyroid function in
pregnant patients with diabetes
recommended

ISPAD (396) Thyroid Ab tests and thyroid
function at close diagnosis
and repeated when clinical
symptoms suggest the
possibility of thyroid disease

Annual screening in asymptomatic
patients when thyroid function
is normal

No specific recommendations Screening in all children and
adolescents at risk for glucose
intolerance or diabetes. The risks
include: (i) a combination of BMI
greater than the 85th percentile
for height, (ii) ethnicity, (iii) family
history of CVD in first- or second-
degree members, and (iv) signs of
insulin resistance (as defined by
the ADA).

Screening should begin at age 10 y or
at the onset of puberty (when
puberty occurs at an earlier age)
using the fasting plasma glucose
test, and rescreening should be
carried out every 2 y

Not applicable

USPTF (397) No specific recommendations No specific recommendations Insufficient evidence to recommend
a screening program in
nonpregnant asymptomatic
adults

Not applicable

(Continued )
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% of women with TD (, ). The incidence of
PPTD is threefold to fourfold higher in women with
TD compared with unselected populations (,
).

Screening of TD in pregnant patients with DM
The screening of TD and PPTD is recommended in
pregnant women with TD or other autoimmune
disorders by the ATA/American Association of
Clinical Endocrinologists (), the Endocrine Society
(), the British Thyroid Association (BTA) (),
and the American Diabetes Association (ADA)
(–). The ATA/ACE and the Endocrine Society
also recommend the screening of TD in women with
morbid obesity (BMI $ kg/m), TPO positivity,
family or personal history of TD, and age. years,
before and after pregnancy (, ). TSH and
TPO Abs should be evaluated in women with TD
planning pregnancy or at the beginning of preg-
nancy. When thyroid function is normal, the
screening should be repeated in the first trimester.
In case of positive TPO Abs and normal serum TSH
during pregnancy, it is essential to recheck thyroid
function at , , and  months after delivery.
Screening for postpartum thyroiditis is recom-
mended in patients with TD at  and  months
postpartum ().

Necessity for a Screening Program to Assess TD
in Patients With Diabetes: Differences
Among Guidelines

Screening of TD in patients with T1D
TD is a frequent condition in patients with TD with a
rising prevalence with age. The onset of TD is re-
sponsible for poorly controlled TD because overt or
SHypo can be associated with increased risk of
symptomatic hypoglycemia whereas hyperthyroidism
alters glucose metabolism, potentially resulting in the
deterioration of metabolic control.

The assessment of TD in patients with TD meets
the criteria for a screening program because of the
following points: (i) TD and type  DM are frequently

linked; (ii) clinical and laboratory diagnoses can be
easily performed; (iii) the delay or lack of diagnosis of
TD may worsen the prognosis of TD; and (iv) an
effective therapy for TD and diabetes is available
(Table ). Therefore, the cost-benefit ratio could be
favorable for TD screening in TD.

Consistent with these considerations, screening for
TD is currently recommended in children, adolescents,
and adults with TD by the ATA (), BTA (),
ADA (–), American Association of Clinical
Endocrinologists (), and the International Society
for Pediatric and Adolescent Diabetes ().

The BTA (), ADA (–), and the In-
ternational Society for Pediatric and Adolescent Di-
abetes () recommend that thyroid Ab tests and
thyroid function should be considered close to the
time of diagnosis of TD and repeated when clinical
symptoms suggest the possibility of thyroid disease.
Thyroid tests should be rechecked every year.
Therefore, all subjects with TD should undergo
annual functional screening by serum TSH mea-
surement to detect asymptomatic TD, particularly
those with positive TPO Abs. L-T replacement
therapy should be started in diabetic patients with
overt, subclinical, and mild hypothyroidism to reduce
the risk of hyperlipidemia and atherosclerotic heart
disease (, , ). The evaluation and treatment of
hyperthyroidism should be started in patients with
suppressed serum TSH and elevated TH levels (,
). According to the ADA, the screening of TD
should include TSH, TPO Abs, and thyroglobulin Abs
(–). The ADA specifies that TSH should be
measured after obtaining satisfactory glycemic control.
Long-term follow-up should include a periodic as-
sessment of thyroid function (with TSH determina-
tion). Thus, tests should be run at - to -year intervals
when TPO Abs are initially negative and more fre-
quent (up to every  months) when TPO Abs are
positive or when there are symptoms of TD such as
goiter, abnormal growth rate in pediatric age, or
unexplained glycemic variation. The US Preventive
Services Task Force did not have specific recom-
mendations about TD (). However, in general,
it suggested that the screening of TD should be

Table 8. Continued

Guidelines (Ref.) T1D T2D In the General Population In Pregnant Patients

ATA (398) More frequent TSH evaluation
in patients with T1D

More frequent TSH evaluation
in patients with T2D

Evaluation of serum TSH in
asymptomatic adults 35 y or age
every 5 y and in individuals with
symptoms and signs potentially
attributable to TD and those with
risk factors for its development.
More frequent testing in high-risk
patients

Not applicable

Abbreviations: AACE, American Association of Clinical Endocrinologists; ISPAD, International Society for Pediatric and Adolescent Diabetes; Ref., reference; USPTF, US Preventive
Task Force.

813doi: 10.1210/er.2018-00163 https://academic.oup.com/edrv

REVIEW
D

ow
nloaded from

 https://academ
ic.oup.com

/edrv/article/40/3/789/5288751 by guest on 10 April 2024

http://dx.doi.org/10.1210/er.2018-00163
https://academic.oup.com/edrv


performed by means of thyroid autoantibodies and
serum TSH because they are the most sensitive ways of
identifying patients with thyroid autoimmunity and
TD (). Multiple tests during  to  months should
be performed to confirm or rule out any abnormal
findings. Follow-up testing of serum T levels in
persons with persistently abnormal TSH levels can
differentiate between subclinical (normal T) and
overt (abnormal T) TD (). All of these recom-
mendations confirm the importance of screening TD
in patients with TD and vice versa to improve
symptoms, quality of life, and prognosis (see Table 
for a summary of guidleines) (–).

The possible coexistence or potential onset of TD
in AITD patients, especially in the case of younger
subjects and/or a family history of TD, can be
evaluated by measuring fasting glucose, HbAc, islet
cell Abs, and glutamic acid decarboxylase Abs at the
time of diagnosis of AITD. In case of a TD–AITD
association, a genetic study is advised along with a
serological screening of first-degree relatives in the
context of probable APS (). Owing to the well-
known increased clustering of both endocrine and
nonendocrine autoimmune diseases in patients with
coexistent TD and AITD (APS) and their relatives,
serological screening with the measurement of the
glandular autoantibodies is recommended in all APS
patients and their first-degree relatives (–). When
serological screening is positive, functional testing
follows. Also recommended is the serological screen-
ing for the prevalent autoimmune nonendocrine
disorders in APS, that is, celiac disease, autoimmune
gastritis, pernicious anemia, and Sjögren syndrome.
Typing of the MHC HLA class II DR/DQ antigens
and eventually testing the PTPN and CTLA-
SNPs help differentiate between patients with
polyglandular vs monoglandular autoimmunity (,
, ).

A longitudinal evaluation of thyroid function
should be subsequently monitored every  to  years or
obtained at any time growth rate is abnormal.

Screening of TD in patients with T2D
TD accounts for ~% of the health expenditure
(US$ billion last year) in the United States to treat
complications such as myocardial infarction, stroke,
retinopathy, end-stage renal disease, and care for ul-
cerative lesions (). Regarding the screening of TD,
the ADA suggests the screening of this disorder at the
age of  years as well as screening younger adults
who are overweight with one or more of the following
risk factors: (i) a positive family history of diabetes;
(ii) coming from high-risk minority ethnic/racial
groups; (iii) the presence of hyperlipidemia; (iv)
being physically inactive; (v) experiencing signs/
symptoms of insulin resistance (i.e., acanthosis nig-
ricans, polycystic ovarian syndrome, history of GMD,
previous prediabetes diagnosis); and/or (vi) the
presence of hypertension or treatment of hyperten-
sion () (Table ). The ADA recommends
rescreening patients with these risk factors only every
 years based on the rationale that someone who tests
negative would be highly unlikely to develop the
disease complications within the -year time period
(–).

Regarding the screening of TD, the ATA recom-
mends that adults should be screened by the mea-
surement of serum TSH concentration, beginning at
age  years and every  years thereafter (). This
screening is justified because it is cost-effective within
the context of the periodic health examination.
Moreover, the ATA suggests that individuals with
symptoms and signs potentially attributable to TD and
those with risk factors for its development may require
more frequent TSH testing (). Conversely, despite
the potential association between TD and CVD, the
US Preventive Services Task Force concluded that
there is no clear evidence for the necessity of a
screening program of TD in asymptomatic subjects
().

The necessity of a screening program for TD in
patients with TD is a controversial issue because
current evidence is insufficient to assess the specific

Table 9. Benefits and Limits of a Screening Program in Patients With T2DM

• Asymptomatic TD is frequently observed in patients with T2D.

• Undetected thyroid disorders can compromise the metabolic control and amplify the risk of cardiovascular events.

• The screening of TD could prevent the high cardiovascular complications of T2D.

• The diagnosis of TD in patients with T2D is difficult because some oral antidiabetic drugs can interfere with the evaluation of serum
TSH levels.

• Mild subclinical thyroid disease can progress at a low rate, suggesting a long-term screening program.

• The use of age-specific TSH range should be considered to avoid the misdiagnosis of hypothyroidism in elderly patients with T2D.

• There are insufficient data to assess the specific tests for screening (TSH alone, TSH and TPO, or TSH and FT4), the exact interval of
periodic screening, and the cost-benefit ratio.
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tests for screening (TSH alone, TSH and TPO Abs, or
TSH and FT), the exact interval of periodic screening,
and the cost-benefit ratio. The ADA recommends
thyroid palpation in all diabetic patients and the
evaluation of serum TSH in adults . years of age
and in patients with dyslipidemia (–). The ATA
recommends testing TSH at the diagnosis of diabetes
and every  years thereafter (). According to the
BTA, thyroid function tests are recommended in TD
only when there is a suspicion of an AITD (). They
suggest that patients with TD should have their
thyroid function checked at diagnosis, but routine
annual thyroid function testing is not recommended.

However, most of the available guidelines are too
general and not detailed regarding routine screening
and monitoring of TD and TD. Even current
guidelines from the ETA (, ) and ATA (,
, ) do not specifically address screening of
thyroid function or treatment of TD in individuals
with TD.

The following considerations could support the
benefit of an early detection of TD in patients with
TD: (i) TD, especially hypothyroidsm, is frequently
observed in patients with TD; (ii) many patients
with TD may be asymptomatic even in the presence
of overt hypothyroidism; (iii) clinical symptoms of
TD may be masked by a poor metabolic control,
which is more frequent when TD develops; (iv)
undetected thyroid disorders may compromise the
metabolic control and amplify the risk of cardio-
vascular events in patients with TD; and (v) the
screening of TD may allow early treatment, pre-
venting high cardiovascular and metabolic compli-
cations (Table ).

Conversely, the subsequent considerations may
limit the necessity of a screening program for TD in
patients with TD: (i) there is evidence that the mild
form of STDs can progress at a low rate (,% during 
years), suggesting a long-term screening program; (ii) it is
difficult to diagnose TD in TD patients for the frequent
association of comorbidity and drug interferences; (iii)
some oral antidiabetic drugs interfere with the evaluation
of serum TSH levels; and (iv) the use of age-specific TSH
range should be considered to avoid misdiagnosis of
hypothyroidism in elderly patients with TD (, )
(Table ).

All of these considerations support that the eval-
uation of serum TSH alone could be inappropriate for
screening or monitoring TD in patients with TD,
even in those with an acute presentation of DM such
as ketoacidosis, hyperosmolar conditions, and hy-
poglycemic episodes. The assessment of both FT
and TPO could be necessary in a screening program,
but this assessment further increases the cost of
screening.

Therefore, there is insufficient evidence to evaluate
whether a specific screening of TD policy is necessary
in TD. These uncertainties do not allow us to adopt
specific recommendations from the guidelines pub-
lished by the major endocrine and diabetes societies
(see Table  for a summary of guidelines) (–).

Unanswered Questions and Future Needs

More studies are needed to better understand the
possible role of TD in the development and progression
of DM and vice versa. In the future, the use of more
sensitive peripheral markers of thyroid function may
help clinicians to identify and personalize the treatment
of TD in patients with diabetes, particularly in those in
which these disorders are difficult to manage.

Large prospective studies are necessary to clarify
the adverse effects of TD and DM when associated.
Randomized controlled trials could verify whether the
treatment of thyroid disorders can counteract the
expected risks. Futures studies assessing TD in the
early stage and performing an adequate treatment of
TD in patients with DM could help understand the
prognosis of these associated disorders when appro-
priately treated.

The discovery of TH analogs to improve metabolic
control may help clinicians improve the cardiovascular
risk factors associated with DM, MetS, and TH
deficiency.

Future studies could clarify the potential role of
metformin to improve TSH suppression therapy with
L-T in patients with differentiated thyroid cancer and
the prognosis of medullary thyroid cancer.

Finally, specific guidelines are necessary to recom-
mend a systematic approach for the correct diagnosis and
treatment of TD in patients with TD and TD.
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ulating GLUT4 glucose transporter expression and
glucose transport in skeletal muscle. Acta Physiol
Scand. 2005;183(1):43–58.

154. Desvergne B, Petty KJ, Nikodem VM. Functional
characterization and receptor binding studies of the
malic enzyme thyroid hormone response element.
J Biol Chem. 1991;266(2):1008–1013.
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216. Ortega-González C, Cardoza L, Coutiño B, Hidalgo
R, Arteaga-Troncoso G, Parra A. Insulin sensitizing
drugs increase the endogenous dopaminergic tone
in obese insulin-resistant women with polycystic
ovary syndrome. J Endocrinol. 2005;184(1):233–239.
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