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Abstract

Purpose To evaluate factors influencing the insulin and levothyroxine requirement in patients with autoimmune polyglan-
dular syndrome type 3 (APS-3) vs. patients with type 1 diabetes mellitus (T1DM) and autoimmune hypothyroidism (AH)
alone, respectively.

Methods Fifty patients with APS-3, 60 patients with T1DM and 40 patients with AH were included. Anthropometric, clini-
cal and biochemical parameters were evaluated in all patients. Insulin requirement was calculated in patients with APS-3
and T1DM, while levothyroxine requirement was calculated in APS-3 and AH.

Results Patients with APS-3 showed higher age (p=0.001), age of onset of diabetes (»p =0.006) and TSH (p=0.004) and
lower total insulin as U/day (p <0.001) and U/Kg (p=0.001), long-acting insulin as U/day (p =0.030) and U/kg (p =0.038)
and irisin (p =0.002) compared to TIDM. Patients with APS-3 had higher waist circumference (p =0.008), duration of
thyroid disease (p =0.020), levothyroxine total daily dose (p =0.025) and mcg/kg (p =0.006), triglycerides (p =0.007) and
VAI (p=0.010) and lower age of onset of thyroid disease (p =0.007) than AH.

At multivariate analysis, levothyroxine treatment and VAI were associated with insulin and levothyroxine requirement in
APS-3, respectively. VAI was independently associated with insulin requirement in TIDM. Circulating irisin levels were
independently associated with levothyroxine requirement in AH.

Conclusion Patients with APS-3 show lower insulin requirement and higher levothyroxine requirement than TIDM and AH
alone, respectively. Levothyroxine treatment and VAI affect insulin and levothyroxine requirement, respectively, in APS-3.
In T1DM, adipose tissue dysfunction, indirectly expressed by high VAI, is associated with an increased insulin requirement,
while circulating irisin levels influence the levothyroxine requirement in AH.
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Introduction (TIDM) and autoimmune thyroid disease and additional

non-glandular autoimmune diseases [5, 6]. APS’s are gen-

Autoimmune polyglandular syndromes (APS) are character-
ized by the coexistence of at least two autoimmune-mediated
endocrinopathies [1-4]. APS type 3 (APS-3) is the most
frequent subtype and encompasses type 1 diabetes mellitus
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erally characterized by the poor quality of life and increased
morbidity and mortality, compared to the single disease and
notably to TIDM [7]. The coexistence of TIDM and other
autoimmune endocrinopathies impairs glucose metabolism,
interferes with effective insulin therapy and deteriorates
diabetes control [8]. Among the various factors involved,
metabolic control appears to play an important role in the
development of micro and macrovascular disease in TIDM,
with a great impact on mortality [9, 10].

The daily insulin dose is the cornerstone of the manage-
ment of TIDM. A low insulin dose generally represents
underinsulinization and could cause symptoms of insulin
deficiency [11, 12], while a high insulin dose resembles an
insulin resistance status [13, 14]. Intra-individual variations
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in insulin requirements may potentially explain the deterio-
ration of glycaemia once frequent insulin adjustments are not
easily available. If drops in insulin needs are indeed consid-
erable and expose patients to bouts of hyperglycaemia, then
the therapy’s safety is undermined. The fear of hypogly-
caemia may drive patients and care providers to lower the
insulin dosage, eventually causing prolonged hyperglycae-
mia when the insulin needs increase. In addition, the insulin
requirement has been also reported to be associated with
high cardiovascular risk [15].

The visceral adiposity index (VAI), a gender-specific
index based on both anthropometric [body mass index (BMI)
and waist circumference (WC)] and metabolic (triglycerides
and HDL-cholesterol) parameters, has been proven to be an
indicator of both fat distribution and function, correlated
with cardiovascular risk [16, 17].

Skeletal muscle is responsible for the majority of insulin-
stimulated whole-body glucose disposal; thus, dysregula-
tion of skeletal muscle metabolism can strongly influence
whole-body glucose homeostasis and insulin sensitivity and
is considered to be the initiating or primary defect that is
evident decades before p-cell failure and overt hyperglycae-
mia develop. Irisin is found to improve insulin resistance by
increasing sensitization of the insulin receptor in skeletal
muscle and heart by improving hepatic glucose and lipid
metabolism, promoting pancreatic p-cell functions, and
transforming white adipose tissue to brown adipose tissue
[18].

Levothyroxine requirement variations occur depending on
the patient’s age, gender, body weight [19, 20] and recently
lean body mass has also been shown to be a predictor of the
daily requirements for thyroid hormone [21]. Altered thy-
roid hormones have been described in patients with diabetes
especially those with poor glycaemic control. In diabetic
patients, the nocturnal TSH peak is blunted or abolished,
and the TSH response to TRH is impaired [22]. Interestingly,
insulin resistance and p-cell function are inversely correlated
with thyroid-stimulating hormone which may be explained
by insulin-antagonistic effects of thyroid hormones along
with an increase in TSH [23].

The aim of the current real-life observational study was
to compare the factors influencing the insulin and levothy-
roxine (LT4) requirement in patients with autoimmune pol-
yglandular syndrome type 3 (APS-3) compared to TIDM
and autoimmune hypothyroidism (AH) alone, respectively.

Materials and methods
Subjects

A total of consecutive 150 patients, referred to the Divi-
sion of Endocrinology of Palermo University from
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December 2018 to June 2019, were prospectively included
in this study. Specifically, 50 patients with APS-3, 14
males and 36 females (mean age 44.7 + 13.8 years), 60
patients with TIDM, 34 males and 26 females (mean age
36.9 + 11.3 years) and 40 patients with AH, 8 males and 32
females (mean age 45.1 4+ 13.7 years) were included.

Among patients with APS- 3, 43 had the combination of
T1DM and AH, while 7 had the combination of latent auto-
immune diabetes adults (LADA), 8 had additional vitiligo,
16 had additional celiac disease, 2 had additional hypopar-
athyroidism, 3 had additional autoimmune hepatitis and 3
had an additional premature ovarian failure. Diagnosis of
APS-3 was based on clinical symptoms and serological test-
ing [1]. The diagnosis of TIDM was made according to the
ADA guidelines [24], while the diagnosis of AH was made
by the presence of antibodies against thyroid peroxidase
(TPO antibodies). Among patients with APS-3, 17 were on
glargine treatment, 31 were on degludec treatment and 2
were on detemir treatment. In the group of T1IDM, 23 were
on glargine insulin treatment, 35 were on degludec insulin
and 2 were on detemir treatment. Patients with APS and AH
were on oral liquid levothyroxine therapy, at the average
dose of 1.6 (range 1.4-2) and 1.3 (range 1.2-1.6) mcg/kg,
respectively. Patients with APS and celiac disease were on
higher levothyroxine dose (1.8-2 mcg/kg) compared to APS
without celiac disease. All patients with APS and AH were
recommended to postpone breakfast by 30 min following
levothyroxine intake.

Patients with celiac disease were on a stable gluten-free
diet.

Inclusion criteria were: patients with APS-3, AH and
T1DM aged 18-65 years of both genders.

Exclusion criteria were as follows: hypoglycaemia una-
wareness, acute illnesses or infections, inability to provide
informed consent, pregnancy and lactation, duration of
thyroid disease less than 3 years and duration of diabetes
less than 5 years, subclinical hypothyroidism and thyroid
disease not treated with levothyroxine, tablet levothyroxine
treatment, presence of known gastrointestinal malabsorption
disorders (such as gastric atrophy, helicobacter pylori infec-
tion, lactose maldigestion) [25].

All procedures were in accordance with the ethical stand-
ards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Dec-
laration of 1964, as revised in 2013. Approval was obtained
from the Ethics Committee of the University of Palermo.
At the time of hospitalization, an informed consent for the
scientific use of the data was obtained from all patients to
be included in the study.

All patients included were instructed not to practice phys-
ical activity during the two weeks before the biochemical
assays. To assess compliance with this instruction, a 7-day
pedometer measurement was provided to each patient.
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Patients with diabetes were trained for strict adherence to
carbohydrates counting during one month before biochemi-
cal assays.

Study design

Anthropometric parameters such as BMI, systolic and dias-
tolic blood pressure and waist circumference (WC), meas-
ured at the midpoint between the lower rib and the iliac
crest, were evaluated in all patients. In addition, lipids [total
cholesterol (TC), HDL cholesterol (HDL-C), LDL choles-
terol (LDL-C) and triglycerides (TG)], TSH and irisin were
obtained in all patients. The insulin requirement was cal-
culated as total daily doses and daily doses per kg of body
weight, HbAlc, fasting glycaemia and GOT and GPT were
evaluated in patients with APS-3 and TIDM. As an indirect
indicator of adipose function and distribution [17], the VAI
was calculated in all patients according to gender, where
TG levels were expressed in mmol/l and HDL levels were
expressed in mmol/l:

Male VAI=[WC/(39.68 4+ (1.88 x BMI))] x (TG/1.03) %
(1.31/HDL);-Fe

male VAI=[WC/(36.58 4+ (1.89 x BMI))] x (TG/0.81) X
(1.52/HDL) [16]

Assays

Glycaemia, HbAlc and lipids were measured by stand-
ard methods (Modular P800, Roche, Milan). LDL-C lev-
els were measured using the Friedewald formula [TC
— (HDL + (TG/5)].

Serum samples were analyzed for irisin concentration
using a commercial enzyme immunoassay kit (EK-067-29;
Phoenix Pharmaceuticals, Karlsruhe, Germany). The lowest
detectable concentration of irisin was 9.4 ng/mL, and the
highest was 37.5 ng/mL. The kit used in the current study
was validated against Western blotting and mass spectrome-
try [26]. Samples were assayed following the manufacturer’s
instructions without a prior extraction step.

The conversion factors for the International System (SI)
were as follows: TC and HDL-C mg/dl vs. mmol/l: 0.0259;
TG mg/dl vs. mmol/l: 0.0113; HbAlc % vs. mmol/mol:
10.93-23.5.

Statistical analysis

The SPSS version 19 (SPSS, Inc.) was used for data analysis.
Data were presented as mean + SD or rates and proportions.
The normality of distribution of the quantitative variables
was assessed using the Kolmogorov—Smirnov test. The dif-
ferences between the APS-3 and T1DM groups and the dif-
ference between the APS-3 and AH groups were evaluated
with #-Student for quantitative variables and x? for trend

for categorical variables. Relations between the outcome
variables and continuous variables were evaluated using
univariate Pearson’s correlation coefficients. Multiple linear
regression analysis was performed to identify independent
predictors of the dependent variables insulin requirements
in APS-3 and T1DM and the levothyroxine requirement
in APS-3 and AH. The variables added in the multivari-
ate model were those which had a statistical significance at
univariate analysis (Pearson correlation). A p value of 0.05
was considered statistically significant.

Results

Patients with APS-3 showed higher age (p=0.001), age
of onset of diabetes (p=0.006), VAI (p =0.008) and TSH
(p=0.004) and lower total insulin as U/day (p <0.001) and
U/Kg (p=0.001) and irisin (p =0.002) compared to TIDM
(Table 1).

On the other hand, patients with APS-3 had higher WC
(p=0.008), duration of thyroid disease (p =0.020), levothy-
roxine daily dose (p=0.025) and daily dose/kg (p =0.006),
triglycerides (p =0.007) and VAI (p=0.010) and lower age
of onset of thyroid disease (p =0.007) than AH (Table 1).

Multivariate analysis was done based on the variables
who were found to have a statistical significance at univari-
ate analysis (data not shown). It showed that levothyroxine
replacement treatment was independently associated with
insulin requirement (total daily insulin U/kg) (p =0.044,
B=-0.005) (Table 2) and the VAI was independently asso-
ciated with levothyroxine requirement (p =0.035, =0.218)
in APS-3 (Table 3). In patients with T1DM, the VAI was
independently associated with insulin requirement (total
daily insulin U/kg) (p <0.001, p=0.666) (Table 2), while
in AH circulating irisin levels were independently associ-
ated with levothyroxine requirement (p =0.048, f = —0.046)
(Table 3).

Discussion

The current study shows that patients with APS-3 have lower
insulin requirement and circulating irisin levels than patients
with T1DM and higher levothyroxine requirement and lower
VAI than AH.

In patients with APS-3 an inverse correlation between
insulin requirement and levothyroxine replacement ther-
apy was found. The relationship between thyroid function
and insulin sensitivity has been described in many studies
[27-29]. Thyroid hormones enhance gluconeogenesis and
glycogenolysis in an opposing effect to insulin [30], whereas
they are known to facilitate cellular glucose uptake by
expressing the glucose transporter-4 (GLT-4) isozyme [31].
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Table 1 General characteristics
of patients with autoimmune
polyglandular syndrome 3
(APS-3), type 1 diabetes
mellitus (TIDM) and
autoimmune hypothyroidism
(AH)

Increased fasting serum insulin levels and lower insulin sen-
sitivity have been reported in hypothyroid patients [32]. Lev-
othyroxine replacement treatment has been shown to reduce

@ Springer

APS-3 TIDM AH p* prE

No=50 No=60 No=40

Subjects (%) Subjects (%) Subjects (%)
Gender
Males 14 (28%) 36 (60%) 8 (20%) 0.008 0.382
Females 36 (72%) 24 (40%) 32 (80%)
Complications
Retinopathy 6 (12%) 14 (23.3%) I 0.127 /I
Nephropathy 2 (4%) 5(8.3%) /! 0.359 /
Neuropathy 2 (4%) 1(1.6%) /! 0.440 /!
Arterial hypertension 9 (15%) 4 (6.6%) 3(7.5%) 0.152 0.273
Visceral obesity 19 (38%) 15 (25%) 14 (35%) 0.143 0.320
Obesity (BMI > 30 kg/m?) 7 (14%) 3 (5%) 12 (30%) 0.103 0.066
Glargine basal insulin 17 (34%) 23 (38.3%) /" 0.642 I
Degludec basal insulin 31 (62%) 35 (58.3%) Vi 0.694 1l
Detemir basal insulin 2 (4%) 2 (3.3%) 1/ 0.845 1l
Clinical and anthropometric parameters ~ Mean +SD Mean + SD Mean + SD
Age (years) 44.7+13.8 369+11.3 459+13.3 0.001 0.706
BMI (Kg/m?) 24.4+4.44 245+3.1 25.5+4.76 0.896 0.340
WC (cm) 88.9+8.13 87.5+11.4 96.5+13.1 0.462 0.008
SBP (mmHg) 1199+17.3 121.1+£143 1152+109 0.676 0.534
DBP (mmHg) 71.7+9.7 73.7£8.7 70.9+8.3 0.238 0.341
Age of onset of diabetes (years) 25.6+14.8 18.8+9.8 I 0.006 1"
Duration of diabetes (years) 17.6+12.3 18.1+11.1 /! 0.870 /
Age of onset of thyroid disease (years) 32.7+13.2 1 39.7+13.3 1 0.007
Duration of thyroid disease (years) 12.7+8.36 1 9.44+5.6 1" 0.020
Insulin requirement and glucose control
HbAlc (%) 8.04+1.85 8.2+1.37 I 0.501 1
Total insulin/day (U/day) 34.7+12.6 47.8+17.4 1" <0.001 /
Total insulin/kg (U/kg) 0.54+0.23 0.69+0.24 1 0.001 /
Levothyroxine requirement
Levothyroxine daily dose (mcg/day) 112.6 +55.6  // 84.2+33.1 " 0.025
Levothyroxine daily dose/kg (mcg/kg) 1.66+0.79 " 1.24+0.42 " 0.006
Metabolic parameters
Total cholesterol (mmol/L) 4.55+1.12 443+1.03 491+0.82 0.444 0.173
HDL cholesterol (mmol/L) 1.52+0.41 1.56+£0.41 1.37+£0.37 0.762 0.123
LDL cholesterol (mmol/L) 2.59+1.03 2.46+£0.81 3.18+£0.64 0.514 0.240
Triglycerides (mmol/L) 0.93+0.46 0.88+0.75 1.34+0.51 0.852 0.007
GOT (U/L) 232+21.1 18.6+6.1 17.6+4.2 0.126 0.856
GPT (U/L) 28.3+22.4 18.8+8.4 19.1+5.6 0.281 0.762
TSH (mU/ml) 3.43+2.46 2.01+0.93 3.25+£5.72 0.004 0.436
VAI 1.05+0.45 1.38+1.23 1.88+0.83 0.008 0.001
Irisin (ng/ml) 122+2.2 14.1+3.1 13.5+1.8 <0.001 0.355

Abbreviations: BMI: body mass index, WC waist circumference, SBP systolic blood pressure, DBP dias-
tolic blood pressure, VAI visceral adiposity index

*Comparison between APS-3 and T1IDM

**Comparison between APS-3 and AH

fasting and postprandial glucose levels and glycosylated hae-
moglobin levels in hypothyroidism [27]. Krysiak et al. [33]
showed that six-month treatment with levothyroxine does
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Table 2 Variables independently associated with insulin requirement in patients with autoimmune polyglandular syndrome type 3 (APS-3) and

with type 1 diabetes mellitus (TIDM)

Independent variables

Dependent variable total daily insulin (U/kg)

T1DM

B p OR 95% CI
Age (years) -0.117 0.418 -0.003 —0.009 to 0.004
HbAlc (%) 0.058 0.697 0.010 —0.043 t0 0.063
Irisin (ng/mL) 0.452 0.081 -0.032 — 0.057 to 0.008
VAI 0.666 <0.001 0.152 0.073 t0 0.231
TSH (mU/ml) -0.033 0.818 -0.009 — 0.087 to 0.069
Independent variables Dependent variable total daily insulin (U/kg)

APS-3

8 p OR 95% CI
Age (years) -0.004 0.175 -0.224 —0.009 to 0.002
HbAlc (%) 0.005 0.965 0.008 0.002 to 0.135
Irisin (ng/mL) 0.008 0.617 0.085 —0.023 to 0.038
VAI 0.136 0.411 0.063 —-0.092 t0 0.219
Levothyroxine treatment -0.005 0.044 -0.365 —0.249 to0 0.239
TSH (mU/ml) 0.210 0.098 0.280 —0.002 to 0.021

Abbreviations: VAI visceral adiposity index

Table 3 Variables independently associated with levothyroxine requirement in patients with autoimmune polyglandular syndrome type 3 (APS-

3) and autoimmune thyroiditis (AH)

Independent variables

Dependent variable: levothyroxine requirement (mcg/kg)

APS-3

B P OR 95% CI
Age (years) 0.180 0.811 0.043 -1.341t01.71
HbAlc (%) —11.08 0.202 -0.234 —28.84106.32
Irisin (ng/mL) -0.002 0.967 -0.007 -0.116 t0 0.111
VAI 0.218 0.035 0.189 0.356 to 1.151
TSH (mU/ml) 0.015 0.502 0.110 — 0.030 to 0.060
Independent variables Dependent variable: levothyroxine requirement (mcg/kg)

AH

p D OR 95% CI
Age (years) 0.038 0.440 0.226 0.001 to 0.075
Irisin (ng/mL) -0.046 0.048 -0.745 - 0.212t0 0.120
VAI 0.373 0.251 0.348 —0.464t0 1.211
TSH (mU/ml) -0.268 0.062 -0.632 — 0.562 to0 0.026

Abbreviations: VAI visceral adiposity index

not have a significant effect on HOMA-IR in patients with
hypothyroidism. A positive effect of levothyroxine on insulin
resistance in patients with euthyroidism is still under inves-
tigation. Administration of high doses of thyroid hormones
to healthy humans induced insulin resistance [34]. Moderate

doses of levothyroxine to healthy subjects lead to short-term
mild experimental hyperthyroidism, due to increased periph-
eral glucose disposal during euglycaemia, which counter-
acts the increase in splachnic glucose release, and results in
maintenance of overall normal glucose tolerance [35]. Small
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doses of triiodothyronine to lean and obese insulin-resistant
rats increased the expression of GLUT4 in skeletal muscle
and had a beneficial effect on hyperinsulinaemia [36]. In
addition, long-term administration of small doses of levothy-
roxine to euthyroid horses has been shown to improve glu-
cose dynamics [37]. The impact of administration of small
physiological doses of thyroxine to healthy humans in vivo,
which suppress TSH within the euthyroid range, has recently
been investigated [38]. Lambadiari et al. showed that the
insulin-sensitizing effect of thyroid hormone improved gly-
caemia, insulin sensitivity indices and peripheral glucose
uptake and disposal in subjects with type 2 diabetes and that
administration of small subthyrotoxic doses of thyroxin to
treatment-naive diabetic euthyroid subjects improved glu-
cose disposal in forearm muscle and overall insulin sensitiv-
ity, suggesting its therapeutic importance in subjects with
insulin resistance by reducing the burden of hyperglycaemia
and possibly the long-term complications of diabetes [38].

In the current study, patients with APS-3 also showed
lower circulating irisin levels than T1DM. Irisin is a
myokine secreted by skeletal muscle and it is strongly
involved in metabolism, notably correlated with insulin
resistance, as demonstrated by its action in inducing brown-
ing of subcutaneous white adipose tissue and activation of
thermogenic genes [39, 40]. Many factors affecting circulat-
ing irisin levels have been reported both in TIDM and AH
alone. However, irisin levels have never been evaluated in
patients with APS.

In patients with TIDM, a significant direct correlation
between the VAI and insulin requirement was observed,
meaning that insulin requirement increases as the VAI
increases. Adipose tissue dysregulation (altered fat distribu-
tion and function) plays a crucial role in the pathogenesis of
insulin resistance and atherosclerosis. Altered adipocytokine
production increases in the lipolytic activity of adipose tis-
sue and low-grade inflammation favours visceral obesity and
adipose tissue dysfunction. The VAI has been demonstrated
to be a good marker of adipose tissue dysfunction. It can
express both the altered endocrine function of adipose tis-
sue and the state of relative leptin resistance and low-grade
inflammation, which are all alterations of adipose tissue
dysfunction [41].

In the current study, patients with TIDM had greater
insulin requirement than patients with APS-3 suggesting
higher insulin resistance to exogenous insulin. An increased
insulin requirement in patients with T1DM and consequently
a loss of insulin sensitivity towards exogenous insulin can
lead to a phenotype similar to that of subjects with type 2
diabetes mellitus (T2DM) predisposing them to adipose tis-
sue dysfunction. In the current study, a higher VAI in TIDM
than APS-3 suggests a worse visceral adipose dysfunction,
exposing subjects to increased cardiovascular risk [17].

@ Springer

On the other hand, patients with APS-3 showed a higher
levothyroxine requirement than AH and VAI was indepen-
dently associated with. An association between TSH and
adipocytes has been previously reported [41, 42]. TSH has
an extra-thyroidal direct effect on adipocytes and elevated
TSH levels can promote a proinflammatory response in these
cells, by stimulating the release of cytokines, such as IL-6
[43]. Furthermore, studies with TSH-receptor knockout
mice have shown that inactivation of the receptor results in
the reduced lipolytic effect of TSH and increased adipocyte
size, implying that the TSH receptor is important for the
growth and metabolism of adipocytes [44, 45]. High TSH
may cause the release of adipokines from visceral adipose
tissue promoting a pro-inflammatory status that can worsen
insulin resistance [44]. However, recently, an interdepend-
ent relationship among adipose tissue dysfunction-insulin
resistance and thyroid has been suggested. Adipose tissue
dysfunction and consequent insulin resistance could reduce
type 2 deiodinase activity in the pituitary, reducing intracel-
lular T3 availability in thyrotrophic cells and leading to a
TSH increase [44]. The findings of the current study sug-
gest that in patients with APS-3 due to combined T1DM
and thyroid disease, the presence of diabetes and adipose
tissue dysfunction may lead to an increase of levothyroxine
requirement compared to AH alone.

In patients with AH, circulating irisin levels were inde-
pendently associated with levothyroxine requirement. The
skeletal muscle system is an important target of thyroid
hormones and is also involved in the production of irisin.
During the natural course of AH, the hypothyroidism phase
following that of euthyroidism determines reduced produc-
tion of thyroid hormones and, therefore, the involvement
of peripheral target organs. It could be hypothesized that
thyroid metabolism may influence circulating irisin levels,
probably through muscle damage, which compromises the
ability of muscle fibrocells to secrete this myokine [45].
Another hypothesis could be that the reduction of irisin lev-
els in hypothyroid patients could be due to the loss of the
stimulating action of fT3 and fT4 on PGC-1a [46].

The current study has some limitations. The sample was
quite small and among patients with thyroid disease only
those on levothyroxine liquid formulation therapy were
evaluated. Some factors impacting insulin doses, such as
history and risk of hypoglycaemia, duration of diabetes were
not evaluated. In addition, another limitation of this study is
that patients with APS-3 followed specific nutritional regi-
men due to the coexistence of TIDM, while patients with
AH did not follow any nutritional prescription and it could
have an influence on lipids and WC levels. However, the
strength of the study is the parallel evaluation of patients
with APS-3, TIDM and AH, that to our knowledge has not
been evaluated before.
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In conclusion, patients with APS-3 show lower insulin
requirement and higher levothyroxine requirement than
T1DM and AH alone, respectively. In patients with APS-3,
levothyroxine replacement therapy can reduce the insulin
requirement, while adipose tissue dysfunction indirectly
expressed by VAI can lead to an increased thyroid hormone
requirement independently of TSH levels. In patients with
T1DM, VAl s associated with insulin requirement, showing
that adipose tissue dysfunction leads to an increased insu-
lin requirement. Irisin can be a predictor of levothyroxine
requirement in patients with AH. However, further, larger
controlled studies are required to confirm our results.

Funding Open access funding provided by Universita degli Studi di
Palermo within the CRUI-CARE Agreement. This research did not
receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest Authors declare that there is no conflict of interest
that could be perceived as prejudicing the impartiality of the research
reported.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kahaly GJ, Frommer L (2018) Polyglandular autoimmune syn-
dromes. J Endocrinol Invest 41:91-98. https://doi.org/10.1007/
s40618-017-0740-9

2. Martinez Lopez MM, Gonzalez Casado I, Alvarez Doforno R,
Del-gado Cervino E, Gracia Bouthelier R (2006) AIRE gene
mutation in polyglandular syndrome type 1. Anales de pediatria
64:583-587. https://doi.org/10.1157/13089925

3. Giordano C, Modica R, Allotta ML, Guarnotta V, Cervato S,
Masiero S, Giordano R, Garelli S, Betterle C (2012) Autoim-
mune polyendocrinopathy-candidiasis-ectodermal-dystrophy
(APECED) in Sicily: confirmation that R203X is the peculiar
AIRE gene mutation. J Endocrinol Invest 35:384-388. https://
doi.org/10.3275/7965

4. Forster G, Krummenauer F, Kuhn I, Beyer J, Kahaly G (1999)
Polyglandular autoimmune syndrome type II: epidemiology and
forms of manifestation. Dtsch Med Wochenschr 124:1476-1481

5. Hansen MP, Matheis N, Kahaly GJ (2015) Type 1 diabetes and
polyglandular autoimmune syndrome: a review. World J Diabetes
6:67-79. https://doi.org/10.1055/s-2008-1035684

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rotondi M, Virili C, Pinto S, Coperchini F, Croce L, Brusca N,
Centanni M, Chiovato L (2020) The clinical phenotype of Graves’
disease occurring as an isolated condition or in association with
other autoimmune diseases. J] Endocrinol Invest 43:157-162
Shaikh SB, Haji IM, Doddamani P, Rahman M (2014) A study
of autoimmune polyglandular syndrome (PAS) in patients
with type 1 TIDM (T1DM) followed up at a tertiary care
hospital. J Clin Diagn Res 8:70-72. https://doi.org/10.7860/
JCDR/2014/7013.4011

Krzewska A, Ben-Skowronek I (2016) Effect of associated auto-
immune diseases on Type 1 diabetes mellitus incidence and
metabolic control in children and adolescents. Biomed Res Int
2016:6219730. https://doi.org/10.1155/2016/6219730

Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM,
Orchard TJ, Raskin P, Zinman B (2005) Diabetes control and
complications trial/epidemiology of diabetes interventions and
complications (DCCT/EDIC) Study Research Group. Intensive
diabetes treatment and cardiovascular disease in patients with type
1 diabetes. N Engl J Med 353:2643-2653. https://doi.org/10.1056/
NEJMoa052187

Bergenstal RM (2015) Glycemic variability and diabetes com-
plications: does it matter? Simply put, there are better glycemic
markers. Diabetes Care 38:1615-1621. https://doi.org/10.2337/
dc15-0099

Morris AD, Boyle DI, McMahon AD, Greene SA, MacDonald
TM, Newton RW (1997) Adherence to insulin treatment, gly-
caemic control, and ketoacidosis in insulin-dependent diabetes
mellitus. The DARTS/MEMO Collaboration. Diabetes Audit
and Research in Tayside Scotland. Med Monitor Unit Lancet
350:1505-1510. https://doi.org/10.1016/s0140-6736(97)06234-x

. Wagner VM, Grabert M, Holl RW (2005) Severe hypoglycaemia,

metabolic control and diabetes management in children with type
1 diabetes in the decade after the Diabetes Control and Com-
plications Trial — a large-scale multicentre study. Eur J Pediatr
164:73-79. https://doi.org/10.1007/s00431-004-1560-4
Wiegand S, Raile K, Reinehr T, Hofer S, Nike A, Rabl W, Holl
RW (2008) DPV-Wiss Study Group, Daily insulin requirement
of children and adolescents with type 1 diabetes: effect of age,
gender, body mass index and mode of therapy. Eur J Endocrinol
158:543-549. https://doi.org/10.1530/EJE-07-0904

Wilcox G (2005) Insulin and insulin resistance. Clin Biochem Rev
26:19-39

Schofield J, Ho J, Soran H (2019) Cardiovascular risk in Type
1 Diabetes Mellitus. Diabetes Ther 10:773-789. https://doi.
org/10.1007/s13300-019-0612-8

Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S,
Midiri M, Galluzzo A (2010) Visceral Adiposity Index: a reli-
able indicator of visceral fat function associated with cardiomet-
abolic risk. Diabetes Care 33:920-922. https://doi.org/10.2337/
dc09-1825

Amato MC, Guarnotta V, Giordano C (2013) Body composition
assessment for the definition of cardiometabolic risk. J Endocrinol
Invest 36:537-543. https://doi.org/10.3275/8943

Perakakis N, Triantafyllou GA, Fernandez-Real JM, Huh JY, Park
KH, Seufert J, Mantzoros CS (2017) Physiology and role of irisin
in glucose homeostasis. Nat Rev Endocrinol 13:324-337. https://
doi.org/10.1038/nrendo.2016.221

Kaplan MM (1993) Thyroid hormone therapy. What, when, and
how much. Postgrad Med 93:249-252, 255-256, 260-262. https
://doi.org/10.1080/00325481.1993.11701587

Rosenbaum RL, Barzel US (1982) Levothyroxine replacement
dose for primary hypothyroidism decreases with age. Ann Intern
Med 96:53-55. https://doi.org/10.7326/0003-4819-96-1-53
Santini F, Pinchera A, Marsili A, Ceccarini G, Castagna MG,
Valeriano R, Giannetti M, Taddei D, Centoni R, Scartabelli G,
Rago T, Mammoli C, Elisei R, Vitti P (2005) Lean body mass is

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s40618-017-0740-9
https://doi.org/10.1007/s40618-017-0740-9
https://doi.org/10.1157/13089925
https://doi.org/10.3275/7965
https://doi.org/10.3275/7965
https://doi.org/10.1055/s-2008-1035684
https://doi.org/10.7860/JCDR/2014/7013.4011
https://doi.org/10.7860/JCDR/2014/7013.4011
https://doi.org/10.1155/2016/6219730
https://doi.org/10.1056/NEJMoa052187
https://doi.org/10.1056/NEJMoa052187
https://doi.org/10.2337/dc15-0099
https://doi.org/10.2337/dc15-0099
https://doi.org/10.1016/s0140-6736(97)06234-x
https://doi.org/10.1007/s00431-004-1560-4
https://doi.org/10.1530/EJE-07-0904
https://doi.org/10.1007/s13300-019-0612-8
https://doi.org/10.1007/s13300-019-0612-8
https://doi.org/10.2337/dc09-1825
https://doi.org/10.2337/dc09-1825
https://doi.org/10.3275/8943
https://doi.org/10.1038/nrendo.2016.221
https://doi.org/10.1038/nrendo.2016.221
https://doi.org/10.1080/00325481.1993.11701587
https://doi.org/10.1080/00325481.1993.11701587
https://doi.org/10.7326/0003-4819-96-1-53

1394

Journal of Endocrinological Investigation (2021) 44:1387-1394

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

a major determinant of levothyroxine dosage in the treatment of
thyroid diseases. J Clin Endocrinol Metab 90:124-127. https://
doi.org/10.1210/jc.2004-1306

Biondi B, Kahaly GJ, Robertson RP (2019) Thyroid dysfunction
and diabetes mellitus: two closely associated disorders. Endocr
Rev 40:789-824. https://doi.org/10.1210/er.2018-00163

Wang C (2013) The relationship between Type 2 diabetes mellitus
and related thyroid diseases. J Diabetes Res 2013:390534. https://
doi.org/10.1155/2013/390534

American Diabetes Association (2020) Diagnosis and classifi-
cation of diabetes mellitus: Standards of Medical Care in Dia-
betes-2020. Diabetes Care 43:S14-S31. https://doi.org/10.2337/
dc20-S002

Virili C, Antonelli A, Santaguida MG, Benvenga S, Centanni M
(2019) Gastrointestinal malabsorption of thyroxine. Endocr Rev
40:118-136

Lee P, Linderman JD, Smith S, Brychta RJ, Wang J, Idelson C,
Perron RM, Werner CD, Phan GQ, Kammula US, Kebebew E,
Pacak K, Chen KY, Celi FS (2014) Irisin and FGF21 are cold-
induced endocrine activators of brown fat function in humans. Cell
Metab 19:302-309. https://doi.org/10.1016/j.cmet.2013.12.017
Nishi M (2018) Diabetes mellitus and thyroid diseases. Diabetol
Int 9:108-112. https://doi.org/10.1007/s13340-018-0352-4
Brenta G (2011) Why can insulin resistance be a natural conse-
quence of thyroid dysfunction? J Thyroid Res 2011:152850. https
://doi.org/10.4061/2011/152850

Chen C, Xie Z, Shen Y, Xia SF (2018) The roles of thyroid and
thyroid hormone in pancreas: physiology and pathology. Int J
Endocrinol 2018:2861034. https://doi.org/10.1155/2018/2861034
Raboudi N, Arem R, Jones RH, Chap Z, Pena J, Chou J, Field ]B
(1989) Fasting and postabsorptive hepatic glucose and insulin
metabolism in hyperthyroidism. Am J Physiol 256:E159-E166.
https://doi.org/10.1152/ajpendo.1989.256.1. E159

Weinstein SP, O’Boyle E, Fisher M, Haber RS (1994) Regula-
tion of GLUT?2 glucose transporter expression in liver by thyroid
hormone: Evidence for hormonal regulation of the hepatic glu-
cose transport system. Endocrinology 135:649-654. https://doi.
org/10.1210/endo.135.2.8033812

Kapadia KB, Bhatt PA, Shah JS (2012) Association between
altered thyroid state and insulin resistance. J] Pharmacol Pharma-
cother 3:156-160. https://doi.org/10.4103/0976-500X.95517
Krysiak R, Okopien B (2011) The effect of levothyroxine and
selenomethionine on lymphocyte and monocyte cytokine release
in women with Hashimoto’s thyroiditis. J Clin Endocrinol Metab
96:2206-2215. https://doi.org/10.1210/jc.2010-2986
Dimitriadis G, Baker B, Marsh H, Mandarino L, Rizza R, Berg-
man R, Haymond M, Gerich J (1985) Effect of thyroid hormone
excess on action, secretion, and metabolism of insulin in humans.
Am J Physiol 248:E593-601. https://doi.org/10.1152/ajpen
do.1985.248.5.E593

Bratusch-Marrain PR, Gasia S, Waldhdusl WK (1984) Triiodo-
thyronine increases splanchnic release and peripheral uptake of
glucose in healthy humans. Am J Physiol 247:E681-687. https://
doi.org/10.1152/ajpendo.1984.247.5. E681

@ Springer

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Torrance CJ, Devente JE, Jones JP (1997) Effects of thyroid
hormone on GLUT4 glucose transporter gene expression and
NIDDM in rats. Endocrinology 138:1204—1214. https://doi.
org/10.1210/endo.138.3.4981

Frank N, Elliott SB, Boston RC (2008) Effects of long-term
oral administration of levothyroxine sodium on glucose dynam-
ics in healthy adult horses. Am J Vet Res 69:76-81. https://doi.
org/10.2460/ajvr.69.1.76

Lambadiari V, Spanoudi F, Maratou E, Vassilatou E, Hatziagelaki
E, Mitrou P, Matsangouras G, Dimitriadis G (2016) Short term,
low dose thyroxin treatment of euthyroid patients with Type 2
diabetes improves peripheral blood flow and overall insulin sen-
sitivity. J Diabetes Metab 7:6. https://doi.org/10.4172/2155-6156
Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, Ras-
bach KA, Bostrom EA, Choi JH, Long JZ, Kajimura S, Zingaretti
MC, Vind BF, Tu H, Cinti S, Hgjlund K, Gygi SP, Spiegelman
BM (2012) A PGC1-a-dependent myokine that drives brown-fat-
like development of white fat and thermogenesis. Nature 481:463—
468. https://doi.org/10.1038/nature10777

Zhang Y, Li R, Meng Y, Li S, Donelan W, Zhao Y, Qi L, Zhang
M, Wang X, Cui T, Yang LJ, Tang D (2014) Irisin stimulates
browning of white adipocytes through mitogen-activated protein
kinase p38 MAP kinase and ERK MAP kinase signaling. Diabetes
63:514-525. https://doi.org/10.2337/db13-1106

Amato MC, Pizzolanti G, Torregrossa V, Misiano G, Milano S,
Giordano C (2014) Visceral adiposity index (VAI) is predictive of
an altered adipokine profile in patients with type 2 diabetes. PLoS
ONE 9:€91969. https://doi.org/10.1371/journal.pone.0091969
Sorisky A, Antunes TT, Gagnon A (2008) The Adipocyte as
a novel TSH target. Mini Rev Med Chem 8:91-96. https://doi.
org/10.2174/138955708783331531

Elgadi A, Zemack H, Marcus C (2010) Tissue-specific knock-
out of TSHr in white adipose tissue increases adipocyte size and
decreases TSH induced lipolysis. Biochem Biophys Res Commun
393:526-530. https://doi.org/10.1016/j.bbrc.2010.02.042
Abdel-Gayoum AA (2016) The effect of hypothyroidism on
insulin sensitivity and their influence on the serum lipid profile
and renal function. Endocrinol Metab Syndrome 5:5. https://doi.
org/10.4172/2161-1017.1000248

Ruchala M, Zybek A, Szczepanek-Parulska E (2014) Serum irisin
levels and thyroid function-newly discovered association. Peptides
60:51-55. https://doi.org/10.1016/j.peptides.2014.07.021

Yang N, Zhang H, Gao X, Miao L, Yao Z, Xu Y, Wang G (2019)
Role of irisin in Chinese patients with hypothyroidism: an
interventional study. J Int Med Res 47:1592-1601. https://doi.
org/10.1177/0300060518824445

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1210/jc.2004-1306
https://doi.org/10.1210/jc.2004-1306
https://doi.org/10.1210/er.2018-00163
https://doi.org/10.1155/2013/390534
https://doi.org/10.1155/2013/390534
https://doi.org/10.2337/dc20-S002
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1016/j.cmet.2013.12.017
https://doi.org/10.1007/s13340-018-0352-4
https://doi.org/10.4061/2011/152850
https://doi.org/10.4061/2011/152850
https://doi.org/10.1155/2018/2861034
https://doi.org/10.1152/ajpendo.1989.256.1.E159
https://doi.org/10.1210/endo.135.2.8033812
https://doi.org/10.1210/endo.135.2.8033812
https://doi.org/10.4103/0976-500X.95517
https://doi.org/10.1210/jc.2010-2986
https://doi.org/10.1152/ajpendo.1985.248.5.E593
https://doi.org/10.1152/ajpendo.1985.248.5.E593
https://doi.org/10.1152/ajpendo.1984.247.5.E681
https://doi.org/10.1152/ajpendo.1984.247.5.E681
https://doi.org/10.1210/endo.138.3.4981
https://doi.org/10.1210/endo.138.3.4981
https://doi.org/10.2460/ajvr.69.1.76
https://doi.org/10.2460/ajvr.69.1.76
https://doi.org/10.4172/2155-6156
https://doi.org/10.1038/nature10777
https://doi.org/10.2337/db13-1106
https://doi.org/10.1371/journal.pone.0091969
https://doi.org/10.2174/138955708783331531
https://doi.org/10.2174/138955708783331531
https://doi.org/10.1016/j.bbrc.2010.02.042
https://doi.org/10.4172/2161-1017.1000248
https://doi.org/10.4172/2161-1017.1000248
https://doi.org/10.1016/j.peptides.2014.07.021
https://doi.org/10.1177/0300060518824445
https://doi.org/10.1177/0300060518824445

	Levothyroxine and insulin requirement in autoimmune polyglandular type 3 syndrome: a real-life study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Subjects
	Study design
	Assays
	Statistical analysis

	Results
	Discussion
	References




