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Abstract Both subclinical hyperthyroidism and type 2
diabetes (T2D) have been associated with an increase in
cardiovascular disease risk and mortality. We aimed to
assess the prevalence of newly diagnosed subclinical
hyperthyroidism in a cohort of patients with T2D, and also
to analyse the relationships between diabetes-related
characteristics and the presence of subclinical hyperthy-
roidism. 933 diabetic patients without previous history of
thyroid disease (45.4% females, mean age 66.3 years,
median duration of diabetes 10 years) were evaluated. A
sample of 911 non-diabetic subjects without known thyroid
dysfunction was studied as control group. Serum concen-
trations of thyrotropin were measured in all subjects.
Subclinical hyperthyroidism was present in 4.3% of female
and 3.5% of male diabetic patients. Relative risk was sig-
nificant only for the female gender (OR 3.69, 95% CI
1.56-8.71). In comparison with diabetic patients without
thyroid hyperfunction, patients with subclinical hyperthy-
roidism were older, had longer duration of diabetes,
showed lower fasting glucose levels, had greater proportion
of goitre and diet therapy, and had lower proportion of
treatment with oral agents. Logistic regression analysis
showed that age and the presence of goitre were signifi-
cantly related to subclinical hyperthyroidism in patients
with T2D. The risk for subclinical hyperthyroidism is
increased in women with T2D. Advanced age and the
presence of goitre are significantly and independently
related with the presence of subclinical hyperthyroidism in
diabetic population.
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Introduction

Subclinical hyperthyroidism is characterized by subnormal
serum thyroid stimulating hormone (TSH) concentration in
association with normal serum free thyroxine (FT4) and
free triiodothyronine (FT3) concentrations. The prevalence
of endogenous subclinical hyperthyroidism, defined as
TSH concentration under 0.40 mU/1, has been reported to
be 4.4% in females and 1.8% in males from the general
population [1]. This condition has been associated with an
increase in the cardiovascular disease risk and even an
increase in mortality rate in several populations [2—4].
Patients with type 2 diabetes (T2D) have not only an
increased risk of cardiovascular disease but also a substantial
increase in premature mortality rates from vascular disease
and other conditions [5]. Recent retrospective [6, 7] and
prospective [8—13] studies in different countries have dem-
onstrated a striking high prevalence of thyroid dysfunction in
patients with T2D, ranging from 5 to 13%, and it has been
recently shown that thyroid hormones may be part of the
pathogenetic mechanism to explain metabolic derangement
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in the development of T2D [14]. Female sex, advanced age,
thyroid autoantibodies and even genetic influences [15] have
been advocated as risk factors for thyroid dysfunction in T2D
patients. However, most studies have focused on subclinical
hypothyroidism and very few studies have compared prev-
alences of thyroid dysfunction in diabetic patients and con-
trol subjects from the same population. Therefore, in our
opinion it is not clear if diabetes is associated with an
increased risk of subclinical hyperthyroidism.

On the other hand, some studies reported a relationship
between subclinical hypothyroidism and diabetic microan-
giopathy [16] or dyslipidemia [17], but, to our knowledge, a
link between diabetes-related characteristics, such as
microangiopathy, macroangiopathy or modality of therapy,
and subclinical hyperthyroidism has not been reported. With
the intention to clarify these aspects we performed the
present study with the aim of assessing the prevalence of
newly diagnosed subclinical hyperthyroidism in a cohort of
patients with T2D in comparison with a group of control
subjects, and also to analyse the relationship between dia-
betes-related clinical and analytical parameters and the
presence of subclinical hyperthyroidism.

Patients and methods
Study design

From 2004 to 2010, a total of 1,112 consecutive patients
with T2D referred to our diabetic clinic were recruited for
screening for thyroid dysfunction. We registered clinical
and analytical diabetes-related information, as well as the
presence of previously known thyroid dysfunction. All
patients had been diagnosed with T2D according to
American Diabetes Association criteria [18]. None of them
had had a recent acute illness or an acute complication of a
chronic disease. Patients taking amiodarone or any other
drug known to affect thyroid function were excluded.
Pregnant women were also excluded. The study protocol
was approved by the local ethical committee, and all
patients gave informed consent before blood sampling.
Serum concentrations of TSH were measured in all
patients without previous thyroid dysfunction. When TSH
values were lower than 0.40 mU/l serum concentrations of
FT4 and FT3 were also quantified. Subclinical hyperthy-
roidism was defined by TSH levels under 0.40 mU/l with
normal concentrations of FT4 and FT3. Overt hyperthy-
roidism was diagnosed when patients showed simulta-
neously low serum concentrations of TSH and high
concentrations of FT4 or FT3. Thyroid autoimmune status
was evaluated in patients with hyperthyroidism by means
of the measurement of serum levels of thyroid peroxidase
autoantibodies (TPOAD) and thyroglobulin autoantibodies
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(TGAD). Thyroid autoimmunity was considered negative
when both autoantibodies were negative, and positive when
any of them were positive.

Patients

From the group of 1,112 diabetic patients there were 179
patients who had previous history of thyroid dysfunction
(136 hypothyroidism and 43 hyperthyroidism). Prevalence
of newly diagnosed subclinical hyperthyroidism was
evaluated in a group of 933 diabetic patients without pre-
vious history of thyroid dysfunction. There were 509 men
(54.6%) and 424 women (45.4%) aged 22-91 years
(mean £ SD 66.3 &+ 12.2 years). Median duration of dia-
betes was 10 (5-16) years and the percentages of patients
with diabetic microangiopathy, macroangiopathy, hyper-
tension and hyperlipidemia were, respectively, 36.9, 26.4,
66.1 and 58.5%. Diet was used as the only therapy for
diabetes in 146 patients (15.6%), 276 patients (29.6%)
were treated with oral agents, and 511 (54.8%) with insulin
(with or without oral antidiabetics). Mean fasting blood
levels of glucose and hemoglobin Alc were, respectively,
9.26 + 3.30 mg/dl and 7.80 £ 1.57%.

A group of 911 non-diabetic subjects (579 females,
63.6%, P < 0.001 vs. diabetic patients) who attended our
clinic for overweight or nutritional counseling, and who do
not have previous history of thyroid dysfunction was
studied as control group. Control subjects were younger
than diabetic patients (57.4 £+ 16.1 years, P < 0.001) and
showed a BMI value slightly higher that that found in
diabetic patients (30.2 £ 6.0 vs. 29.6 + 5.3 kg/m?).

Hormone assay

Fasting samples of venous blood were obtained from an
antecubital vein between 08:00 and 09:00 h for estimation
of hormonal and analytical data. Serum TSH, FT4 and
FT3 concentrations were determined by using commer-
cially available immunochemiluminescent assay (Immulite,
Diagnostic Products Corporation, Los Angeles, CA). For
TSH assays, the sensitivity was 0.004 mU/I. The mean intra-
and interassay coefficients of variation for theses assays were
less than 10%. Until 2004, normal values (mean &+ SD) for
FT4 were 17.37 & 3.60 pmol/l, and for FT3 were 4.61 £
0.92 pmol/I. Since 2005, the normal values were 14.03 +
2.57 pmol/l for FT4 and 4.80 £ 1.09 pmol/l for FT3 con-
centrations. Normal values for TSH were 0.4-5.0 mU/L.
TPOAb and TGAb were measured using a chemilumines-
cent immunoassay system (Immulite Thyroid Autoantibody,
Siemens Medical Solutions Diagnostic Ltd., Llanberis,
Gwynedd, United Kingdom). Positivity for TPOAb and
TGADb was considered when the titre of these autoantibodies
was at least 100 U/ml, and at least 350 U/ml, respectively.
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Statistical analysis

For quantitative variables, results are expressed as
mean £ SD for normally distributed data, and as median
(interquartile range) for non-parametric data. Adjustment
to normal distribution was tested by the Kolmogorov test.
Categorical variables are described as percentages (%). To
estimate the relative risk of subclinical hyperthyroidism we
used the Mantel-Haenszel test to estimate the value, 95%
confidence interval, and significance of the odds ratios
(OR) of subclinical hyperthyroidism in diabetic patients in
relation to control subjects. For comparisons of means
between two groups of subjects the Student ¢ test was used
for normally distributed data, and the Mann—Whitney test
was employed for nonparametric data. For ratio compari-
sons the Chi-square test or Fisher exact test was used.
Several models of logistic regression analysis were used to
assess the presence of subclinical hyperthyroidism as a
function of several quantitative and qualitative variables.
Differences were considered significant when P < 0.05.

Results

Prevalence and risk of subclinical hyperthyroidism
in diabetic patients

Subclinical hyperthyroidism was found in 22 female
(4.3%) and 15 male (3.5%) diabetic patients. Overall
prevalence was, therefore, 4.0% (Table 1). No case of
overt hyperthyroidism was found. In comparison with
control subjects, the relative risk (OR) for subclinical
hyperthyroidism was 1.67 (0.98-2.85). This OR was sig-
nificant in women [3.69 (1.56-8.71), P = 0.001], but not in
men [0.78 (0.38-1.61)]. In the female gender, this OR
remained significant after adjusting for age [2.98
(1.56-8.71), P =0.014], and for age and BMI [3.29
(1.37-7.92), P = 0.005].

Median serum TSH concentrations in diabetic patients
with hyperthyroidism was 0.19 (0.09-0.28) mU/I. This

Table 1 Prevalence of subclinical hyperthyroidism in diabetic
patients and control subjects

Diabetic patients  Control subjects

n Prevalence n Prevalence OR 95% CI
Female 22 4.3 7 12 3.69* 1.56-8.71
Male 15 35 15 45 0.78 0.38-1.61
Total 37 40 22 24 1.67 0.98-2.85

Prevalences are expressed in percentages
OR odds ratio, CI confidence interval
* P =0.001

value did not differ than that found in control subjects with
hyperthyroidism [0.24 (0.16-0.34) mU/I]. Nine diabetic
patients (24.3%) and four control subjects (18.2%, N.S.)
exhibited TSH concentrations under 0.1 mU/l. We found
no statistical differences in TSH levels between hyperthy-
roid diabetic patients treated with [0.22 (0.07-0.31) mU/I]
and without metformin [0.19 (0.11-0.28) mU/I1].

Subclinical hyperthyroidism and diabetes-related
characteristics

In comparison with patients without hyperthyroidism,
patients with subclinical hyperthyroidism were older, had
longer duration of diabetes, had a higher percentage of goi-
tre, a higher percentage of subjects treated with diet, and a
lower percentage of subjects treated with oral antidiabetics.
Furthermore, fasting glucose levels were lower in patients
with subclinical hyperthyroidism (Table 2). We found no
significant differences between diabetic patients with and
without subclinical hyperthyroidism in the proportions of
subjects with microangiopathy, macroangiopathy, hyper-
tension, hyperlipidemia, and in the concentrations of hae-
moglobin Alc, cholesterol and triglyceride. The percentage
of thyroid autoimmunity and the proportions of patients
treated with insulin, metformin, renin-angiotensin system
blockers, calcium antagonists and statins were similar
between both groups of patients. The exclusion of subjects
with elevated TSH (n = 68) in this analysis did not change
any of the found significant associations, that is, comparison
of subjects with subclinical hyperthyroidism (n = 37) vs.
euthyroid subjects (n = 828) gave the same results.

According to these results we performed a logistic
regression analysis including the above-mentioned six
significant diabetes-related characteristics as co-variates.
Results of this analysis showed that only age and goitre
were significant variables in this analysis (model 1,
Table 3). A second model including further adjustments for
sex, microangiopathy, macroangiopathy, hypertension,
hyperlipidemia, therapy with renin-angiotensin blockers,
calcium antagonists, statins, hemoglobin Alc, and serum
levels of cholesterol and triglyceride, also showed that the
presence of subclinical hyperthyroidism was significantly
related to the age of the patients and the presence of goitre
(model 2, Table 3).

Discussion
Results of the present paper show that overall prevalence of
subclinical hyperthyroidism in a sample of 933 patients

with T2D was 4.0%, markedly higher than that found in a
group of non-diabetic control subjects (2.4%) from the
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Table 2 Main clinical and
analytical characteristics of
diabetic patients with and
without subclinical
hyperthyroidism

Data are the mean £ SD for
normally distributed data, the
median (interquartile range) for
nonparametric data, and the
number (percentage) for
qualitative variables. The total
number of patients used to
calculate the values of means,
medians and percentages in
each group is indicated by n

BMI body mass index, RAS
renin-angiotensin system

Absence of hyperthyroidism

Presence of hyperthyroidism

* P <0.05; ¥* P <0.01;
e P < 0.001

n Value n Value
Clinical data
Sex (female) 896 487 (54.4) 37 22 (59.5)
Age (year) 896 66.1 + 12.3 37 72.3 £ 8.0%%*
BMI (kg/m?) 851 29.6 + 5.3 34 302 + 4.2
Diabetes duration (year) 854 10 (5-16) 25 14 (8-25)*
Goitre 868 51 (5.9) 29 9 (31.0)***
Microangiopathy 842 330 (39.2) 27 14 (51.9)
Macroangiopathy 861 235 (27.3) 27 11 (40.7)
Hypertension 878 597 (68.0) 32 20 (62.5)
Hyperlipidemia 877 530 (60.4) 32 16 (50.0)
Analytical data
Glucose (mmol/l) 895 9.32 4+ 3.33 37 8.00 £ 1.84%**
Hemoglobin Alc (%) 852 7.81 + 1.58 27 7.51 &£ 1.39
Cholesterol (mmol/I) 894 515 £ 1.13 37 5.18 &£ 0.95
Triglyceride (mmol/l) 893 1.31 (0.96-1.87) 37 1.38 (0.94-1.79)
Thyroid autoimmunity 629 41 (6.5) 32 2 (6.3)
Treatment
Diet 896 131 (14.3) 37 15 (40.5)%%:*
Oral agents 896 272 (30.4) 37 4 (10.8)**
Insulin 896 493 (55.0) 37 18 (48.6)
Metformin 896 277 (30.9) 37 6 (16.2)
RAS blockers 896 454 (50.7) 37 16 (43.2)
Calcium antagonists 896 144 (16.1) 37 8 (21.6)
Statins 896 316 (35.3) 37 12 (32.4)

same population of an urban area of Madrid. However, our
results clearly show that the relative risk of subclinical
hyperthyroidism in diabetic patients is significantly
increased only in the female gender. Since the prevalence
of hyperthyroidism in control subjects was higher in male
than in females, and the contrary was found in our sample
of diabetic patients, it may be speculated that hyperglyca-
emia or diabetes-related derangements may influence the
innate differences in the function of the female and male
immune systems or the genetic predisposition to thyroid
disease. Diabetes might also have some influence on the
environmental exposures in females and males, and on the
possible role of epigenetic mechanisms.

In comparison with our previous studies, we found a
prevalence of subclinical hyperthyroidism in diabetic
population from Madrid higher that that found among
diabetic patients from Segovia (1.6%) [19], and healthy
subjects from Segovia (1.3%) [20]. We have not measured
iodine excretion in our patients but it is possible that dif-
ferences in iodine intake in both locations may account for
these differences [21, 22]. Thyroid autoimmunity is also
different between the two locations, being present in 6.1%
of diabetic subjects in the present study in Madrid, in
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15.7% of diabetic subjects from Segovia [19] and in 14.2%
of the healthy population from Segovia [20].

We also found a prevalence of subclinical hyperthy-
roidism higher than that found by other authors in diabetic
subjects [8, 9, 12]. Differences in dietary iodine intake,
geographical location, ethnic characteristics, autoimmune
status of the population, and methods to quantify TSH may
account for diverse results in different surveys. More
importantly, although in the recent literature it is assumed
that the prevalence of thyroid dysfunction is increased in
patients with T2D in relation to non-diabetic population,
this fact has not been properly demonstrated in previous
reports. We have found only 4 reports comparing preva-
lences of hyperthyroidism in diabetic and control subjects,
and none of them have found significant differences [11,
13, 23, 24].

Akbar et al. [23] found no case of hyperthyroidism in 74
patients with T2D and 1 case in 100 controls. Ishay et al.
[13] found that the prevalence of subclinical hyperthy-
roidism was 3.8% in a group of 335 women with T2D and
7% in a group of 113 non-diabetic women. The study of
Radaideh et al. [11] showed a prevalence of newly diag-
nosed hyperthyroidism of 1.3% in 908 patients with T2D
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Table 3 Results of two models of logistic regression to study the influence of several co-variates in the presence of subclinical hyperthyroidism

in diabetic patients

Model 1 Model 2

OR 95% CI P OR 95% CI P
Age (year) 1.05 1.01-1.10 0.017 1.06 1.01-1.11 0.014
Diabetes duration (year) 1.02 0.98-1.07 0.308 1.01 0.96-1.07 0.608
Goitre 7.15 2.53-20.21 0.000 8.97 2.86-28.14 0.000
Glucose (mmol/l) 0.99 0.99-1.00 0.300 0.99 0.99-1.00 0.241
Diet therapy 1.16 0.27-5.04 0.846 2.28 0.45-11.65 0.321
Oral agents 0.33 0.09-1.25 0.101 0.41 0.10-1.62 0.203
Gender (female) 1.24 0.47-3.29 0.667
Microangiopathy 1.59 0.54-4.68 0.396
Macroangiopathy 1.36 0.51-3.59 0.540
Hypertension 0.32 0.08-1.31 0.113
Hyperlipidemia 0.47 0.13-1.73 0.255
Haemoglobin Alc (%) 1.10 0.75-1.60 0.625
Cholesterol (mmol/I) 1.00 0.99-1.01 0.987
Triglyceride (mmol/l) 0.99 0.99-1.01 0.658
RAS blockers 1.91 0.56-6.50 0.299
Calcium antagonists 1.98 0.70-5.63 0.198
Statins 2.06 0.54-7.80 0.287

OR odds ratio, CI confidence interval, RAS renin-angiotensin system
Values statistically significant (P < 0.05) are highlighted in bold

and of 0.6% in a group of 304 control subjects. In a pop-
ulation-based study, Gopinath et al. [24] found that the
5-year incidence of subclinical hyperthyroidism was 3.5%
in a group of 113 patients with T2D and 1.8% in a group of
950 control subjects, being these differences non statisti-
cally significant. These authors did not perform sex-pooled
analysis due to insufficient numbers in the gender sub-
groups. In comparison with these studies, our survey
includes a larger number of diabetic patients and shows a
significant increase in the risk of hyperthyroidism in the
female gender.

In our sample of diabetic patients, subclinical hyper-
thyroidism was significantly related with advanced age and
the presence of goitre. This is in agreement with studies in
general population [1], and with some studies in diabetic
patients that reported an increase in the frequency of thy-
roid dysfunction with increasing age [12]. However, the
risk of subclinical hyperthyroidism does not seem to be
increased in diabetic patients with microangiopathy or
macroangiopathy, as well as in patients with hypertension
or hyperlipidemia. We could not demonstrate significant
relationships between hyperthyroidism and the duration of
diabetes, BMI, haemoglobin Alc levels, lipid profile and
the presence of thyroid autoantibodies.

Metformin has been associated with a significant
reduction in serum TSH in diabetic patients with primary
hypothyroidism [25]. However, in our diabetic patients

with hyperthyroidism, TSH values were similar in subjects
with and without metformin therapy, and we could not find
any significant relationship between metformin therapy and
the presence of subclinical thyroid hyperfunction.
Although patients with subclinical hyperthyroidism
exhibited a lower percentage of subjects treated by oral
agents, and a higher proportion of subjects treated with diet
only, logistic regression analysis did not show any signif-
icant relationship between subclinical hyperthyroidism and
any kind of antidiabetic, antihypertensive or antihyperlip-
idemic treatment.

Our study has limitations. Patients with insulin therapy
are overrepresented in our survey, because it is a hospital-
based sample of diabetic patients. We, therefore,
acknowledge that our sample is not representative of the
diabetic population receiving care in the community.
Control and T2D groups differ in gender and age, however
we performed an analysis of OR by sex and with adjust-
ments for age and BMI. Another limitation of our study is
the absence of a second TSH measurement to confirm
hyperthyroidism, since low TSH states are frequently
transient. We also acknowledge that TSH measurement is
not appropriate to detect hyperthyroidism of pituitary ori-
gin, although this condition is very uncommon.

Detection of hyperthyroidism in diabetic patients seems
to have clinical implications. On one hand, excess thyroid
hormones promote hyperglycemia by facilitating glucose
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intestinal absorption, increasing insulin clearance, and
enhancing hepatic glucose output [26]. On the other hand,
subclinical hyperthyroidism, especially with TSH values
under 0.10 mU/I has been associated with adverse cardiac
end points, including atrial fibrillation [27] and cardiac
dysfunction [28]. Recent surveys have also reported a
significant association between low serum TSH concen-
trations and all-cause [2, 4, 29, 30] and cardiovascular
mortality [2—4].

There is little consensus on the screening strategies for
thyroid dysfunction in routine diabetes care. Although our
data suggest an increased risk of subclinical hyperthy-
roidism in aged women with T2D that would warrant the
implementation of screening programs for this condition,
we have to acknowledge that the occurrence of subclinical
hyperthyroidism is notably lower than that of subclinical
hypothyroidism both in general population and in patients
with T2D.

In summary, to the best or our knowledge this is the first
survey showing that the risk of subclinical hyperthyroidism
in women with T2D is significantly increased in compari-
son with control subjects. Age and goitre in physical
examination seems to be factors related with the presence
of subclinical hyperthyroidism in diabetic population. Our
results suggest that screening programs for subclinical
hyperthyroidism in elderly diabetic women might be war-
ranted. Subclinical hyperthyroidism might be seriously
considered as an additional risk factor in diabetic patients
who are at higher risk of cardiovascular disease.

Conflict of interest The authors declare that they have no conflict
of interest in relation to this article.

Ethical standards The experiments comply with the current laws
of the country in which they were performed.

References

1. J.G. Hollowell, N.W. Staehling, W.D. Flanders et al., Serum
TSH, T4, and thyroid antibodies in the United States population
(1988 to 1994): National Health and Nutrition Examination
Survey (NHANES I1I). J. Clin. Endocrinol. Metab. 87, 489—499
(2002)

2. J. Gussekloo, E. van Exel, A.J. de Craen, A.E. Meinders,
M. Frolich, R.G. Westendorp, Thyroid status, disability and cog-
nitive function, and survival in old age. JAMA 292, 2491-2499
(2004)

3. G. Iervasi, S. Molinaro, P. Landi et al., Association between
increased mortality and mild thyroid dysfunction in cardiac
patients. Arch. Intern. Med. 167, 15261532 (2007)

4. J.A. Sgarbi, L.K. Matsumura, T.S. Kasamatsu, S.R. Ferreira,
R.M. Maciel, Subclinical thyroid dysfunctions are independent
risk factors for mortality in a 7.5-year follow-up: the Japanese-
Brazilian thyroid study. Eur. J. Endocrinol. 162, 569-577 (2010)

5. Emerging Risk Factors Collaboration, S.R. Seshasai, S. Kaptoge
et al., Diabetes mellitus, fasting glucose, and risk of cause-
specific death. N. Engl. J. Med. 364, 829-841 (2011)

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. A.M. Michalek, M.C. Mahoney, D. Calebaugh, Hypothyroidism

and diabetes mellitus in an American Indian population. J. Fam.
Pract. 49, 638-640 (2000)

. R.EE. Warren, P. Perros, M.J. Nyirenda, B.M. Frier, Serum thy-

rotropin is a better predictor of future thyroid dysfunction than
thyroid autoantibody status in biochemically euthyroid patients
with diabetes: implications for screening. Thyroid 14, 853-857
(2004)

. P. Perros, R.J. McCrimmon, G. Shaw, B.M. Frier, Frequency of

thyroid dysfunction in diabetic patients: value of annual screen-
ing. Diabet. Med. 12, 622-627 (1995)

. ML.J. Smithson, Screening for thyroid dysfunction in a community

population of diabetic patients. Diabet. Med. 15, 148—150 (1998)
M. Matejkova-Behanova, V. Zamrazil, K. Vondra et al., Auto-
immune thyroiditis in non-obese subjects with initial diagnosis
of type 2 diabetes mellitus. J. Endocrinol. Invest. 25, 779-784
(2002)

A.R.M. Radaideh, M.K. Nusier, F.L. Amari et al., Thyroid dys-
function in patients with type 2 diabetes mellitus in Jordan. Saudi
Med. J. 25, 1046-1050 (2004)

S.A.P. Chubb, W.A. Davis, Z. Inman, T.M.E. Davis, Prevalence
and progression of subclinical hypothyroidism in women with
type 2 diabetes: the Freemantle diabetes study. Clin. Endocrinol.
62, 480486 (2005)

A. Ishay, I. Chertok-Shaham, I. Lavi, R. Luboshitzky, Prevalence
of subclinical hypothyroidism in women with type 2 diabetes.
Med. Sci. Monit. 15, CR151-CR155 (2009)

V. Lambadiari, P. Mitrou, E. Maratou, A.E. Raptis, N. Tountas,
S.A. Raptis et al., Thyroid hormones are positively associated
with insulin resistance early in the development of type 2 dia-
betes. Endocrine 39, 28-32 (2011)

J.M. Dora, W.E. Machado, J. Rheinheimer, D. Crispim, A.L.
Maia, Association of the type 2 deiodinase Thr92Ala polymor-
phism with type 2 diabetes: case-control study and meta-analysis.
Eur. J. Endocrinol. 163, 427-434 (2010)

H.S. Chen, T.E.J. Wu, T.S. Jap et al., Subclinical hypothyroid-
ism is a risk factor for nephropathy and cardiovascular dis-
eases in type 2 diabetic patients. Diabet. Med. 24, 1336-1344
(2007)

S.H. Wang, Z.L.. Sun, Y.J. Guo, Q. Wei, Y. Yuan, Prevalence of
subclinical hypothyroidism in older patients with diabetes mel-
litus with poorly controlled dyslipidemia in China. J. Am. Geriatr.
Soc. 57, 1506-1507 (2009)

The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Report of the expert committee on the diag-
nosis and classification of diabetes mellitus. Diabetes Care 20,
1183-1197 (1997)

JJ. Diez, P. Sanchez, P. Iglesias, Prevalence of thyroid dys-
function in patients with type 2 diabetes. Exp. Clin. Endocrinol.
Diabetes 119, 201-207 (2011)

P. Iglesias, J. Lazaro, G. Velasco, J.J. Diez, Disfuncion tiroidea
en poblacion laboral hospitalaria. Rev. Clin. Esp. 210, 505-508
(2010)

G. Morreale de Escobar, F. Escobar del Rey, Consequences of
iodine deficiency for brain development, in Thyroid and Brain,
ed. by J. De Vilder, G. Morreale de Escobar, S. Butz, V. Hostalek
(Schattauer Verlag, Stuttgart, 2003), pp. 33-56

P. Iglesias, A. Muiloz, F. Prado, M.T. Guerrero, M.C. Macias,
E. Ridruejo, P. Tajada, J.J. Diez, Alterations in thyroid function
tests in aged hospitalized patients: prevalence, aetiology and
clinical outcome. Clin. Endocrinol. 70, 961-967 (2009)

D.H. Akbar, M.M. Ahmed, J. Al-Mughales, Thyroid dysfunction
and thyroid autoimmunity in Saudi type 2 diabetics. Acta. Dia-
betol. 43, 14-18 (2006)

B. Gopinath, J.J. Wang, A. Kifley, J.R. Wall, S.R. Leeder,
P. Mitchell, Type 2 diabetes does not predict incident thyroid



Endocrine (2012) 42:157-163

163

25.

26.

217.

dysfunction in the elderly. Diabetes Res. Clin. Pract. 82, el1-e13
(2008)

C. Cappelli, M. Rotondi, I. Pirola et al., TSH-lowering effect of
metformin in type 2 diabetic patients. Diabetes Care 32,
1589-1590 (2009)

M. Potenza, M.A. Via, R.T. Yanagisawa, Excess thyroid hor-
mone and carbohydrate metabolism. Endocr. Pract. 15, 254-262
(2009)

C.T. Sawin, A. Geller, P.A. Wolf et al., Low serum thyrotropin
concentrations as a risk factor for atrial fibrillation in older per-
sons. N. Engl. J. Med. 331, 1249-1252 (1994)

28.

29.

30.

B. Biondi, E.A. Palmieri, G. Lombardi, S. Fazio, Effects of
subclinical thyroid dysfunction on the heart. Ann. Intern. Med.
137, 904-914 (2002)

A. Radacsi, G. Kovacs, W. Bernard, J. Feldkamp, F.A. Horster,
1. Szabolcs, Mortality rate of chronically ill geriatric patients with
subnormal serum thyrotropin concentration: a 2-year follow-up
study. Endocrine 21, 133-136 (2003)

J.V. Parle, P. Maisonneuve, M.C. Sheppard, P. Boyle, J.A.
Franklyn, Prediction of all-cause and cardiovascular mortality in
elderly people from one low serum thyrotropin result: a 10-year
cohort study. Lancet 358, 861-865 (2001)

@ Springer



	Subclinical hyperthyroidism in patients with type 2 diabetes
	Abstract
	Introduction
	Patients and methods
	Study design
	Patients
	Hormone assay
	Statistical analysis

	Results
	Prevalence and risk of subclinical hyperthyroidism in diabetic patients
	Subclinical hyperthyroidism and diabetes-related characteristics

	Discussion
	References


