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lated as a Pmax-minumum P duration.19 QT intervals 
were measured manually in all the 12 leads from the 
onset of the QRS complex to the end of the T wave. 
Three consecutive QT intervals were measured and 
averaged for each lead. A minimum of nine leads in 
which the QT interval could be measured was required 
for QT dispersion to be determined. QT dispersion 
was defined as the difference between the longest and 
shortest QT interval. A skilled electrocardiography 
physician, blinded as to the patient’s clinical status, 
reviewed all the electrocardiograms.

Thyroid function tests

Serum concentrations of fT4 (normal range: 8.0-
19.0 pg/mL, analytical sensitivity 1 pg/mL; intra- and 
inter-assay coefficient of variation, 2.4% and 6.8%, 
respectively), fT3 (normal range: 2.4-4.7; analytical 
sensitivity 0.35 pg/mL; intra- and inter-assay coefficient 
of variation, 4.6% and 6.5%, respectively), and TSH 
(normal range: 0.4-4.5 mIU/L, analytical sensitivity 
0.004 mlU/L; intra- and inter-assay coefficient of varia-
tion, 2.5% and 5.7%, respectively) were measured using 
immunochemiluminescent assays by an automated 
analyzer (Immulite 2000, DPC Cirrus, Los Angeles, 
CA, USA) employing commercial kits (Diagnostic 
Products Corporation, Los Angeles, CA, USA).

Statistical analysis

Statistical analysis was performed using SPSS 
software (SPSS, Inc., Evanston, IL). Longitudinal 
measures were compared by ANOVA or by the Wil-
coxon test according to a normal or a nonparametric 
distribution of the tested variable. Between groups 
comparisons were performed by Student’s t-test for 
unpaired data or by the Mann-Whitney U-test accord-
ing to a normal or a nonparametric distribution of 
the tested variable. Correlation between two variables 
was ascertained by Pearson or Spearman’s correla-
tion tests, as appropriate. Frequencies among groups 
were compared by the χ2 test with Fisher’s correction, 
when appropriate. A p-value <0.05 was considered 
statistically significant. Data are expressed as mean 
± standard deviation (sd), unless otherwise stated.

Results

The clinical and biochemical features of the 23 
patients with diabetes at baseline (i.e. before met-

formin treatment) and at least 6 months after the 
development of a low serum TSH (i.e. after initiation 
of treatment with metformin) are summarized in 
Table 1. A significant improvement of glycated hae-
moglobin was observed during the investigation period 
[7.3% (56 mmol/mol) ±0.9 vs 6.8% (51 mmol/mol) 
±0.6, p<0.05], whereas a slight but non-significant 
reduction of body mass index (BMI) was found when 
data before and after metformin were compared 
(27.4±0.9 vs 26.9±1.1 Kg/m2). No significant change 
was observed for the serum levels of fT4 and fT3. 
More importantly, no significant change in heart 
rate (76.3±6.1 vs 73.9±7 bpm), systolic (131.8±8.4 vs 
129.3±4.6 mmHg) and diastolic (83.4±9.3 to 81.2±8.7 
mmHg) blood pressure was observed.

Data regarding P wave dispersion and measure-
ments of the QT interval are displayed in Table 2. 
When the results obtained at baseline and after at 
least 6 months of low serum TSH were compared, 
no significant change was observed in the P wave 
duration (91.4±6.9 vs 92.1±5.8 ms), P wave disper-
sion (7.4±3.7 vs 7.1±3.5 ms), QTmax (390±17 vs 
388±16 ms), QTmin (348±18 vs 350±17 ms) and 
QT dispersion (30.8±9.1 to 30.9±9.2 ms).

To further evaluate this finding, patients with dia-
betes who developed a low serum TSH while treated 
with metformin were compared with control patients 

Table 1. Clinical and biochemical features of patients with diabetes 
at baseline (i.e. before metformin treatment) and at least 6 months 
after the development of a low serum TSH

Baseline,  
before metformin  

treatment

After at least  
6 months of low  

serum TSH

p value

BMI (Kg/m2) 27.4±0.9 26.9±1.1 NS

Heart Rate 
(bpm)

76.3±6.1 73.9±7.0 NS

Systolic Blood 
Pressure 
(mmHb)

131.8±8.4 129.3±4.6 NS

Diastolic 
Heart Pressure 
(mmHb)

83.4±9.3 81.2±8.7 NS

HbA1c (%) 7.3±0.9 6.8±0.6 <0.05

TSH (mIU/L) 1.1±0.7 0.1±0.2 <0.001

fT4 (pg/mL) 12.4±1.7 12.6±1.4 NS

fT3 (pg/mL) 2.9±0.6 3.0±0.8 NS




