
Table 1. Clinical and biochemical data of euthyroid diabetic patients

Euthyroid Diabetic Patients

All Cluster 1 Cluster 2 Cluster 3 Cluster 4

Patients (N) 278 95 138 32 13

Gender M/F [N (%)] 168 (60.4)/110 (39.6) 64 (67.4)/31(32.6) 83 (60.1)/55 (39.9) 15 (46.9)/17 (53.1) 6 (46.1)/7 (53.9)

Age (years) 70.23 ± 11.39 71.87 ± 11.74 69.92 ± 11.28 67.57 ± 10.70 68.25 ± 11.13

BMI 30.20 ± 5.0 29.33 ± 4.82 30.36 ± 4.83 31.47 ± 5.30 31.54 ± 6.68

Pre-metformin TSH 2.00 ± 0.76 1.20 ± 0.60 2.14 ± 0.34 3.08 ± 0.16 3.75 ± 0.19

Post-metformin  TSH 2.20 ± 0.87* 1.53 ± 0.22* 2.33 ± 0.69* 3.02 ± 0.66& 3.66 ± 0.63#

Data are expressed as mean ± SD or as a percentage (%). N, number of patients. M, males. F, females. BMI (kg/m2), body mass 
index. TSH (mU/L) reference range: 0.72-4.43. Difference between pre-metformin and post-metformin serum TSH levels: * P <0.01; 
& P = 0.19; # P = 0.33.
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Information regarding height, weight and blood 
pressure was also included in the study. Body mass 
index (BMI) was calculated as body weight (in kg) 
divided by the square of body height (in meters). 
Venous blood samples were drawn after 12 hours 
fasting in a baseline condition. 

Laboratory measurements

Serum concentration of TSH was analyzed using 
a chemiluminescent immunoassay TSH3-Ultra (AD-
VIA Centaur® CP Immunoassay System). Inter-assay 
coefficient of variation is below 6%. TSH reference 
limits ranged between 0.72 and 4.43 mU/L, according 
to our findings in a previous study.17

Statistical analyses

Statistical analyses were performed using SPSS 
for Windows (version 17.0; SPSS, Inc., Chicago, IL, 
USA). Normal distributions were assessed with the 
Kolmogorov-Smirnov test, as well as skewness and 
kurtosis. The descriptive analysis was performed using 
mean and standard deviations for continuous normal 
variables or median values and 25th–75th percentiles 
for heavily skewed variables. Paired t-tests were used 
to analyze changes in TSH levels after metformin 
treatment. Groups were defined using cluster analysis. 
Linear regression analysis was performed to assess 
metformin effect on serum TSH level. P values were 
considered statistically significant when P <0.05.

Results

A total of 278 euthyroid diabetic individuals ful-

filled the inclusion criteria. The sample was divided 
into 4 clusters. The demographics and serum TSH 
levels (at baseline and post-metformin therapy) of the 
sample and clusters are displayed in Table 1.

Studied as a whole, and in contrast to what was 
expected, post-metformin serum TSH level was sta-
tistically significantly higher than the pre-metformin 
level (2.20±0.87 vs. 2.00±0.76 mU/L; P <0.001). 
However, the analysis by clusters revealed that this 
trend was observed only in clusters 1 and 2 (those 
with lower basal TSH levels), whereas this trend was 
lost in clusters 3 and 4 (those with the lowest number 
of patients: 32 and 13 patients, respectively) (Table 
1 and Figure 2).

The analysis of the changes in TSH level depicted 
similar results in both genders. In males they varied 
from 1.93±0.74 to 2.13±0.85 mU/L, P <0.001, and 
in females from 2.11±0.79 to 2.31±0.90 mU/L, P 
<0.001 (Figure 3).

A linear regression model showed an inverse 
correlation between the basal and post-metformin 
serum TSH levels. The lower the initial TSH, the 
higher the TSH will be after metformin treatment 
(Figure 4). The difference between post-metformin 
and pre-metformin serum TSH level is explained 
by the following mathematical model: Difference 
(Post-Previous) = 0.607 – 0.204 (baseline TSH); P 
<0.001. The variation from basal to post-metformin 
serum TSH level was more than 40% in 19.8% of 
euthyroid subjects.


