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We have compared the frequency of thyroid antibodies among diabetic (DM) patients with type 1 and type 2. Diagnosed type-1 DM 

patients, having no previous of history were taken as subjects and divided into early adulthood (18 to 35 yrs) and later adulthood (after 

35 yrs) groups. Matched subjects with DM type II are taken as controls. In all subjects, serum concentration of free T3 and  free T4, 

TSH, Thyroid peroxidase antibody (TPO-Ab) and  Thyroglobulin antibodies (TG-Ab) were determined. It has been observed that the  

serum  FT3  levels  was lower  in  type-1  diabetics  patients as compared  to  type II DM. In addition there was a slightly increase in the 

values of anti-TPO and anti-TG antibodies in later adult hood of type I   DM when compared to the values of early adult hood of type I 

DM. And there was significant increase in the values of anti-TPO and anti-TG antibodies in later adulthood of type I DM when compare 

to the values of later adulthood of type II DM. It has been suggested that estimation of thyroid antibodies should be done periodically for 

every diabetic patients. 
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Introduction 

Diabetes mellitus is a group of metabolic diseases 
characterized by high blood sugar (glucose) levels that 
result from defects in insulin secretion, or action, or both. 
Elevated levels of blood glucose (hyperglycemia) lead to 
spillage of glucose into the urine, hence the term sweet 
urine. In 2014 the global prevalence of diabetes was 
estimated to be 9 % among adults aged (18+ years).1  

Autoimmune thyroiditis is a group of inflammatory 
thyroid disorders with either hypothyroid, euthyroid or 
hyperthyroid state.2 Diabetes mellitus type 1 is often 
accompanied by autoimmune diseases. Autoimmune 
thyroid diseases are amongst the most common.3,4 Recent 
studies confirmed an increased incidence of autoimmune 
thyroid diseases even in type-2 diabetes mellitus. Various 
experimental, clinical studies as well as genetic and 
epidemiological studies showed the immunological and 
genetic basis of relationship between diabetes mellitus 
and thyroid diseases. Currently there is a lot of evidence 
about the importance of genetic factors in autoimmune 
diseases.5  

At least two major clinical forms of chronic 
autoimmune thyroiditis can be distinguished, Hashimoto 
and atrophic. The Hashimoto type is characterized with 
small goiter, elevated anti-thyroperoxidase antibodies 
(anti-TPO), less commonly anti-thyroglobulin antibodies 
(anti-TG), and a typical ultrasound picture of thyroiditis. 
The function of the thyroid gland can be normal, however 
hypothyroidism can develop later. The atrophic form is a 

less common type of chronic autoimmune thyroiditis 
characterized by early development of hypothyroidism 
and ultrasound signs of thyroid gland atrophy and 
production of fibrotic tissue. Serum levels of anti-TPO 
and anti-TG are also typically elevated.4   

The coexistence of hypothyroidism might cause 
disturbances in the metabolic control of patients with 
diabetes.6 Even subclinical hypothyroidism (slightly 
elevated TSH without impairment of T4 and T3 levels) is 
associated with higher frequency of symptomatic 
hypoglycemia.7 This finding can be explained by basis of 
the well known physiological effects of thyroid 
metabolism on carbohydrates metabolism. Thyroid 
hormones stimulate intestinal absorption of glucose, 
further glycogenolysis and hepatic insulin catabolism are 
also enhanced. These mechanisms have a hyperglycemic 
effect and subtle changes in thyroid hormone levels might 
interfere with these actions, thereby increasing the risk of 
hypoglycemia.8,9  

The relationship between type I diabetes mellitus and 
autoimmune thyroid disease was first described in the 
early 1960s by Pettit and Landing.9,10 The association of 
type 1 diabetes mellitus with autoimmune thyroid disease 
has been well documented in many populations.11-15 The 
occurrence of thyroid autoantibodies against microsomes 
(AMA) and thyroglobulin (ATA), frequently seen in 
Hashimoto’s thyroiditis and Graves’ disease, has also 
been reported in type 1 diabetes mellitus with varying 
frequency.16-18 Several subsequent cross sectional studies 
from various parts of the world have been reported.19,20 
Type 1 diabetes mellitus may be associated with 
additional autoimmune disorders including autoimmune 
thyroid disease,21 coeliac disease22 and Addison’s 
disease.23  

In this study we aimed to compare the frequency of 
thyroid antibodies among diabetic patients with type 1 
and type 2 diabetes. 
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Materials and methods 

Subjects 

The samples were collected from the Central hospital, 
Al-dawadmi, KSA, and measurements were conducted in 
the Department of Clinical Biochemistry, College of  
Applied Medical Science, Al-dawadmi, Shaqra university, 
KSA. Fifty diagnosed type-1 diabetes mellitus patients 
are chosen for our study. Patients classified into two 
groups each consists of 25 subjects (M=12, F=13) of 
early adulthood (18 to 35 yrs) and 25 subjects (M=13, 
F=12) of later adulthood (after 35 yrs). Twenty-five age 
matched subjects (M=11, F=14) with diabetes mellitus 
type II were taken as controls. All the subjects had no 
history of previous thyroid diseases. Informed consent 
was obtained from all the subjects. Fasting blood samples 
were collected by venipuncture technique and for 
separation of serum, the blood is centrifuged at 3000 rpm 
for 5 min.  

The separated serum is used to estimate serum TSH, 
FT3, FT4, anti TPO antibodies and anti TG antibodies. 

Measurements of anti-TPO (IgG) 

Anti-TPO (IgG) was measured by using enzyme linked 
immunosorbent Sandwich assay (ELISA). The ELISA 
procedure was done according to the manufacturer’s 
instruction (DRG, Germany). Highly purified human 
thyroid peroxidase (TPO) was bound to microwells. 100 
μl of calibrators, controls and patients sera were added in 
duplicate to each well and incubated for 30 minutes at 
room temperature. After washing three times, 100 μl of 
conjugate (anti-human IgG labeled with horseradish 
peroxidase) was added to each well and incubated for 15 
minutes at room temperature. After washing three times, 
100 μl of substrate solution, (Tetramethylbenzidine 
'TMB') was added to each well. The reaction mixture was 
then incubated for 15 minutes at room temperature in the 
dark. 100 μl of stop solution (1 M hydrochloric acid) was 
then added to each well. Finally, the optical density was 
measured using microplate reader instrument (Expert 
Plus, EC) at 450 nm. The mean absorbance (O. D) for 
each set of duplicate calibrators, controls and patients 
sera was calculated. The IgG concentration of the 
unknown was determined from the standard curve. Any 
concentration >30 IU mL-1 was considered as positive. 

Measurements of anti-thyroglobulin (anti-TG-Ab) 

measurement 

Anti-thyroglobulin was measured by using ELISA 
assay. The ELISA procedure was done according to the 
manufacturer’s instruction (DRG, Germany). 

The microwells were coated with purified native 
human thyroglobulin (hTg). Anti-Tg autoantibodies (TG-
Ab), when present in the sample, will bind to the solid 
phase. After removing non specific antibodies by a 
washing process, the immune complexes are detected by 
alkaline phosphatase conjugated polyclonal antibodies to 
human IgG. After removing the unbound conjugate by 

another washing step, the chromogen/substrate is added, 
which turns from clear to yellow color if the antibody 
being tested is present. The intensity of the yellow color, 
directly proportional to the amount of antibody present in 
the patient sample, is measured using a 
spectrophotometer with a 405 nm filter. Patient sample 
concentrations are read from a calibration curve. 

The mean absorbance (O.D) for each set of duplicate 
calibrators, controls and patients sera was calculated. The 
IgG concentration of the unknown was determined from 
the standard curve. In healthy normal subjects 99 % of all 
values were below 20 IU mL-1. 

Measurement of thyroid stimulating hormone (TSH), free 

T3 and free T4 

Thyroid stimulating hormone (TSH), free T3 (FT3) and 
free T4 (FT4) were measured by an automated analyzer 
(Elecsys 2010 platform, Roche Diagnostics GmbH), as 
per the procedure indicated by the manufacturer. 

Statistical Analysis 

Comparison between means was performed by 
Student’s t-test and comparison between frequencies was 
carried out by chi-squared test. A ‘p’ value of 0.05 or less 
was interpreted as significant for the analysis.  

Results 

Data in Table 1 showed that, there was a significant 
decrease in the values of FT3 in both groups of  type I 
DM when compared to the FT3 values of later adult hood 
of type II DM (Figure 1). There is no statistical difference 
in the values of FT4 and TSH between both the groups of 
type I diabetes mellitus and type II diabetes (Figures 2 
and 3).  

There was a slight increase in the values of anti-TPO 
and anti-TG antibodies in later adult hood of type I   DM 
when compared to the values of early adult hood of type I 
DM. And there was significant increase in the values of 
anti-TPO and anti-TG antibodies in later adulthood of 
type I DM. when compare to the values of later adulthood 
of type II DM (Figures 4 and 5).  

 

 

 

 

 

 

Figure 1. The mean level of free T3 (p mol/l) in different 
groups. 
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Table 1. Comparison between mean levels of  FT3, FT4, TSH, TP-Ab and TG-Ab. 

S= Significant, H.S = highly significant, N.S = not significant 

 

From Table 2 we can note that in early adulthood  type 1 
DM a total 5/25 (20 %) patients had positive TPO 
antibodies (2 men and 3 women) while only 3/25 (12 %) 
patients had positive TG antibodies (1 men and 2 women), 
if we look to late adulthood type 1 DM there are total 
7/25 (28 %) patients had positive TPO antibodies (3 men 
and 4 women)  and  total 4/25 (16 %) patients (1 men and 
3 women) had positive TG antibodies, similarly late  
adulthood  type 2 DM had total of  6/25  (24 %) patients 
with positive TPO antibodies (3 men and 3 women) and 
5/25 (20 %) (2 men and 3 women) patients had positive 
TG antibodies (Figure  6).  

 

 

 

 

 

 

 

Figure 2. The mean level of free T4 (p mol L-1) in different 
groups. 

 

 

 

 

 

 

 

Figure 3. The mean level of TSH (µl U mL-1) in different 
groups. 

The results (Table 2) also indicate that in the early 
adulthood  type 1 DM the percentage of positive subjects 
to TPo-Ab is more higher in females 3/13 (23 %)  than in 
males 2/12 (16.6 %). In the late  adulthood  type 1 DM,  
the percentage of females positive TPo-Ab is higher 4/12 
(33.3 %) than in males 3/13 (23 %) and it is also still 
higher in late adulthood  type 2 DM  in female 3/14 
(21.4 %) than in males 3/11 (23 %) (Figure 7). We also 
found (Table 2) that in the early adulthood  type 1 DM 
the percentage of positive subjects to TG-Ab is more 
higher in females 2/13 (15.3 %)  than in males 1/12 
(8.3 %). 

 

 

 

 

 

 

 

Figure 4. The mean level of TP-Ab (IU mL-1) in different 
groups. 

 

 

 

 

 

 

 

Figure 5. The mean level of TG-Ab (IU mL-1) in different 
groups 

Parame-ter Early adulthood 

DM 1 

Later adulthood 

DM 1 

Later adulthood  

DM 2 

‘p’ value 

FT3 (pmol L-1) 2.8 ± 0.71 2.6 ± 0.67 3.18 ± 1.02 <0.05  

S 

FT4 (pmol L-1) 9.75 ± 0.15 9.81 ± 0.25 9.50 ± 0.05 N.S 

 

TSH 

(µl U mL-1 

3.91 ± 0.25 3.85 ± 0.45 4.1 ± 0.33 N.S 

 

TPO 

(units) 

26.98 ± 2.61 29.28 ± 2.40 19.49 ± 1.92 <0.0001 

H.S 

TG Ab 

(units ) 

25.55 ± 2.20 27.52 ± 1.8 22.75 ± 1.91 <0.0001 H.S 
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Table 2. Percentage of positive subjects to TPo-Ab and TG-Ab in  different diabetic groups. 

Group Item Male Positive 

subjects 

female Positive 

subjects 

Total 

Early adulthood  type 1 

DM 

TPO-Ab 2/12 (20 %) 3/13 (23 %) 5/25 (20 %) 

TG-Ab 1/12 (8.3 %) 2/13 (15.3 %) 3/25 (12 %) 

Late  adulthood  type 1 DM TPO-Ab 3/13 (23 %) 4/12 (33.3 %) 7/25 (28 %) 

TG-Ab 1/13 (7.6 %) 3/12 (25 %) 4/25 (16 %) 

Late  adulthood  type 2 DM TPO-Ab 3/11 (23 %) 3/14 (21.4 %) 6/25 (24 %) 

TG-Ab 2/11 (18 %) 3/14 (21.4 %) 5/25 20 %) 

 

 

 

 

 

 

 

No. of subjects = 25 in each group, Positive TPo-Ab subjects  
≥30 IU mL-1 

Figure 6. Percentage of male and female subjects positive to 
TPo-Ab and TG-Ab in early and late adulthood type (1) DM 
with  respect to late adulthood type (2) DM. 

 

 

 

 

 

Figure 7.  Percentage of TPo-Ab positive subjects in different 
types of diabetic (No. of subjects = 25 in each group). 

 

 

 

 

 

 

Figure 8. Percentage of TG-Ab positive subjects in different 
types of diabetic (No. of subjects = 25 in each group). 

In the  late  adulthood  type 1 DM,  the number of 
females positive TG-Ab is higher 3/12 (25 %) than in 
males 1/13 (7.6 %) and it is also still higher in late 
adulthood  type 2 DM  in female 3/14 (21.4 %) than in 
males 2/11 (18.1 %) (Figure 8). 

Discussion  

Autoimmune diseases combined by development of 
specific immune response against one or more organs. 
Many factors are involved including genetic and 
environmental factors leading to a clinically evident 
disease. 

It is well known that Type 1 diabetes mellitus is an 
autoimmune disease and can be associated with other 
autoimmune diseases.24 Previous studies showed that 
patients with type 1 diabetes mellitus, is frequently 
reported to have autoimmune thyroid disease.25    

In  the  present  study, the  serum  levels  of  FT4 and 
TSH in early and late adulthood  type 1 Diabetes Mellitus 
were  not  statistically  different  than  that  of  later 
adulthood  Type II diabetic  patients,  but the  serum  FT3  
levels  were  found  to   be  lower  in  type-1  diabetics  as  
compared  to  type II diabetes mellitus. The  decreased  
serum  level  of  FT3  may  be  due  to  impairment of 5-
monodeiodinase  enzyme  activity, which  controls  the  
peripheral  conversion  of  T4  into T3.26  Guillermo   et  
al  found  subclinical  hypothyroidism  in  6.5 %  of  type-
1  diabetic  male  patients. The likely explanation for this 
association with thyroid abnormalities is a common 
underlying predisposition leading to co-existing 
autoimmune destruction of pancreatic islet cells and 
autoimmune attack on thyrocytes.27  

In addition the results showed that, there was a slightly  
increase in the values of anti-TPO and anti-TG antibodies 
in later adult hood of type I   DM when compared to the 
values of early adult hood of type I DM. There was 
significant increase in the values of anti-TPO and anti-TG 
antibodies in later adulthood of type I DM when compare 
to the values of later adulthood of type II DM.  In 
agreement with our results, a previous study conducted to 
determine the level of thyroid autoimmunity among 
clinically thyroid patients of type 1 and type 2 diabetics 
and to correlate the levels with pattern of diabetes showed 
that thyroid autoimmune process seems to be correlated 
more with type 1 diabetic.28  

http://care.diabetesjournals.org/search?author1=Guillermo+E.+Umpierrez&sortspec=date&submit=Submit
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The prevalence of  thyroid diseases in diabetic patients 
was found to be 2-3 times higher than in non-diabetic 
subjects.29 

We also observed that in the early adulthood type 1 
DM the percentage of positive subjects to TP-Ab and  
TG-Ab  are  more higher in females than in males and 
this with agreement with the previous studies that 
indicated that  organ-specific endocrine autoimmunity 
develops more frequently in females, including type 1 
DM  and type 2 DM with thyroid auto-immunity and this 
may be due to inheritance of the production of serum 
anti-TPO in an autosomal fashion in females but not in 
males.30,31 

The involvement of organ specific antibodies in the 
pathogenesis of the disease is secondary to tissue 
destruction by thyroid infiltrating T-cells is still unknown. 
It is also unclear that whether anti-TPO antibodies are 
able to induce hypothyroidism by blocking the enzyme 
thyroid peroxidise.32  

The benefits of identifying thyroid dysfunction at an 
early stages as a clinical disorder even  in  asymptomatic  
patients are  considerable particularly  in  view  of  high  
likely hood  of  progression  to  overt thyroid  dysfunction. 
It  could  be  concluded  that  estimation  of  thyroid  
antibodies  should  be  done  periodically  for  every  
type-1 diabetic  patients.33   

Conclusion 

Patients with positive antibodies should  be  monitored  
for  TSH  elevation  at  yearly intervals  with  the  goal  of  
early  detection  to  prevent the possible  adverse  effects  
on the  human  body  metabolism. Without these regular 
and specific laboratory tests, early diagnosis of 
autoimmune thyroid diseases in routine diabetologic 
practice is a very difficult task. 

Conflict of interests 

All authors have declared that there is no conflict 
persists in this article. 

Acknowledgements 

The authors are thankful to Shaqra University, Ministry 
of Higher Education, Kingdom of Saudi Arabia for 
funding this research and providing platform to 
encourage research and developments amongst the 
students, staff and society. We are also very much 
thankful to the Department of Clinical Laboratory 
Science, College of Applied Medical Science Dawadmi, 
Shaqra University Kingdom of Saudi Arabia for their 
help with lab facility. We could not have proceeded to 
this present work if they do not allow us. We again thank 
their ethical committee for approving our in vivo protocol. 

Competing interests 

The authors declare that they have no competing 
interests. 

References 

1WHO, Global Status Report on Noncommunicable Diseases, 
2014, World Health Organization, Geneva.  

2Slatosly J., Shipton, B., Walba, H., Ann. Fam. Physician., 2004, 
61, 1042-1052. 

3Kinova, S., Paya, J., Kalafutova, I., Kucerova, E. (1998) Bratisl. 
Med. J., 1998, 99, 23-25. 

4Vondra, K., Zamrazil, V., DMEV, 2002, 5, 78-84. 

5Kedari, G. S. R., Indian J. Sci. Tech., 2010, 3, 1014-1015. 

6Swift, P. G. F., Ed., Hypothyroidism: Consensus Guidelines, 
International Society for Pediatric and Adolescent Diabetes, 
Medical Forum International, Zeist, 2000, p. 103. 

7Mohn, A., Di Michele, S., Di Luzio, R., Tumini, S., Chiarleli, F., 
Diabet. Med., 2002, 19, 70-73. 

8Berant, M., Diamond, E., Mabriki, W., Ben-Yitzhak, O., (1993). 
Pediatr. Res., 1993, 34, 79-83. 

9Prager, C., Cross, H. S., Peterlik, M., (1990). Acta Endocrinol., 
1990, 122, 585-591. 

10Pettit, M. D., Landing, B. H., Guest, G. M., J. Clin. Endocrinol. 
Metab., 1961, 21, 209-10. 

11Bottazzo, G. F., Mann, J. I., Thorogood, M., Baum, J. D., 
Doniach, D. (1978) Brit. Med. J., 1978, 2, 165-168; 
Landing, B. H., Pettit, M. D., Wiens, R. L., Knoles, H., 
Guest, G. M., J. Clin. Endocrinol. Metab., 1963, 23, 119-20. 

12Riley, W. J., Winer, A., Goldstein, D., Diabetologia, 1983, 24, 
418-421. 

13Betterle, C., Zanette, F., Pedini, B., Presotto, F., Rapp, L. B., 
Monciotti, C. M., Rigon, F., Diabetologia, 1984, 26, 431-
436. 

14Chikuba, N., Akazawa, S., Yamaguchi, Y., Kawasaki, E., 
Takino, H., Takao, Y., Maeda, Y., Okuno, S., Yamamoto, 
H., Yokota, A., Intern. Med., 1992, 31, 1076-1080. 

15Tsai, W. Y., Lee, J. S., Diabetes Care, 1993, 16, 1314-1315. 

16Riley, W., MacLaren, N., Zlezotte, D., Spillar, R., Rosenbloom, 
A., J.  Pediatr., 1981, 98, 350-354. 

17Prina, C. L. M., Weber, G., Meschi, F., Mora, S., Bognetti, E., 
Siragusa, V., Natale, B., Diabetes Care, 1994, 17, 782-783. 

18Chuang, L. M., Wu, H. P., Chang, C. C., Tsai, W. Y., Chang, H. 
M., Tai, T. Y., Lin, B. J., Clin. Endocrinol., 1996, 45, 631-
636. 

19Kehr, S., Gastauer, R., Wikler, G., (1985). Mschr. Kinderh., 
1985, 133, 738-742. 

20Frasier, S. D., Penny, R., Snyder, R., Goldstein, I., Graves, D., 
Am. J. Dis. Child. 1986, 140, 1278-80.  

21Perros, P., Crimmon, R. S., Shaw, G., Frier, B. M., Diabetes 
Med., 1995, 12, 622-627. 

22Barera, G., Bonfanti, R., Viscardi, M., Pediatrics, 2002, 109, 
833-838. 

23Barker, J. M., Ide, A., Hostetler, C., J. Clin. Endocrinol. Metab., 
2005,  90, 128-134.  

24Redondo, M. J., Eisenbarth, G. S., Diabetologia, 2002, 45, 605-
622. 



Autoimmune thyroiditis in type 1 diabetes mellitus          Section C-Research paper 

Eur. Chem. Bull., 2015, 4(12), 548-553      DOI: 10.17628/ECB.2015.4.548      553 

25Ergur, A. T., Oçal, G., Berberoğlu, M., Adıyaman, P., Sıklar, Z., 
Aycan, Z., Evliyaoğlu, O., Kansu, A., Girgin, N., Ensari, A., 
J. Clin. Res. Pediatr. Endocrinol., 2010, 2, 151-154. 

26Suzuki, Y., Nanno, M., Gemma, R., Endocrinal. J. Pn., 1992, 
39, 445-453. 

27Umpierrez, G. E., Latif, K. A.,  Murphy, M. B., Lambeth, H. C.,  
Stentz, F., Bush, A., Kitabchi, A. E., Diabetes Care, 
2003, 26, 1181-1185. 

28Yasmin, T., Ghafoor, F., Malik, T., Khan, A. U., J. Coll. 
Physicians. Surg. Pak., 2006, 16, 751-754. 

29Vondra, K., Vrbikova, J., Dvorakova, K., Minerva Endocrinol., 
2005, 30, 217-236. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30Abdullah, H., Bahakim, M.O., Gad Al Rab, K. Halim, H., 
Salman, A. A., Diabet. Med., 1990, 7, 50-52. 

31Philips, D., Prentice, L., Upadhyaya, M., (1991). J. Clin. 
Endocrinol. Metab., 1991, 72, 973-975. 

32Mohn, A., Di Michele, S., Faricelli, R., Martinotti, S., Chiarelli, 
F., Eur. J. Endocrinol., 2005, 153, 717-718. 

33Omara, M. A., Rizkb, M. M., El-Kafourya, A. A., Alexandria J. 
Med., 2014, 50, 77-82. 

 
 

Received:  16.12.2015. 
Accepted: 04.02.2016. 

http://care.diabetesjournals.org/search?author1=Guillermo+E.+Umpierrez&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Kashif+A.+Latif&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Mary+Beth+Murphy&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Helen+C.+Lambeth&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Frankie+Stentz&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Frankie+Stentz&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Andrew+Bush&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Abbas+E.+Kitabchi&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasmin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17125632
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghafoor%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17125632
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malik%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17125632
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=17125632
http://www.ncbi.nlm.nih.gov/pubmed/17125632
http://www.ncbi.nlm.nih.gov/pubmed/17125632
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vondra%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16319810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vrbikova%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16319810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dvorakova%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16319810
http://www.ncbi.nlm.nih.gov/pubmed/16319810
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/article/pii/S2090506813000754
http://www.sciencedirect.com/science/journal/20905068
http://www.sciencedirect.com/science/journal/20905068

