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 Abstract
 Context. The gastrointestinal tract is one of the most 
affected systems in hyperthyroidism. Although thyrotoxicosis 
is thought to be associated with gastrointestinal dysmotility, 
there are limited studies focused on motility disorders in 
hyperthyroidism. 
 Objectives. We aimed to investigate the manometric 
measurements to determine if esophageal motility is affected 
in Graves’ disease. 
 Materials and Methods. Thirty patients with Graves’ 
disease (18 female and 12 male) and 30, age and sex matched, 
healthy controls (22 female and 8 male) were recruited to 
the study between 2015 and 2016. Esophageal manometry 
was performed using MMS (Medical Measurement Systems 
bv. The Netherlands) Solar GI – Air Charged Intelligent 
Gastrointestinal Conventional Manometry. 
 Results. The mean lower esophageal sphincter 
pressure (LESP) was 16.9 ± 5.3 mmHg in hyperthyroid 
patients and 20.1 ± 8.8 mmHg in the control group and there 
was no significant difference (p>0.05). It was observed that 
the duration of contraction was 3.9 ± 0.7 s in healthy subjects 
and, significantly shorter 3.2 ± 0.5 s in hyperthyroid patients 
(p<0.001). Duration of contraction was negatively correlated 
with TSH receptor Ab titer in patients (p=0.006, r= -0.48). 
Also, it was observed that the duration of relaxation was 
negatively correlated with fT4 levels in the patient group 
(p<0.05, r= -0.46). 
 Conclusion. In this study, we observed that 
esophageal motility can be affected via shortened duration 
of contraction in Graves’ disease. The gastrointestinal 
symptoms due to possible motility dysfunctions should be 
considered in the evaluation of hyperthyroid patients. 

 Key words: Graves’ disease, esophagus, motility, 
manometry.

INTRODUCTION

 The gastrointestinal tract is one of the most 
affected systems in hyperthyroidism. The symptoms 
related to the gastrointestinal system were reported 
to be frequent varying between 30% to 50% of 

hyperthyroid patients (1, 2). Diarrhea, bloating, 
dysphagia, and vomiting are not uncommon (3-6). 
Although thyrotoxicosis is thought to be associated with 
gastrointestinal dysmotility, there are limited studies 
focused on this issue (7). Mainly, gastric myoelectrical 
activity and emptying were studied in the upper 
gastrointestinal tract. Increased gastric emptying and 
dysrhythmia were reported in hyperthyroid patients (8). 
Meshkinpour et al. studied esophagus motor function 
and they reported an increased velocity of esophageal 
contractions in a study with 10 Graves’ patients (9). 
However, esophageal motility in hyperthyroidism is 
still a controversial issue.
 Esophageal manometry is the gold standard 
for the investigation of its motor functions. It is the 
most useful technique to measure the amplitudes and 
timing of the pressure alterations which describe the 
strength and duration of smooth muscle contraction and 
relaxation. It is an essential procedure in the diagnosis 
of esophageal motility disorders such as achalasia and 
diffuse esophageal spasm. Manometric measurements 
may also clarify the pathophysiological mechanisms 
of gastrointestinal motility disorders in endocrine 
diseases (10-12). In a previous study, we observed 
that hypothyroidism could impair esophageal motility 
via shortened duration of and reduced percentage of 
relaxation (13). In this study, we aimed to investigate the 
manometric measurements to determine if esophageal 
motility is affected in Graves’ disease.

MATERIAL AND METHODS

 Thirty patients with Graves’ disease (18 female 
and 12 male) and 30, age and sex matched, healthy 
controls (22 female and 8 male) were recruited. The 
mean ages were 34.3 ± 11.4 years in the hyperthyroid 
patients and 39.5 ± 14.6 years in the healthy controls. 
All patients with Graves’ disease were newly diagnosed 
and had no gastrointestinal symptoms such as dyspepsia, 
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reflux, dysphagia, nausea or vomiting. The disease was 
diagnosed by the combination of clinical findings and 
laboratory tests showing hyperthyroidism, supported by 
thyroid antibodies and high radioiodine uptake. TSH 
receptor antibody (TRAb) was measured in all subjects. 
The reference ranges were as follows: TSH: 0.35-4.94 
mIU/L, fT4: 9-19 pmol/L, fT3: 2.62-5.7 pmol/L, anti-
TG: 0-4.11 IU/mL, anti-TPO: 0-5.61 IU/mL TRAb: 
<1.0 IU/L.
 The patients having a history of gastrointestinal 
system diseases that could affect gastrointestinal system 
motility (diabetes mellitus, connective tissue diseases, 
etc.) and chronic systemic disorders (infections, 
malignancies, etc.) were excluded from the study. The 
patients taking any medications known to influence 
gastrointestinal motility, smoking or drinking alcohol 
were also excluded. 
 The parameters of esophageal manometry 
were evaluated by using MMS (Medical Measurement 
Systems, Netherlands) Solar GI — Air Charged 
Intelligent Gastrointestinal Conventional Manometry. 
The measurements were obtained by the methodology 
previously published (11, 13). The wave amplitude 
from the average intraesophageal baseline to the peak 
of the wave was competed. The duration between the 
onset of the major upstroke and the end of the wave was 
based on the measurement of duration of contractions. 
Peristaltic percentage was defined according to 10 
consecutive wave forms. 
 This study was approved by the local ethics 
committee of our institution, and informed consent was 
obtained from all participants.

 Statistical analysis
 SPSS software was used to perform statistical 

analyses (version 20.0 for windows, SPSS Inc., 
Chicago, IL, USA). The means of two groups were 
compared by Student’s t test. Pearson’s correlation was 
used to calculate the relationship between two variables. 
Statistical significance was set at p<0.05. The variables 
are expressed as mean ± standard deviation.

RESULTS

 Table 1 shows the characteristics of the patients 
and control subjects. Age, gender and body mass index 
(BMI) were similar. Mean TSH levels were 0.01 ± 0.004 
mIU/L and 1.7 ± 0.9 mIU/L in patients and controls, 
respectively. In hyperthyroid patients, mean fT4 levels 
were 32.1 ± 11.4 pmol/L and fT3 levels were 21.5 ± 
12.7 pmol/L. Mean fT4 levels and fT3 levels were 
13.3 ± 1.7 pmol/L and 4.6 ± 0.8 pmol/L in the control 
group, respectively. Thyroid antibodies including Anti-
TPO, Anti-TG and TSH receptor Ab were increased in 
patients and in normal range in healthy subjects. Mean 
Anti- TPO, anti-TG and TSH receptor antibody levels 
were 944.8 ± 1796.1 IU/mL, 133.9 ± 237.4 IU/mL and 
14.7 ± 11.5 IU/L in the patient group, respectively.
 The mean lower esophageal sphincter pressure 
(LESP) was 16.9 ± 5.3 mmHg in hyperthyroid patients 
and 20.1 ± 8.8 mmHg in the control group and the 
difference was not significant. It was observed that the 
duration of contraction was 3.2 ± 0.5 s in hyperthyroid 
patients and 3.9 ± 0.7 s in healthy subjects. It was 
significantly shorter in hyperthyroid patients compared 
to controls (p<0.001). Percentage of relaxation was 66.1 
± 11.3 % in hyperthyroid patients and 66.4 ± 16.8% in 
the control group, respectively (p>0.05). Duration of 
relaxation and maximum upstroke were similar in both 
groups. 

Table 1. Characteristics of patients and control group

Data are mean ± standard deviation. BMI body mass index, TSH thyroid-stimulating hormone, Anti-TG anti-thyroglobulin antibody, Anti-TPO anti-thyroid 
peroxidase antibody, TRAb: TSH Receptor Antibody,LESP: lower esophageal sphincter pressure.

Hyperthyroid Patients Control Group P
Age (y) 34.3 ± 11.4 39.5 ± 14.6 NS
Gender (Female/Male) 18/12 22/8 NS
BMI (kg/m2) 23.03 ± 3.3 24.6 ± 5.2 NS
TSH (mIU/L) 0.01 ± 0.004 1.7 ± 0.9 <0.001
fT4 (pmol/L) 32.1 ± 11.4 13.3 ± 1.7 <0.001
fT3 (pmol/L) 21.5 ± 12.7 4.6 ± 0.8 <0.001
Anti-TPO (IU/mL) 944.8 ± 1796.1 3,2 ± 1,1
Anti-TG (IU/mL) 133.9 ± 237.4 2,9 ± 0,6
TRAb (IU/L) 14.7 ± 11.5 NA
LESP (mmHg) 16.9 ± 5.3 20.1 ± 8.8 NS
Percentage of Relaxation (%) 66.1 ± 11.3 66.4 ± 16.8 NS
Duration of Relaxation (s) 4.8 ± 1.9 5.5 ± 2.2 NS
Duration of Contraction (s) 3.2 ± 0.5 3.9 ± 0.7 <0.001
Maximum upstroke (mmHg) 72.0 ± 21.2 74.2 ± 26.1 NS
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 Duration of contraction was negatively 
correlated with TSH receptor Ab in patients (p=0.006, 
r=-0.48). Additionally, it was observed that the duration 
of relaxation was negatively correlated with fT4 levels 
in the patient group (p<0.05, r= -0.46) (Fig. 1). No 
other correlation was found between manometric 
measurements, thyroid hormone levels and thyroid 
antibodies in patients and healthy groups. 

DISCUSSION

 In the present study, we observed that the 
duration of contraction was significantly shortened 
in hyperthyroid patients. The pathophysiological 
mechanisms underlying esophagus dysmotility in 
hyperthyroidism are complex and poorly understood. 
Regardless of the mechanism by which thyroid 
hormones influence the functions of the esophagus, 
it seems that thyroid disorders influence the smooth 
muscle of the distal esophagus and reversibility 
of this effect suggests a physiologic dysregulation 
(9). Although the autonomic dysfunction is a 
possible candidate to explain motility dysfunction in 
hyperthyroidism, induced hyperthyroidism increased 
the gastrointestinal motility regardless of whether the 
vagal nerve was intact in an experimental study (14). In 
the previous studies, motility disorders were evaluated 
generally using scintigraphic and electrogastrographic 
methods. It has been shown that gastric emptying is 
not significantly different in hyperthyroid patients 
compared to the healthy subjects in 3 prospective studies 
(15-17). In contrast, patients with hyperthyroidism 
had liquid phase gastric emptying studies that were 
significantly accelerated from those of a control group 
in another study (18). Additionally, Gunasar et al. 
found the existence of a significantly higher percentage 
of postprandial tachygastria and higher preprandial and 

postprandial dominant electrical frequency on a study 
of gastric myoelectrical activity (8). In addition to the 
dysregulated myoelectrical activity, other possible 
mechanisms include nitric oxide dependent pathways, 
smooth muscle disorders such as alteration of the 
composition of myosin chains, electromechanical 
dissociation and altered local gastrointestinal hormones 
(e.g. ghrelin or gastrin) that may play a role in the 
regulation of gastroesophageal motility (19-22).
 Previously, we showed that hypothyroidism 
could affect esophageal motility via shortened duration 
of relaxation and reduced percentage of relaxation (13). 
In the present study, we found a significantly shortened 
duration of contraction in hyperthyroid patients. 
Meshkinpour et al. showed a significant increase in 
velocity of contractions in a small study with 10 Graves' 
patients as compared to controls (9). Additionally, basic 
electrical rhythm or slow wave activity of the intestine 
were found to be increased, which indicated more 
frequent contractions in hyperthyroidism (23). All these 
findings suggested that hyperthyroidism could affect 
esophageal motility via impaired contractions of the distal 
esophagus. It was previously shown that the excessive 
production of thyroid hormones can lead to muscle 
weakness and dysfunction of bulbar muscles, which may 
result in oropharyngeal or esophageal dysmotility (24). 
However, the association between the gastrointestinal 
system motility and serum levels of thyroid hormones 
is controversial. Serum levels of thyroid hormones were 
not correlated with electrogastrography parameters in 
hyperthyroid patients who had frequent tachygastria 
and significantly delayed gastric emptying compared to 
healthy subjects in a previous study (25). Contradictory 
to this study, a negative correlation between serum levels 
of fT3 and postprandial normogastria and a positive 
correlation between postprandial tachygastria and serum 
levels of fT4 had been reported in another study (8).  

Figure 1. Correlation between fT4 and duration of relaxation (p<0.05, r= -0.46); TRAb and duration of contraction (p=0.006, r= -0.48) in patients.
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Wegener et al. observed a negative correlation between 
mouth to cecum transit time and serum T3 levels (16). 
While in our previous study, duration of contraction 
had been negatively correlated with fT4 levels in 
hypothyroidism, in the present study we found that the 
duration of relaxation was negatively correlated with fT4 
levels in hyperthyroid patients. These findings suggest 
that thyroid hormones can be among the factors involved 
in the control of the contractions and relaxations of 
esophageal smooth muscle.
 The relationship between TRAb and esophagus 
dysmotility was an interesting finding in the present 
study. We observed a negative correlation between 
TSH receptor antibodies (TRAb) and duration of 
contraction in manometric measurements. Although 
thyroid autoimmunity was associated with many 
gastrointestinal diseases (e.g., atrophic gastritis, celiac 
disease) (26-29), motility disorders were generally 
not linked to thyroid antibodies. A previous study 
demonstrated that various antibodies including skeletal 
muscle, GAD65, thyroid or gastric parietal cell can be 
more prevalent in patients with gastrointestinal motility 
disorders (30). The possible relationship between 
TRAb and “autoimmune gastrointestinal dysmotility” 
should be examined in larger samples.
 There is growing evidence that ghrelin can 
play a role in the regulation of gastrointestinal motility 
via specific receptors located on vagal, myenteric and 
central neurons (31). Ghrelin increases gastric emptying, 
activates phase 3 of the migrating motor neurons, acts 
on vago-vagal reflex and induces central pathways. In 
hyperthyroidism, it has been found that increased levels 
of gastric mucosal ghrelin are more associated with the 
gastrointestinal dysmotility than plasma ghrelin levels 
(32, 33). Despite a contradictory report, experimental 
studies indicate that ghrelin has a contractile activity 
on the esophagus and gastrointestinal tract (34-36). 
In light of this evidence, it can be postulated that in 
hyperthyroidism, ghrelin mediated pathways can play 
a crucial role in esophagus dysmotility. However, 
future studies are warranted to explain the mechanisms 
involved in the pathogenesis of esophagus dysmotility 
in hyperthyroidism. 
 In conclusion, we observed that esophageal 
motility can be affected via shortened duration of 
contraction in Graves’ disease. The gastrointestinal 
symptoms due to possible motility dysfunctions should 
be considered in the evaluation of hyperthyroid patients. 
Future clinical and experimental studies are needed to 
clarify the effect of thyroid hormones on esophageal 
motility. 

  Conflict of interest
 The authors declare that they have no conflict of 
interest related to the study.
 Acknowledgment 
 The manuscript was edited for proper English 
language by a highly qualified native English speaking 
editor in Bezmialem Vakif University Professional English 
for Medical Purpose (BVUPSO-01-18-2017/196). We also 
would like to thank Biologist Nihan Tathan in Bezmialem 
Vakif University Department of Gastroenterology, Nurse 
Ozlem Buran in Bezmialem Vakif University Department 
of Endocrinology and Metabolism for their valuable 
contributions to this study.

References

1. Tinker M. Discussion of paper by Verbrycke JR. Masked 
gastrointestinal hyperthyroidism. JAMA 1931; 97:515–516.
2. Karaus M, Wienbeck M, Grussendorf M, Erckenbrecht 
JF, Strohmeyer G. Intestinal motor activity in experimental 
hyperthyroidism in conscious dogs. Gastroenterology 1989; 97(4): 
911-919.
3. Maser C, Toset A, Roman S. Gastrointestinal manifestations of 
endocrine disease. World J Gastroenterol 2006; 12(20): 3174-3179.
4. Okada H,Yoshioka K. Thyrotoxicosis complicated with 
dysphagia. Intern Med 2009; 48(14): 1243-1245.
5. Hoogendoorn EH,Cools BM. Hyperthyroidism as a cause of 
persistent vomiting. Neth J Med 2004; 62(8): 293-296.
6. Evsyutina Y, Trukhmanov A, Ivashkin V, Storonova O, Godjello 
E. Case report of Graves' disease manifesting with odynophagia 
and heartburn. World J Gastroenterol 2015; 21(48): 13582-13586.
7. Ebert EC. The thyroid and the gut. J Clin Gastroenterol 2010; 
44(6): 402-406.
8. Gunsar F, Yilmaz S, Bor S, Kumanlioglu K, Cetinkalp S, 
Kabalak T, Ozutemiz OA. Effect of hypo- and hyperthyroidism on 
gastric myoelectrical activity. Dig Dis Sci 2003; 48(4): 706-712.
9. Meshkinpour H, Afrasiabi MA, Valenta LJ. Esophageal motor 
function in Graves' disease. Dig Dis Sci 1979; 24(2): 159-161.
10. Jaffin BW, Knoepflmacher P, Greenstein R. High prevalence of 
asymptomatic esophageal motility disorders among morbidly obese 
patients. Obes Surg 1999; 9(4): 390-395.
11. Ilhan M, Danalioglu A, Turgut S, Karaman O, Arabaci E, Tasan 
E. Acromegaly can be associated with impairment of LES relaxation 
in the oesophagus. Endokrynol Pol 2015; 66(4): 308-312.
12. Gustafsson RJ, Littorin B, Berntorp K, Frid A, Thorsson O, 
Olsson R, Ekberg O, Ohlsson B. Esophageal dysmotility is more 
common than gastroparesis in diabetes mellitus and is associated 
with retinopathy. Rev Diabet Stud 2011; 8(2): 268-275.
13. Ilhan M, Arabaci E, Turgut S, Karaman O, Danalioglu A, Tasan 
E. Esophagus motility in overt hypothyroidism. J Endocrinol Invest 
2014; 37(7): 639-644.
14. Morrison S,Feldman M. An experimental study of the effect of 
the thyroid on the motility of the gastro-lntestinal tract. American 
Journal of Digestive Diseases 1939( 6: 549).
15. Jonderko K, Jonderko G, Marcisz C, Golab T. Gastric emptying 
in hyperthyroidism. Am J Gastroenterol 1997; 92(5): 835-838.
16. Wegener M, Wedmann B, Langhoff T, Schaffstein J, Adamek 
R. Effect of hyperthyroidism on the transit of a caloric solid-liquid 
meal through the stomach, the small intestine, and the colon in man. 
J Clin Endocrinol Metab 1992; 75(3): 745-749.
17. Miller LJ, Owyang C, Malagelada JR, Gorman CA, Go 
VL. Gastric, pancreatic, and biliary responses to meals in 



Ö. Karaman et al.

364

hyperthyroidism. Gut 1980; 21(8): 695-700.
18. Holdsworth CD,Besser GM. Influence of gastric emptying-rate 
and of insulin response on oral glucose tolerance in thyroid disease. 
Lancet 1968; 2(7570): 700-702.
19. Ciobanu L,Dumitrascu DL. Gastrointestinal motility disorders 
in endocrine diseases. Pol Arch Med Wewn 2011; 121(4): 129-136.
20. Carrillo-Sepulveda MA, Ceravolo GS, Fortes ZB, Carvalho 
MH, Tostes RC, Laurindo FR, Webb RC, Barreto-Chaves ML. 
Thyroid hormone stimulates NO production via activation of the 
PI3K/Akt pathway in vascular myocytes. Cardiovasc Res 2010; 
85(3): 560-570.
21. Lofgren M, Fagher K, Woodard G, Arner A. Effects of thyroxine 
on myosin isoform expression and mechanical properties in guinea-
pig smooth muscle. J Physiol 2002; 543(Pt 3): 757-766.
22. Balasa R, Maier S, Bajko Z, Pascanu I, Motataianu A. Skeletal 
Muscle Na(+)/K+-Atpase Pump Dysfunction in Thyrotoxic 
Periodic Paralysis: Case Report. Acta Endocrinologica-Bucharest 
2015; 11(2): 240-245.
23. Christensen J, Schedl HP, Clifton JA. The Basic Electrical 
Rhythm of the Duodenum in Normal Human Subjects and in 
Patients with Thyroid Disease. J Clin Invest 1964; 43: 1659-1667.
24. Chiu WY, Yang CC, Huang IC, Huang TS. Dysphagia as a 
manifestation of thyrotoxicosis: report of three cases and literature 
review. Dysphagia 2004; 19(2): 120-124.
25. Pfaffenbach B, Adamek RJ, Hagelmann D, Schaffstein J, Wegener 
M. Effect of hyperthyroidism on antral myoelectrical activity, 
gastric emptying and dyspepsia in man. Hepatogastroenterology 
1997; 44(17): 1500-1508.
26. Adeniyi KO,Olowookorun MO. Gastric acid secretion and 
parietal cell mass: effects of thyroidectomy and thyroxine. Am J 
Physiol 1989; 256(6 Pt 1): G975-978.

27. Counsell CE, Taha A, Ruddell WS. Coeliac disease and 
autoimmune thyroid disease. Gut 1994; 35(6): 844-846.
28. Shah SA, Peppercorn MA, Pallotta JA. Autoimmune 
(Hashimoto's) thyroiditis associated with Crohn's disease. J Clin 
Gastroenterol 1998; 26(2): 117-120.
29. Dong Q, Liu X, Wang F, Xu Y, Liang C, Du W, Gao G. Dynamic 
Changes of Trab and Tpoab After Radioiodine Therapy in Graves' 
Disease. Acta Endocrinologica-Bucharest 2017; 13(1): 72-76.
30. Dhamija R, Tan KM, Pittock SJ, Foxx-Orenstein A, Benarroch E, 
Lennon VA. Serologic profiles aiding the diagnosis of autoimmune 
gastrointestinal dysmotility. Clin Gastroenterol Hepatol 2008; 6(9): 
988-992.
31. Peeters TL. Central and peripheral mechanisms by which 
ghrelin regulates gut motility. J Physiol Pharmacol 2003; 54 Suppl 
4: 95-103.
32. Sadegholvad A, Afkhamizadeh M, Ranjbar-Omrani G. Serum 
ghrelin changes in thyroid dysfunction. Arch Iran Med 2007; 10(2): 
168-170.
33. Dadan J, Zbucki RL, Sawicki B, Winnicka MM. Estimation 
of gastric ghrelin-positive cells activity in hyperthyroid rats. Folia 
Histochem Cytobiol 2008; 46(4): 511-517.
34. Kitazawa T, Kaiya H, Taneike T. Contractile effects of ghrelin-
related peptides on the chicken gastrointestinal tract in vitro. 
Peptides 2007; 28(3): 617-624.
35. Kitazawa T, Maeda Y, Kaiya H. Molecular cloning of growth 
hormone secretagogue-receptor and effect of quail ghrelin on 
gastrointestinal motility in Japanese quail. Regul Pept 2009; 158(1-
3): 132-142.
36. Chen CY,Huang SC. Lack of direct effects of acyl ghrelin, 
des-acyl ghrelin, and obestatin on rat lower esophageal sphincter 
motility in vitro. J Chin Med Assoc 2011; 74(9): 394-399.


