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INTRODUCTION 

Thyrotoxicosis is a broad term that describes disorders 

due to the excess production of thyroid hormones, 

regardless of the source, whilst the term 

‘hyperthyroidism’ is used if this thyrotoxicosis occurs as 

a result of increased hormone synthesis by the thyroid 

gland.1 The most frequent cause of hyperthyroidism is 

Graves' disease (GD) unless its occurrence rate changes 

from 60% to 80% due to the iodine intake status. It is an 

organ specific autoimmune thyroid disease that is 

manifested by hyperthyroidism clinic as a result of 

circulating antibodies against thyrotropin receptor. Its 

reported incidence is 20 to 30 cases/100000 per year and 

prevalence is approximately 0.5-1.5% with a varied 

female to male ratio from 4:1 to 7:1 even 10:1 in different 

sudies.2-4 Although the cause of GD is still clearly 

unknown, it is thought to be the result of a complex 

interaction between genetic susceptibility that contributes 

70-80% and environmental factor with an effect of 20-

30%.5 
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ABSTRACT 

 

Background: There are limited data about the factors affecting the response time to medical treatment in Graves’ 

disease (GD) although many studies examined the predictors of the relapse after drug withdrawal. The aim of the 

current study was to evaluate the time for becoming euthyroid under antithyroid drug (ATD) therapy and the 

parameters influencing this period in patients diagnosed as GD.  

Methods: Patients with newly-diagnosed GD and decided to treat with ATD initially between March 2017 and 

September 2018 were retrieved retrospectively. Sociodemographic features as well as laboratory parameters like 

thyroid function tests and thyroid-stimulating hormone-receptor antibody (TRab) at the time of diagnosis were 

recorded. 

Results: Out of 41 patients, 63.4% (n=26) were female. The mean age was 36.1±11.7 years and 43.9% (n=18) of 

them were smoking. The time between the initiation of treatment and the duration of becoming euthyroid was 2.4±1.8 

months. No significant difference was noted between age, gender, and smoking status and the time to become 

euthyroid under ATD treatment. This period was significantly positively correlated with levels of free 

triiodothyronine, free thyroxine, and negatively correlated with thyroid-stimulating hormone. Response to ATD 

therapy was higher in patients with pre-treatment TRab levels <10 IU/l than TRab ≥10 IU/l (p=0.011).  

Conclusions: Pretreatment thyroid function tests and TRab levels may be taken into consideration before deciding 

treatment in patients with newly diagnosed GD. It would be useful to design more comprehensive studies so that this 

proposal can find a response in clinical practice.  
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Antithyroid drug (ATD), radioactive iodine (RAI) 

therapy, and surgery are the three options for the 

treatment of GD.1,2 It is clear that none of these three 

treatment modalities are perfect, and each of them have 

advantages, disadvantages, risks and benefits. The 

differences in treatment preferences of GD were 

examined according to different regions such as United 

States (US), Europe and Japan, 69% of respondents 

preferred RAI treatment in US, while 22% in Europe, and 

11% in Japan. Medical treatment choice from much to 

less as follows; 88% in Japan, 77% in Europe, and 30.5% 

in US.6 However, it has been observed that these 

preferences have changed in the last 20 years. In a 

previous study with 696 respondents, ATD, RAI and 

surgical treatment preferences for uncomplicated GD 

were 53.9%, 45.0%, and 0.7%, respectively.7 When we 

compared with the study in 1991, ATD usage improved 

from 30.5% to 40.5% and RAI therapy decreased from 

69% to 58.6% in North America and the rates for medical 

and RAI treament were 85.7% instead of 77% and 13.3% 

instead of 22% in Europe.6,7 There was not much 

difference in rates of surgery choices over the past years. 

Many factors are thought to play a role in preference 

changes (e.g. worsening orbitopathy due to the RAI 

treatment). 

After medical treatment discontinued, the rate of relapse 

is high and other treatment options are needed. 

Determining the parameters affecting ATD treatment will 

help to avoid potentially harmful side-effects and time 

loss. There are many studies researching the predictors 

related to relapse/recurrence in GD. However, very 

limited number of reports evaluated parameters between 

the initiation of treatment and becoming euthyroid with 

ATD. For this reason we decided to focus at this point 

based on insufficient data and necessity. The aim of the 

current study was to assess the response period to ATD 

therapy and the parameters affecting this period.  

METHODS 

Selection of participants 

The medical records of patients with GD who applied to 

Internal Medicine and Endocrinology and Metabolism 

Unit of Health Sciences University Kanuni Sultan 

Suleyman Training and Research Hospital (Istanbul, 

Turkey) between March 2017 and September 2018 were 

retrieved retrospectively. Patients aged between 18-65 

years, who were newly-diagnosed and decided to treat 

with ATD initially, whose followed-up no longer than 

one month intervals until thyroid function tests (TFT) 

normalized were enrolled to the study. However, patients 

<18 or >65 years old, who were treated initially with 

other options such as RAI or surgery, known history of 

malignancy, malnutrition, chronic inflammatory 

disorders, have just been diagnosed with acute illness, 

followed-up in intensive care unit, whose pregnant or in 

postpartum period, having allergy or other side effects to 

the ATD, patients whose liver enzyme levels such as 

alanine aminotransferase (ALT) or aspartate 

aminotransferase (AST) were not suitable to start 

treatment, and using medications influencing TFT were 

excluded. 

Data collection 

Patients' gender, age, and smoking status were recorded. 

Laboratory parameters [free triiodothyronine (FT3), free 

thyroxine (FT4), thyroid-stimulating hormone (TSH), 

thyroid peroxidase antibody (TPOAb), anti-thyroglobulin 

antibody (TgAb), thyroid-stimulating hormone-receptor 

antibody (TRab), ALT, AST, C-reactive protein (CRP), 

and erythrocyte sedimentation rate (ESR)] of the patients 

at the time of diagnosis were evaluated. 

The duration of the visit which the patients with GD was 

started to treat and became euthyroid determined and this 

time was calculated as months. Euthyroidism was 

accepted as normalizing thyroid function tests. 

The side-effects of the drug was recorded for each 

patient. The patients were grouped with respect to the age 

(<40 and ≥40 years), gender, smoking status (smokers 

and non-smokers), ESR (<10 and ≥10 mm/hour), CRP 

(<5 and ≥5 mg/l), and TRab (<10 and ≥10 IU/l) levels 

and compared in terms of the time they became 

euthyroid. They were also divided into three groups 

according to their euthyroid duration which was 

expressed in months. 

Statistical analysis 

Analyses were performed using SPSS version for 

Windows 20.0 (IBM Corporation, Chicago, IL, USA). 

Shapiro Wilk test was performed to understand whether 

the variable was normally or abnormally distributed. 

Datas were reported as mean±standard deviation (SD), 

median (minimum-maximum) or percentage (%). 

Differences between groups were tested using the two 

sample T test for normally distributed or the Mann-

Whitney U test for abnormally distributed data. Normally 

distributed independent continuous variables were 

compared with one way ANOVA test, whereas non-

normally distributed independent continuous variables 

were compared with Kruskal-Wallis test among the 

groups. Spearman’s correlation coefficient was used for 

the evaluation of relationships between parameters. A 

two-tailed p value of ≤0.05 was considered to be 

statistically significant. 

RESULTS 

Out of 41 patients, 63.4% (n=26) were female and 36.6% 

(n=15) were male. They were aged between 18 and 58 

(36.1±11.7) years and 43.9% (n=18) of them were 

smoking. All the patients were treated with methimazole 

as an antithyroid agent. The time between the initiation of 

treatment and the duration of becoming euthyroid was 

2.4±1.8 (1-8) months. Transaminase enzyme level 
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elevation was observed in 5 (12.2%) of the patients but 

was not a level which requires discontinuation of the 

therapy and regressed spontaneously. None of the 

patients developed agranulocytosis or other side effects 

associated with methimazole. Laboratory parameters at 

the time of diagnosis are shown in Table 1. 

 

Table 1: Laboratory parameters of the patients at the time of diagnosis. 

Parameter Mean±SD Median (min-max) 

Free triiodothyronine (pg/ml) 9.9±6.6 - 

Free thyroxine (ng/dl) 3.0±1.8 2.58 (1.21-7.77) 

FT3/FT4 ratio 3.1±0.7 3.07 (1.38-5.10) 

Thyroid-stimulating hormone (uIU/ml) 0.06±0.3 0.005 (0.005-1.94) 

Thyroid peroxidase antibody(IU/ml) 216.8±202.5 - 

Anti-thyroglobulin antibody (IU/ml) 533.7±1060.9 137.5 (10-4.000) 

TRab (IU/l) 7.95±10.0 3.54 (0.47-40) 

Alanine aminotransferase (U/l) 21.8±9.0 20 (11-49) 

Aspartate aminotransferase (U/l) 19.1±5.0 18 (12-34) 

Erythrocyte sedimentation rate (mm/hour) 17.2±16.4 11 (1-60) 

C-reactive protein (mg/l) 3.3±5.1 1.13 (0.23-22) 

SD: Standard deviation, TRab: Thyroid-stimulating hormone-receptor antibody 

Table 2: Comparison of various parameters in terms of becoming euthyroid under antithyroid drug treatment. 

Parameter Group n 
The period to become euthyroid (months)  

P 
Mean±SD Median (min-max) 

Gender 
Female 26 2.5±2.0 2 (1-8) 

0.582 
Male 15 2.4±1.4 2 (1-5) 

Age 
<40 years 25 2.2±1.5 2 (1-6) 

0.401 
≥40 years 16 2.8±2.1 2 (1-8) 

Smoking status 
Smokers 18 2.8±1.9 2 (1-8) 

0.197 
Non-smokers 23 2.2±1.6 2 (1-7) 

TRab 
<10 IU/L 32 2.2±1.8 2 (1-8) 

0.011 
≥10 IU/L 9 3.3±1.4 3 (2-8) 

ESR 
<10 mm/hour 18 2.3±1.9 2 (1-8) 

0.476 
≥10 mm/hour 23 2.5±1.7 2 (1-7) 

CRP 
<5 mg/L 32 2.2±1.7 2 (1-8) 

0.097 
≥5 mg/L 9 3.2±1.9 2 (1-7) 

n: number, SD: Standard deviation, TRab: Thyroid-stimulating hormone-receptor antibody, ESR: Erythrocyte Sedimentation rate, 

CRP: C-reactive protein 

 

No significant difference was noted between 

sociodemographic data such as age, gender, and smoking 

status and the time to become euthyroid under ATD 

treatment. We did not find any association with respect to 

the ESR (<10 or ≥10 mm/hour) and CRP (<5 or ≥5 mg/l) 

levels. Response to ATD therapy was higher in patients 

with pre-treatment TRAB <10 IU/l compared to the 

TRAB levels ≥10 IU/l (p=0.011). Comparison of various 

parameters in terms of becoming euthyroid under ATD 

treatment were given in Table 2. 

When the patients were divided into 3 groups according 

to the normalization of TFT tests in the first, 1-2, and ≥3 

months, 26.7% of male participants become euthyroid 

within the first, 40.0% within 1-2, 33.3% within ≥3 

months while these rates were 42.3%, 26.9%, and 30.8%, 

in female patients, respectively (Table 3). We observed 

that FT3, FT4, and TRAB levels increased whereas TSH 

level decreased as the euthyroidization period goes from 

the earliest to latest. 

The time to become euthyroid was significantly 

positively correlated with FT3 (p=0.01, r=0.4), FT4 

(p=0.005, r=0.43), TRAB (p<0.001, r=0.54) and 

negatively correlated with TSH (p=0.023, r=-0.35) in 

correlation analysis. No difference was detected with 

respect to age (p=0.644, r=0.07), FT3/FT4 ratio (p= 0.58, 

r=0.08), TPOAb (p=0.272, r=0.17), TgAb (p=0.884, 

r=0.02), ALT (p= 0.444, r=0.12), AST (p=0.233, r=0.19), 

ESR (p=0.235, r=0.19), and CRP (p=0.379, r=0.14).  
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Table 3: Comparison of patients by grouping according to the normalization of thyroid function tests as first,                

1-2, and ≥3 months. 

 
The period to become euthyroid (months)                      

 <1 month (n=15) 1-2 months (n=13) >2 months (n=13) P value 

Parameter Mean±SD Mean±SD Mean±SD  

Age (years) 34.53±2.77 37.07±2.88 37.00±4.05 0.823 

Male gender ratio (%) 26.7 46.2 38.5 0.557 

FT3 (pg/ml) 6.38±0.89 9.91±1.69 14.10±2.14 0.011 

Free thyroxine (ng/dl) 2.07±0.22 3.26±0.48 4.11±0.58 0.007 

FT3/FT4 ratio 3.03±0.14 3.07±0.23 3.35±0.24 0.557 

TSH (uIU/ml) 0.15±0.12 0.01±0.03 0.006±0.004 0.050 

TPOAb (IU/ml) 152.1±37.23 227.64±66.67 280.79±58.81 0.585 

TgAb (IU/ml) 385.60±196.47 738.84±377.33 499.45±297.60 0.835 

TRab (IU/l) 0.22±0.28 10.93±3.38 11.59±3.01 <0.001 

ALT (U/l) 20.66±2.09 20.53±2.45 24.46±2.83 0.456 

AST (U/l) 17.93±0.74 17.53±1.18 22.15±1.80 0.082 

ESR (mm/ hour) 13.33±3.61 20.15±5.52 18.76±4.37 0.428 

C-reactive protein (mg/l) 2.46±1.13 3.71±1.70 4.05±1.47 0.380 

n: number, SD: Standard deviation, FT3: Free triiodothyronine, TSH: Thyroid-stimulating hormone, TPOAb: Thyroid peroxidase 

antibody, TgAb: Anti-thyroglobulin antibody, TRab: Thyroid-stimulating hormone-receptor antibody, ALT: Alanine 

aminotransferase, AST: Aspartat aminotransferase, ESR: Erythrocyte sedimentation rate 

 

DISCUSSION 

We found that the period to become euthyroid was 

associated with FT3, FT4, TSH, and TRab levels in 

newly-diagnosed patients with GD. The patients’ age, 

gender, smoking status, TPOAb, TgAb, and acute phase 

reactant levels did not affect this period. As far as we 

know, there are very few studies examining the response 

time to treatment. One of these was conducted by Choi et 

al. which is similar to our work but its methodology and 

findings were different in some aspects. They categorized 

the response in two groups as ‘responding slowly and 

quickly’ and evaluated this period based on various 

parameters.8 They revealed that patients with high levels 

of FT4 and TRab responded more quickly to treatment 

opposite to our results. On the other hand, there are many 

studies examining the factors influencing the relapse after 

medical treatment in patients with GD. We think that the 

predictors of relapse may also have an effect on the 

duration of becoming euthyroid in spite of lack of 

evidence to support this idea. For these purposes, 

probable parameters such as age, gender, goitre size, 

methimazole dose, presence of TRab, urinary iodide 

excretion, pretreatment thyroid hormone levels, T3/T4 

ratio, smoking status, and presence of Graves’ 

orbitopathy were examined. However, different outcomes 

were reported in different researches, these parameters 

have been shown to be efficacious on remission and/or 

recurrence. 

Similar to other autoimmune diseases, GD is more 

common in females. Although the reason is not fully 

understood, estrogen is thought to have an effect but it is 

not possible to explain this high prevalance in favour of 

females only with estrogen role. Gender is accurately 

known to influence prevalence besides its impact on 

response or relapse in patients with GD is contradictory. 

Some studies have stated that males respond the medical 

treatment poorer than the females while no gender 

difference was reported in others alike to our data.4,8-10 

Likewise gender, the effect of age on relapse have 

conflicting results. For comparison this effect, 40 years of 

age were generally targeted as we did in our study. 

Relapse rate was delayed in patients who were below the 

age of 40 years in some reports and over the age of 40 in 

several of others.4,11 Opposite to these findings, no 

association was observed between age and response or 

relapse in various works is in agreement with the present 

study.8,10,12,13 

The relationship between smoking and GD as well as 

Graves orbitopathy is clearly known. It has been reported 

that this effect is dose-dependent, more obvious in 

females, and disappears after several years after quitting 

smoking.14 Besides, smoking has been shown to reduce 

the risk of Hashimoto disease, and lowers TPOAb and 

TgAb antibodies levels.5,14 We did not find any 

association between smoking status and response rate. No 

significant difference was detected in smokers compared 

to non-smokers with respect to relapse in a study 

comprised of 306 patients.15 In another large-scale 

analysis in Northern Sweden covering the years 2000-

2010 and examining the medical records, no relationship 

was found due to current smoking. Interestingly, previous 

smoking was reported to have a protective effect against 

relapse unlike current literature.16 Although there are 

additional published data supporting our findings, there 

are also some defending the opposite.17,18 
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We observed that patients with higher pre-treatment FT3 

and FT4 levels achieved euthyroidism later than the 

patients with lower levels. Benker et al suggested a 

correlation between pre-treatment T3 levels and response 

to methimazole.19 Several studies reported that only high 

pre-treatment T4 levels were associated with early 

relapse. This is contrary to data of Choi et al where 

relapse rates were found to be lower in patients with high 

FT4 levels.8 Although various reports pointed out the 

effect versus no effect of FT3, FT4 levels and FT3/FT4 

ratio individually, some of them examined their effects 

together.8,12,15,19-23 Hussein and his colleagues found that 

higher FT3 and FT4 levels were correlated with medical 

treatment failure in a study containing 659 patients which 

supports our results.12 Additionally, it has been reported 

that both pre-treatment low TSH values and TSH 

suppression which reappear after drug withdrawal were 

associated with relapse.17,24 Negative correlation was 

found between TSH level and becoming euthyroid in our 

study. Response time increases as the TSH value 

supresses which is in confirmation with past reports. 

The level of TRAB has been subject of interest related to 

both response and relapse probably due to its role in 

pathogenesis. Pre- or post-treatment high TRAB levels 

reported to reduce remisson success or delay the time 

entering remission.10,11,15,17,21,22,24-26 In the ‘Remission 

induction and sustenance in Graves’ disease’ (RISG) 

study, the rate of remisson was found to be 63% in 

patients with baseline TRab levels below 10 IU/l  instead 

of 39% above 10 IU/l.27 Quadbeck et al showed that when 

the cut-off value for TRab was taken as 1.5 IU/l or 10 

IU/l, TRab had positive predictive value of 49% or 83%, 

negative predictive value of 54% or 62%, and specificity 

of 14% or 92%.17 We took the cut-off value for TRab as 

10 IU/l and we observed in newly-diagnosed patients that 

the time to become euthyroid was shorter with 

TRab<10IU/l compared to the TRab levels ≥10IU/l. On 

the contrary, Choi et al revealed that patients with high 

levels of TRab respond to treatment faster.8 Furthermore, 

Genna et al reported that rapid or gradual response to 

treatment was not affected by TRab and TgAb levels.28 

The presence of TPOAb and TgAb antibodies which are 

known to be diagnostic markers of Hashimoto’s 

thyroiditis, another autoimmune disease at the other end 

of the spectrum, are also exist in GD. These antibodies 

have not been investigated as intensely as TRAb or TSAb 

levels and their effect on relapse remain uncertain. 

Responsiveness to ATD therapy was not related to 

TPOAb and TgAb levels in our study. Liu et al and Lin et 

al reported that these antibodies have no effect on the 

course of the disease which is similar to our findings.15,24 

In contrast, patients were divided into three groups as 

TPOAb (-) and TgAb (-), TPOAb (+) and TgAb (-), and 

both TPOAb and TgAb (+) in a study with 117 patients 

and relapse rates were found 39%, 27%, and 11%, 

respectively.29 They concluded that relapse had been 

more frequent in the absence of these antibodies.  

Some limitations for this research should be regarded. 

First one is the retrospective nature and relatively small 

size prevented us from making more detailed results. The 

second limitation is that the thyroid volumes were not 

measured even though the patients had ultrasonography 

findings because it is not a routine procedure in our 

center. In spite of these limitations, our findings are in 

line with a lot of data in published literature.  

CONCLUSION 

Our findings suggest that non-medical treatment options 

can be considered in newly-diagnosed patients with GD 

who have properties such as high FT3, FT4, TRab and 

low TSH levels. It would be useful to design more 

comprehensive studies to confirm this hypothesis.  
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