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Abstract 

Background: As the treatment approaches of Graves’ disease (GD) and thyroiditis are dif-
ferent, the differential diagnosis is essential. Aim: To assess the diagnostic value of free 
triiodothyronine (FT3) to free thyroxine (FT4) ratio for differentiation between GD and 
destructive thyroiditis. Subjects and Methods: The present study was conducted on 100 
newly diagnosed thyrotoxicosis patients; 61 with thyroiditis (group 1) and 39 with GD 
(group 2) and 20 healthy, age-matched subjects representing a control group (Group 3). 
All participants underwent medical history taking and clinical examination, serum levels 
of thyroid-stimulating hormone (TSH), FT3, and FT4 were measured, Technetium 99m 
thyroid Scan was done to all recruited patients. Results: The present results recorded sig-
nificant increases in FT3, FT4, and decreases in TSH levels in Graves’ disease group than in 
the thyroiditis group. There was a statistically significant difference between the study 
groups regarding FT3/FT4 ratio, which was lower in thyroiditis group than in Graves’ dis-
ease group (0.21± 0.03 in group 1 vs 0.35±0.18 in group 2, p-value <0.01), while there was 
no significant difference between thyroiditis group and the control group. The FT3/FT4 
ratio showed a predictive value, with an area under the ROC curve (AUC) of 0.936 (95%CI, 
0.876-0.995) for Graves' disease vs. thyroiditis (p < 0.001). Based on the cutoff value of 
this ratio of more than 0.269 offered a sensitivity of 89.7% and specificity of 91.8%. Conclu-
sion: The results of the present study demonstrated that free thyroid hormones and the 
FT3/FT4 ratio are useful to differentiate Graves’ disease from destructive thyroiditis. 
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Introduction 

Thyrotoxicosis is a hypermetabolic sta-
tus characterized by excess of thyroid 
hormones serum levels. It may occur 
because of hyperthyroidism, the re-
lease of stored hormone or exogenous 

thyroid hormone intake. However, hy-
perthyroidism is characterized by ele-
vated thyroid hormone levels because 
of its excess synthesis and secretion 
from the thyroid gland. The most com-
mon causes are Graves’ disease (GD), 
toxic multinodular goiter, and 
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autonomous toxic nodule(1,2). Some 
studies reported that hyperthyroidism 
prev-alence in iodine-sufficient areas 
ranges from 0.2% to 1.3%(3,4). Overt and 
subclinical forms accounted for 0.5% 
and 0.7%, respectively(4). The incidence 
rate was 51 cases per 100,000 per 
year(3). The clinical presentation of thy-
rotoxicosis can provide clues for diag-
nosis, but not the etiology. It is crucial 
to identify the etiology of thyrotoxico-
sis, since symptomatic treatment is re-
quired in thyroiditis but extensive med-
ical therapy as well as occasional thy-
roid ablation is needed in cases of GD(5). 
Apart from typical clinical presentation, 
radioactive iodine (RAI) uptake, serum 
levels of TSH receptor antibody 
(TRAb), and evaluation of thyroidal 
blood flow on ultrasonography are 
commonly used(6). Total T3 to total T4 
ratio can also be useful in the assess-
ment of the proper etiology of thyro-
toxicosis when scintigraphy is contrain-
dicated(4). Measurement of FT3 and 
FT4 instead of total form is commonly 
performed, since free forms are less af-
fected by thyroid hormone binding pro-
tein (TBP), FT3/FT4 ratio has been advo-
cated for the differential diagnosis of 
GD and destructive thyroiditis(5). There-
fore, the present study evaluated the 
usefulness of FT3/FT4 ratio in predict-
ing the etiology of thyrotoxicosis, and 
its role in differentiating patients with 
GD from patients with destructive thy-
roiditis, especially those with painless 
thyroiditis and subacute thyroiditis. 

Subjects and Methods 

Patients 
This was a prospective descriptive 
study that was done on patients at-
tending endocrine outpatient clinic in 
El-Maadi Armed Forced Hospital, with 
diagnosis of thyrotoxicosis at their first 

visit and in whom thyroid scintigraphy 
could be done, in the period from July 
2018 to February 2020. The diagnosis of 
thyrotoxicosis was made on clinical 
grounds (including heat intolerance, in-
creased appetite, increased sweating, 
weight loss, muscle weakness, fatigue, 
tremors, and diffusely enlarged thyroid 
gland) along with values of thyroid 
function test results. The Institutional 
Ethics Committee approval was taken, 
and all participants gave informed con-
sent before participating in the study. 

Study design 
The present study was conducted on 
100 newly diagnosed thyrotoxicosis pa-
tients; 61 with thyroiditis (Group 1) and 
39 with GD (Group 2) and 20 healthy, 
age-matched subjects representing a 
control group (Group 3). Diagnosis of 
subacute thyroiditis and painless thy-
roiditis based on the clinical presenta-
tions and low uptake values of thyroid 
scintigraphy. Graves' disease was diag-
nosed by clinical presentations and 
high uptake values of thyroid scintigra-
phy. Patients taking drugs that affect 
thyroid function or those who have al-
ready started antithyroid medication, 
patients below 15 years of age, preg-
nant patients, patients with palpable 
nodules and patients with single or 
multiple nodules discovered in thyroid 
scintigraphy were excluded.  

Methods 
Serum levels of TSH, FT3 and FT4, were 
measured, using automated chemilu-
minescent immunoassays (Architect 
i2000SR; Abbott Laboratories, Chicago, 
IL, USA). The laboratory reference 
ranges were (0.35–4.94μIU/mL), (2.63–
5.70pmol/L) and (9.01–19.04pmol/L) re-
spectively. Technetium 99m Thyroid 
Scan was done at radiology centre in El-
Maadi Armed Forced Hospital. Intrave-
nous administration of 5 mCi dosage of 
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Tc 99m- per technetate was done and 
static image of thyroid gland after 20 
minutes in multiple projections was 
taken. Quantification of total uptake of 
tracer by the gland was taken as per-
centage uptake of right and left lobe 
thus giving total uptake. Normal refer-
ence of total percentage uptake range 
was 0.5%-4%. Uptake values below 0.5% 
was diagnosed as thyroiditis and above 
4% as GD. 

Statistical analysis 

Statistical evaluation was carried out 
by using SPSS program version 21.0 
(SPSS Inc., Chicago, IL, USA). Numerical 
data were presented as mean±stand-
ard deviation (SD) and categorical data 
were presented as number and per-
centage of total. An ANOVA test was 
done to compare the three groups. 
Quantitative variables were compared 
in the two groups via post hoc test. Chi 
Square test (X2) was used to compare 
two qualitative variables. ROC curve 
was used to determine best cutoff, sen 

sitivity, and specificity of FT3 / FT4 ratio 
in predicting Graves' disease. Results 
were evaluated in 95% confidence inter-
val and P value < 0.05 was considered 
statistically significant. 

Results 

A total of 120 subjects were included, 
and divided into three groups; as re-
gard patients with destructive thyroidi-
tis (subacute thyroiditis and painless 
thyroiditis) representing group 1, in-
cluded 61 patients, their mean age 
were 38.03±8.92 yrs, of them 17 
(27.87%) were males, and 44 (72.13%) 
were females. Group 2 included 39 pa-
tients with Graves' disease their 
mean±SD of age were 40.31±11.71 yrs, 
of them 12 (30.77%) were males, and 27 
(69.23%) were females. Group 3 in-
cluded 20 healthy, euthyroid subjects 
representing a control group, their 
mean±SD of age were 39.60±12.48 yrs, 
of them 7 (35%) were males, and 13 
(65%) were females.  
 
 

Table 1: Comparison between the study groups 

 Group 1 
(thyroiditis) 

(n=61) 

Group 2 
(GD) 

(n=39) 

Group 3 
(Control) 

(n=20) 
X2/F P value 

Male; n (%) 17 (27.87%) 12 (30.77%) 7 (35%) 
0.827* 0.381* 

Female; n (%) 44 (72.13%) 27 (69.23%) 13 (65%) 

Age (Years) 38.03±8.92 40.31±11.71 39.60 ±12.48 0.591 0.555 

TSH (µIU/ml) 0.007±0.02a,b 0.004±0.01c 1.85±0.74 54.235 <0.01 

FT3 (pmol/L) 5.52±0.61a,b 8.60± 8.68c 2.53±1.31 72.424 <0.01 

FT4 (pmol/L) 19.59±2.38a,b 24.31± 21.99c 15.44±2.32 36.384 <0.01 

FT3/FT4 ratio 0.21± 0.03a 0.35±0.18c 0.19±0.09 60.523 <0.01 
*= Chi Square test; a, b, c= significantly different at p<0.05, using post hoc test 
a=group 1 vs. group 2; b= group 1 vs. group 3; c= group 2 vs. group 3 
TSH= thyroid stimulating hormone; FT3= free triiodothyronine; FT4=free thyroxine  
Age, TSH, FT3, FT4 and FT3/FT4 ratio are presented in mean±standard deviation 

There was no statistically significant 
difference between the study groups 
regarding age and gender (Table 1). Re-
garding thyroid function tests, FT3 and 

FT4 levels were higher in Graves’ dis-
ease group than in thyroiditis group, 
the difference was statistically signifi-
cant; (FT3, 8.60± 8.68 pmol/L in group 
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2 vs 5.52±0.61 pmol/L in group 1, p<0.01) 
and (FT4, 24.31± 21.99 pmol/L in group 
2 vs 19.59±2.38 pmol/L in group 1, p< 
0.01). While TSH levels were lower in 
Graves’ disease group than in thyroidi-
tis group the difference was statisti-
cally non-significant (0.004 ±0.01 
µIU/ml in group 2 vs. 0.007±0.02 µIU/ml 
in group 1, p =0.011). FT3/FT4 ratio was 
lower in thyroiditis group than in 
Graves’ disease group, the difference 
was statistically significant (0.21± 0.03 

in group 1 vs 0.35±0.18 in group 2, 
p<0.01), while there was no significant 
difference between thyroiditis group 
and the control group (Table 1, Figure 
1). The FT3/FT4 ratio showed a predic-
tive value, with an area under the ROC 
curve (AUC) of 0.936 (95%CI, 0.876-
0.995) for Graves' disease vs. thyroidi-
tis (P < 0.001). Based on the cutoff value 
of this ratio of more than 0.269 offered 
sensitivity of 89.7% and specificity of 
91.8% (Table 2, Figure 2). 

 

 
Figure 1: Comparison between the study groups regarding FT3/FT4 ratio. 

(High significant difference between the study groups) 

 

 
Discussion 

The initial assessment of thyrotoxicosis 
etiology is crucial to the appropriate 
clinical management. While the clinical 
diagnosis of patients is generally based 
on the physical examination and the la-
boratory results, it is difficult to differ-
entiate GD from painless thyroiditis 
based on the physical manifestations. 
Apart from the typical presentation of 
patients with thyrotoxicosis, RAI up-
take, measurement of serum levels of 
TRAb, as well as thyroidal blood flow 
on ultrasonography are commonly 
used(6). Other markers that can assess 
the clinician in differentiating GD from 
subacute thyroiditis include; serum 

calcitonin levels(7), assessment of eo-
sinophil to monocyte ratio(8), stem cell 
factor(9), total alkaline phosphatase ac-
tivity(10), RBCs zinc concentration(11), 
plasma fibrinogen levels(12), and serial 
changes in liver function tests(13). How-
ever, practically it is difficult to use such 
parameters. The use of ultrasonogra-
phy for the differential diagnosis of thy-
rotoxicosis is less useful. However, 
when RAI uptake test is contraindi-
cated (i.e. during pregnancy, lactation 
and in case of new iodine exposure), 
color flow Doppler ultrasonography 
may assist in diagnosing the etiology of 
thyrotoxicosis and to differentiate GD 
from destructive thyroiditis(14). RAI up-
take test is a valuable method in 
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differentiating the etiology of thyro-
toxicosis; however, it is contradicted in 
some cases (i.e. during pregnancy and 
lactation). Moreover, exposure to large  
 

amounts of iodine prior to undergoing 
RAI uptake test may lead to RAI uptake 
suppression, resulting in an inappropri-
ate diagnosis(6).  
 

 
Table 2: Area under Curve (AUC) and best cutoff value of FT3 / FT4 ratio 

to predict Graves' disease 

AUC Cut-off Sensitivity Specificity 
95% CI 

Upper bound Lower bound 

0.936 0.269 89.7% 91.8% 0.876 0.995 

 
 

 
Figure 2: ROC curve to determine sensitivity and specificity of FT3/FT4 ratio  

in predicting Graves' disease 

 
Measuring serum levels of TRAb has 
been commonly used in differentiating 
thyrotoxicosis etiology when RAI up-
take is unavailable or contraindicated. 
However, patients with mild GD might 
have negative for TRAb(6), TRAb may 
also be measured in patients with post-
partum thyroiditis(15,16). The ratio of to-
tal T3 to total T4 may also be useful in 
the assessment of thyrotoxicosis etiol-
ogy when RAI uptake is contraindi-
cated. The hyperactive gland produces 
more T3 than T4, resulting in elevation 
of T3 above the upper limit of normal 
more than T4 in thyrotoxicosis caused 

by hyperthyroidism, whereas T4 is ele-
vated more than T3 in thyrotoxicosis 
caused by thyroiditis(17). Shigemasa et 
al. revealed that the ratio of total T3 to 
total T4 (ng/lg) was >20 in GD and toxic 
nodular goiter, and <20 for painless or 
postpartum thyroiditis(18). American 
Thyroid Association/American Associa-
tion of Clinical Endocrinologists 
(ATA/AACE) guidelines recommend 
TRAb measurement and total T3/total 
T4 ratio as an alternative method for 
the diagnosis of GD in the absence of 
thyroid scintigraphy and uptake or 
when these are contraindicated(15). 
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However, TRAb measurement is not 
performed in many centers, it is expen-
sive, and the results take time. Also, 
measurements of FT3 and FT4 are fre-
quently ordered in the clinical prac-
tice(19) rather than total T4 and T3 
measurements, as the later are af-
fected by serum TBG concentration 
which may be affected by many condi-
tions in an unfavorable manner. So, a 
practical alternative was required for 
differentiating diagnosis in clinic. In the 
present study, we analyzed levels of 
FT3, FT4 and FT3/FT4 ratio in patients 
with GD and destructive thyroiditis (in-
cluding subacute and painless thyroidi-
tis). We found that the levels of FT3, 
FT4 and the FT3/FT4 ratio were higher 
in patients with GD than in those with 
thyroiditis. These results are consistent 
with the findings of previous literature. 
Yoshimura et al., reported that the 
FT3/FT4 ratio was useful in differentiat-
ing patients with GD and painless thy-
roiditis(5). Moreover, Sriphrapradang et 
al. revealed that the FT3/FT4 ratio 
might help in differentiating the etiol-
ogy of thyrotoxicosis, with a higher 
FT3/FT4 ratio suggesting GD, whereas a 
very low ratio supported the diagnosis 
of thyroiditis(20). According to Izumi et 
al., the FT3/FT4 ratio was useful in dif-
ferentiating GD and destructive thy-
roiditis(8). However, Shigemasa et al. re-
ported that the FT3/FT4 ratio was not 
useful in the differentiation between 
GD and painless thyroiditis(18). T3 is an 
active form of thyroid hormones that is 
resulted from the deiondinated T4 by 
type 1 iodothyronine deiodinase (D1) as 
well as type 2 (D2). In humans, it was 
found that the thyroid gland expresses 
both D1 and D2(21). In Graves' thyroid tis-
sue, there is a high expression of D2 
which contribute to relatively high se-
rum T3 levels(22). On the other hand, 
there is leakage of thyroid hormone 

from the breakdown thyroid follicle cell 
in destructive thyroiditis. In some cases 
of thyroiditis, the radioactive iodine up-
take increases during the recovery 
phase and scintigraphy demonstrates 
increased activity leading to confusion 
with GD(23). So, patients in such phase 
were excluded from our study by ask-
ing their clinical history of interval de-
cline in symptoms. According to our 
findings, FT3/FT4 ratio was useful in dis-
tinguishing the etiology of thyrotoxico-
sis. In the current era of economic cri-
ses, cost effectiveness is one of the 
most important health management 
concerns. Patients with mild GD or 
where thyroid scintigraphy were una-
vailable or contraindicated, the ratio of 
FT3/FT4 represents a simple and practi-
cal alternative to assess the cause of 
thyrotoxicosis. The finding of the pre-
sent study is very helpful for both of pa-
tients and clinicians, in the settings of 
poor patient’s compliance and limited 
country resources. However, FT3/FT4 
ratio should be validated in other pop-
ulations, and, due to the limited num-
ber of patients in our study, there is a 
need for studies with more patients. 
Selection of the recruited patients from 
a single center is another limitation of 
this study. Also, this ratio should not be 
applied to hospitalized patients who 
have the possibility of low T3 levels 
from nonthyroidal illness. 

Conclusion 

FT3/FT4 ratio is useful for differentiat-
ing GD from destructive thyroiditis, 
with lower cost and hazards than thy-
roid scintigraphy. So, in the absence of 
thyroid scintigraphy and uptake or 
when these are contraindicated, the 
FT3/FT4 ratio may be used as an alter-
native method for distinguishing the 
etiology of thyrotoxicosis. 
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