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Differences in Clinical and Laboratory Findings Among
Graves’ Disease, Painless Thyroiditis and Subacute
Thyroiditis Patients With Hyperthyroidism
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Abstract
Background: Graves’ disease, painless thyroiditis and subacute thyroiditis are important in the differential diagnosis for hyperthyroidism
in Japan.
Methods: We retrospectively picked up patients who had been diagnosed as having hyperthyroidism, at National Center for Global
Health and Medicine Kohnodai Hospital, between January 2010 and
October 2018. According to the guideline for diagnosis of Graves’
disease, painless thyroiditis and subacute thyroiditis presented by the
Japan Thyroid Association, we diagnosed patients as having such diseases. We obtained clinical and laboratory data by using electronic
medical records and database after showing the opt-out.
Results: Among 91 patients who showed hyperthyroidism, we found
74 patients with Graves’ disease including thyroid storm (n = 5),
and seven with painless thyroiditis and 10 with subacute thyroiditis.
Graves’ disease patients included a significantly higher percentage
of female patients than painless thyroiditis and subacute thyroiditis
patients. Serum free triiodothyronine (FT3) level in Graves’ disease
patients was significantly higher than that in painless thyroiditis and
subacute thyroiditis patients. Serum free thyroxine (FT4) level and
the ratio of FT3 to FT4 were significantly higher in Graves’ disease
than in painless thyroiditis. The levels of thyroid autoantibodies were
significantly higher in Graves’ disease than in other two diseases. Our
study showed an increase of white blood cells (WBCs) and percentage of neutrophil in WBC together with a decrease of percentages of
lymphocyte and eosinophil in subacute thyroiditis as compared with
Graves’ disease and painless thyroiditis. Serum albumin level was
significantly lower in subacute thyroiditis patients than in Graves’
disease patients. Serum C-reactive protein (CRP) level was significantly higher in subacute thyroiditis patients than in Graves’ disease
patients.
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Conclusions: Present study elucidated characteristic clinical and laboratory findings for patients with Graves’ disease, painless thyroiditis
and subacute thyroiditis who showed hyperthyroidism.
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Introduction
Hyperthyroidism is a pathological disorder in which excess thyroid hormone is synthesized and secreted by the thyroid gland,
and is characterized by low serum thyroid stimulating hormone (TSH) level and elevated serum levels of free thyroxine
(FT4), free triiodothyronine (FT3), or both [1]. The prevalence
of overt hyperthyroidism is 0.5-0.8% in Europe [2], and 0.5%
in the USA [3]. The most common cause of hyperthyroidism
in iodine-sufficient areas is Graves’ disease, and the cause of
Graves’ disease is thought to be multifactorial, arising from the
loss of immunotolerance and the development of autoantibodies that stimulate thyroid follicular cells by binding to the TSH
receptor [1]. Although in iodine-sufficient areas about 80% of
patients with hyperthyroidism have Graves’ disease, Plummer’s
disease (toxic multinodular goiter and hyperfunctioning thyroid
nodule) accounts for 50% of all cases of hyperthyroidism in
iodine-deficient areas [4]. In iodine deficient areas, chronic
stimulation by TSH causes multinodular autonomous growth
and function, leading to hyperthyroidism in middle-aged and
elderly subjects. Incidence of Plummer’s disease including
toxic multinodular goiter in Japan is very low, accounting for
0.3% of all thyrotoxic patients [5]. Therefore, Graves’ disease,
painless thyroiditis and subacute thyroiditis are important in the
differential diagnosis for hyperthyroidism in Japan.

Materials and Methods
Study population
We retrospectively picked up patients who had been diagnosed
as having Graves’ disease, painless thyroiditis and subacute
thyroiditis who showed hyperthyroidism, at National Center
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Table 1. Clinical Differences Among Patients With Graves’ Disease, Painless Thyroiditis and Subacute Thyroiditis
Graves’ disease
Age (years)

Painless thyroiditis

Subacute thyroiditis

n

Values

n

Values

n

Values

69

49.0 ± 18.0

7

46.9 ± 21.5

10

53.6 ± 17.3

Sex (female, n (%))

69

55 (79.7%)

7

5 (71.4%)*

10

3 (30%)*

Body temperature (°C)

35

36.7 ± 0.4

7

37.0 ± 0.5

8

37.1 ± 0.8

Pulse rate (beats/min)

49

102.7 ± 17.6

6

91.5 ± 15.1

9

96.0 ± 21.6

Values except for sex indicate mean ± SD. *P < 0.001 versus patients with Graves’ disease and painless thyroiditis.

for Global Health and Medicine Kohnodai Hospital, between
January 2010 and October 2018. According to the guideline
for diagnosis of Graves’ disease, painless thyroiditis and subacute thyroiditis presented by the Japan Thyroid Association, we
diagnosed patients as having such diseases. Briefly, we diagnosed patients as having Graves’ disease by observing signs
of thyrotoxicosis, elevation in serum FT4 and FT3 levels, suppression of TSH and positive for anti-TSH receptor antibody
(TRAb). Such a patient shall be probably said to have Graves’
disease by this guideline. The guideline for diagnosis of painless thyroiditis includes thyrotoxicosis without pain of the thyroid gland and spontaneous improvement of thyrotoxicosis,
elevation of serum FT4, suppression of TSH and negative for
TRAb. A patient showing such findings shall be said probably
to have painless thyroiditis by the guideline. The guideline for
diagnosis of subacute thyroiditis includes a swelling with pain
and tenderness in the thyroid gland, elevation of C-reactive protein (CRP), elevation of serum FT4 and suppression of TSH. A
patient showing such findings shall be said probably to have
subacute thyroiditis. The TRAb had been measured by using
the first-, second-, and third-generation TRAb measurement
methods between January 2010 and October 2018 in our hospital. Since thyroid storm is a very specific pathological condition, we excluded thyroid storm patients from Graves’ disease
patients when we compared characteristics among patients with
Graves’ disease, painless thyroiditis and subacute thyroiditis.
We obtained clinical and laboratory data by using electronic medical records and database after showing the opt-out.
Statistical analysis
Statistical analyses were performed by using SPSS version 23
(IBM Co., Ltd, Chicago, IL, USA). All values are expressed
as the mean ± standard deviation except for sex. We performed
the t-test in the comparison among patients with Graves’ disease, painless thyroiditis and subacute thyroiditis. P value of <
0.05 was considered statistically significant.
Ethics statement
Because this study was a retrospective cross-sectional observational study, the opt-out method was adopted. The study
protocol was approved by the Ethics Committee of the National Center for Global Health and Medicine (NCGMG-003120-00), and the study was performed in accordance
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with the Declaration of Helsinki.

Results
Among 91 patients who showed hyperthyroidism, we found 74
Graves’ disease (81.3%), seven painless thyroiditis (7.7%) and
10 subacute thyroiditis patients (11.0%). In patients with Graves’
disease, we found five patients complicated with thyroid storm.
Clinical differences among Graves’ disease, painless thyroiditis and subacute thyroiditis patients
Clinical differences among Graves’ disease, painless thyroiditis and subacute thyroiditis patients were shown in Table 1.
There were no significant differences in age, body temperature
and pulse rate among such diseases. Graves’ disease patients
included a significantly higher percentage of female patients
than painless thyroiditis and subacute thyroiditis patients.
Differences in TSH, thyroid hormones and thyroid autoantibodies among Graves’ disease, painless thyroiditis and
subacute thyroiditis patients
Differences in TSH, thyroid hormones and thyroid autoantibodies among Graves’ disease, painless thyroiditis and subacute thyroiditis patients were shown in Table 2. There was
no significant difference in TSH level among such diseases.
Serum FT3 level in Graves’ disease patients was significantly
higher than that in painless thyroiditis and subacute thyroiditis
patients. Serum FT4 level and the ratio of FT3 to FT4 were
significantly higher in Graves’ disease than in painless thyroiditis. The third-generation TRAb and anti-thyroid peroxidase
antibody (TPO-Ab) levels were significantly higher in Graves’
disease than in other two diseases. Anti-thyroglobulin antibody (Tg-Ab) level in Graves’ disease was significantly higher
than that in subacute thyroiditis.
Differences in white blood cell (WBC) fractions among
Graves’ disease, painless thyroiditis and subacute thyroiditis
patients
Differences in WBC fractions among Graves’ disease, pain-
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Table 2. Differences in TSH, Thyroid Hormones and Thyroid Autoantibodies Among Patients With Graves’ Disease, Painless Thyroiditis and Subacute Thyroiditis
Graves’ disease
TSH (µSH/mL)

Painless thyroiditis

Subacute thyroiditis

n

Values

n

Values

n

Values

69

0.03 ± 0.01

7

0.06 ± 0.09

10

0.03 ± 0.03

Free T3 (pg/mL)

61

14.0 ± 8.0

6

4.5 ± 1.3*

9

8.6 ± 3.3*

Free T4 (µr/dL)

69

3.7 ± 1.9

7

1.7 ± 0.4*

10

2.9 ± 0.9

Free T3/Free T4

61

3.6 ± 0.7

6

2.7 ± 0.4*

9

3.1 ± 0.8

Third-generation TRAb (IU/L)

37

16.2 ± 11.9

5

0.2 ± 0.3*

5

0.6 ± 0.2*

TPO-Ab (IU/mL)

53

151.6 ± 199.2

7

8.3 ± 3.2*

9

9.7 ± 4.5*

Tg-Ab (IU/mL)

51

207.4 ± 257.3

7

316.3 ± 196.9

9

14.1 ± 3.4*

Values indicate mean ± SD. Tg-Ab: thyroglobulin antibody; TPO-Ab: thyroid peroxidase antibody; TRAb: TSH receptor antibody; TSH: thyroidstimulating hormone; T3: triiodothyronine; T4: thyroxine. *P ≤ 0.001 versus patients with Graves’ disease.

perthyroidism. Although the measurement of TRAb is very
crucial for differential diagnosis for hyperthyroidism and confirmation for diagnosis of Graves’ disease, understanding of
clinical and laboratory characteristic findings for Graves’ disease, painless thyroiditis and subacute thyroiditis patients may
lead us to prompt and valid diagnosis.
In present study, the incidence of subacute thyroiditis in
female patients was significantly and remarkably lower than
that of Graves’ disease and painless thyroiditis, and the ratio
of women to men was 0.4. In Europe, all subacute thyroiditis
patients were female in Austria [6], and the ratio of women
to men was 3.2 in Italy [7]. In USA, the ratio of women to
men was 3.5 and 6.7 in Minnesota and Hawaii, respectively [8,
9]. In Asia, the ratio of women to men was 14 and 4 in India
and Saudi Arabia, respectively [10, 11]. In Japan, the ratio of
women to men was 6, 4 and 7 in 1970s, 1980s and 1996-2004,
respectively [12-14]. The incidence of subacute thyroiditis
in women varied widely by region and time, which may be
explained by the association of development of subacute thyroiditis with various bacterial and viral infections [15-21]. Seasonal changes of the incidence of subacute thyroiditis support
our hypothesis [7].
Present study showed that thyroid hormone, especially
FT3, was remarkable elevated in Graves’ disease. Furthermore, we found that TPO-Ab was increased in Graves’ disease, in addition to TRAb. The guideline for diagnosis for
Graves’ disease presented by the Japan Thyroid Association

less thyroiditis and subacute thyroiditis patients were shown in
Table 3. WBC count was significantly higher in subacute thyroiditis than in Graves’ disease. The percentage of neutrophil
among WBC was significantly higher in subacute thyroiditis
patients than in Graves’ disease patients. Furthermore, the percentages of lymphocyte and eosinophil in subacute thyroiditis
were significantly lower than those in Graves’ disease.
Biochemical differences among Graves’ disease, painless
thyroiditis and subacute thyroiditis patients
Biochemical differences among Graves’ disease, painless thyroiditis and subacute thyroiditis patients were shown in Table
4. Serum albumin level was significantly lower in subacute
thyroiditis than in Graves’ disease. Serum levels of alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) were
significantly higher in Graves’ disease than in painless thyroiditis. Serum creatinine level was significantly lower in Graves’
disease than in painless thyroiditis. Serum CRP level was significantly higher in subacute thyroiditis than in Graves’ disease.

Discussion
In Japan, Graves’ disease, painless thyroiditis and subacute
thyroiditis are important in the differential diagnosis of hy-

Table 3. Differences in White Blood Cell Counts and Fractions Among Patients With Graves’ Disease, Painless Thyroiditis and
Subacute Thyroiditis
Graves’ disease

Painless thyroiditis

Subacute thyroiditis

n

Values

n

Values

n

Values

White blood cells (/µL)

66

5,527.3 ± 1,780.4

7

6,385.7 ± 3,913.0

10

9,780.0 ± 4,013.3*

Neutrophils (%)

56

52.6 ± 12.6

6

64.4 ± 14.6

7

69.3 ± 11.7*

Lymphocytes (%)

56

36.7 ± 10.8

6

27.2 ± 13.3

7

22.8 ± 11.7*

Monocytes (%)

56

7.7 ± 2.5

6

6.3 ± 2.2

7

6.6 ± 2.1

Eosinophils (%)

56

2.9 ± 2.6

6

1.7 ± 1.5

7

1.2 ± 1.2*

Values indicate mean ± SD. *P < 0.05 versus patients with Graves’ disease.
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Table 4. Biochemical Differences Among Patients With Graves’ Disease, Painless Thyroiditis and Subacute Thyroiditis
Graves’ disease
Albumin (g/dL)

Painless thyroiditis

Subacute thyroiditis

n

Values

n

Values

n

Values

61

4.1 ± 0.5

6

4.2 ± 0.4

9

3.7 ± 0.4*

Aspartate transaminase (U/L)

69

27.3 ± 16.5

7

23.9 ± 7.4

10

25.9 ± 9.1

Alanine aminotransferase (U/L)

69

34.6 ± 28.0

7

23.0 ± 7.4*

10

40.0 ± 19.0

Alkaline phosphatase (U/L)

57

367.2 ± 154.6

4

225.0 ± 56.8*

7

320.7 ± 108.2

Gamma-glutamyl transpeptidase (U/L)

57

36.8 ± 34.5

3

30.0 ± 5.3

8

72.6 ± 75.8

Creatine kinase (U/L)

55

66.4 ± 50.2

5

74.0 ± 26.2

9

73.8 ± 44.9

Total bilirubin (mg/dL)

52

0.7 ± 0.5

5

0.6 ± 0.2

3

0.6 ± 0.1

Triglyceride (mg/dL)

49

105.0 ± 57.0

4

105.8 ± 39.9

7

129.4 ± 79.5

High-density lipoprotein cholesterol (mg/dL)

43

52.9 ± 10.8

4

52.8 ± 8.5

7

43.3 ± 13.6

Low-density lipoprotein cholesterol (mg/dL)

47

83.3 ± 27.7

4

88.3 ± 17.0

7

81.6 ± 24.4

Blood urea nitrogen (mg/dL)

69

14.9 ± 5.0

7

12.4 ± 6.1

9

16.1 ± 13.6

Creatinine (mg/dL)

69

0.5 ± 0.2

7

0.6 ± 0.2*

10

0.7 ± 0.3

Uric acid (mg/dL)

53

5.3 ± 1.5

3

5.7 ± 1.1

8

5.5 ± 1.8

Plasma glucose (mg/dL)

58

114.7 ± 26.9

5

115.0 ± 27.5

6

127.8 ± 21.3

B-type natriuretic peptide (pg/mL)

28

87.4 ± 109.8

4

61.6 ± 91.1

2

26.1 ± 27.8

C-reactive protein (mg/dL)

52

0.2 ± 0.4

6

2.4 ± 4.8

10

4.8 ± 4.0*

Values indicate mean ± SD. *P < 0.05 versus patients with Graves’ disease.

shows that the FT3/FT4 ratio is helpful to exclude painless
thyroiditis, which was also observed in our study, supporting
a significance of the FT3/FT4 ratio for differentiation between
Graves’ disease and painless thyroiditis. Hyperthyroidism is
an excessive level of thyroid hormones caused by increased
synthesis of thyroid hormones, excessive release of preformed
thyroid hormones, or an endogenous or exogenous extrathyroidal source. The most common causes of an excessive production of thyroid hormones are Graves’ disease, toxic multinodular goiter, and toxic adenoma. The most common cause of
an excessive passive release of thyroid hormones is painless
thyroiditis [22]. Higher value of the FT3/FT4 ratio may indicate an excessive production of thyroid hormones, and lower
value of the FT3/FT4 ratio may indicate excessive release of
preformed thyroid hormones.
In our study, WBC count was significantly higher in
subacute thyroiditis than in Graves’ disease. The percentage
of neutrophil among WBC was significantly higher in subacute thyroiditis than in Graves’ disease, and the percentages
of lymphocyte and eosinophil in subacute thyroiditis were significantly lower than those in Graves’ disease. The guideline
for diagnosis of subacute thyroiditis presented by the Japan
Thyroid Association shows that patients often have preceding episodes of upper respiratory inflammation and high fever.
Further, a significant association between subacute thyroiditis and infection has been reported [15-21]. Steroid levels increase immediately after stress such as infection in response
to the stimulation of corticotropin-releasing hormone secretion
by various cytokines [23]. Steroid causes neutrophilic leukocytosis together with eosinopenia and lymphocytopenia [24].
Hematological changes observed in subacute thyroiditis may
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be induced by excess steroid release due to increased inflammatory cytokines by infection. High fever is commonly observed in patients with thyroid storm. Remarkably high levels of FT3 (24.1 ± 6.0 pg/mL), FT4 (7.1 ± 1.8 g/dL) and the
third-generation TRAb (> 30 IU/L) in thyroid storm can make
us distinguish between thyroid storm and subacute thyroiditis
(FT3, 8.6 ± 3.3 pg/mL; FT4, 2.9 ± 0.9 g/dL) [25]. Interestingly,
serum CRP level was higher in subacute thyroiditis (4.8 ± 4.0
mg/dL) than in thyroid storm (2.2 ± 1.1 mg/dL) [25].
Serum ALP level in Graves’ disease was significantly
higher than in painless thyroiditis. This may reflect an increased bone and mineral metabolism due to hyperthyroidism
[26, 27]. Serum CRP level was significantly higher in subacute
thyroiditis than in Graves’ disease, which is consistent with
that elevation of CRP is included in the guideline of diagnosis
for subacute thyroiditis by the Japan Thyroid Association. Further, serum albumin level was significantly lower in subacute
thyroiditis than in Graves’ disease. Lower serum albumin level
may be induced by stronger inflammation in subacute thyroiditis [28].
Present study has some limitations. First, the number of
studied subjects was small. Second, since this study was retrospective and based on medical charts, lack of data might influence the results. Third, elevated radioactive iodine uptake to
the thyroid gland, decreased radioactive iodine uptake to the
thyroid gland, and hypoechoic lesion at a painful portion of
the thyroid gland confirmed by ultrasonography were included in the guideline for diagnosis of Graves’ disease, painless
thyroiditis and subacute thyroiditis, respectively. We did not
use such diagnostic imaging modalities in diagnosis of these
diseases. A more detailed prospective study including a larger
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number of patients is recommended.

5.

Conclusions
Present study elucidated characteristic clinical and laboratory
findings for patients with Graves’ disease, painless thyroiditis
and subacute thyroiditis who showed hyperthyroidism.
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