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be observed more than before due to global population 
aging. Severe complications are more likely to occur in 
women than in men.
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Introduction

Adult-onset Still’s disease (AOSD), first described in 1971 
by Bywaters, is a systemic inflammatory disease with 
unknown etiology, which causes high-spiking fever, eva-
nescent rash, arthralgia, and lymphadenopathy [1, 2]. The 
diagnosis of AOSD is based on a constellation of symp-
toms, and Yamaguchi’s criteria are one of the most well-
known diagnostic criteria [2, 3]. Most patients are treated 
with steroid therapy and sometimes with immunosuppres-
sants. Recently, the efficacy of biological agents (i.e., IL-6 
antagonists and TNF-α blockers) for AOSD has been sup-
ported in many studies [1, 4].

This disease is relatively benign and not usually fatal 
according to the existing literature [1, 5–8]. However, 
AOSD can cause macrophage activation syndrome (MAS) 
and disseminated intravascular coagulation (DIC), both 
of which can be life-threatening [1, 9–11]. However, 
AOSD is a rare disease (the incidence is estimated to be 
0.16–0.4/100,000 persons) [1]. Therefore, there have not 
been many epidemiological studies conducted. Most of 
the existing studies were conducted with a small number 
of patients, which makes it difficult to determine the inci-
dence and characteristics of severe complications and the 
mortality rate. Indeed, there is no robust evidence regard-
ing the incidence of severe AOSD complications. AOSD 
affects young people, and sometimes life-threatening 
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complications occur; therefore, it is significant to ascertain 
the likelihood of complications in the clinical course.

The purpose of this study was to describe the demo-
graphics and mortality of AOSD and the incidence and 
characteristics of severe complications using a large Japa-
nese administrative database.

Methods

Data source

We used a large Japanese administrative database entitled 
“Diagnosis and Procedure Combination” (DPC). The DPC 
is a classification scheme consisting of 18 major diagnos-
tic categories, 507 diagnostic groups, and 2658 case-mix 
groups used for reimbursement of hospitalization costs in 
the per-diem payment system. The DPC data contained 
information regarding the inpatients during their hospi-
tal stay, including age, sex, main diagnosis, comorbidity, 
complications, medication, treatment procedures, and their 
prior admission history [12, 13]. The DPC database also 
have the information on the death whether it was related 
to the main disease or not, which the physician judged and 
input the data in fatal cases.

We used data obtained between July 1, 2010, and March 
31, 2012. In 2012, 1505 hospitals joined the DPC system, 
which covers 53.3  % of the hospital beds for acute in-
patient care in Japan. Of these hospitals, 1058 hospitals 
were included in this study dataset. All collected data were 
anonymous and impossible to link with any other informa-
tion that could identify patients; therefore, informed con-
sent was not obtained from the patients. Prior approval by 
the ethics committee of Tokyo Medical and Dental Univer-
sity was obtained for this study.

Patient selection

We identified patients who were admitted with AOSD as 
their main disease (International Classification of Dis-
eases (ICD)-10 code: M06.1) in the DPC database. MAS 
(D76.3) and DIC (D65) were defined as severe complica-
tions of AOSD; we included patients who were diagnosed 
with MAS or DIC as their main disease and recorded 
AOSD as comorbidity or complication. The patients who 
had both MAS and DIC were regarded as MAS patients. 
We selected the first admission of AOSD for each patient in 
the database.

To limit the AOSD patients to those who were actually 
examined and treated, we selected patients who under-
went imaging exams (at least one of contrast-enhanced 
computed tomography scan (enhanced CT), MRI, and any 
scintigraphy) and blood cultures during their hospital stay. 

Also, we only selected patients who took prednisolone 
(PSL) ≥20  mg/day or 0.5  mg/kg/day, which is described 
as a moderate initial dose in previous studies [1], and who 
stayed in the hospital for ≥4  days. The doses of other 
administered corticosteroids were converted to the equiva-
lent doses of PSL.

Exclusion

We excluded patients with uncertain diagnoses, described 
as “AOSD suspected,” and those with exacerbation or 
recurrence, described as “AOSD exacerbation” or “AOSD 
recurrence,” in the database. Yamaguchi’s criteria require 
AOSD to be distinguished from other collagen diseases 
and malignancies (i.e., rheumatoid vasculitis and malig-
nant lymphoma). Therefore, we excluded patients with 
the following disorders as comorbidities or complications: 
rheumatoid arthritis (M05.0–M05.9), polyarteritis nodosa 
(M30.0–30.8), vasculitis (M31.3–31.6), dermatomyosi-
tis (M33.0–33.9), progressive systemic sclerosis (M34.0–
34.9), systemic lupus erythematosus (M32.0–32.9), other 
systemic connective tissue diseases (M35.0–35.9), and any 
malignancy (C00–97).

Statistical analysis

Descriptive statistics were represented as means (SD) for 
continuous variables and as frequencies and percentages 
for categorical variables. We calculated the incidence of 
the severe complications (i.e., MAS and DIC) and in-hos-
pital mortality rate of AOSD patients with an exact 95 % 
CI. We also analyzed the incidence of severe complica-
tions and the mortality of men and women using univariate 
logistic regression analysis and then added the estimation 
of the odds ratio (OR) and 95 % CI by extended Mantel-
Haenszel estimate for adjusted age. In the Mantel-Haenszel 
estimate, patients were categorized into the following four 
age groups: 16–34, 35–54, 55–74 and ≥75 years due to the 
scarcity of AOSD.

Patients with missing values where we used to analyze 
were excluded from the analysis. A two-sided p value < .05 
was considered to be statistically significant. All statistical 
analyses were performed using STATA 13 (StataCorp LP, 
Texas, USA).

Results

During the two years and nine months period, we identi-
fied 513 patients with AOSD. The characteristics of the 
study participants are shown in Table  1. The mean (SD) 
age was 53.1 (19.6) years, and woman represented 64.1 %. 
The sex ratio was almost consistent throughout all age 
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groups except for the group aged ≥75  years, which had 
more women than the other groups. The age distribution of 
patients with AOSD revealed no distinct peak age (Fig. 1). 
The thirties and the sixties were relatively large age groups.

Severe complications

We observed 76 AOSD patients with severe complications 
(MAS, n = 51; DIC, n = 25) in this study (14.8, 95 % CI 
[11.9, 18.2]; Table 2). Of these patients, 52 patients under-
went bone marrow aspiration or biopsy (MAS, n  =  41; 
DIC, n = 11). Regarding the mortality, 8 out of 51 patients 
with MAS and 4 out of 25 patients with DIC died (15.7 % 
and 16.0 %, respectively). Women were more likely to have 
severe complications than men even after controlling for 
age (OR, 2.07; 95 % CI [1.14, 3.73]; p = 0.014). There was 
no significant difference observed in the test of homogene-
ity of ORs among age groups (p = 0.76). The incidence of 
severe complications among age groups was also not sig-
nificant (p = 0.19), even after separate analysis for men and 
women (p = 0.41 and p = 0.60, respectively). Patients with 
severe complications were more likely to die compared to 
patients without severe complications (p < 0.001).

In‑hospital mortality

There were 28 in-hospital deaths observed in this study. 
Of these, 16 deaths were related to AOSD (3.1, 95  % CI 
[1.8, 5.0]) and 12 deaths were unrelated (Table  2). Mor-
tality increased with age; only one death was reported in 
patients aged <35 years. Although the mortality in women 
was higher than in men, there was no statistical difference 
in mortality according to sex (p = 0.22).

Treatment

The drug combinations for AOSD patients during their first 
admission are listed in Table  3. In the present study, 336 
patients were treated with corticosteroids as a single agent 

therapy. Cyclosporine (12.1  %) and methotrexate (7.2  %) 
were common choices for treatment with immunosuppres-
sants. Biological agents were administered in 22 patients 
(4.3  %), though the use of any biological agents has not 
been officially approved for AOSD in Japan. Of these, the 
most-selected agent was tocilizumab (n = 19). 159 patients 
(31.0 %) were administered ≥500 mg/day of PSL, which 
was considered glucocorticoid pulse therapy.

Discussion

This epidemiological study of AOSD using Japan’s nation-
wide administrative database provides three significant 
findings that were not shown in previous studies due to lim-
itations in their sample sizes. First, there were many elderly 
AOSD patients in this study; about half of the patients were 
≥55  years old and approximately 16  % were ≥75  years 
old. Second, the incidence and in-hospital mortality of 
MAS and DIC in AOSD patients were described in this 

Table 1   Characteristics of adult-onset Still’s disease patients

AOSD adult-onset Still’s disease; DIC disseminated intravascular coagulation; MAS macrophage activation syndrome
†  Odds ratio and p value obtained using extended Mantel-Haenszel estimate between male and female adjusted for age groups
‡  Odds ratio and p value obtained using univariate logistic regression analysis

* Indicates statistical significance

Total Male Female OR　[95 % CI] p value

Number of patients 513 184 329

Mean age, years 53.1 ± 19.6 48.3 ± 18.3 55.9 ± 19.7

Severe complications (MAS or DIC)† 76 (MAS51, DIC25) 17 59 2.07 [1.14–3.73] 0.014*

Total deaths‡ 28 7 21 1.72 [0.72–4.14] 0.218

AOSD-related deaths‡ 16 5 11 1.24 [0.42–3.62] 0.696
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Fig. 1   Age distribution of adult-onset Still’s disease patients
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study. Third, we revealed that women were more likely to 
have MAS and DIC as complications of AOSD.

Age distribution

AOSD has been observed to affect young adults charac-
teristically, and those suffering from AOSD who are aged 
>60 years are rare [1, 4, 14, 15]. Contrary to previous stud-
ies, many elderly patients with AOSD were observed in our 
study. The mean age of patients in this study was older than 
in any previous study. The numerous elderly AOSD patients 
in our study could be explained by Japan’s aging population.

In the most recent Japanese epidemiological study by 
Asanuma in 2014, published prior to the current research, 
the mean age at the onset of AOSD was reported to be 
46 ± 19 years (Table 4), which was the second highest after 
our study [7]. The mean age at the onset in Asanuma’s study 

Table 2   Severe complications 
and in-hospital mortality

AOSD adult-onset Still’s disease; DIC disseminated intravascular coagulation; MAS macrophage activation 
syndrome

* p value obtained using the Chi-square test among age groups

Age groups Severe complications (MAS or DIC) In-hospital mortality

Total deaths AOSD-related deaths

16–34 15 1 1

35–54 24 5 3

55–74 19 7 5

≥75 18 15 7

Total 76 28 16

Incidence
[95 % CI]

14.8 %
[11.9–18.2]

5.5 %
[3.7–7.8]

3.1 %
[1.8–5.0]

p value* 0.192 <0.001 <0.001

Table 3   Treatment for adult-onset Still’s disease

GC glucocorticoid; CyA cyclosporine; MTX methotrexate; TAC tac-
rolimus; NSAIDs non-steroidal anti-inflammatory drugs; TCZ tocili-
zumab; TNF TNF-α inhibitor; PSL prednisolone

Therapy Number of cases (%)

GC only 336 (65.5)

GC + CyA 62 (12.1)

GC + MTX 37 (7.2)

GC + NSAIDs 33 (6.4)

GC + TCZ + others 19 (3.7)

GC + TAC 7 (1.4)

GC + MTX + TAC 6 (1.2)

GC + MTX + CyA 4 (0.8)

GC + TNF + others 3 (0.6)

Other therapy 6 (1.2)

(Pulse GC: PSL > 500 mg) (159) (31.0)

Table 4   Adult-onset Still’s disease epidemiological studies

a    Percentage at mid-year of survey period. Referred by OECD Health Statistics 2015

First author, year [Ref.] Country Number of cases Female, n (%) Mean or median age at onset Population aged ≥65 years  
(% of total)a

Survey year

Present study Japan 513 329 (64) 53 23.3 2010–2012

Kim 2014 [6] Korea 82 60 (73) 34 7.9 1992–2012

Asanuma [7] Japan 168 121 (72) 46 23.0 2010

Gerfaud-Valentin [1] France 57 30 (53) 36 16.3 1998–2010

Chen 2012 [15] China 61 32 (52) 30 7.4 1996–2010

Colina [18] Italy 76 44 (58) 36 17.2 1985–2009

Franchini [22] Italy 66 38 (58) 37 18.1 1991–2009

Zeng [20] China 61 45 (74) – – –

Pay 2006 [21] Turkey 95 50 (53) 27 5.3 1995–2005

Wakai [16] Japan 125 85 (68) 38 13.5 1993

Magadur-Joly [17] France 62 32 (52) 36 13.5 1985–1991

Ohta [5] Japan 90 60 (67) 32 11.2 1988
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(2014) was higher than in Wakai’s study (1997) or Ohta’s 
study (1990), all of which were conducted the same way in 
Japan (46, 38 and 32 years, respectively; Table 4) [5, 7, 16]. 
Between the year of Asanuma’s study and that of Ohta’s 
study, the population aged ≥65 years in Japan had increased 
from 11.2 to 23.0  %. The mean ages and percentages of 
the population aged ≥65  years in other studies presented 
in Table  4 were also lower than in both the present study 
and Asanuma’s study. Therefore, the higher mean age at the 
onset can be derived from the increased number of elderly 
AOSD patients due to population aging. The reason that the 
mean age in our study was higher than in Asanuma’s study 
might be because the mean age of our study was not exactly 
the one at onset. The age in our study was the one as of first 
admission. Since we selected the patients under certain con-
ditions as described above, they were likely to be at onset 
but still have the possibility of unrecorded recurrence.

We also inferred that the age distribution in our study 
could be derived from the composition of reference popu-
lation because the age distribution seems to be compatible 
with Japan’s demographic pyramid. Some prior studies 
reported the age distribution of AOSD, which was different 
in each study [17, 18]. It is likely that they were influenced 
by the reference population compositions.

Population aging in other countries is not as profound as 
in Japan; therefore, it is possible that elderly AOSD patients 
are not well-represented in research studies conducted in 
settings other than Japan. However, many countries are 
experiencing an increase in population aging, which could 
possibly lead to an increase in the number of elderly AOSD 
patients—similar to the situation in Japan.

Sex ratio

In our study, the number of women was 1.8 times that of 
men, which was consistent with prior Japanese, Korean, 
and Chinese studies [5–7, 16, 19, 20]. In some stud-
ies from other regions, it was also revealed that there are 
more women with AOSD than men, but not to the extent 
described in our study [18, 21–23]. There are only a few 
epidemiological research studies that indicate a male domi-
nance in the number of AOSD patients; therefore, it is 
possible that AOSD is female dominant. However, greater 
female dominance based on sex ratios was likely to be 
observed in studies conducted in Asian countries compared 
to those in non-Asian countries [6, 7, 20]. Further research 
concerning ethnic differences between Asian and non-
Asian countries is needed.

Severe complications and mortality

We demonstrated the incidence of MAS in AOSD patients 
(51/513, 9.9  %) based on the large samples with solid 

diagnosis procedure (bone marrow aspiration or biopsy) 
in most of the cases. The incidence in prior studies were 
7.3–14.0 %, and our result was consistent [1, 6, 7]. Regard-
ing the mortality of MAS in AOSD, there are few studies 
demonstrating that because of the rarity. In our study, the 
mortality of 51 patients with MAS was 15.7 %, but Lenert 
(2016) recently reported that all 7 of their AOSD patients 
with MAS survived in their retrospective research [24]. 
This could be due to the differences in hospital variations 
and treatments. While Lenert’s research was conducted in 
a single tertiary hospital, our study included various hospi-
tals all over Japan. Moreover, while 5 of 7 patients received 
anakinra (Interleukin-1 receptor antagonist) in Lenert’s 
research, only one MAS patient received a biological agent 
in our study; this is because the use of biological agents for 
AOSD has not been officially approved in Japan. Future 
expansion of biological agent usage is expected to improve 
mortality in AOSD patients with severe complications.

While the incidence of DIC (4.9 %) in our research was 
close to Asanuma’s report (6.3  %), other studies reported 
around 1–3 % [18, 23, 25]. This might be due to the diag-
nosis criteria of DIC. Regarding the diagnosis of DIC, the 
International Society for Thrombosis and Haemostasis 
(ISTH) published a scoring system for identifying overt 
DIC that is globally used. However, there are two other 
diagnosis criteria published by the Japanese Association 
for Acute Medicine and the Ministry of Health and Wel-
fare that are more prevalent in Japan [26]. Since they have 
higher sensitivity and tend to be applied even for non-overt 
and non-sepsis DIC, DIC could be diagnosed more fre-
quently in Japan. Thus, our research has the possibility of 
including a wider range of DIC patients than other coun-
tries’ studies.

Regarding severe complications, female patients were 
twice as likely as male patients to have MAS or DIC in the 
present study. The mortality in women was also higher than 
in men. However, the mortality between men and women 
was not significantly different in the statistical test. This 
might be due to the lack of statistical power. Overall, we 
can infer that AOSD is a disease that is more likely to be 
severe in women than in men. This finding is supported by 
Lenert’s study, which found that 6 out of 7 patients with 
MAS were female [24].

Limitations

There were some limitations in this study. First, while we 
selected patients who had AOSD as their main disease, as 
indicated by the ICD-10 code, the DPC database does not 
include clinical information regarding typical symptoms 
(i.e., arthritis, rash, and lymphadenopathy) or laboratory 
data (i.e., CRP and ferritin levels). Therefore, there is some 
possibility of the misdiagnosis or miscoding of the patients.
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However, we screened AOSD patients by checking the 
use of diagnostic imaging examinations (enhanced CT, 
MRI, or scintigraphy), blood cultures, and the doses of 
PSL, and we also excluded suspected patients and patients 
with other collagen diseases and malignancies. The use of 
imaging exams suggests physicians’ work-up for malig-
nancy, such as lymphoma, and the blood cultures indicate 
physicians’ work-up for bacterial infection. Corticosteroid 
therapy for AOSD implies that the physicians excluded 
infectious diseases and confirmed the diagnosis based on 
the criteria. As the diagnostic criteria of AOSD currently 
prevail, it is less likely that the physicians would not exam-
ine the typical symptoms in their diagnosing process. Fur-
thermore, the variations and proportions of the therapy 
were similar to Asanuma’s study, which was conducted 
based on clinical information and contained a more accu-
rate diagnosis of AOSD compared to our study. The con-
sistency of the treatment pattern in Asanuma’s study sup-
ports the maintenance of diagnosis accuracy in the present 
study.

Second, since we selected the patients by implementa-
tion of diagnostic tests, dose of corticosteroid and length of 
hospital stay in the database, there is a selection bias due to 
these criteria. Therefore, the application of our findings is 
limited to the AOSD patients under the same condition.

Third, the DPC database could not trace admissions to 
different hospitals in each patient. Therefore, while we 
selected only the first admission cases in this study, there 
is still possibility that some of patients had previous history 
of admission for AOSD in other hospitals. Furthermore, we 
could not follow the clinical course in outpatient clinics 
after discharge because the database only provided in-hos-
pital data during the study period. The post-discharge pres-
ence of cancer or other collagen diseases could not be also 
detected. Therefore, further research is necessary to evalu-
ate the clinical courses according to sex and age groups.

Finally, the population of our study was mostly Japa-
nese. Prior research conducted in non-Asian countries 
was not as female dominant, based on the sex ratio, as our 
study. Therefore, further research is needed to examine eth-
nic differences in AOSD patients.

Conclusion

AOSD does not predominantly affect young adults in our 
study population. Elderly AOSD patients can be observed 
more commonly due to population aging. We were also 
able to show that severe complications are more likely to 
occur in women than in men.
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