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Introduction
Numerous studies in the US and Western countries have 

demonstrated that excessive mortality associated with Rheumatoid 
Arthritis (RA) is mainly related to cardiovascular death [1,2]. Since 
most studies of mortality due to RA from Japan are relatively small, it 
is not clear whether cardiovascular death is common in Japanese with 
RA [3,4]. 

AA-amyloidosis is caused by sustained elevation of serum amyloid 
A and prolonged inflammation. Although AA-amyloidosis used to 
be a major cause of death in patients with RA, the incidence of this 
complication seems to have declined recently [4,5]. Widespread use 
of Methotrexate (MTX) and the appearance of biologics have changed 
the treatment of RA. Consequently, complete control of inflammation 
in RA is becoming more realistic, thereby affecting mortality, causes 
of death, and complications (e.g., amyloidosis) in RA patients [6,7]. 
In support of this hypothesis, recent reports have shown improved 
survival in RA patients treated with MTX or biologics [8]. 

Diagnosis of AA-amyloidosis requires histological demonstration 
of AA-amyloid deposition. However, this requirement could lead to an 
underestimation of AA-amyloidosis among RA population since most 
studies on RA mortality used causes of death on the death certificate to 
identify death cause. Toyoshima et al. [9] reported the causes of death 
in autopsied Japanese RA patients during 1980’s and found increased 
mortality by infection, respiratory diseases and AA-amyloidosis 
secondary to RA. In this study, we investigated the causes of death in 
patients with RA at death (RA patients) autopsied during 2000–2004 
in Japan and compared our results to the previous ones. By using data 
from autopsied patients throughout Japan, mortality due to RA could 
be studied on a large scale and from a pathological point of view. 

Materials and Methods
Data source

The “Annual of the Pathological Autopsy Cases in Japan” is 
published by the Japanese Society of Pathology every year and contains 
records of almost all autopsies performed in Japan by the members 
of the Japanese Society of Pathology. Data include age at death, 
gender, clinical diagnoses, and pathological diagnoses of each case. 
Postmortem examinations were carried out by specialists of pathology 
approved by the Japanese Society of Pathology, following standard 
processes of the society. These standard processes have been made in 
reference to WHO rules for assessing underlying cause of death. We 
extracted all data from records of patients clinically or pathologically 
diagnosed with RA during the 2000-2004 time periods. No information 
was available on whether the RA in each case fulfilled revised American 
College of Rheumatology (ACR) criteria for RA and what treatment 
for RA was received [10]. This study was approved by the Institutional 
Review Board of Tokyo Women’s Medical University. 

Causes of death

Causes of death included RA itself, AA-amyloidosis, respiratory 
disease (interstitial lung disease [ILD] and others), infection 
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Abstract
Objective: To investigate causes of death in Japanese patients with Rheumatoid Arthritis (RA) and whether 

recent RA treatment has been associated with a decrease in AA-amyloidosis among RA patients.

Methods: Data from records of RA patients autopsied in Japan during 2000-2004 and 1985-1989 were analyzed.
Cause of death, age at death, gender, and incidence of amyloidosis were assessed.

Results: The average age at death in the recent RA group was 69.1 years in 817 females and 70.1 years in 
408 males. Unlike the general population, RA females died earlier than males. In the past 15 years, a survival rate 
of RA patients has improved. The leading cause of death of recently diagnosed RA patients was infection (32.8%), 
respiratory diseases (20.2%), and AA-amyloidosis (11.3%). In comparison with patients surveyed in 1985-1989 this 
represents an increase in deaths from infection and respiratory diseases, a decrease in deaths from RA itself and 
renal diseases, and no change in deaths from AA-amyloidosis. In RA, more males died of interstitial lung disease 
(odds 2.94) and more females died from AA-amyloidosis (odds 3.52).

Conclusion: Cause of death is significantly different in RA patients compared to the general population. Although 
outcomes of RA patients have been improving, the incidence of AA-amyloidosis remains high in Japan.
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(sepsis, respiratory infection, and others), malignancies (malignant 
lymphoma and others), cardiovascular disease, cerebrovascular 
disease, gastrointestinal disease (GI; gastrointestinal ulcers and 
others), renal disease, etc. A death caused by RA was defined as death 
from rheumatoid vasculitis or from articular complications such as 
atlantoaxial subluxation or cricoarytenoid arthritis. When a patient 
with ILD died from respiratory infection, the main cause of death was 
classified as ILD. Death due to failure of organs that were positive for 
amyloid deposition was classified as death from amyloidosis. The main 
pathological diagnosis was usually the main cause of death; however, 
in some cases where cause of death was not clearly written, the main 
cause of death was decided by two of the investigators (MK and CT) in 
discussion with other authors. 

Differences in the main cause of death, age at death, gender, 
and AA-amyloidosis occurrence in autopsied patients with RA were 
compared between two periods, 2000-2004 and 1985-1989 [9]. We 
selected these time periods to see the effect of changes in drug therapy. 

Statistical analysis

Patients’ data (i.e., data from males, females, and all patients) are 
expressed as mean ± SD. Differences in the frequency of death due to 
RA or its complications were compared between periods (2000-2004 
and 1985-1989) and genders using the chi-square test. Differences in 
age at death were analyzed using a t-test. Differences were considered 
significant if the p value was less than 0. 05. 

Results
During 2000-2004, there were a total of 126,437 autopsied patients. 

During the same period, a total of 4,958,000 Japanese died and therefore 
the autopsied patients in this study represented 2.5% of all deaths in 
this study period. The male-to-female ratio in autopsied patients was 
1.84. A total of 1225 patients (408 males and 817 females) with RA were 
identified. RA was found in 0.50% and 1.84% of autopsied males and 
females, respectively. The adjusted male-to-female ratio of autopsied 
patients with RA was 3.7, considering the male-to-female ratio of all 
autopsies as 1.0. Mean age at death is shown for RA patients in Table 
1A. Between 1985-1989 and 2000-2004, mean lifespan was extended 
for patients with RA (by 3.6 years in males and 4.5 years in female). Of 
note, and in contrast to observations in the general population, survival 
was significantly shorter in females with RA than males with RA. AA-
Amyloidosis was the third most frequent cause of death (11.3%) in RA 
patients (2000-2004; 4.7% in males and 14.7% in females). Pathological 
deposition of AA-amyloid was shown in 26.3% of RA patients (2000-
2004; 32.1% in females with RA and 14.7% in males with RA). The 
mean lifespan of patients with RA (2000-2004) either associated or 
not associated with AA-amyloid deposition was 67.3 ± 9.8 years and 
70.1 ± 9.5 years, respectively. Having pathological AA-amyloidosis 
significantly shortened the lifespan of both genders with RA, even 
though the main cause of death was not necessarily AA-amyloidosis 
(Table 1B). The lifespan of patients who had AA-amyloid deposition 
without dying from AA-amyloidosis was shorter than that of patients 
who died from AA-amyloidosis. 

Table 2 shows the causes of death in autopsied patients with RA 

during the two periods. During both periods, infection and respiratory 
diseases were, respectively, the first and second most common causes 
of death. AA-amyloidosis was the fourth and third most common 
cause of death in 1985-1989 and 2000-2004, respectively. Death from 
rheumatoid articular lesions and rheumatoid vasculitis decreased 
significantly during the 15 years between survey periods. On the other 
hand, death due to infection (especially sepsis and respiratory infection) 
and due to ILD increased significantly. Death due to amyloidosis 
decreased from 12.5% to 11.3% but not significantly. Cardiovascular 
death increased and cerebrovascular death decreased similarly in both 
the RA and general populations (data not shown). 

Gender differences in the cause of death in RA patients during 
2000-2004 are shown in Table 3. The leading cause of death in males 
and females was infection. Respiratory disease, especially ILD, was 
the second most common cause of death in males and the third most 
common cause of death in females. On the other hand, amyloidosis was 
second for females and sixth for males. Thus, ILD was prevalent among 
males, while amyloidosis was prevalent among females. The mean age 
at death caused by RA itself was significantly lower in females. Death 
due to respiratory infection tended to occur in older RA patients, while 
death due to cerebrovascular disease and AA-amyloidosis occurred in 
younger female RA patients. 

Discussion
In this study, mortality in a nationwide group of RA patients 

Age at death Autopsied cases with RA during
1985-89
(N=1246)

2000-04
(N=1225)

Difference

Males, mean ± SD, years 66.5 70.1 ± 9.3 3.6
Females, mean ± SD, years 64.6 69.1 ± 9.8 4.5

Table 1A: Age at death in autopsied patients with RA in Japan.

Age at death
With amyloidosis Without amyloidosis p

No. Mean ± SD No. Mean ± SD
Total RA 322 67.3 ± 9.8 903 70.1 ± 9.5 <0.0001
Male RA 61 67.5 ± 9.9 347 70.5 ± 9.2 0.025
Female RA 261 67.2 ± 9.8 556 70.0 ± 9.7 0.0002

Table 1B: Age at death of autopsied RA patients with and without AA-amyloidosis.

Cause of death Cases during 
1985-89

Cases during 
2000-04

Current/previous

No. (%) No. (%) OR P
Total 1246* (100.0) 1225 (100.0)
RA** 173 (13.9) 17 (1.4) 0.09 <0.0001
Articular 124 (10.0) 4 (0.3) 0.03 <0.0001
Vasculitis 49 (3.9) 13 (1.1) 0.26 <0.0001
Amyloidosis 156 (12.5) 139 (11.3) 0.89 NS
Respiratory 218 (17.5) 247 (20.2) 1.19 NS
ILD 166 (13.3) 199 (16.2) 1.26 0.04
Others 52 (4.2) 48 (3.9) 0.94 NS
Infection 331 (26.6) 402 (32.8) 1.35 0.0007
Sepsis 52 (4.2) 93 (7.6) 1.89 0.0003
Respiratory 204 (16.4) 251 (20.5) 1.31 0.008
Others 75 (6.0) 58 (4.7) 0.75 NS
Lymphoma - - 19 (1.6) - -
Others - - 79 (6.4) - -
Cardiovascular 104 (8.3) 128 (10.4) 1.28 0.07
Cerebrovascular 44 (3.5) 30 (2.4) 0.69 NS
Digestive 92 (7.4) 121 (9.9) 1.54 0.003
Renal 60 (4.8) 19 (1.6) 0.31 <0.0001
Others 73 (5.9) 24 (2.0) 0.32 <0.0001

*In the earlier RA series, 105 autopsied patients died of multiple causes and the 
sum of all causes of death exceeded the total number of autopsy cases.
**Death caused by RA itself (e.g., by articular lesions or rheumatoid vasculitis)
RA: Rheumatoid Arthritis; ILD: Interstitial Lung Disease.
Table 2: Change between 1985-1989 and 2000-2004 in the cause of death in 
autopsied patients with rheumatoid arthritis in Japan.
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autopsied between 2000 and 2004 was assessed. Increased mortality, 
i.e., reduced survival, of RA patients has been shown by numerous 
studies. In previously reported studies from Japan, most of them have 
been limited to a single institution with small-scale cohort [4]. Most 
studies used death certificates to determine cause of death, however, 
some have pointed out the inaccuracy of death certificates [2,3,11]. 
Indeed, the frequency of death due to AA-amyloidosis largely varied 
between studies because of differences in the methods of sampling 
[5,12]. A variety of reports that analyzed autopsied fatalities reported 
amyloidosis as a cause of death in 5.8-12.5% of cases [4,5]. Amyloidosis 
might be underestimated without pathological evaluation, and the 
cause of death due to amyloidosis could also be characterized as renal, 
gastrointestinal, or cardiac disease. Pathological evidence of disease at 
autopsy in addition to clinical diagnosis in hospitalized patients could 
yield more accurate information. Thus, one of the strengths of our 
study is that AA-amyloidosis was identified histologically in the RA 
population. 

Our study showed age of death as 70.1 years for RA male and as 
69.1 years for RA female during 2000-2004. The average life expectancy 
in the general population obtained from the Statistics Bureau of Japan 
in 2003 showed 78.1 years for males and 84.9 years for females. Thus, 
the mean lifespan appears to be much shorter in the RA population 
than in the general population. The extension of mean lifespan for 
autopsied patients with RA between 1985-1989 and 2000-2004 (3.6 
years in males and 4.5 years in female) were greater than that of life 
expectancy in general population between 1987 and 2003 (2.7 years in 
males and 3.8 years in females). However, since autopsies are usually 
performed when disease is more serious or cause of death is unknown, 
our group of RA patients might be different from those in the rest of the 
RA population. In this regard, in our outpatient clinic-based RA cohort 
of more than 5,000 patients (the IORRA cohort) [13,14] followed up 
since 2000,134 RA patients died between 2000 and 2004 and mean age 
at death was 70.9 years in males and 69.5 years in females (personal 
communication, Nakajima A, 2005). Of particular note is that the age 
at death is almost identical between our autopsied group and IORRA 
cohort, although these studies were conducted during the same period 
in different patient populations and used completely different methods. 
The hazard ratio for mortality in Japanese RA in only one cohort study 

was 1.60 [3]. These data support the applicability of our conclusion to 
the general RA population rather than simply to our limited cohort. 

The difference in causes of death between our RA patients and those 
in the general population might explain this reduction in survival. The 
three most common causes of death in the general Japanese population 
(2003) were malignancy (35.5%), cardiovascular disease (20.1%), and 
cerebrovascular disease (15.2%), representing more than 70% of all 
death causes. On the other hand, for RA population, these three causes 
represented only 20.9% of all causes of death. Cardiovascular disease 
was a less frequent cause of death in RA patients in 2000-2004 (10.4%) 
than in the general patient population (19.8%). In our RA patients, 
death was more frequently due to infectious disease, respiratory 
disease, reactive AA-amyloidosis, and digestive diseases including 
gastrointestinal bleeding. 

Analysis by gender revealed a significant increase in AA-amyloidosis 
as a cause of death in females. The age at death due to AA-amyloidosis 
in females was 67.7 years, which was lower than the age at death from 
other causes. Moreover, the age at death in females was significantly 
lower in RA associated with AA-amyloid deposition (67.2 years) than 
in RA without AA-amyloid deposition (70.0 years). AA-amyloid 
protein deposition in target organs is accelerated by an increased level 
of serum amyloid A that is an acute phase protein similar to C reactive 
protein [15]. Thus, AA-amyloidosis, as well as severe articular lesions 
and rheumatoid vasculitis, which are related to severe disease activity, 
explain in part the reduced survival of females with RA. 

Comparison of causes of death in two autopsy series (one in 1985-
1989 and one in 2000-2004) indicated death due to manifestations of 
severe RA (such as articular damage and vasculitis) and death due to 
renal diseases decreased significantly, while death due to infectious 
diseases and digestive diseases increased. Survival has improved more 
in RA patients than in the general population during this period. 
These improvements and changes in the causes of death probably 
reflect changes in drug therapy. During these 15 years, the incidence 
of severe RA has decreased and overall prognosis of RA has improved 
even though death from infection has increased. MTX was officially 
approved in 1999 in Japan and the first biologics (infliximab) was 
approved in 2003 in Japan. Therefore, the effect of MTX and infliximab 

Males Females Gender
Cause of death No. (%) Age at death

Mean ± SD
No. (%) Age at death

Mean ± SD
OR P

RA* 4 (1.0) 71.8 ± 5.1 13 (1.6) 63.9 ± 0.5** 0.61 NS
Amyloidosis 19 (4.7) 68.6 ± 7.8 120 (14.7) 67.7 ± 9.4 0.28 < 0.0001
Respiratory 128 (31.4) 70.4 ± 7.7 119 (14.6) 69.7 ± 10.0 2.68 < 0.0001
  ILD 109 (26.7) 70.7 ± 7.5 90 (11.0) 69.1 ± 1.3 2.94 < 0.0001
Infection 130 (31.9) 69.5 ± 10.8 272 (33.3) 69.7 ± 9.6 0.93 NS
Sepsis 21 (5.1) 63.5 ± 16.5 72 (8.8) 68.1 ± 10.2 0.56 0.022
Respiratory 95 (23.3) 71.4 ± 8.8 156 (19.1) 70.9 ± 9.5*** 1.28 NS
Malignancy 33 (8.1) 70.6 ± 7.1 65 (8.0) 69.7 ± 10.5 1.01 NS
Lymphoma 7 (1.7) 71.0 ± 3.9 12 (1.5) 68.7 ± 9.1 1.17 NS
Cardiovascular 49 (12.0) 71.0 ± 3.9 79 (9.7) 70.5 ± 9.4 1.27 NS
Cerebrovascular 4 (1.0) 69.4 ± 11.6 26 (3.2) 63.5 ± 12.4**** 0.30 0.019
Digestive 29 (7.1) 66.5 ± 13.7 92 (11.3) 69.0 ± 8.9 0.60 0.022
Renal 4 (1.0) 78.8 ± 4.6**** 15 (1.8) 67.5 ± 8.4 0.52 NS
Others 8 (2.0) 71.4 ± 6.3 16 (2.0) 72.3 ± 0.2
Total 408 70.1 ± 9.3 817 69.1 ± 9.7

Mean age at death due to one disease was compared to mean age at death of all the rest by unpaired t-test in males and females.  
*Death caused by RA itself like articular lesion or rheumatoid vasculitis. 
**:p <0.001, ***:p <0.01, ****: p <0.05

Table 3: Gender difference in cause of death in autopsied patients with rheumatoid arthritis in Japan.
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on the prevention of AA amyloidosis might be appeared later than 
2000-2004. In addition, approved dose of MTX was only up to 8 mg/
week until Feb. 2011 in Japan (then, again only up to 16 mg/week, 
which is lower than Western dose). Thus, if we perform the same 
research 10 years later (for example, 2010-2014), AA amyloidosis 
might be reduced. The reasons for the increase in death due to infection 
appear to be multifactorial and include the introduction of more potent 
immunosuppressive drugs, higher average age of the patients, and 
a decrease in number of deaths for other reasons (such as RA itself 
and renal diseases). Although introduction of new drugs (anti-TNF 
biologics, leflunomide, and tacrolimus) is expected to further increase 
the life expectancy of RA patients, more attention should be paid to 
infectious disease as a cause of death. Cardiovascular disease has 
been recognized as a main cause of death among Caucasians with RA 
[16,17]. According to Wolf et al., [17] the rate of death due to infection 
is higher in the RA population than the general population in the US 
and rate of death due to malignancy is lower. The leading cause of death 
in both groups was cardiovascular disease (40.2% of deaths in the RA 
population and 40.5% of deaths in the general population), but because 
of premature deaths of RA patients, the Standardized Mortality Ratio 
(SMR) for cardiovascular disease in the RA population was 2.3. On the 
other side, cardiovascular disease accounted for only 10.4% of deaths 
in our autopsied RA population and 19.8% of deaths in the Japanese 
general population. It was the fourth most common cause of death in 
our autopsied population. Cardiovascular death is less prevalent in 
Japan, and earlier death from infection, ILD, or amyloidosis in Japanese 
patients with RA may reduce the prevalence of cardiovascular disease. 

In summary, the causes of death in autopsied Japanese patients 
with RA have changed during the past 15 years. Death from severe RA 
has been decreasing but death from AA-amyloidosis has not changed, 
indicating that tighter control of inflammation is essential in the 
management of RA in Japan. 
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