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2. ABSTRACT

Introduction: Acquired hemophilia A (AHA) is a rare disease. The risk factors have yet to be

studied.

Aim: We aimed to identify risk factors for late-onset AHA in Japan.

Methods: A population-based cohort study was conducted using data from the Shizuoka

Kokuho Database. The study population was defined as individuals aged >60 years old.

Cause-specific Cox regression analysis was performed to calculate hazard ratios.

Results: Of 1,160,934 registrants, there were 34 patients with newly diagnosed AHA. The mean

follow-up period was 5.6 years, and the incidence of AHA was 5.21 per million person-years.

Myocardial infarction, diabetes mellitus, solid tumors, antimicrobial agents, phenytoin, and

anti-dementia drugs, which showed significant differences in the univariate analysis, were

excluded from the multivariable analysis because of the small number of cases. Multivariable

regression analysis showed that the presence of Alzheimer's disease (hazard ratio [HR]:4.28,

95% confidence interval [CI]:1.67-10.97) and rheumatic disease (HR:4.65, 95% CI:1.79-12.12)

increased the risk of AHA development.

Conclusion: We found that comorbid Alzheimer's disease is a risk factor of AHA incidence in

the general population. Our findings provide insight into the etiology of AHA, and the proof of



the coexistence of Alzheimer's disease may support the recent notion that Alzheimer disease is

an autoimmune disease.



3. MAIN BODY OF TEXT

INTRODUCTION

Acquired hemophilia A (AHA) is a rare disease caused by an autoantibody against factor VIII

(FVIII), which results in the decrease in FVIII activity and bleeding symptoms [1-3]. The

incidence of AHA has been reported to be 0.8 to 1.83 per million persons per year in Japan [4,

5] and 1.34 per million persons per year in the UK [6]. Oleshkok et al. reported that the

incidence of AHA in Germany increased from 2.6 per million population-years to 6.0 per

million population-years [7]. The fatality rate is reported to be 7.9-33% [1, 4-6, 8-12], and the

prognosis is poor. The most common clinical complaints are subcutaneous and intramuscular

hemorrhage, hematuria, and persistent bleeding after delivery or surgery [3]. Early diagnosis

and therapeutic intervention are necessary because the risk of bleeding is usually severe and

fatal unless the inhibitor disappears [13]. Therefore, identifying a population with high-risk

factors for AHA will help advance the diagnosis.

It is well known that underlying diseases may be present during the development of

AHA. Common underlying diseases include autoimmune diseases (11.8-31.7%), malignancies

(6.7-20%), pregnancy, and delivery (0-11%) [1, 4-6, 9-13], however, approximately half of the

cases are idiopathic (44.1-63%) [1, 4, 5, 9, 10, 12, 13]. In addition, AHA is known to occur



more frequently in the elderly [4-6, 9, 10, 13]. Dysfunction of the immune system caused by

aging can contribute to the loss of self-tolerance and potentially increase the risk of developing

AHA [14]. Since immune mechanisms are thought to be involved in its pathogenesis [2], it

makes sense that background immune abnormalities are highly prevalent. However, if

autoimmune abnormalities are the only triggers, as in systemic lupus erythematosus and Graves'

disease, they would be more common in younger patients than in older patients. Thus, other

triggers associated with aging may be necessary for the development of AHA.

AHA has been increasingly recognized in recent years and the number of diagnosed

cases is increasing [4, 11, 15]. Therefore, case-only registry studies [1, 8-12, 16], case-only

single-center studies [4], and prospective cohort studies [5, 6, 13] have been conducted as

epidemiological studies. However, it is difficult to comprehensively examine the risk factors

for the development of AHA using these research populations because research content needs

to be defined before starting the survey.

The Shizuoka Kokuho Database (SKDB) is a large and comprehensive dataset that is

helpful in calculating the incidence and examining risk factors, even for rare diseases such as

AHA [17]. The SKDB included most of the aged population in the region, making it

advantageous for investigating AHA, which has a high incidence among older people. This



study aimed to identify risk factors for late-onset AHA.

MATERIALS AND METHODS

Setting and data source

SKDB is a claims database with registration data for 2,398,393 individuals (men, n=1,094,726,

45.6%) living in Shizuoka Prefecture near the center of Japan (population of approximately 3.6

million) [17]. It includes data from the National Health Insurance Service and is suitable for

real-world studies because it contains accurate information on deaths and loss to follow-up from

Japan’s Basic Resident Registration Network System. This database contains information

collected for the last 8.5 years, from April 2012 to September 2020, and includes basic

information from the subscriber list (sex, age, zip code, observation period, and reason for

disenrollment, including death). In addition, claims data from public health insurance

organizations were included (< 75 years old for national health insurance and > 75 years old for

late-stage elderly medical care systems). SKDB has been used as a data source in several studies

[18, 19].

Study design and participant population



The analysis was designed as a population-based cohort study using the SKDB. The study

period was defined as the period from the date of enrollment in the health insurance

organization or April 1, 2012, whichever occurred later, to the date of withdrawal from

insurance or September 30, 2020, whichever occurred earlier.

The study population was defined as individuals aged 60 years and older, and the

starting date of follow-up was one year after cohort entry. We described one year as the baseline

period before the start date, and patients who had already developed AHA during the baseline

period were excluded.

Covariates

Patient information and comorbidities were also collected during the baseline period. The

candidate risk factors were age, sex, and Charlson Comorbidity Index (Supplementary Table

1), which are widely used in many studies [20]. Information was collected using the ICD-10

for pemphigoid [1, 9, 10, 12, 13, 16], epidermolysis bullosa [21], erythema annulare

centrifugum [1, 16], erythema multiforme [16], exfoliative dermatitis [1, 16], and psoriasis [1,

9, 16] (Supplementary Table 2), which have been previously reported as candidate risk factors

for the onset of AHA. For Alzheimer's disease, information was extracted using FOO and G30



of the ICD-10. Similarly, approximately 40 drugs previously reported as risk factors for the

onset of AHA [1, 4, 9-13, 22] were also collected using Japanese claim codes (Supplementary

Table 3).

Exact review of AHA onset

The primary outcome of this study was new-onset AHA. Death or insurance withdrawal, such

as changes in the insurance system or address changes, was treated as censoring. For the exact

definition of AHA onset, in the receipt data, the AHA extracted by the Japanese receipt disease

code 8845658, primary disease for admission, and treatment and follow-up examination for

AHA (at least three new steroid prescriptions and/or at least three new FVIII inhibitor tests)

were reviewed.

Statistical analysis

Continuous and categorical variables were summarized as mean + standard deviation and

number (percentage). To compare the two groups, the Wilcoxon rank-sum test for continuous

variables and the chi-square test with Yates' continuity correction for categorical variables were

used.

10



To identify the risk factors for developing AHA, cause-specific Cox regression analysis

was performed to calculate hazard ratios, 95% confidence intervals (CI), and P-values based on

the Wald test. Sex, age, comorbidities measured using the Charlson comorbidity index, and

prescribed medications were included in univariate regression analysis. In a multivariable

analysis of covariates that were significantly different in the univariate analysis, Spearman's

rank correlation coefficient between each covariate was calculated to eliminate

multicollinearity, and correlations were considered to exist if the absolute value was > 0.4. If

there was a correlation between the two covariates, we considered which covariate to use,

considering the covariate's clinical importance. When the number of persons recorded for each

variable was less than four, it was not included in the multivariable analysis to avoid errors in

reporting incorrect risk factors. Variables with statistical significance in multivariable analysis

were identified as risk factors for AHA onset, and cumulative onset curves were plotted for

these factors using the Kaplan-Meier method. The log-rank test was used to compare

cumulative incidence curves. Because there were no missing values among all variables, the

imputation method for missing data was not performed. All P values were two-sided. Statistical

significance was set at P <0.05. SAS statistical software (version 9.4; SAS Institute Inc., Cary,

NC, USA) and R statistical software version 4.1.2 (R Foundation for Statistical Computing,

11



Vienna, Austria) were used for the statistical analysis.

RESULTS

Study population

Figure 1 shows the flow diagram of the process used to select the participants. The baseline

characteristics were classified according to the onset of AHA (Table 1). Patients with newly

diagnosed AHA were older and more likely than those without AHA to have Alzheimer's

disease and comorbidities defined by the Charlson comorbidity index, including dementia,

myocardial infarction, congestive heart failure, peripheral vascular disease, rheumatic disease,

diabetes mellitus without chronic complications, and metastatic solid tumors. Patients with

AHA onset tended to be prescribed carbapenems and Alzheimer's medications (Supplementary

Table 4).

Identification and incidence of AHA onset

The mean follow-up period was 5.6 + 2.4 years. Figure 2 shows a flow diagram of the process

used to define the AHA diagnosis. The 51 patients with new-onset acquired hemophilia A were

extracted from this database. The patients with suspected coagulation abnormality and without

12



treatment were excluded (N=17). The following 34 patients were defined as having truly

acquired hemophilia. Inpatients with AHA as the primary disease (N=28), inpatients with AHA

and at least three steroid prescriptions and/or three FVIII inhibitor tests (N=4), and outpatients

with AHA (at least three steroid prescriptions and three FVIII inhibitor tests (N=2). Compared

to the number of AHA patients (51) in which the receipt disease code was used as the diagnosis

code, the positive predictive value was 66.7%. The incidence of AHA was 5.21 per million

person-years in the population aged 60 years and older.

Identification of risk factors for AHA onset

The results of univariate regression analysis are shown in Table 2. Variables with statistical

significance in the univariate analysis were entered into a multivariable model. The

combination of dementia and Alzheimer's disease had an absolute Spearman's correlation

coefficient >0.4 (Supplementary Table 5). Therefore, only Alzheimer's was included in the

multivariable analysis because all dementia comorbidities in patients who developed AHA were

Alzheimer's disecase. However, myocardial infarction, diabetes mellitus without chronic

complications, metastatic solid tumors, antimicrobial agents, phenytoin, and anti-dementia

drugs that showed significant differences in univariate analysis were excluded from the

13



multivariable analysis because the number of patients was less than four.

The results of multivariable regression analysis are presented in Table 3. The presence of

Alzheimer's disease and rheumatic disease increases the risk of developing AHAs. According

to the results of the univariate analysis, the cumulative incidence of AHA was significantly

higher in the group with Alzheimer's disease or rheumatic disease (both P <0.001, Figure 3).

Treatment in AHA onset subgroup

From the month of diagnosis, immunosuppressive therapy, bypassing agents, or blood

transfusions were administered within 3 months in 32 of the 34 patients (94.1%) (Table 4). No

significant difference was observed between the transfusion and bypassing agents. Both the

bypassing agent and blood transfusions were performed a month before and after diagnosis.

Two patients (6.3%) did not receive immunosuppressive or bypassing agents; their primary

diagnosis on admission was AHA, and they were alive after discharge.

Survival curve in AHA onset subgroup

None of the newly diagnosed AHA patients died within seven days of registration for AHA

disease, 19 (55.9%) died during the observation period; and one had a follow-up period of 12

14



days after disease onset. In summary, 4 of 33 patients (12.1%) died within 28 days and 10 of

33 (30.3%) died within 90 days. The overall survival rates of patients with AHA are shown in

Figure 4.

DISCUSSION

This study explored the risk factors for late-onset AHA using a cohort study from SKDB. To

our knowledge, there have been no previous attempts to use cohort data to identify the risk

factors for AHA onset.

The new-onset AHA group was older than the non-onset AHA group, and there was no

difference in sex; the incidence of AHA and total mortality rates were much higher than

previously reported [1, 4-6, 8-13, 16]. The reason may be that the present study was limited to

those aged 60 years or older, which is the age group most likely to develop AHA [9]. We suspect

this is because we used receipt data to comprehensively extract the AHA [7].

In this study, age, Alzheimer's disease, myocardial infarction, congestive heart failure,

peripheral vascular disease, rheumatic disease, diabetes mellitus without chronic complications,

metastatic solid tumors, antimicrobial agents, phenytoin, and anti-dementia drugs were

identified as candidate risk factors in the univariate analysis to identify risk factors for AHA

15



development. Among these, age [2-6, 10, 12, 15], rheumatic diseases [2-6, 9-11], solid tumors

[2-6,9, 10, 13, 15], antimicrobial agents [2, 9, 16, 22], and phenytoin [16] have been previously

reported to be associated with the development of AHA. Myocardial infarction, diabetes

mellitus, solid tumors, antimicrobial agents, phenytoin, and anti-dementia drugs were not

included in the multivariable analysis because of their small numbers. A database with a larger

number of patients than that in the present study would clarify the association between these

factors and the development of AHA.

In addition to previously reported rheumatic diseases, the presence of Alzheimer's

disease was associated with the development of AHA in this study: six patients with dementia

comorbid with AHA, all with Alzheimer's disease (ICD-10 G30), or dementia of the Alzheimer

type (ICD-10 F00). The association between Alzheimer's disease and AHA has not yet been

reported. To our knowledge, the only epidemiological report indicated that rivastigmine, an

Alzheimer's drug, was prescribed to 1/501 patients with AHA in the EACH2 registry [9]. Our

report is based on a small number of patients with AHA; therefore, the association between

Alzheimer's disease and AHA development should be interpreted with caution. However, we

believe that Alzheimer's disease and AHA may share a pathogenic autoimmune mechanism.

Alzheimer's disease is hypothesized to have an autoimmune etiology [23-25], and several

16



reports have supported this hypothesis. Patients with Alzheimer’s disease have significantly

higher rates of autoantibody detection than controls [26]. Alzheimer’s disease is

epidemiologically associated with autoimmune diseases such as rheumatoid arthritis [27],

bullous pemphigoid [28], pyogenic hidradenitis [28], and systemic lupus erythematosus [29].

The genetic loci associated with Alzheimer’s disease include genes related to the immune

system [30]. Nevertheless, the small number of patients with Alzheimer's disease comorbid

with AHA and the effects of aging may not be entirely excluded. Epidemiological studies,

including biological studies and causal effect estimation designs, are needed to examine the

relationship between Alzheimer’s disease and AHA. In addition, it is likely that patients with

Alzheimer's are more likely to receive advanced medical care, have better medical observation,

and are more likely to receive a diagnosis if they develop AHA.

Approximately half of the patients in the new-onset AHA group died during the

observational period. This is due to the elderly population and long observation period. The

mortality rate 90 days after onset was 30%, which is comparable to the SACHA registry [11]

and a 2-year national surveillance study in the United Kingdom [13]. Causes of death in AHA

are related to infections, comorbidities, and hemorrhage, which are side effects of

immunosuppressive therapy [4, 5, 9] Data on causes of death are not available in the SKDB, so

17



it was not possible to examine them. There were no deaths within seven days of diagnosis, but

the high rate of deaths in the acute to subacute phases indicates that the control of bleeding and

infection during this period is critical.

In the current study, more than 90% of the patients with AHA were treated with

immunosuppressive therapy, which is consistent with previous reports [4-6, 9-11, 13]. There

was no difference in the number of age group-specific users between the steroid-alone and

cyclophosphamide combination groups. Bleeding complications in the acute period seemed to

be properly controlled in this study because bypassing agents and transfusion of red blood cells

were performed within a month before and after the date of diagnosis. In the present study, 29%

of patients with AHA received bypass agents, with variation in previously published studies

(29.7-70.5%) [4-6, 9-11, 13]. In the registry study EACH2 [9], 70.1% received bypass treatment

compared to 46% in the prospective cohort study SACHA [11]. Although other studies and our

study differ in data sources and AHA definitions, the detailed reasons for the low rate of bypass

therapy are unclear. It is possible that there was less bypass therapy in our study because we

collected cases treated by general internists as well as hematologists and that their bleeding

(symptoms) was less severe.

Patients with Alzheimer's disease may require screening with a blood coagulation test

18



when bleeding symptoms appear. In general, patients with Alzheimer's disease have difficulty

adequately describing bleeding symptoms, such as hematomas. Therefore, when bleeding

symptoms, such as unexplained subcutaneous, intramuscular, or gingival hemorrhage, appear

in patients with Alzheimer's disease, blood coagulation disorders, including AHA, can occur.

This is because patients with AHA generally require immediate inpatient management.

Awareness of AHA among the elderly should continue to be promoted, as bleeding can be

judged erroneously to be due to anticoagulants, antiplatelet medications, trauma, or skin

fragility [10, 11].

This population-based study had several limitations. First, the study included

individuals aged 60 years or older, and data related to pregnant women were not included

because the SKDB does not record pregnancy and delivery data. Therefore, the present study

could not examine pregnancy and delivery, which are important risk factors for AHA that have

been identified in previous reports. Second, the diagnosis of AHA is based on ICD-10 codes,

which do not allow us to confirm accurate information, including specific medical findings,

such as the presence or absence of bleeding symptoms, severity of bleeding symptoms,

laboratory data, and cause of death. Therefore, lupus anticoagulant cases may not have been

excluded, and guidelines recommend the exclusion of lupus anticoagulant cases for the
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diagnosis of AHA [31, 32]. Because lupus anticoagulant cases have an apparent decrease in

FVIII activity and may also have false-positive inhibitors [32-34], it is difficult to differentiate

them based on FVIII and inhibitor test results alone. The pathophysiology of negative lupus

anticoagulant specifically decreased FVIII activity, and cross-mixing test patterns could also

not be ascertained because clinical laboratory values were unavailable. The diagnosis of AHA

in this study was based not only on the disease code, but also on the primary disease,

hospitalization, clinical examination, and drug codes. Of the 51 patients with disease codes for

AHA, 17 (33%, Figure 2) were not tested for factor VIII inhibitors and only underwent

screening coagulation tests, such as prothrombin time and activated partial thromboplastin time.

However, whether a patient has AHA cannot be determined solely based on the presence or

absence of a screening coagulation test. Therefore, we defined the onset of AHA by considering

patients with AHA as the primary disease at hospitalization, and if not, also with factor VIII

inhibitor testing and steroid prescriptions. The specificity for the determination of AHA onset

in this study was high, and the reliability of the outcome was thus high. AHA is a sporadic

disease with an incidence of 5.21 per million persons per year over 60 years of age. Even in this

population base, 34 patients with AHA could be extracted. Although univariate analysis showed

significant differences in candidate risk factors, such as solid tumors, the number of cases was

20



small, and multivariable analysis was not performed conservatively. Fourth, bleeding

symptoms such as location and severity are unknown. Instead, the frequency of red blood cell

transfusions was investigated. Fifth, only the previously reported drugs were examined.

However, this is the first report to investigate the involvement of drugs in patients with and

without AHA. Sixth, as candidate risk factors, we examined the association of autoimmune

diseases, such as rheumatic diseases in the Charlson comorbidity index and autoimmune skin

diseases, with the development of AHA, but not organ-specific autoimmune diseases, such as

autoimmune hepatitis and Hashimoto's disease.

CONCLUSION

In addition to the previously reported coexistence of old age and rheumatic diseases, we

identified a new risk factor for the development of AHA in the general population and the

coexistence of Alzheimer's disease. Our findings provide insight into the etiology of AHA, and

the proof of the coexistence of Alzheimer's disease may support the recent notion that

Alzheimer’s disease is an autoimmune disease.
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6. TABLE AND FIGURE CAPTION LIST

Table 1. Participants’ characteristics with and without acquired hemophilia A for the baseline

period.

AHA, acquired hemophilia A; AIDS, acquired immunodeficiency syndrome; HIV, human

immunodeficiency virus. The bold type indicates statistical significance. *Skin diseases include

pemphigus, epidermolysis bullosa, erythema annulare centrifugum, erythema multiforme,

exfoliative dermatitis and psoriasis.

Table 2. Univariate Cox Regression Hazards Analysis for incidence of acquired hemophilia A.

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CCB, calcium

channel blocker; CI, confidence interval; DRI, direct renin inhibitor; HR, hazard ratio; NE, not

estimated. The bold type indicates statistical significance. *Skin diseases include pemphigus,

epidermolysis bullosa, erythema annulare centrifugum, erythema multiforme, exfoliative

dermatitis and psoriasis.

Table 3. Multivariable Cox regression analysis for incidence of acquired hemophilia A.

The HR is for presence of the risk factor and for one year of age.
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CI, confidence interval, HR, hazard ratio. The bold type indicates statistical significance.

Alzheimer’s disease and rheumatic disease were identified as risk factors for acquired

hemophilia A.

Table 4. Treatment among patients with acquired hemophilia A.

AHA, acquired hemophilia A.

Figure 1. Flowchart for inclusion of participants in the study.

AHA, acquired hemophilia.

Figure 2. The procedure of diagnosis for AHA in this study.

AHA, acquired hemophilia; SKDB, Shizuoka Kokuho Database.

Figure 3. Cumulative incidence for AHA in participants with or without Alzheimer's disease

(A) and rheumatic disease (B).

AHA, acquired hemophilia.
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Figure 4. Survival probability in newly diagnosed AHA patients.

AHA, acquired hemophilia.
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Figure 1.

2,398,393 subscribers to the National
Health Insurance and the Latter-Stage
Medical Care System in Shizuoka
Prefecture, Japan

Participants aged < 60 years

Patients who was diagnosed of AHA
using receiptdisease code, but not
identified as AHA patients

MN=1237 459
Participants aged 260 years
N=1,160,934
Patients with history of AHA
2 M=6
M=17
Patients identified as AHA
(the detail see Figure 2) Kl s N CMRECEY
N=34 N=1,160,877
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Figure 2.

Newly diagnosed of AHA using receipt disease
code in this database SKDB

N=51

Excluded patients with suspected coagulation
abnormality and without treatment

N=17

Patients with AHA diagnosed forthis study
N=34

Admission for AHA as a primary diagnosis
N=28

Admission for AHA as a comorbidity with new
steroid prescriptions of least 3 times and/or with
FVIIl inhibitor examination of least 3 times

N=4
Qutpatients for AHA with new steroid
prescriptions of least 3 times and/or with FVIII
inhibitor examination of least 3 times

N=2
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Figure 3.
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Figure 4.
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