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Abstract

Introduction—It is increasingly becoming accepted that inflammation may play an important 

role in the pathogenesis of Alzheimer’s disease (AD), as several immune-related genes have been 

associated with AD. Among these is tumor necrosis factor (TNF)-α, a proinflammatory cytokine 

known to play an important role in autoimmune disorders, including rheumatoid arthritis (RA). 

Although AD and RA appear to involve similar pathological mechanisms through the production 

of TNF-α, the relationship between AD and RA remains unknown.

Objective—To determine the relative risk of AD among RA patients and non-RA patients, and 

whether anti-TNF therapy for RA was associated with a lower risk of AD in RA patients.

Methods—We performed a nested case-control study of more than 8.5 million commercially 

insured adults (aged ≥18 years) in all 50 US states, Puerto Rico, and US Virgin Islands in the 
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Verisk Health claims database. We derived a sub-cohort of subjects with a diagnosis of RA 

(controls), or RA and AD (cases), matching cases and controls based on age, sex, exposure 

assessment period, and methotrexate treatment. We also assessed relative risk of AD following 

exposure to standard RA therapies, including anti-TNF agents (infliximab, adalimumab, 

etanercept), methotrexate, prednisone, sulfasalazine, and rituximab. Odds ratios were adjusted for 

comorbidities, including coronary artery disease, diabetes mellitus, and peripheral vascular 

disease.

Results—AD was more prevalent (p < 0.0001) among RA patients (0.79 %) than among those 

without RA (0.11 %). Chronic conditions such as coronary artery disease (odds ratio [OR] 1.48; 

95 % confidence interval [CI] 1.04–2.05; p = 0.03), diabetes (OR 1.86; 95 % CI 1.32–2.62; p = 

0.0004), and peripheral vascular disease (OR 1.61; 95 % CI 1.06–2.43; p = 0.02) significantly 

increased the relative risk of AD among RA patients. Exposure to anti-TNF agents as a class, but 

not other immunosuppressive drugs studied, was associated with lowered risk of AD among RA 

patients (unadjusted OR 0.44; 95 % CI 0.22–0.87; p = 0.02; adjusted OR 0.45; 95 % CI 0.23–0.90; 

p = 0.02). Sub-group analysis demonstrated that of the three anti-TNF agents studied, only 

etanercept (unadjusted OR, 0.33; 95 % CI 0.08–0.94; p = 0.03; adjusted OR 0.30; 95 % CI 0.08–

0.89; p = 0.02) was associated with a decreased risk of AD in RA patients.

Conclusion—There is an increased risk of AD in the studied RA population. The relative risk of 

AD among RA subjects was lowered in those exposed to etanercept. Anti-TNF therapy with 

etanercept shows promise as a potential treatment for AD.

1 Introduction

Alzheimer’s disease (AD) is the most common form of dementia in the elderly. Its incidence 

increases with age, and doubles between the ages of 65 and 85 years; it affects 32 % of the 

US population by the age of 85 years [1, 2]. A number of risk factors have been associated 

with different forms of dementia, including AD [3]. In addition to the well-known APOE-ε4 
gene, genetic studies have identified multiple genes that can increase the risk of AD, many 

of which are related to immune function [4–6]. The pathological hallmark of AD is the 

deposition of senile plaques, neurofibrillary tangles, and amyloid angiopathy in the brain [7–

9]. The deposition of amyloid beta in senile plaques and the hyper-phosphorylation of the 

microtubule-associated protein tau in neurofibrillary tangles are pathognomonic for AD, but 

the molecular mechanisms leading to the development of the symptoms are unknown [10–

14]. As a result, there are no curative treatments for AD, and current therapeutic treatments 

for the disease focus on symptomatic control [13, 14]. While recent molecular and 

technological advances such as the Alzheimer’s Disease Neuroimaging Initiative have tried 

to correlate cerebrospinal and imaging findings with different clinical stages, guidelines for 

the diagnosis of AD have not been adopted in clinical practice owing to a lack of verifiable 

biomarkers [15–17]. Therefore, a diagnosis of AD remains largely one of exclusion. Among 

the potential biomarker candidates is tumor necrosis factor (TNF)-α; the level of this 

proinflammatory cytokine is elevated in the cerebrospinal fluid of AD patients and appears 

to correlate with disease progression [18–20]. However, the blood levels of TNF in AD 

patients are inconsistent among different studies and their clinical significance is unknown 

[20–22].
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TNF plays a critical role in rheumatoid arthritis (RA), a systemic inflammatory disease that 

mainly affects diarthrodial joints, although it can affect any organ system. RA is believed to 

be driven by TNF, based on clinical evidence and RA patients’ responses to anti-TNF 

therapies [23–25]. In addition to severe joint damage, a potential complication of the chronic 

inflammation of RA is secondary amyloidosis as a result of tissue deposition of amyloid 

protein fibrils (AA) [26, 27]. AA is derived from its circulating precursor known as serum 

amyloid A, which is an acute-phase protein produced by the liver [26–28]. Although this 

mechanism appears to parallel the deposition of amyloid beta in AD, the impact of chronic 

elevation of inflammatory proteins (i.e., TNF-α, AA) in the periphery on the pathogenesis of 

AD remains under investigation.

In the present study, we test the hypothesis that there is an increased relative risk of AD 

among RA subjects, and anti-TNF therapy for RA will reduce the risks of AD among these 

subjects. To test the hypothesis, RA subjects were first evaluated for overall risk of AD 

among a large general population of 8.5 million adults in a commercial database containing 

medical and pharmacy claims data. Second, individuals who had a diagnosis of RA were 

further selected using exclusion criteria, and additionally categorized as with or without AD; 

nested case-control studies were then performed to examine the association between 

different comorbidities and different therapeutic treatments for RA on the risk of developing 

AD.

2 Methods

2.1 Study Population

We analyzed the medical and pharmacy claims data in a large database (Verisk Health, 

Waltham, MA, USA) obtained from commercially insured adults who were 18 years of age 

or older between January 2000 and November 2007. This time period is referred to as the 

“analysis period”, which contains the data analyzed for the present study. The medical 

claims data contain individuals’ diseases diagnoses in the form of International 

Classification of Diseases, Ninth Revision (ICD-9) codes, while the pharmacy data contain 

the names of the medications that individuals were put on. These claims data were based on 

the diagnoses submitted by qualified medical providers to different insurance carriers after 

in-or out-patient visits and necessary diagnostic workup. Enrolled individuals were 

employees and their dependents in the private sector, and were located in all 50 states in the 

US, Puerto Rico, and the United States Virgin Islands. From this cohort, we derived a sub-

cohort of subjects with a diagnosis of RA, based on at least two outpatient claims with the 

same diagnosis or one inpatient claim as defined by ICD-9 for RA. These individuals must 

have had no previous identifiable pharmacy or diagnosis claims data for RA at least 6 

months prior to the start of the analysis period. A summary of all the ICD-9 codes that were 

used in our study is shown in supplemental Table 1s. We also identified individuals with RA 

who had a new diagnosis of AD made at least 120 days after the initial diagnosis of RA to 

ensure sufficient temporal sequence of RA preceding AD based on claims data. We chose 

120 days as it represented a minimal time frame for RA patients to return for follow-up 

visits (i.e., 90 days) and possible workup for AD (i.e., 30 days). Analysis of de-identified 

data was exempted from continuing review by the Committee for the Protection of Human 
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Subjects at Dartmouth College and Beth Israel Deaconess Medical Center Committee on 

Clinical Investigation.

2.2 Exclusion Criteria

All individuals were excluded from our analysis if, (1) they had an identifiable diagnosis of 

RA prior to the analysis period, (2) they had claims data about RA for 6 months prior to the 

analysis period, and (3) during any time of the analysis period, they also had a diagnosis of 

inflammatory bowel disease (Crohn’s disease and ulcerative colitis), psoriatic arthritis, 

frontotemporal dementia, Lewy body dementia, Parkinson’s disease, stroke, or vascular 

dementia. An exclusion of individuals with psoriatic arthritis or inflammatory bowel disease 

eliminated individuals with seronegative spondyloarthroapathy, whereas individuals with 

stroke likely had vascular dementia. In addition, individuals were excluded if they had a 

diagnosis of AD made before the index date (i.e., diagnosis of RA) or less than 120 days 

after the index date (see above). They were also excluded if less than 12 months of data were 

available for assessment of exposure to different therapeutic agents after the index date.

2.3 Control Sampling and Matching Criteria

We used a nested case-control design, an established approach in pharmacoepidemiological 

studies [29, 30]. Cases (RA subjects with a diagnosis of AD) and controls (RA subjects 

without a diagnosis of AD) were matched based on the following matching criteria: age 

within 2 years, sex, exposure assessment period within 3 months, and methotrexate 

treatment. A total of 80 % of the cases were matched with ten controls based on all criteria. 

Because of the multiple matching criteria, each case was matched with up to ten controls to 

improve the efficiency of analysis [31]. Each control was only allowed to match with one 

case, and controls could not be used as cases at any time. All cases and controls were 

required to be in the cohort during the same time period and exposure assessment period.

2.4 Exposure Assessment

The occurrence of AD among RA subjects following exposure to different therapies for RA 

was examined. The exposures to different treatments of RA examined during the analysis 

period included methotrexate, prednisone, sulfasalazine, three anti-TNF agents 

(adalimumab, etanercept, and infliximab), and an anti-CD20 agent (rituximab). These 

treatments are representative of current standard therapies for RA [32]. The outcomes of the 

exposure to these agents were defined as occurrence of AD, and were assessed 3 months 

preceding the diagnosis of AD for cases and the corresponding date for controls.

2.5 Comorbidities

Individuals with claims data in the form of ICD-9 codes for common chronic comorbid 

conditions, including coronary artery disease, diabetes mellitus, hyperlipidemia, 

hypertension, and peripheral vascular disease, were identified from the database of Verisk 

Health. All these comorbid conditions were assessed in both cases and controls throughout 

the entire analysis period.
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2.6 Statistical Analysis

Statistical analyses were performed to the characteristics of the cases and controls and to 

evaluate the association between different therapeutic agents for RA and the development of 

AD in the current model of case-control study. The characteristics of the cases and controls 

were compared using (1) a two-tailed Student’s t test in the case of continuous data and (2) a 

Chi-square test or Fisher’s exact test for categorical data. Additionally, the Chi-square test 

was used to compare the relative risk of AD among subjects with and without RA. Because 

the case and controls are matched from study design, to avoid bias from regular logistic 

regression, we conducted conditional logistic regression analysis without grouping to 

determine the association between different therapeutic agents or common comorbidities and 

the relative risk of AD among RA subjects. Univariate analysis consisted of evaluation of the 

association between individual therapeutic agents or comorbidities and the relative risk of 

AD. Multivariate analysis was used to address the association between comorbidities and 

individual therapeutic agents as well as the interactions among different comorbidities. Each 

of the binary variables indicating exposure to different therapeutic agents, i.e., adalimumab, 

etanercept, infliximab, prednisone, rituximab, or sulfasalazine, was used as an independent 

variable in separate models. A new composite variable was also defined in the presence of 

any therapeutic agent and its effect was evaluated in a similar manner. The covariates 

considered were coronary artery disease, diabetes, hyperlipidemia, hypertension, and 

peripheral vascular disease. Only coronary artery disease, diabetes, and peripheral vascular 

disease remained significant after the univariate analysis (see Sect. 3.3). These three 

variables were used in the multivariate analysis to adjust for the effect of the drug on AD. 

Odds ratios (ORs) were estimated in both univariate and multivariate analyses. Adjusted 

ORs were obtained to estimate the effects of different therapeutic agents after controlling for 

covariates that were found to be significant in the univariate analysis. We constructed 95 % 

confidence intervals (CIs) for the OR. A p value of less than 0.05 was considered 

statistically significant.

3 Results

3.1 Overall Population

In the first part of the studies, the overall prevalence of RA and AD in the studied population 

was measured. A total of 8,500,454 adults aged 18 years or older were identified in the 

database between January 2000 and November 2007 (Table 1). The average age of the 

studied population was 42.1 years, and the percentages of female (49.6 %) and male 

(50.4 %) individuals were comparable. We were able to identify 41,109 individuals with a 

diagnosis of RA during this same period of time. The prevalence of RA found in the studied 

population (0.48 %) was comparable to that of other studies [33, 34]. In the studied 

population, 9253 individuals had a diagnosis of AD, which constituted 0.11 % of this 

population. A total of 325 subjects had a diagnosis of both RA and AD. Therefore, the 

overall prevalence of AD among RA subjects was 0.79 %, whereas the prevalence of AD 

among the subjects who did not have RA was 0.11 % (Table 2). This disparity in the 

prevalence of AD among the RA subjects and non-RA subjects was statistically significant 

(p < 0.0001). Further analysis of subjects who were equal to or older than 65 years old 

(Table 3) showed a similar statistically significant increase in the prevalence of AD among 
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RA subjects as compared with non-RA subjects (p < 0.0001). Therefore, our findings are 

consistent with a previous small-scaled cross-sectional study, which showed that RA 

subjects were more likely to have cognitive impairment than healthy controls [35].

3.2 Subpopulation and Matching

In the second part of the studies, cases were matched with controls following the exclusion 

criteria to assess comorbidity and outcomes of treatment exposure in the analysis period. For 

the cohort with both RA and AD, we eliminated those also diagnosed with psoriatic arthritis, 

ulcerative colitis, or Crohn’s disease, leaving 313 subjects for further analysis (Fig. 1). In 

addition, 125 RA subjects were excluded because the diagnosis of AD was made either 

before the diagnosis of RA or within 120 days of the diagnosis of RA. Finally, we excluded 

23 subjects who did not have at least 12 months of data available for assessment of treatment 

after the index date. Of the original group, only 165 RA subjects with a diagnosis of AD 

(i.e., cases) met all four eligibility criteria for further statistical analysis. These 165 cases 

were then matched with ten control subjects based on the matching criteria described above. 

The characteristics of these individuals are shown in Table 4. There were no statistically 

significant differences between the cases and control subjects for any of the matching 

criteria.

3.3 Comorbidities and the Relative Risk of AD among RA Subjects

We used univariate analysis to estimate the associations of five common chronic conditions 

with AD for the 165 RA subjects using ORs (Fig. 2). Of the five comorbidities measured, 

coronary artery disease (OR 1.48; 95 % CI 1.04–2.05; p = 0.03), diabetes (OR 1.86; 95 % CI 

1.32–2.62; p = 0.0004), and peripheral vascular disease (OR 1.61; 95 % CI 1.06–2.43; p = 

0.02) were found to be correlated significantly with an increased relative risk of AD among 

RA subjects, based on their p values in a univariate logistic regression model. However, 

there was little evidence that hyperlipidemia (OR 0.90; 95 % CI 0.64–1.26; p = 0.53) or 

hypertension (OR 1.15; 95 % CI 0.79–1.66; p = 0.53) was associated with the relative risk of 

AD among RA patients.

3.4 Therapeutic Treatments of RA on AD

The association between different treatments for RA (i.e., prednisone, sulfasalazine, three 

anti-TNF agents, and rituximab) and the relative risk of AD were examined with or without 

adjustment for comorbidities (Fig. 3). In both cases, only the anti-TNF agents as a group 

showed a significant decrease in the relative risk of AD among RA subjects following 

treatment (unadjusted OR 0.44; 95 % CI 0.22–0.87; p = 0.02; adjusted OR 0.45; 95 % CI 

0.23–0.90; p = 0.02). There were no differences in the relative risks of AD in RA patients 

treated with prednisone, sulfasalazine, and rituximab, either with or without adjustment for 

comorbidities. Of the three anti-TNF agents studied, only etanercept significantly decreased 

the relative risk of AD in RA subjects following treatment (unadjusted OR 0.33; 95 % CI 

0.08–0.94; p = 0.03; adjusted OR 0.30; 95 % CI 0.08–0.89; p = 0.02). Of the three risk 

factors (coronary artery disease, diabetes, and peripheral vascular disease), only diabetes 

was found to be a significant covariate, which suggests that the association between 

coronary artery disease and peripheral vascular disease and AD are likely dependent on 

diabetes.
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4 Discussion

In the present study, we found a significant increase in the overall prevalence of AD among 

RA subjects as compared with non-RA subjects. Because we studied a commercially insured 

group, the average member age was younger than the US population based on 2000 census 

data. Persons aged 20–64 years were somewhat over-represented, and persons aged over 65 

years were under-represented in our population. Yet, we found a significant increase in the 

overall prevalence of AD among RA subjects aged ≥65 years (Table 3). The prevalence of 

RA among the studied population in the present study was consistent with other studies [33, 

34].

Unlike vascular dementia, which is caused by diabetes or peripheral vascular disease, AD-

associated vasculopathy is presumably caused by deposition of amyloid protein in the blood 

vessel wall, i.e., amyloid angiopathy, which is a cardinal feature of AD pathology. Recent 

studies also demonstrated a previously unknown vasculopathy among subjects with AD: 

decreased perfusion in different brain areas as compared with control subjects, the exact 

mechanisms of which remain unknown [36]. Consistent with previous findings, three of the 

five comorbid conditions examined in the present study, i.e., coronary artery disease, 

diabetes, and peripheral vascular disease, were shown to correlate with an increase in the 

relative risk of AD among RA subjects (Fig. 2). In post-mortem analyses, both coronary 

artery disease and diabetes increased the risk of AD in both non-APOE-ε4 and APOE-ε4 
carriers, although the findings were more pronounced in APOE-ε4 carriers [37, 38]. 

Individuals with diabetes also have less β-amyloid deposition and neurofibrillary tangle 

formation than those without diabetes [38]. Therefore, further study of the complicated 

functional relationship between diabetes and AD is warranted.

We found that RA patients who were on anti-TNF therapy as a group (adalimumab, 

infliximab, and etanercept) had a lower relative risk of AD, both with and without 

adjustment for comorbidities (Fig. 3); however, RA patients on other therapies assessed, 

including prednisone, sulfasalazine, and rituximab had no change in their relative risk of 

AD. Elevated levels of TNF have previously been shown in the serum and synovial fluid of 

RA patients, as well as the serum and cerebrospinal fluid of AD subjects [18–22, 39]. Serum 

levels of TNF in RA do not correlate with disease activities of RA, yet targeted therapy with 

anti-TNF agents has revolutionized the treatment for RA [40]. The functional role of TNF in 

AD has not been established; while disease progression in AD can be correlated with or 

predicted by TNF levels in the cerebrospinal fluid, its relationship with systemic circulation 

TNF levels remains uncertain [18–22, 41]. Our findings of reduced relative risk of AD 

among RA subjects following peripherally administered etanercept suggest a critical role for 

TNF in the development of AD in RA subjects, although at this time the mechanisms remain 

unclear. Therefore, our findings established parallelism between roles of TNF and anti-TNF 

therapy with etanercept in both RA and AD.

It is noteworthy that when we analyzed the three anti-TNF agents individually rather than as 

a class, we found that only etanercept significantly reduced the relative risk of AD among 

RA subjects (Fig. 3), although the CIs of the three anti-TNF agents did overlap somewhat. It 

is likely that the overall effect of anti-TNF agents as a group on lowering the risk of AD is 
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driven by etanercept statistically. Another study has also reported improvement in cognitive 

function and Mini-Mental State Examination in RA subjects following only 6 months of 

subcutaneous etanercept treatment for RA [42]. It is important to note that while anti-TNF 

agents including etanercept are too large to cross the blood–brain barrier [43], this does not 

preclude etanercept from exerting therapeutic benefit in AD, as demonstrated in the present 

study. The basis for this therapeutic benefit of etanercept and a lack of significance of 

adalimumab and infliximab on the relative risk of AD among RA patients is unknown, as all 

three agents have similar molecular weights (adalimumab MW 148 kDa, etanercept MW 

150 kDa, and infliximab MW 149 kDa), but a few points are worth mentioning. First, it is 

known that the three anti-TNF agents exhibit differential therapeutic efficacies in other 

diseases, such as Crohn’s disease or Wegener’s granulomatosis [44–47]. Second, two studies 

have suggested the disparity in therapeutic efficacies among the three anti-TNF agents is 

owing to the difference in the immunologic responses elicited by the monoclonal antibodies 

against TNF (adalimumab and infliximab) and engineered human type II TNF receptor 

(etanercept) [47, 48]. Third, it has been shown that etanercept is more likely to bind the 

active form of TNF-α, while infliximab binds both the active and inactive forms [49]. 

Additionally, because etanercept is an engineered version of TNF receptor 2, it also binds 

TNF-β [49]. It is conceivable that downregulation of both TNF-α and -β is required to 

decrease the risk of AD in RA patients; however, further investigation is required to confirm 

this. Therefore, variable therapeutic benefit among anti-TNF agents is not unprecedented, 

and there is a possible physiologic explanation for the phenomenon. Further studies directly 

comparing the efficacy of each agent in treating or preventing AD are required to determine 

the difference in the clinical benefits among these three agents.

The benefit of anti-TNF agents on AD relative risk was not impacted by adjustment for the 

co-morbid associations of coronary artery disease, diabetes, and peripheral vascular disease 

(Fig. 3). Therefore, the association between anti-TNF agents and lowered relative risk of AD 

among RA subjects are independent of the vasculopathy associated with these significant 

comorbidities. However, using multivariate analysis, only diabetes was seen to affect the 

relative risk of AD, suggesting that the effect of diabetes is independent of coronary artery 

disease and peripheral vascular disease.

A definitive diagnosis of AD is based on pathological findings in the brain, which renders 

the study of molecular mechanisms of AD in humans difficult. Furthermore, studies of AD 

are often controversial and difficult to interpret owing to small sample sizes. For example, a 

recent pilot study showed that subcutaneous etanercept was well tolerated in patients with 

established AD [50]. The authors noted a trend toward improved cognitive function that, 

while not statistically significant owing to the small sample size (n = 41) and acuteness of 

the treatment period (24 weeks), offered encouraging results, particularly for a study 

designed to determine the safety of etanercept in AD patients [50]. In the present study, we 

showed that administration of subcutaneous etanercept for RA lowers the long-term risk of 

AD in RA subjects. Taken together, these two studies support a role for TNF-α in the 

pathogenesis of AD, and suggest that anti-TNF therapy may be a viable candidate to modify 

the risk or course of AD.
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A nested case-control study using a database containing more than eight million subjects 

allowed us to examine the associations between rare events such as exposure to different 

treatments in RA and AD in a statistically meaningful and cost-effective manner. In addition, 

our studies eliminated recall bias and temporal ambiguity by virtue of the study design. Like 

all nested case-control studies, the major limitation of the present study is that not all 

pertinent risk factors were recorded in our database. In addition, because many healthcare 

providers were involved in patient care, risk factors and outcomes will probably not have 

been recorded or measured with the same accuracy and consistency throughout. Last, the 

age of the current data set is also a limiting factor as more biologic agents have been added 

to the treatment of RA recently.

5 Conclusions

AD is a common neurodegenerative disease with no known cure or disease-modifying 

therapies. Our findings in the present study support a growing consensus that inflammation 

likely plays an important role in the pathogenesis of AD. Specifically, we have shown that 

the relative risk of AD is higher among patients with RA, a common autoimmune disease, 

and that anti-TNF therapy for RA lowers the risk of AD among these patients. Our data 

support a role for TNF-α in AD, though further research will be required to establish its role 

in the molecular pathogenesis of AD. Our data suggest that etanercept is a promising 

candidate for the treatment of AD in the future.
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Key Points

Patients with rheumatoid arthritis have an increased risk for Alzheimer’s disease (AD).

Treatment with subcutaneous etanercept, but not other immunosuppressive agents studied 

(including other anti-tumor necrosis factor [TNF] therapies), mitigated this increased 

risk.

Our findings support a role for TNF-α in the pathogenesis of AD, and provide evidence 

that anti-TNF therapies could potentially serve as disease-modifying drugs for the 

treatment of AD.
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Fig. 1. 
Elimination of RA subjects based on exclusion criteria. AD Alzheimer’s disease, RA 
rheumatoid arthritis
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Fig. 2. 
Univariate analysis of the effects of five common chronic medical conditions on the 

incidence of AD among RA subjects. AD Alzheimer’s disease, CI confidence interval, RA 
rheumatoid arthritis
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Fig. 3. 
Effects of immunosuppressive treatments for RA on the incidence of AD before adjustment 

for comorbidities (unadjusted OR) and after adjustment for significant comorbidities 

(adjusted OR) using univariate analysis and multi-variate analysis, respectively. AD 
Alzheimer’s disease, CI confidence interval, OR odds ratio, RA rheumatoid arthritis, TNF 
tumor necrosis factor
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Table 4

Characteristics of cases (RA subjects with AD) and matched controls (RA subjects without AD)

Number (%) Cases Matched controls p values

Total number 165 1383 –

Average age (years) 76.8 (range 24–98)
CI (75.0–78.6)

75.4 (range 22–98)
CI (74.8–76.08)

0.15a

Female 120 (72.7)
CI 65.3–79.5

1051 (76.0)
CI 73.7–78.2

0.36b

18–19 years old 0 0 –

20–44 years old 3 (1.8)
CI 0.3–5.2

28 (2.0)
CI 1.4–2.9

0.88c

45–64 years old 22 (13.3)
CI 8.6–19.5

223 (16.1)
CI 14.2–18.2

≥65 years old 140 (84.8)
CI 78.5–90.0

1133 (81.9)
CI 79.8–83.9

AD Alzheimer’s disease, CI confidence interval, RA rheumatoid arthritis

a
Student’s t test

b
Chi-square test

c
Fisher’s exact test
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