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Abstract

Background—Vitamin E supplements may reduce the risk of developing rheumatoid arthritis
(RA) through antioxidant effects. While previous observational studies have investigated this
question, no randomized trial data are available.

Methods—The Women’s Health Study is a randomized, double-blind, placebo-controlled trial
designed to evaluate the benefits and risks of low-dose aspirin and vitamin E in the primary
prevention of cardiovascular disease and cancer among 39,876 female health professionals age 45
years and older throughout the US, conducted between 1992 and 2004. After excluding women
with self-reported RA at baseline, 39,144 women were included in the present study. The primary
endpoint, definite RA, was confirmed using a connective tissue disease screening questionnaire
(CSQ), followed by medical record review for ACR criteria.

Results—During an average follow-up of 10 years, 106 cases of definite RA occurred, 50 in the
vitamin E group and 56 in the placebo group. Sixty-four (60%) RA cases were rheumatoid factor
positive; 42 (40%) rheumatoid factor negative. There was no significant association between
vitamin E and risk of definite RA (relative risk [RR], 0.89; 95% confidence interval, 0.61-1.31).
There also were no significant risk reductions for either seropositive (RR, 0.64 (0.39-1.06)) or
seronegative RA (RR 1.47 (0.79-2.72)).

Conclusion—600 IU every other day of vitamin E supplements are not associated with a
significant reduction in the risk of developing RA among women in a randomized, double-blind,
placebo-controlled trial.
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Rheumatoid arthritis (RA) is the most common inflammatory arthritis, affecting
approximately 1% of the population.!: 2 Its etiology is unknown but it is presumed to be an
immunologic disease with genetic3=7, hormonal®=10 and environmental risk factors such as
cigarette smoking.11713 Oxidative damage has been implicated in the pathogenesis of RA,
and free radicals have been found within the rheumatoid synovium14=17 and in the plasma
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of patients with RA.18 Such molecules may induce endothelial cell damage and promote the
production of pro-inflammatory cytokines and adhesion molecules, thereby contributing to
the ongoing inflammatory response in RA.

Dietary antioxidant micronutrients act as scavengers of reactive oxygen radicals and may
protect against free radical mediated tissue damage in an inflamed joint.19—21 Antioxidants
may also protect against the development of RA.22 Vitamin E (a-tocopherol) is the major
lipid soluble, chain-breaking antioxidant found in biological membranes. Lipids are
important constituents of normal synovial fluid, and alterations in synovial lipids can occur
in RA.23 Low levels of vitamin E may therefore have a detrimental effect in inflammatory
arthritis. The mean synovial fluid concentrations of a-tocopherol in patients with
inflammatory arthritis is significantly lower than that found in controls24~28 suggesting that
a-tocopherol is consumed within the inflamed joint. Chronic inflammation can affect serum
antioxidant vitamin levels in RA patients,2” with some studies showing that RA patients and
children with chronic arthritis have lower serum vitamin E levels than healthy subjects.28—30
Observational case-control and cohort studies suggest an inverse relation between vitamin E
and the risk of developing RA,31737 but the data are inconsistent. No data from randomized
trials are available; therefore, to provide further information, we examined the association of
vitamin E supplementation and risk of developing RA in the Women’s Health Study
randomized trial.

Study Design and Participants

The Women’s Health Study is a randomized, double-blind, placebo-controlled 2x2 factorial
trial designed to evaluate the balance of benefits and risks of low-dose aspirin (100 mg every
other day; Bayer Healthcare) and vitamin E (600 1U every other day; Natural Source
Vitamin E Association) in the primary prevention of cardiovascular disease and cancer
among 39,876 female health professionals (including nurses, physicians, and dentists), aged
45 years and older, throughout the United States and Puerto Rico.38=40 The trial initially
contained a beta carotene component, which was terminated after a median treatment
duration of 2.1 years after consultation with the Data and Safety Monitoring Board of the
study, due to the null findings found in another clinical trial and a suggestion of harmful
effects among individuals at high risk for lung cancer in two other trials.41 Written informed
consent was obtained from all participants and the trial was approved by the institutional
review board of Brigham and Women’s Hospital.

Detailed methods of the trial have been described elsewhere.*2 43 In brief, letters of
invitation and baseline questionnaires were sent to 1.7 million female health care
professionals between September 1992 and May 1995. A total of 453,787 women completed
the questionnaire, and 65,169 women were willing and eligible to participate. Eligibility
criteria included: age 45 years or older; no previous history of coronary heart disease,
cerebrovascular disease, cancer (except non-melanoma skin cancer), or other major chronic
illnesses; no history of side effects from aspirin; no use of aspirin or non-steroidal anti-
inflammatory medications (NSAIDs) more than once a week, or willingness to forego their
use; no use of anticoagulants or corticosteroids; no use of individual supplements of vitamin
A, E, or beta-carotene more than once a week. Eligible women were enrolled into a 3-month
run-in period with placebo medications. Following the run-in period, 39,876 women
remained willing, eligible and compliant, and were randomly assigned to vitamin E or
placebo.
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For the present study, we further excluded 732 women who reported prevalent RA on their
baseline questionnaires, or who reported RA during follow-up with a diagnosis date that
preceded randomization, leaving 39,144 women.

Study Treatment and Follow-up

Every 6 months during the first year and annually thereafter, participants received follow-up
questionnaires that asked about compliance with pill taking (including outside use of the
study agents), potential adverse effects to the study agents, diagnoses of outcomes of interest
including RA, and risk factors, such as cigarette smoking. Study medication and endpoint
ascertainment was continued in a blinded fashion through the scheduled end of the trial
(March 31, 2004). At the end of the trial, morbidity and mortality follow-up were 97.2% and
99.4% complete, respectively. Compliance, defined as taking at least two-thirds of the study
capsules (reported on follow-up questionnaires), was 75.8% averaged throughout the trial,
with no difference between active and placebo groups (p=0.64). Non-trial use of individual
supplements of vitamin E on >4 days/month (”drop-ins™), averaged throughout the trial, was
somewhat lower in the active (8.6%) than placebo group (8.9%) (p=0.07).

Confirmation of End Points

When women reported RA, in response to the question, “Have you EVER been diagnosed
by a physician as having rheumatoid arthritis?”, we confirmed the diagnosis in a two-stage
process. First, they were asked to complete a connective tissue disease screening
questionnaire (CSQ)*4 45, that has sensitivity for detecting RA of 85% and specificity of
92%. On the request letter women were asked to check a box if they did not have a diagnosis
of RA. Subjects who screened positive for possible RA on the CSQ — at least 3 RA
symptoms, or a positive rheumatoid factor — were then asked for release of medical records.
Medical records were independently reviewed by two board certified rheumatologists
(EWK, NAS) blinded to the second reviewer’s result for American College of
Rheumatology (ACR) classification criteria.#®, evidence of RA-specific medication
treatment, the treating physician’s diagnosis. The reviewers met to discuss and resolve
discrepancies and determine a consensus diagnosis. The primary endpoint for the present
analysis, definite RA, was defined as occurring in subjects who, on medical record review,
met at least 4 ACR criteria for RA (95%), or had confirmed RA based on clinical symptoms,
laboratory tests, medication treatment, and the expert reviewers’ consensus (5%). Secondary
endpoints included seropositive RA, defined as definite RA with a positive rheumatoid
factor test documented in the medical record; seronegative RA, defined as definite RA with
a negative rheumatoid factor test; and inflammatory polyarthritis, defined as > 2 ACR
criteria for rheumatoid arthritis on medical record review. Additionally, we also examined
two other secondary endpoints: RA defined using the CSQ (= 3 RA symptoms on the
CSQ* 45 and self-reported RA from the follow-up questionnaires that was not later denied.

Statistical Analysis

Results

Analyses were performed using the SAS statistical software package (release 8.2; SAS
Institute Inc, Cary, NC). We used Cox proportional hazards models to calculate relative
risks and 95% confidence intervals, comparing event rates in the vitamin E and placebo
groups. Models were adjusted for age and the other randomized treatment assignments
(aspirin, B carotene). Statistical significance was set at p<0.05, using 2-sided tests.

The mean age of women at randomization was 54.6 (+7) years. Table 1 presents the
characteristics of the 39,144 women in the present analysis, according to vitamin E and
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placebo groups. There were no significant differences among groups with regard to age,
smoking, body mass index, reproductive variables, or use of postmenopausal hormones.

Case Validation

During an average follow-up of 9.99 years (+ 1.03 years), 1110 women reported a diagnosis
of RA on their follow-up questionnaires. Of these women, 803 (72%) responded to requests
for the CSQ. Non-responders had similar age, smoking status, and body mass index to
responders. Non-responders were equally likely to have received Vitamin E as placebo
(p=0.82). At this second contact, 456 women (41% of all self-reports) denied that they had a
diagnosis of RA. Of the 347 responders who did not deny the diagnosis (“unrefuted self-
reports™), 177 (51%) screened positive for RA based on the CSQ. Definite RA was
confirmed on medical record review in 106 women, yielding an annual incidence rate of
27.1 cases per 100,000 person-years. Of the 106 women with definite RA, 64 (60%) had
seropositive RA, and 42 (40%) seronegative RA.

Primary Endpoint

The primary endpoint of this study was definite RA, confirmed on medical record review.
The average duration between randomization and the diagnosis of definite RA was 5.8 (SD,
2.4) years. Of the 106 cases of definite RA, 50 occurred in the vitamin E group and 56 in the
placebo group (Table 2). This corresponded to a hon-significant relative risk (RR) of 0.89
(95% confidence interval [C1], 0.61-1.31; p=0.56) associated with vitamin E. Cumulative
incidence rates of definite RA and of seropositive RA over time among women in the two
groups are shown in Figure 1. These curves were not significantly different, and the test for
non-proportionality over time was not significant for definite RA (p=0.95) or for
seropositive RA (p=0.99).

Secondary Endpoints

Five secondary endpoints were examined in this study: seropositive RA, seronegative RA,
inflammatory polyarthritis, RA defined using the CSQ, and self-reported RA. Self-reported
RA was defined as those women who reported RA on the yearly questionnaire AND did not
refute the diagnosis at the second contact. Vitamin E was not significantly associated with
lower risks of either seropositive or seronegative RA (RR 0.64, 0.39-1.06 and 1.47, 0.79-
2.72) respectively (Table 2). While there was a marginally significant lower risk for
seropositive RA, cumulative incidence curves over time of this endpoint did not differ
significantly between the vitamin E and placebo groups (log-rank test, p = 0.08; Figure 1).
There also were no significant associations for inflammatory polyarthritis (RR = 0.89 (0.63—
1.25)), for RA defined using the CSQ (RR = 1.01 (0.75-1.36) or for RA defined by
unrefuted self-report (RR = 0.96 (0.83-1.12).

Discussion

In this large randomized, double-blind, placebo-controlled study of 600 IU of natural source
vitamin E on alternate days among 39,876 female health professionals age 45 years and
older, we found no significant associations with the primary endpoint, definite RA, or most
secondary endpoints, defined using several different case definitions. There was a
suggestion of inverse association between vitamin E and seropositive RA that did not reach
statistical significance. This finding is of interest since seropositive RA is a more severe
phenotype, and epidemiologic risk factors for RA such as cigarette smoking are more
strongly associated with seropositive RA than with seronegative RA.13

Previous observational studies have suggested that antioxidants may protect against the
development of RA, but the results for individual antioxidants are conflicting. In the lowa
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Women’s Health Study, a prospective cohort study, antioxidant intake and risk of elderly
onset RA was examined. There was a strong inverse association for B-cryptoxanthin and
supplemental zinc, but only a weak inverse association for vitamin C, and no association for
vitamin E and risk of RA.3% The risk of inflammatory polyarthritis, a precursor of RA, was
studied in another population-based prospective study. Vitamin C demonstrated a strong
inverse association with inflammatory polyarthritis, but -cryptoxanthin and zeaxanthin
antioxidants showed only weak inverse associations after adjustment for Vitamin C.36: 37 |n
a case-control study in which subjects were asked to recall diet from five years prior to the
diagnosis of RA, or the reference date for controls, no difference was found in vitamin E
intake between 324 incident cases with rheumatoid arthritis and 1,245 population controls.32
However, the reliability and validity of assessing vitamin E intake using a 5-year recall is
uncertain.

Biomarkers of antioxidant nutrient intake also have previously been investigated in relation
to risk of RA. In a nested case-control study within a Finnish cohort of 18,709 adult men and
women who had no history of arthritis at baseline, 122 incident RA cases occurred over
seventeen years of follow-up.33 Elevated risk of RA was seen among adults with low serum
levels of selenium and a-tocopherol at baseline. In another nested case-control study, serum
levels of a-tocopherol, B carotene, and retinol were determined from stored samples from a
serum bank of blood donated 2—15 years prior to the onset of RA. Twenty-one incident
cases of RA were diagnosed during follow-up, and cases had lower serum concentrations of
atocopherol, B-carotene and retinol at baseline than their matched controls, but the only
statistically significant difference was for p-carotene.3# The Women’s Health Study thus
adds further information from a randomized, controlled trial demonstrating no significant
association between vitamin E supplementation and the primary endpoint, risk of RA.

One limitation of the present study is the relatively small number of incident RA cases,
which would limit the power to detect modest reductions in risk, particularly of definite RA
(whether total, seropositive, or seronegative) and inflammatory polyarthritis. Previous
observational studies have reported a 28-56% reduction in risk of RA with vitamin E
supplement use3°, or among those with high serum levels.33 Post-hoc power calculations
showed that in the present study, with 106 cases of definite RA, we would have 40% power
to detect a 30% reduction in risk, and 86% power to detect a 50% reduction in risk. For the
other RA endpoints, with larger numbers, power would be accordingly higher. In addition,
we ascertained RA cases based on self-reports, a validated screening questionnaire (CSQ),
and medical record review, instead of direct history and physical examination. Our use of
ACR criteria when reviewing medical records may have resulted in misclassification of
some RA cases as non-cases, however, analysis of less specific categories of diagnosis
demonstrated consistent null associations. The annual RA incidence rate in this study, 27.1
per 100,000 person-years was substantially lower than rates reported by other studies. 2: 33
Incidence rates in the present study may be lower because of the “healthy participant” effect
— individuals who choose to participate in such studies tend to be healthier than the general
population. In addition, 28% of women who self-reported RA were non-responders after 3
mailings to our request for completing a CSQ. The numbers of definite RA among the non-
responders is unknown. However, we did include all of the non-responders in our analysis of
self-reported RA where we demonstrated no association with vitamin E. There were a large
number of women who initially reported a diagnosis of RA, then refuted this diagnosis upon
second contact, which is comparable to a similar study, the lowa Women’s Health Cohort
Study.# This may be due to diagnoses of possible RA by primary care physicians with
subsequent determination by rheumatologists that the symptoms were not due to RA. In the
Nurses’ Health Study, only 7% of original self-reports are confirmed as definite RA using
similar validation methods, with the great majority of original reports found to be
osteoarthritis, not RA upon medical record review.*8 We also did not take into account
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dietary intake of vitamin E or other dietary anti-oxidants. However, because the Women’s
Health Study is a randomized clinical trial, we would not expect vitamin E dietary intake to
differ between the vitamin E and placebo groups, as supported by the similarity of other
potential confounders between these two groups in Table 1. Moreover, the typical dietary
intake of vitamin E among women who do not take supplements is 11.4 1U/day, well below
the dose given in the trial of 600 IU every other day.*° Finally, the Women’s Health Study
comprises female health professionals who are better educated and have higher
socioeconomic status compared with the general population. Nevertheless, we would not
expect the biological effects of vitamin E to differ among women in different educational
and socioeconomic strata.

In conclusion, nutritional factors of interest in the etiology of RA have included fatty acids
from 0ils°%: 51 alcohol 52754, coffee 47+ 48, 55 red meat®6: 57, and Vitamin D.%8 Results have
been inconsistent across studies, and it is not clear that diet strongly influences RA risk.>®
Despite plausible biological mechanisms, as well as data from some previous observational
studies showing that diets high in antioxidants are associated with lower RA risk, the present
randomized controlled trial does not show that long-term use of vitamin E supplements
significantly decreases the risk of developing the primary endpoint definite RA.
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Table 1

Baseline Characteristics of Women by Group, Women’s Health Study

Characteristic

Vitamin E N=19576 | Placebo N=19568 | Total N=39144 | P-value
Age,y
Mean (SD) 54.6 (7) 54.6 (7) 54.6 (7) o0gst
<54 10977 (56) 10966(56) 21943(56)
55-64 6629 (34) 6619 (34) 13248 (34)
> 65 1970 (10) 1983 (10) 3953 (10)
Smoking status
Never 9973 (51) 10017 (51) 19990 (51) 058F
Past 7064 (36) 6970 (36) 14034 (36)
Current 2520 (13) 2564 (13) 5084 (13)
Body mass index™™
Mean (SD) 26.0 (5.0) 25.9(5.0) 26.0 (5.0) 089t
<25 9741 (51) 9808 (51) 19549(51)
25-29 5943 (31) 5900 (31) 11843 (31)
> 30 3477 (18) 3472 (18) 6949 (18)
Age at menarche, y
<10 1601 (8) 1623 (8) 3224 (8) 0391t
11 3167 (16) 3162 (16) 6329(16)
12 5519 (28) 5559 (28) 11078 (28)
13 5607 (29) 5659 (29) 11266 (29)
> 14 3653 (19) 3547 (18) 7200(18)
Parity
Nulliparous 2437 (13) 2524 (13) 4961 (13) 0.20f
Parous 17047 (87) 16984 (87) 34031 (87)
Menopausal status and hormone therapy (HT)
Premenopausal 5406 (28) 5460 (28) 10866 (28) 0.94%
Uncertain 3500 (18) 3511 (18) 7011 (18)
Postmenopausal —no HT 3240 (17) 3185(16) 6425(16)
Postmenopausal — past HT use 1438 (7) 1424(7) 2862 (7)
Postmenopausal — current HT use 5943(30) 5937 (30) 11880 (30)

*
Numbers do not always sum to group totals due to missing information for some variables

**k
Weight in kilograms divided by the square of height in meters

TNon-paired T- test

iChi-squared test
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nCochran-Armitage trend test
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