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Abstract
Objective—To examine the association between alcohol consumption and markers of
inflammation in pre-clinical rheumatoid arthritis (RA) patients.

Methods—We studied 174 incident RA cases with stored blood collected 1–16 years prior to RA
symptoms (“pre-clinical RA”) from the Nurses’ Health Study. Alcohol intake was measured using
a detailed food frequency questionnaire every two years prior to blood collection. Plasma was
tested for biomarkers of inflammation: high-sensitivity C-reactive protein (hsCRP), anti–cyclic
citrullinated peptide (anti-CCP) antibodies, interleukin-6 (IL-6) and soluble tumor necrosis factor
receptor II (sTNFRII). Generalized additive models were used to uncover structure in the
relationship between each biomarker and cumulative average alcohol intake. Then general linear
models were used for multivariable adjusted analyses with appropriate polynomial terms of
alcohol consumption.

Results—After controlling for age at blood collection, smoking, parity and duration of
breastfeeding, menopausal status, oral contraceptive use, BMI and the time between blood
collection and RA onset, we found that the daily alcohol consumption showed a U-shaped
association with IL-6 levels in RA patents prior to symptoms. We also found an inverse
relationship between alcohol intake and sTNFRII levels but no associations with hsCRP and anti-
CCP levels.

Conclusion—Alcohol consumption was associated with markers of inflammation including IL-6
and sTNFRII in RA patients prior to symptoms.

INTRODUCTION
Rheumatoid arthritis (RA) is an autoimmune disease, characterized by chronic, destructive,
debilitating arthritis, that affects approximately 1% of the adult population (1,2). The cause
of RA is unknown, but it is considered to be a multifactorial disease, resulting from the
interaction of both genetic and environmental factors. (1). Epidemiological studies have
suggested that moderate alcohol consumption may decrease the risk for RA and RA
progression (3–5). One possible mechanism for this inverse association is that moderate
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alcohol consumption may be associated with reduced levels of inflammatory biomarkers (6).
Alcohol has been shown to diminish the response to antigens in animals as well as in
humans,(7,8) and to suppress the synthesis of proinflammatory cytokines and chemokines,
such as TNFα , IL-6 and IL-8 both in vivo and in vitro in alveolar macrophages and human
blood monocytes (9,10). Studies have shown elevated autoantibodies and markers of
inflammation in RA cases where blood was collected prior to RA symptoms (eg. “pre-
clinical RA”) compared with matched controls (11–14). However, little is known about the
possible anti-inflammatory effect of alcohol consumption in pre-clinical RA. Our objective
was to investigate the influence of alcohol consumption on autoantibodies and markers of
inflammation including anti–cyclic citrullinated peptide (anti-CCP) antibodies, interleukin-6
(IL-6), soluble tumor necrosis factor receptor II (sTNFRII) and high-sensitivity C-reactive
protein (hsCRP) in women with preclinical RA enrolled in two Nurses’ Health Study
cohorts (NHS and NHS II).

METHODS
Study design and participants

The Nurses’ Health Study (NHS) was established in 1976 and enrolled 121,700 US female
registered nurses, ages 30–55 years. A second NHS cohort, the NHS II, was established in
1989 and enrolled 116,609 female registered nurses, ages 25–42 years. All women
completed an initial questionnaire and have been followed biennially in the combined NHS
cohorts by questionnaire to update exposures and disease diagnoses. From 1989 through
1990, 32,826 participants ages 43–70 years in the NHS provided plasma samples in
heparinized tubes. From 1996 through 1999, 29,611 participants ages 32–51 years in NHS II
provided blood samples. Collection and storage procedures for NHS II were similar to those
described above for the NHS. All aspects of this study were approved by the Partners
HealthCare Institutional Review Board.

RA case identification in NHS and NHS II is a 2-step process. Two board-certified
rheumatologists trained in chart abstraction conducted independent medical record reviews
based on the American College of Rheumatology (ACR) classification criteria for RA.
Detailed procedures were reported in previous research (12,15). After excluding all
prevalent RA cases at the time of blood collection, we included 174 incident RA cases in the
study (126 in NHS, 48 in NHS II) with a stored blood sample collected at least 3 months
prior to the date of the first RA symptom documented in the medical record.

Assessment of alcohol consumption
Alcohol consumption was assessed every two years with a semi-quantitative food frequency
questionnaire including separate items for beer, white wine, red wine, and liquor started
from 1980 in NHS and 1989 in NHS II. We specified standard portions as a glass, bottle, or
can of beer; a 4-oz glass of wine; and a shot of liquor. For each beverage, participants were
asked to estimate their average consumption over the past year. The estimated alcohol
content of each beverage was 13.2 g per bottle or can of beer, 10.8 g per glass of wine, and
15.1 g per standard drink of liquor. Total alcohol intake was recorded as the sum of these 3
beverages. The food frequency questionnaires were updated across different survey years.
The reproducibility and validity of the assessment of alcohol intake were evaluated among
173 Boston-area participants who completed written one-week dietary records every three
months for a year during which time they weighed and measured all their food and drinks.
The correlation of alcohol intake on the questionnaire with alcohol intake on the dietary
records was 0.9 (16). We used the repeated alcohol measurements prior to blood draw. Daily
alcohol intake was estimated based on the cumulative average method widely used for diet
intake in NHS (17). More weight was given to the most recent alcohol intake in calculation
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of the cumulative average. For example, during 1980–1984 time period, the cumulative
average alcohol intake will be calculated as the following: [1984 alcohol + (1980 alcohol +
1982 alcohol)/2]/2. Detailed information of cumulative average method was documented
elsewhere (17). The use of cumulative average method instead of a single measurement will
reduce within-subject variation and best represent overall long-term alcohol consumption.

Information on potential confounding variables—All exposure information was
self-reported on the mailed questionnaires administered every 2 years since 1976 in the NHS
and since 1989 in the NHS II. Cigarette smoking is a strong environmental risk factor for
RA (18–20) and is associated with biomarker levels (21–23). We adjusted for smoking
status evaluated by pack-years of smoking (product of years of smoking and packs of
cigarettes per day). Reproductive covariates were chosen based on the past findings of
associations between reproductive factors and the risk of RA in the NHS including parity
and duration of breastfeeding (nulliparous, parous and no breastfeeding, parous and 1–12
months breastfeeding, parous and >12 months breastfeeding), menopausal status and oral
contraceptive use (15). Other potential confounders we adjusted for included age at blood
draw, body mass index (BMI) and the time between blood collection and RA onset. All the
covariates were measured in the questionnaire prior to the blood draw.

Laboratory assays—The laboratory selected for NHS cohorts has high assay precision
and runs internal positive and negative quality control samples daily. The laboratory has
undergone rigorous blinded pilot testing with aliquots from NHS quality control specimens
in which aliquots were divided into 2 masked samples (12). Anti–CCP was tested using the
second generation Diastat ELISA (Axis-Shield Diagnostics, Dundee, UK), with positive
anti-CCP defined as >5 units/ml. High-sensitivity C-reactive protein in mg/dl was measured
by high-sensitivity latex-enhanced immunonephelometric assay on a BN II analyzer (Dade-
Behring, Newark, DE). IL-6 (pg/ml) was measured with an ultrasensitive quantitative
sandwich enzyme-linked immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN).
In this study, we measured sTNFRII as a proxy for TNFα because TNFα cannot be reliably
measured in stored plasma as it degrades rapidly. Coefficients of variation were 0.07–17.7%
for IL-6, 4.0–13.6% for sTNFRII, and 1.6–5.2% for CRP. The detailed laboratory
procedures and quality controls have been reported previously (12),

Statistical analysis—Descriptive statistics such as minimum, maximum, range, median,
mean and standard deviation for each biomarker (IL-6, sTNFRII, hsCRP, and anti-CCP
antibodies), frequencies and percentages for each categorical variable were used to
summarize the data as well as detect outliers and missing values. The normality of the
distribution of primary outcomes of interest was examined with a normal probability plot.
Natural log transformed IL-6 and hsCRP were used in the analysis based on their
distributions. Chi-square tests, t-tests or non-parametric tests were used for unadjusted
analysis as well as evaluation of potential confounders when applicable.

We used semi-parametric generalized additive models to uncover structure in the
relationship between each inflammatory marker and alcohol intake based on the method of
cubic smoothing splines. Then general linear models were used with an appropriate
polynomial term for alcohol intake. We computed the β coefficients over 1 gram/day change
of alcohol intake to evaluate the independent association between alcohol consumption and
the four inflammatory biomarkers. Adjusted variables for potential confounding included
age, cigarette smoking, reproductive covariates, BMI, the time between blood collection and
RA onset. The validity of model assumptions was evaluated using analysis of residuals. All
p values were calculated with two-sided significance level of 0.05. Data analyses were
performed using SAS 9.1.2 (SAS Institute, Inc, Cary, North Carolina).
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RESULTS
In the NHS and NHS II, we confirmed 174 incident RA cases with stored blood collected
prior to onset of the first RA symptoms, hereafter referred to as preclinical RA. The average
age in years at blood draw in NHS was 56.1 and 44.3 in NHS II. The average time between
blood collection and the onset of RA symptoms was 6.5 years (range 0.3–15.7 years).
Overall 26.2% of women in NHS and 43.8% in NHS II did not consume any alcohol before
blood collection. Table 1 presents the general characteristics of the preclinical RA cases at
time of blood collection according to alcohol consumption level in NHS and NHS II.

Figure 1 shows the unadjusted associations between daily alcohol intake and levels of log
transformed IL-6 (log IL-6) and sTNFRII. Daily alcohol intake followed a U-shaped
association with log IL-6, with minimum values at an alcohol intake of 10–12 grams daily
(~1 drink/day). sTNFRII levels were lower with increased daily alcohol intake (p<0.01). The
confident limits represent the variability of the relationships. Table 2 give adjusted means of
each inflammation marker according to daily alcohol consumption. The parametric
polynomial regression model confirmed the pattern of the quadratic relationship with IL-6
after adjustment for the potential confounders including age at blood draw, cigarette
smoking, reproductive covariates, BMI and the time between blood collection and RA onset.
Our adjusted analyses also confirmed that daily alcohol intake was associated with
decreased level of sTNFRII (p=0.03). However, no clear statistical associations were found
between alcohol consumption and hsCRP or anti-CCP levels.

DISCUSSION
Excessive alcohol consumption depresses the immune system and increases the propensity
to severe bacterial infections (8,24). However, it has been documented that light to moderate
alcohol consumption has protective effects against several diseases including chronic heart
diseases and ischemic stroke (25). An indication that alcohol consumption may also
influence the risk of human RA has come from several epidemiological studies (3,4,26). No
clear-cut mechanism has been identified to explain this relationship. One hypothesis is that
light to moderate alcohol consumption may exert anti-inflammatory effects (6). However, no
studies have assessed the effects of alcohol consumption on inflammatory markers in pre-
clinical RA patients. Using blood samples from the prospective Nurses’ Health Study, we
found alcohol intake showed an apparent U-shaped association with IL-6 in preclinical RA
patients. And sTNFRII was negatively associated with daily alcohol consumption. We failed
to find alcohol intake had significant effects on hsCRP and anti-CCP levels.

Effects of alcohol consumption on the immune function are well known and depend in part
on the amount and duration of alcohol consumption. Chronic alcohol consumption
modulates various components of the immune system. Associations between moderate
alcohol intake and lower levels of inflammation markers have been found in the general
population (27). Several studies have demonstrated that moderate alcohol consumption was
associated with lower levels of CRP in a U-shaped or J-shaped manner, but with a weaker
association among women than men(6,28). Alcohol has been shown to suppress the
synthesis of pro-inflammatory cytokines and chemokines, such as TNF-α and IL-6 both in
vivo and/or in vitro in alveolar macrophages and human blood monocytes (9,27). Notably,
addition of alcohol to the drinking water of mice was recently shown to reduce clinical signs
of arthritis as well as joint destruction (29). The beneficial effects may be mediated by up-
regulation of testosterone production, which in turn inhibits NFkB activation, leading to
decreased cytokine/chemokine production and decreased chemotactic activity of leukocytes
(29). A recently published study indicates a trend toward reduced radiographic progression
in alcohol drinkers compared with nondrinkers, specifically in occasional and daily alcohol

Lu et al. Page 4

Arthritis Rheum. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consumers (5). In this analysis, we confirmed that light to moderate alcohol consumption
(<12 grams daily) was associated with lower levels of IL-6 and sTNFRII in pre-clinical
incident RA patients, similar to findings in general population. We did not find significant
association between alcohol consumption and hsCRP or anti-CCP. The possible reason may
be that nurses in this study consume less alcohol beverages than other populations reported.
Thus we could not assess the effect of high levels of alcohol intake, since there were few
heavy drinkers in our sample.

One advantage of the present study is that it was population-based and included only
incidence cases with definite RA as determined by two board-certified rheumatologists
based on ACR classification criteria for RA. In contrast to other studies, we collected
information on alcohol use and measured inflammatory markers before the occurrence of
RA to reduce recall bias that is inherent in most retrospective designs. This study had some
limitations. First, information on alcohol consumption was self-reported, perhaps leading to
some misclassification bias. However, the cumulative average estimate of consumption may
be more representative for regular alcohol exposure than a one-time measure. Second, the
relatively small number of incident RA cases limits the power to correct for multiple tests
and detect modest effects of alcohol consumption on markers of inflammation. Therefore,
our findings should be considered as exploratory results. Another limitation is that we were
unable to adjust for confounding factors due to infections and other inflammatory
conditions, although we did exclude subjects with self-reported SLE or other CTDs prior to
blood sample collection.

In conclusion, alcohol intake is associated with IL-6 in a U-shaped manner before RA onset,
and sTNFRII was negatively associated with daily alcohol consumption. These associations
suggest that the alcohol anti-inflammatory effect might be the link between moderate
alcohol consumption and possible decreased risk of RA. Alcohol intake alone, however,
may not be powerful enough to influence risk of RA. While long-term randomized
controlled trials of alcohol are the ideal setting for studying this association, they are
unlikely to take place for ethical reasons. Thus, there is clearly a need for further
observational cohort studies, as well as for animal and experimental studies on the cellular
and molecular level, to understand these relationships. Although alcohol in moderation may
be protective against inflammatory diseases, such as cardiovascular disease and possibly
RA, alcohol abuse is a major public health and social problem with far-reaching
consequences.
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Figure 1.
The unadjusted relationship between IL-6 / sTNFRII and daily alcohol intake (with 95%
confidence limits) in preclinical rheumatoid arthritis patients
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Table 1

Characteristics of the rheumatoid arthritis cases at time of blood collection in NHS

Covariates

Alcohol Consumption (gram/day)

0 (n=54) 0.1–5.0 (n=74) 5.1–10.0 (n=23) >10.0 (n=23)

Age at blood collection, mean (SD) years 51.0(8.2) 53.7(8.6) 53.6(8.7) 53.4(7.1)

Age at RA diagnosis, mean (SD) years 57.4(9.9) 59.7(10.4) 60.4(11.0) 61.9(7.5)

Body mass index, mean (SD) 28.0(5.7) 27.0(5.4) 27.4(6.1) 26.1(4.7)

Ever smoke, % 37.04 52.70 69.57 78.26

Contraceptive use, % 72.22 63.51 73.91 73.91

Menopausal, % 38.89 62.16 69.57 56.52

Parity and breastfeeding, %

 Nulliparous 9.26 8.11 17.39 4.35

 Parous/0–3 months 27.78 33.78 26.09 17.39

 Parous/4–11 months 42.59 50.00 36.13 56.52

 Parous/12- months 20.37 8.11 17.39 21.74
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