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Abstract
Background—Moderate alcohol intake has been associated with better physical performance
and reduced likelihood of functional limitations. Causal inference has been difficult as most
studies are cross-sectional. Our study investigated the prospective relationship between alcohol
consumption and the risk of incident mobility limitation.

Methods—The analysis included 3,061 participants in the Health ABC study, community-
dwelling adults aged 70–79 without mobility disability at baseline. Study outcomes were the
incidence of mobility limitation, defined as self-report at two consecutive semi-annual interviews
of any difficulty either walking a quarter of a mile or climbing stairs, and the incidence of mobility
disability, defined as severe difficulty or inability to perform these tasks at two consecutive
reports. Weekly alcohol intake was assessed at baseline and categorized as follows: former, never
or occasional (<1 drink/week), light (1 to 7 drinks per week for men; 1 to 3 drinks per week for
women), moderate (8 to 14 drinks per week for men; 4 to 7 drinks per week for women), and
heavy (> 14 drinks per week for men; > 7 drinks per week for women). Crude incidence rates were
calculated per 100 person-years; Cox proportional-hazard regression analysis was used to estimate
Hazard Ratios (HR) and 95% Confidence Interval (CI).

Results—During a follow-up time of 6.5 years, participants consuming moderate levels of
alcohol had the lowest incidence of mobility limitation (6.4 per 100 person-years (P-Y); men: 6.4
per 100 P-Y; women 7.3 per 100 P-Y) and mobility disability (2.7 per 100 P-Y; men: 2.5 per 100
P-Y; women: 2.9 per 100 P-Y). Adjusting for demographic characteristics, moderate alcohol
intake was associated with reduced risk of mobility limitation (HR:0.70;CI:0.55–0.89) and
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mobility disability (HR:0.66; CI:0.45–0.95), compared to never or occasional consumption.
Additional adjustment for life-style related variables substantially reduced the strength of the
association (HR:0.85;CI:0.66–1.08) and mobility disability (HR:0.81; CI:0.56–1.18). Conversely,
adjustment for diseases and health status indicators did not importantly affect the strength of the
associations, suggesting that life-style is most important in confounding the studied relationship.

Conclusions—Globally taken, these results suggest caution in attributing a direct benefit of
moderate alcohol intake on functional ability.

INTRODUCTION
Increasing evidence shows that moderate alcohol consumption is associated with decreased
risk of a number of adverse health events. A J or U-shaped relationship between alcohol
consumption and all-cause mortality has been demonstrated, primarily owning to the
reduced risk of cardiovascular events associated with moderate alcohol intake.1,2

In the last decade the relationship between alcohol intake and key geriatric outcomes, such
as cognitive impairment, falls and functional decline has gained growing attention.3–7 In
particular, a recent cross-sectional study4 shows that moderate alcohol intake is associated
with better physical performance and reduced likelihood of functional limitations. However,
because of the lack of experimental studies and important methodological weakness of the
published studies, a causal relationship can not be established. Few studies investigated the
relationship between alcohol and physical function with a prospective design and with an
adequate follow-up time and rarely the effect of health-related factors associated with
moderate alcohol intake has been closely investigated. Indeed, moderate drinkers might have
many social and lifestyle characteristics that may account for the observed better physical
performance. In addition, among older adults, the proportion of drinkers declines over time8

and level of alcohol intake is lower among those who had received recent medical care.9 For
this reason it may be hypothesized that at least part of the reported protective effect of
moderate alcohol intake may result from inclusion among non-drinkers of subjects who do
not drink because of poor health status. On the other hand, the observed protective effect of
moderate alcohol intake on physical function may also reflect the benefit of moderate intake
on cardiovascular disease and inflammatory status,10 that in turn are well-established risk
factors for functional decline and disability.

From this point of view, we hypothesized that the observed protective effect of moderate
alcohol intake on physical function might be explained by three potential mechanisms: 1)
the confounding effect of advantageous social and life-style factors associated with
moderate drinking; 2) the better health status of moderate drinkers compared to former
drinkers; 3) the beneficial effect of moderate alcohol intake on cardiovascular health and
inflammatory status. The aim of the present study was, therefore, to investigate these
hypotheses examining the prospective relationship between alcohol consumption and the
risk of incident physical disability in a well-characterized sample of non disabled older
people.

METHODS
Sample

The data were collected from 3,075 well-functioning white and black men and women,
participating in the Health Aging and Body Composition (Health ABC) study, a prospective
cohort study designed to investigate the impact of health conditions on age-related
functional changes. Participants aged 70 to 79 years were recruited from a random sample of
white Medicare beneficiaries, and all age-eligible black community residents in designated
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zip codes from the metropolitan areas surrounding the two field centres (Pittsburgh, PA, and
Memphis, TN). Eligibility criteria included: (1) no difficulty walking 1/4 of a mile, climbing
10 steps, or performing basic activities of daily living; (2) no life-threatening illness; and (3)
no plans to leave the area for three years. The present analyses are based on 3061
participants; 14 subjects were excluded because they had either no alcohol consumption data
(n=12) or no follow-up information (n=2). All participants gave informed consent. The
institutional review boards at each study site approved all protocols.

Measures
Alcohol Intake—Information on alcoholic beverage consumption was assessed by means
of a standardized questionnaire administered at the baseline interview.10 The interviewer
first explained to the participant that alcoholic beverages should include any kind of drink
containing alcohol, including beer, wine, liquors, and cocktails or other mixed drinks. One
drink was considered to be equal to 12 ounce of beer (one can), five ounce of wine (a full
glass) or a drink containing a “shot”, a “jigger” or a “finger” of liquor (equivalent to about
1.5 ounces of liquor). After that, the participant was asked to report how many drinks he/she
had in a typical week, over the past 12 months. Given the different drinking pattern of men
and women, alcohol intake was categorized differently for men and women as follows:
former, never or occasional (<1 drink/week), light (1 to 7 drinks per week for men; 1 to 3
drinks per week for women), moderate (8 to 14 drinks per week for men; 4 to 7 drinks per
week for women), and heavy (> 14 drinks per week for men; > 7 drinks per week for
women). For non drinkers the reason for not drinking was also collected, and the following
primary reasons were considered: no need, dislike, medical reasons/health status, religious/
moral, recovering alcoholic, family member alcoholic, cost, or other.

Outcomes—Participants were contacted by telephone every 6 months and visited a clinic
every year during which health status was assessed and data about functional status were
collected. The study outcome measure was the incidence of mobility limitation, defined as
self-report at two consecutive semi-annual interviews of any difficulty either walking a
quarter of a mile or climbing stairs without resting. In order to evaluate the incidence of
more severe functional impairment (defined as mobility disability), a second study outcome
that included only the incidence of severe difficulty or inability to perform these tasks at two
consecutive reports, was also considered. Follow-up time was the time from the baseline
visit until the date of the first of the two consecutive reports of the study endpoints. For
those who did not experience any study outcomes, the follow-up time was censored at the
end of follow-up, death or last contact date.

Covariates—The following demographic characteristics were considered as covariates:
age, gender, race, study site, level of education, family income, and smoking habits.
Baseline objective lower extremity performance was evaluated using 6-meters gait speed.
Cognitive function was assessed using the Modified Mini-Mental State Exam (3MS),11 with
cognitive impairment defined as a 3MS score <80.12 Depressed mood at baseline was
evaluated by means of the standard Center for Epidemiologic Studies Depression Scale.13

Body Mass Index (BMI ) was computed as weight in kilograms divided by the square of
height in meters. Physical activity performed during the last week was assessed. Time spent
on climbing stairs, walking for exercise or other purposes, aerobics, weight or circuit
training, high-intensity and moderate-intensity exercise activities was obtained as well as
information on the intensity level. A metabolic equivalent value was assigned to each
activity/intensity combination.14 The scores were summed across activities and multiplied
by body weight to create an overall physical activity score in Kcal/week. Participants were
categorized as physically inactive if they expended less than 200 Kcal/week.15
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Health ABC includes two levels of information on health conditions at baseline. Prevalence
of chronic conditions (cardiovascular disease [CVD-coronary heart disease, cerebrovascular
disease, heart failure], hypertension, diabetes, knee osteoarthritis) was determined through
disease algorithms using self-reported physician-diagnosed disease information, clinic data,
and medication use mirroring adjudicated diagnoses in the Cardiovascular Health Study.16

In addition, the study included objective indicators of subclinical disease for many of the
conditions. The ankle brachial index (ABI) was calculated as the systolic blood pressure
(SBP) of the ankle divided by the SBP of the arm. ABI was used as an indicator of
atherosclerosis severity.17 Renal function was assessed by means of creatinine clearance
calculated according to the Cockcroft-Gault equation.18 Respiratory function was evaluated
by means of the Tiffenau Index (ratio between forced expiratory volume in first second and
forced vital capacity [FEV1/FVC]). Incident conditions were adjudicated at each clinical
center according to algorithms established at the beginning of the study and requiring
confirmatory data. Incident CVD was defined as any fatal event or overnight hospitalization
in an acute care hospital for myocardial infarction, angina, heart failure, and stroke.
Inflammatory status was assessed by Interleukin-6 (IL-6) levels, (ELISA kit from R&D
Systems, Minneapolis, MN).

Statistical Analysis
Sample characteristics were compared across alcohol intake categories using the χ2-test for
categorical variables and analysis of variance for continuous variables. Crude incidence
rates were calculated per 100 person-years. A regression model including alcohol intake
categories as linear and quadratic terms was used to test for non-linear trends; the likelihood
ratio test was also used to compare the goodness of fit of the model including the linear and
quadratic terms for alcohol intake categories with the model including the linear term only.
Cox proportional-hazard regression analyses were performed to compute the Hazard Ratio
(HR) for incident persistent mobility limitation and persistent mobility disability, according
to baseline alcohol consumption. Hazard ratio was calculated relative to non drinkers and
occasional drinkers (< 1 drink/week), as preliminary data analyses show no risk difference
among these two groups. The assumption of proportionality, assessed through the analysis
of Schoenfeld residuals,19 was conserved.

To address the study hypotheses, and in order to discriminate the effect between potential
confounders and mediators, diverse analytic models were built. To the initial model adjusted
for demographic variables (age, gender, race, study site; Model 1), we added the following
variable groups: lifestyle related variables (education, income, smoking status, physical
activity, BMI; Model 2); diseases and health status indicators that may act as confounders
(knee osteoarthritis, FEV1/FVC, creatinine clearance, CESD score, 6-m walk time; Model
3), diseases and health status indicators that may act as mediators (hypertension, diabetes,
prevalent CVD, ankle brachial index, cognitive impairment, IL-6 and finally incident CVD;
Model 4). Finally a fully adjusted model was fitted (Model 5). To estimate to which extent
lifestyle characteristics and health status contributed to the hypothesized protective effect of
moderate alcohol intake on functional outcomes, we compared the HR for moderate alcohol
intake estimated from model 1 (HR_basic), with HRs estimated from models including life-
style related variables and health status indicators (HR_adjusted). The presence of a
significant interaction between alcohol consumption, sex and race was tested by means of
the likelihood ratio test. All analyses were performed using Stata 9.0 for Windows(Stata
Corporation, College Station, TX).

RESULTS
The mean age of the study sample was 73.6 years, 51.7% were women, and 41.6% were
black. Women were more likely to be never- or occasional drinkers (Table 1). Participants

Maraldi et al. Page 4

J Am Geriatr Soc. Author manuscript; available in PMC 2011 August 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consuming moderate levels of alcohol were less likely to have low education level, poor
income, obesity and physical inactivity. Moderate alcohol intake was associated with lower
prevalence of cardiovascular risk factors and with lower prevalence and incidence of CVD.
The best baseline lower extremity performance was observed among participants consuming
moderate levels of alcohol.

During a follow-up time of 6.5 years, persistent mobility limitation occurred in 1512
(49.4%) participants, and 720 (23.5%) participants experienced persistent mobility
disability. Women compared to men had higher incidence of both mobility limitation
(54.9% vs 43.5%, p <.001) and mobility disability (27.0% vs 19.8%, p <.001). Figure 1
shows incidence rates of mobility limitations and mobility disability according to alcohol
consumption. Participants consuming moderate levels of alcohol had the lowest incidence of
mobility limitations (6.4 per 100 person-years) and mobility disability (2.7 per 100 person-
years).

Table 2 presents results from Cox regression analyses of the relationship between alcohol
intake and the study outcomes. Adjusting for demographic characteristics, and compared to
never/occasional consumption, moderate alcohol intake was associated with reduced risk of
mobility limitation (Model 1; HR:0.70;95%Confidence Interval[CI]:0.55–0.89) and mobility
disability (HR:0.66; CI:0.45–0.95). Inclusion of life-style related variables substantially
reduced the strength of the association of moderate alcohol intake with mobility limitation
(Model 2;HR:0.85; CI:0.66–1.08) and mobility disability (HR:0.81; CI:0.56–1.18), that
became no longer statistically significant. Conversely, adjustment for diseases and health
status indicators did not substantially alter the strength of the studied associations, and full
adjustment determined an attenuation of the strength similar to that obtained in the life-style
adjusted model. Also striking was the increased risk of mobility limitation associated with
former drinking that was substantially reduced after multiple adjustment, but remained
significant even in fully adjusted models.

We found a different relationship between alcohol intake and the study outcomes in men and
women, and a potential interaction between alcohol intake and sex for both the study
outcomes was found (p value for interaction =0.06 and 0.16 for mobility limitation and
mobility disability, respectively). In men (Table 3) there was no association between
moderate alcohol intake and the risk of mobility limitation (HR:0.94;CI:0.65–1.36) and
mobility disability (HR:0.85;CI:0.47–1.53), whereas we observed an increased risk of
mobility limitation among men consuming 1 to 7 drinks/wk, compared to never/occasional
drinkers (HR:1.27;CI:1.03–1.56) that was attenuated after adjustment for diseases-potential
confounders (Model 4, HR:1.16;CI:0.94–1.42), but persisted after full adjustment (Model 5,
HR:1.30;CI:1.05–1.61). Male former drinkers also had an increased risk of persistent
mobility limitation. In women (Table 4) we observed a significant association between
moderate alcohol intake and reduced risk of mobility limitation (HR:0.60;CI:0.43–0.82),
that was still attenuated after adjustment for life-style related characteristics (HR:0.75;CI:
0.54–1.04). Among former drinkers, the risks associated with persistent mobility limitation
were also attenuated in the adjusted models. With regard to mobility disability, both light
alcohol intake and moderate alcohol intake were associated in women with a significant risk
reduction. Even the strength of these associations were reduced after adjustment for
lifestyle-related variables and health status characteristics. No significant interaction
between alcohol intake and race was observed.

Finally, we estimated to which extent lifestyle related characteristics and health status
accounted for the protective effect of moderate alcohol intake on the risk of mobility
limitation and mobility disability. Figure 2 shows the percent reduction of the strength of the
association between moderate alcohol consumption and the study outcomes. Life-style
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characteristics were the variables that mostly contributed in attenuating the protective effect
of moderate alcohol intake. Adjusting for these characteristics all together determined a 50%
reduction of the strength of the association between moderate alcohol intake with mobility
limitation and mobility disability. Income, education, BMI and physical activity were the
factors that had the greatest impact. Comorbidities and health status indicators had a smaller
impact on the relationship between moderate alcohol intake and the study outcomes (Figure
2), and as expected, among the several diseases considered, cardiovascular disease, both
prevalent and incident, was the condition that mostly attenuated the risk reduction associated
with moderate alcohol intake. Simultaneous inclusion of all the covariates led to an about
50% attenuation of the strength of the studied associations. Analysis performed after
exclusion of men yielded virtually identical results.

DISCUSSION
The results from this study show that among a large cohort of well-functioning older men
and women, light-to-moderate alcohol consumption is associated with reduced risk of
functional decline over a mean follow-up time of about 4 years. However, the protective
effect of moderate alcohol intake was strongly attenuated after adjustment for life-style
indicators, in particular the characteristics that mostly attenuated this protective effect were
education, income, BMI and physical activity.

An association between light-to-moderate alcohol intake and physical function has been
previously reported in literature. In particular, some studies suggest that moderate alcohol
consumption is associated with lower ADL disability, lower rate of self-reported mobility
limitation, and better objective physical performance.4,20–22 However, the causal direction
and the underlying mechanisms of this association are not still understood. Most of the
previous studies were cross-sectional and did not allow conclusions regarding cause-effect
relationships. Furthermore, the reported associations were attenuated after adjustment,
suggesting that the observed relationship may be not really a causal one, but might be partly
due to confounding. In fact, it has been reported that light-to-moderate drinkers, compared
to non-drinkers, have some lifestyle characteristics that may protect them from functional
decline, including higher physical activity level, higher education level, and lower
prevalence of obesity. 23 An other possible non-causal explanation for the observed inverse
association between moderate alcohol intake and physical performance involves inclusion
among non-drinkers of subjects who do not drink because of higher burden of disease
(reverse causality).24 This issue may assume particular importance among older people since
the proportion of individuals consuming alcohol decrease with age, a trend that has been
related, at least in part, to worsening health over time.9,25 Light-to-moderate alcohol intake
has also important health consequences that might however account for a direct protective
effect. Previous studies demonstrated that light-to-moderate alcohol intake is associated with
decreased risk of a number of adverse health events, such as coronary artery disease, heart
failure and diabetes,1,2,26,27 that are important causes of physical disability in older
people.28,29 Furthermore, there is strong evidence that increased levels of inflammatory
markers are associated with poor physical performance and muscle strength, and are strong
predictors of physical decline over time.30 Light-to-moderate alcohol consumption has been
associated with lower levels of IL-6 and CRP,10 suggesting that also the alcohol anti-
inflammatory effect might mediate the reported association between light-to-moderate
alcohol consumption and better physical performance. Nevertheless, only a few studies have
investigated the prospective relationship between alcohol intake and functional decline, and
the lack of adjustment for potential confounders and mediators is a limitation of most of the
previous studies.
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To our knowledge, this is the first study that specifically investigated the prospective
relationship between alcohol intake and risk of functional decline and assessed the role of
potential confounding and mediating factors in explaining the observed relationship. In our
study, relative to never/occasional drinking, light-to-moderate alcohol consumption was
associated with a reduced risk of mobility limitation and mobility disability. However,
controlling for lifestyle indicators, substantially weakened the association. In addition, after
stratification for gender, the protective effect of moderate alcohol intake was observed only
in women, and still attenuated after adjustment for life-style indicators. Globally taken, these
results suggest that the reported protective effect of moderate alcohol intake on the
likelihood of functional limitation mostly reflect the healthier lifestyle of subjects who
consume alcohol at moderate levels.

Income, education, physical activity and BMI were the factors that mostly explained the
association between moderate alcohol intake and reduced risk of functional decline,
remaining also independent predictors of mobility disability. Income and education level are
well-documented risk factor for disability.31 The relationship between BMI and physical
activity with disability has been extensively investigated and consistent links between BMI,
physical activity and functional decline have been established. Research across samples of
older men and women indicates that high BMI is associated with greater functional
limitations and higher rates of new disability.32,33 Several studies

demonstrated that regular physical activity may not only extend life expectancy, but also
may reduce the risk of physical disability in late life.6,34–36 In our study, compared to never/
occasional drinkers, subjects consuming moderate level of alcohol had lower BMI, the
lowest prevalence of obesity, and the lowest prevalence of physical inactivity. From this
point of view, these findings further support the hypothesis of a non-causal relationship
between moderate alcohol intake and better physical performance, confirming moreover the
pivotal role of BMI and physical activity in conditioning functional outcomes in older
adults.

Some limitations of the present study should be considered. Alcohol intake was assessed by
a standardized self-report questionnaire, which is prone to misreporting and
misclassification. Moreover, our study is based on a single alcohol intake assessment at one
point in time. However, among older people, drinking patterns tend to be stable over time37

and, given the relatively short follow-up period, it is unlikely that intake varied significantly.
Finally, the narrow age-range of the study inclusion criteria, may limit the generalizability of
the results.

In recent years, the relationship between alcohol intake and health outcomes has gained
growing attention. While there is now considerable consensus that consuming alcohol at
moderate level has a specific beneficial effect on the risk of cardiovascular disease, the
benefit of alcohol intake on other health-related outcomes is less convincing. Globally taken,
our results show that the reported protective effect of moderate alcohol intake on physical
performance may be only apparent, because life-style related characteristics seem to be the
real determinant of the reported association, suggesting caution in attributing a direct benefit
of moderate alcohol intake on functional ability. This assume particular relevance given the
risk of alcohol-dependence and the health hazards associated with excessive alcohol
consumption. From this point of view, life-style recommendations for the prevention of
functional decline should be based on interventions proven to be safe and effective, such as
weight control and physical activity.36
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Figure 1.
Incidence per 100 person-years of mobility limitations and mobility disability according to
alcohol intake
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Figure 2.
Percent reduction of the protective effect of moderate alcohol intake (8–14 dr/wk in men; 4–
7 dr/wk in women) on the risk of mobility limitations and mobility disability after
adjustment of the basic model (age, gender, race, study site) for all potential confounders
(full model), life-style related variables, diseases and health status indicators. Among these
groups of variables, single variables with an effect greater than 5% were shown. Bars show
the reduction in the protective effect of moderate alcohol intake obtained using the following
formula: [(HR_basic − HR_adjusted)/HR_basic − 1] × 100
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