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Objectives.This study aimed to describe the cross-sectional and longitudinal association between alcohol intake and gait parameters
in older persons.Methods. Community-dwelling persons aged 65–70 years (𝑁 = 807). Information on health, functional status, and
alcohol use was self-reported at baseline and at 3-year follow-up, whereas gait speed and stride-to-stride variability were measured
while walking only (single task) and under dual tasking (counting backwards). Results. Compared to light-to-moderate drinking,
heavy drinking was associated with slower gait speed in single task (adj. coeff.: −.040, 95% CI: −.0.78 to −.002, 𝑝 = .035). No
significant association was observed between heavy drinking and gait speed variability. Nondrinkers walked significantly slower
than light-to-moderate drinkers in dual task and had significantly higher gait speed variability in both single and dual task, but these
associations disappeared after adjustment for comorbidity. At follow-up, 35.2% and 34.1% of the participants walked significantly
slower in single and dual task, respectively. This proportion varied a little across drinking categories. Conclusion. At baseline,
heavy alcohol consumption was significantly associated with slower gait speed in single task. Selective survival of the fittest heavy
drinkers probably explains why this association faded in longitudinal analyses.The trend of poorer gait performance in nondrinkers
disappeared after adjustment for comorbidity, suggesting confounding by a worse health status.

1. Introduction

The consequences of chronic alcohol abuse on gait and
balance are well known, but the effects of moderate con-
sumption on gait parameters still received little attention.
Some previous studies observed that even moderate alcohol
intakemight affect cerebellar cells over the long term, causing
ataxia and increased body sway, which may affect gait [1–3].
However, the relationship between alcohol-related cerebellar
damage and gait speed and variability remains controversial.
For instance, a study performed among older adults failed
to demonstrate any significant association between alcohol-
related reduced cerebellar volume and features of ataxic gait
[2].

Even though moderate alcohol use might not cause gross
alteration of usual gait, the effect of alcohol might become
more obvious when stressors are added, such as walking
under dual task condition. Indeed, gait is a highly complex,
semiautomatic motor function, which requires some amount
of attentional resources [4, 5]. It has been shown that gait
slows under dual task condition, with increased gait vari-
ability [5]. This effect is more pronounced when cognition is
impaired, showing the inability to allocate attention properly
when performing a simultaneous cognitive task, such as
counting backward while walking [5]. As alcohol also causes
cortical brain damage, dual tasking might reveal subtle
negative consequences of alcohol use in subjects who drink
beyond recommended threshold, but who are not alcoholics.
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On the other hand, there is some evidence that light-to-
moderate alcohol use has a protective effect against vascular
diseases [6]. One could hypothesize that it could therefore
balance the potential detrimental influence of alcohol on gait,
by preventing damage to cerebral circulation.

Despite the high prevalence of both gait impairment and
alcohol use in older persons, we found no study that specif-
ically investigated this relationship in this specific popula-
tion. This analysis aimed to examine the cross-sectional and
prospective association between different levels of alcohol use
and gait parameters. The hypothesis was that drinking above
recommended threshold would be associated with poorer
gait performance measured over a 20-meter walk, as com-
pared to moderate drinking that might have a protective
effect. Specifically, we expected that higher alcohol consump-
tion would be associated with slower gait speed and higher
gait speed variability.The negative influence of higher alcohol
intake on gait was expected to be more evident under cogni-
tive dual task condition. In addition, we hypothesized that
controlling for comorbidity will attenuate the observed asso-
ciations.

2. Methods

The design of the Lausanne cohort 65+ study has been
previously described [7]. Briefly, this population-based
cohort launched in 2004 enrolled 1564 randomly selected
community-dwelling persons aged 65 to 70 years, living in
the city of Lausanne, Switzerland.

2.1. Data Collection. In 2004, participants completed a ques-
tionnaire that included data about demographics, education,
lifestyle habits, health, and functional status. Alcohol use
was measured using the AUDIT-C [8]. In 2005, participants
underwent a face-to-face interview with baseline physical
examination as well as physical and cognitive performance
tests, including gait analysis in a subsample of 807 partici-
pants (61.6% of the 1310 participants). The main reasons for
missing gait parameters were unavailability of the record-
ing device (64.8%), inability to walk due to health and/or
safety problems (20.8%), and refusal (3.6%). Participants who
underwent gait recording were more frequently men, were
married, had higher education and better functional status,
and reported fewer falls than those who did not (data not
presented).

In 2008, follow-up assessment of gait performance was
available in 684 (84.7%) of the 807 participants. Deaths were
ascertained using the local population register.

2.2. Operationalization of the Alcohol Variable. The average
number of standard drinks (wine, beer, and spirits) consumed
per week was estimated using the first and second ques-
tions of the AUDIT-C. As described previously [9], alcohol
intake was categorized into “none,” “light-to-moderate,”
“at-risk,” and “heavy.” “Light-to-moderate” drinking was
defined according to the usual recommendation ofmaximum
of 1 drink per day in women and 2 drinks per day in
men [10]. The threshold separating “at-risk” from “heavy”
drinking was defined based on cut-offs used in similar

studies, with at-risk drinking corresponding to 8–11 drinks
per week in women and 15–19 drinks per week in men and
heavy drinking encompassing any intake above these limits
[11].

2.3. Gait Assessment. Gait parameters were measured over
20 meters in a well-lit walkway, under the same conditions
at baseline and 3-year follow-up. Participants were asked to
walk at self-selected, usual, speed as when they go out to do
shopping, for example. During dual task, participants were
asked to count backwards aloud from fifty while walking.
No instruction was given regarding prioritization of any
task. Each test was performed once, except when the test
failed due to a misunderstanding of the instructions or a
technical problem. Gait speed (m/s) was estimated from the
angular velocity recorded by the Physilog� system, a device
that includes 4 body-fixed sensors on lower limbs and a
data logger carried on the waist (BioAGM, Tour-de-Peilz,
Switzerland) [12]. Within person gait speed variability was
assessed using the coefficient of variation (CV in %) defined
as the standard deviation divided by the mean value of gait
speed for each stride.

2.4. Statistical Analyses. Characteristics of participants
(including gait parameters) were compared across the
categories of alcohol intake, using Chi-square test for
categorical variables. Kruskal-Wallis test was used for
continuous variables because of nonnormal distribution and
the presence of outliers.

Robust linear regression analyses were performed to
examine the cross-sectional association between alcohol
intake and gait parameters to take heteroscedasticity into
account, both in bivariate and in multivariate models. As
men and women displayed different patterns of alcohol con-
sumption and gait parameters, a gender-alcohol interaction
was also systematically tested in multivariate models. Other
covariates were included in the analyses based on their asso-
ciation with both alcohol consumption and gait speed: age,
education (with low education defined as less than 12 years
of education), and comorbidity (defined as self-reporting
2 or more medical diagnoses out of the following list:
hypertension, coronary heart disease, other heart diseases,
stroke, diabetes mellitus, chronic respiratory disease, arthri-
tis, osteoporosis, gastrointestinal ulcer, depression, Parkinson
disease, and cancer).

Themultivariatemodel also included abnormal cognition
(MMSE < 24), as cognition has been shown to significantly
influence gait performance.

Bivariate analyses examined the prospective association
between baseline alcohol use and three-year changes in gait
speed and its CV under single and dual task conditions,
respectively. Regarding gait speed, the outcome was defined
as a decline of 0.1m/s, which is considered as a clinically
meaningful change [13]. Analyses were conducted using
Stata, version 13.0.

The study was approved by the Cantonal Human
Research Ethical Committee (protocol 64/14, decision:March
11, 2014), and written consent was obtained from all partici-
pants during the in-person visit.
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Table 1: Characteristics of participants and comparison according to alcohol intake.

Total Drinking groups

𝑝 value∗Not drinking Light-to-moderate At-risk Heavy
𝑁 = 807 𝑁 = 71 𝑁 = 492 𝑁 = 170 𝑁 = 74

100% 8.8% 61.0% 21.1% 9.2%
Age (mean ± SD) 67.0 ± 1.4 67.2 ± 1.4 67.0 ± 1.4 66.8 ± 1.3 67.0 ± 1.4 .221
Men (%) 46.3 25.4 44.1 53.5 64.9 <.001
Low education (%)† 64.2 70.4 62.3 65.7 67.6 .480
Comorbidity (2+ chronic diseases, %)‡ 46.2 59.2 45.5 45.0 40.5 .001
Cognitive impairment (%)§ 1.9 5.7 1.6 1.8 0.0 .067
Instrumental ADLs impairment (%)‖ 10.5 16.9 8.5 12.9 12.2 .094
Basic ADLs impairment (%)‖ 7.6 14.1 6.1 7.7 10.8 .073
Fear of falling (%) 37.5 45.4 37.0 35.0 39.1 .508
Any fall over the past 12 months (%) 16.5 23.9 17.4 9.6 18.8 .034
Single task: walking at usual speed

(i) Gait speed (m/s, mean ± SD) 1.13 ± .16 1.10 ± 0.17 1.14 ± 0.15 1.14 ± 0.15 1.11 ± 0.18 .194
(ii) Gait speed CV∗ (%) 3.52 3.58 3.44 3.30 3.64 .410

Dual task: walking while counting backwards
(i) Gait speed (m/s, mean ± SD) 0.99 ± 0.19 0.94 ± 0.20 1.00 ± 0.19 1.00 ± 0.18 0.97 ± 0.20 .061
(ii) Gait speed CV∗ (%) 6.22 6.68 6.09 5.93 6.48 .256

∗

𝑝 value from Chi-square test (categorical variables) or ANOVA (continuous variables).
†Defined as less than 12 years of education (compulsory school or apprenticeship).
‡Defined as self-reporting 2 or more conditions out of the following list: hypertension, coronary heart disease, other heart diseases, stroke, diabetes mellitus,
chronic respiratory disease, arthritis, osteoporosis, gastrointestinal ulcer, depression, Parkinson disease, and cancer.
§Defined as a score <24/30 at Folstein’s Minimental State Examination.
‖Instrumental activities of daily living include shopping and performing usual household activities. Basic activities of daily living were bathing, dressing, using
the toilet, transferring from and to bed or chair, and feeding.

3. Results

Overall, 91.3% of the participants (mean age: 67 years, 55%
women, 46% reporting more than one chronic disease, and
7% reporting any impairment in basic activities of daily
living) reported consuming some alcohol over the previ-
ous 12 months. Among those, two-thirds reported light-to-
moderate drinking, about a fourth reported at-risk drinking,
and a tenth reported heavy drinking (Table 1). Comparisons
of baseline characteristics across drinking categories showed
that nondrinkers and heavy drinkers were twice as likely as
moderate and at-risk drinkers to report functional impair-
ment (14.1%, and 10.8%, resp., versus 6.1% and 7.7% among
moderate and at-risk drinkers, 𝑝 = .073). Nondrinkers more
frequently reported comorbidity (59.2% versus 40% to 45% in
other categories, 𝑝 = .067) and were more often cognitively
impaired (5.7% versus <2% in other categories, 𝑝 = .001,
defined as aMinimental State Examination score<24/30 (11)).

3.1. Baseline Gait Analysis. Overall, gait speed was 1.13 ±
0.16m/s under single task and decreased to 0.99±0.19m/s in
dual task (counting backwards). Average gait speed variability
in the entire sample was 3.5% under single task condition
and increased up to 6.2% during dual task. Comparison
across categories indicated slower gait speed and higher
gait speed variability among nondrinkers, as well as among
heavy drinkers, but these differences were not significant in
bivariate analysis (Table 1).

During dual task, the proportion of participants counting
backwards without any error was 63.3%, 76.9%, 83.4%, and
76.1% among nondrinkers, low-to-moderate drinkers, at-risk
and heavy drinkers, respectively (𝑝 = .052). The mean
number of errors did not differ significantly across categories
of alcohol intake.

Table 2 shows the results of the crude and adjusted mod-
els examining the cross-sectional relationship between gait
parameters and alcohol intake, using the light-to-moderate
drinkers as the reference group. In bivariate analyses, the
most consistent pattern was observed among nondrinkers
who showed slower gait speed and increased gait variability
under both single and dual task conditions. However, these
differences did not remain once controlling for comor-
bidity in multivariate analyses. Although heavy drinkers
also presented with similarly altered gait pattern, only gait
speed under single task condition was significantly reduced
(adjusted coeff.: −.040, 95% CI: −.0.78 to −.002, 𝑝 = .035).

3.2. Longitudinal Analysis. About 16% of subjects had no
follow-up gait recording, half of them because health-related
reasons precluded the performance tests. As compared to
participants with follow-up measurements, they had slower
gait speed at baseline (1.07 ± .17m/s versus 1.14 ± .15m/s,
𝑝 < .001), as well as higher speed variability (4.1% versus
3.4%, 𝑝 = .003). Over the three years of follow-up, 39 subjects
died, corresponding to 8.1% of heavy drinkers versus only
2.8% of nondrinkers (𝑝 = .496). When comparing baseline



4 Current Gerontology and Geriatrics Research

Ta
bl
e
2:
Cr

os
s-
se
ct
io
na
la
ss
oc
ia
tio

n
of

ga
it
pa
ra
m
et
er
sa

nd
al
co
ho

li
nt
ak
e∗
.

Bi
va
ria

te
an
al
ys
is∗
∗

M
ul
tiv

ar
ia
te
an
al
ys
is∗
∗
∗

C
oe
ffi
ci
en
t

95
%
CI

𝑝
va
lu
e

C
oe
ffi
ci
en
t

95
%
CI

𝑝
va
lu
e

Si
ng

le
ta
sk
:w

al
ki
ng

at
us
ua
ls
pe
ed

G
ai
ts
pe
ed

(m
/s,

po
sit
iv
ec

oe
ffi
cie

nt
in
di
ca
tin

gh
ig
he
rs
pe
ed
)

N
o
dr
in
ki
ng

−
.0
35

−
.0
73
–.
00

4
.0
77

−
.0
26

−
.0
65
–.
01
3

.19
3

Li
gh
t-t
o-
m
od

er
at
ed

rin
ki
ng

Re
fer

en
ce

Re
fer

en
ce

At
-r
isk

dr
in
ki
ng

.0
02

−
.0
25
–.
02
9

.8
99

−
.0
02

−
.0
29
–.
02
6

.9
07

H
ea
vy

dr
in
ki
ng

−
.0
32

−
.0
69
–.
00

6
.10

3
−
.0
40

−
.0
78
–−

.0
02

.0
35

G
ai
ts
pe
ed

CV
(%

,p
os
iti
ve

co
effi

cie
nt

in
di
ca
tin

gg
re
at
er
ga
it
sp
ee
d
va
ria

bi
lit
y)

N
o
dr
in
ki
ng

.33
7

.0
48
–.
62
6

.0
22

.2
88

−
.0
17
–.
58
1

.0
64

Li
gh
t-t
o-
m
od

er
at
ed

rin
ki
ng

Re
fer

en
ce

Re
fer

en
ce

At
-r
isk

dr
in
ki
ng

−
.0
30

−
.0
23
–.
01
7

.7
70

−
.0
06

−
.0
22
–.
02
0

.9
55

H
ea
vy

dr
in
ki
ng

−
.0
83

−
.0
37
–.
20
0

.5
64

.0
08

−
.0
29
–.
30
0

.9
54

D
ua
lt
as
k:
w
al
ki
ng

w
hi
le
co
un

tin
g
ba
ck
w
ar
ds

G
ai
ts
pe
ed

(m
/s)

N
o
dr
in
ki
ng

−
.0
53

−
.10

1–
−
.0
04

.0
31

−
.0
32

−
.0
81
–.
01
5

.11
3

Li
gh
t-t
o-
m
od

er
at
ed

rin
ki
ng

Re
fer

en
ce

Re
fer

en
ce

At
-r
isk

dr
in
ki
ng

.0
10

−
.0
24
–.
04
3

.5
63

.0
1

−
.0
21
–.
04

0
.4
62

H
ea
vy

dr
in
ki
ng

−
.0
25

−
.0
72
–.
02
1

.2
85

−
.0
39

−
.0
82
–.
01
7

.2
03

G
ai
ts
pe
ed

CV
(%

)
N
o
dr
in
ki
ng

.6
21

.0
04
–1
.2
4

.0
48

.4
75

−
.0
17
–1
.12

.15
2

Li
gh
t-t
o-
m
od

er
at
ed

rin
ki
ng

Re
fer

en
ce

Re
fer

en
ce

At
-r
isk

dr
in
ki
ng

.0
29

−
.4
00
–.
45
8

.8
93

.0
13

−
.4
67
–.
44

1
.9
52

H
ea
vy

dr
in
ki
ng

.4
20

−
.17

7–
1.0

2
.16

8
.4
18

−
.2
10
–1
.0
4

.19
2

∗

A
ss
ep
ar
at
em

od
el
sf
or

m
en

an
d
w
om

en
ha
d
clo

se
re
su
lts

an
d
th
et
es
tf
or

in
te
ra
ct
io
n
w
as

no
ts
ig
ni
fic
an
t,
au

ni
qu

em
od

el
is
di
sp
lay

ed
in

th
et
ab
le.

∗
∗

Re
su
lts

fro
m

bi
va
ria

te
ro
bu

st
re
gr
es
sio

n.
∗
∗
∗

Re
su
lts

fro
m

ro
bu

st
re
gr
es
sio

n
m
od

el
ad
ju
sti
ng

fo
ra

ge
,g
en
de
r,
ed
uc
at
io
n,

pr
ev
io
us

fa
lls
,c
om

or
bi
di
ty
,a
nd

co
gn

iti
on

.



Current Gerontology and Geriatrics Research 5

50.7%

41.3%
44.1%

47.3%

57.8%

42.5%
47.7%

43.2%

0

10

20

30

40

50

60

70

Heavy
(N = 58)

At-risk
(N = 148)

Light-to-
moderate

(N = 425)

Not drinking
(N = 53)

Usual walk
Walking while counting backwards

Increased gait speed CV during:

(%
)

Figure 1: Proportion of participants with increased gait speed
variability at 3-year follow-up as compared to baseline, according
to alcohol intake and walking condition.

and 3-year gait performance, a clinically significant decline
in speed (≥0.10m/sec) was observed in 35.2% of the subjects
under single task condition. This proportion did not differ
across levels of alcohol use (range: 32.8% (heavy drinkers) to
37.7% (nondrinkers), 𝑝 = .690). Speed decline occurred in
a similar proportion (34.1%) of participants under dual task
condition. Again, no significant association was observed
across drinking categories.

Gait variability also deteriorated (increase) at 3-year
follow-up in 43.3% and 45.0% of participants under single
and dual task condition, respectively. Figure 1 displays the
proportions of participants in each drinking category with
increased gait speed variability at follow-up under single and
dual task conditions, respectively. These proportions were
highest in nondrinkers and lowest among light-to-moderate
drinkers and increased progressively as alcohol consumption
increased. This U-shaped relationship was most apparent in
single task condition but was not statistically significant.

4. Discussion

Results from cross-sectional and longitudinal analyses in
this large sample of community-dwelling elderly indicate
that alcohol abstention as well as excessive use were asso-
ciated with poorer gait performance (slower gait speed and
increased gait variability), suggesting a U-shaped relation-
ship. However, these associations were inconstant and varied
according to adjustment for health variables. Several factors
might contribute to the failure of finding an independent
effect of alcohol on gait measurement.

First, both nondrinkers and heavy drinkers differ from
moderate drinkers in terms of health status. A previous
analysis on a subgroup of abstinent participants (𝑛 = 70)

indicated that half were ex-drinkers, most of whom stopped
drinking because of health problems, while the other half
were never drinkers who also had a poorer health status than
moderate drinkers [9]. As this information was available for
this small subsample only, it precluded its use for further
analyses.

Second, the small number of heavy drinkers (𝑁 = 58)
resulted in limited statistical power, especially in longitudinal
analyses. As heavy drinkers are less likely to participate in
research study on health, the proportion observed in the
current study probably underestimates their true prevalence.
However, this proportion is very similar to those observed
in other studies undertaken in Switzerland [14]. In addi-
tion, results from the longitudinal analyses were probably
biased by selective attrition of the less healthy participants
and a healthy survivor effect: results showing worse gait
performance at baseline (slower gait speed and increased gait
variability) among participants lost to follow-up, as well as
the increased death rate among heavy drinkers, support this
hypothesis of a healthy survivor effect. This likely resulted
in underestimation of the deleterious effect of heavy alcohol
intake on gait.

Finally, although cognitive impairment has been shown
to be associated with slower and more irregular gait speed
[5], the very low proportion of participants with cognitive
impairment as assessed through an abnormal Minimental
State Examination in our study precluded examining this
association in more depth. Perhaps using more detailed
neuropsychological tests focusing on executive functioning
might have been useful in this context.

Another interesting finding from this study is the rela-
tively small proportion (about a third for gait speed and a half
for gait variability) of participants who had worse gait perfor-
mance at 3-year follow-up.This observation extends previous
observation showing that gait speed remains relatively con-
stant throughout adult life until age of 65 where it starts to
decline by 1-2% per year (.008m/s to .03m/s) up to 80 years
[15–17]. In this context, the use of the Physilog devicewas use-
ful to detect these subtle changes in gait speed and variability.

This low proportion of participants with decline in gait
performance could also result from the previouslymentioned
healthy survivor effect. In addition, while participants were
relatively young and fit, their average gait speed at baseline
was at the lower end of age-specific normative values previ-
ously reported in community-dwelling older persons [18, 19].

Finally, an original contribution of this study is to show
that dual tasking did not improve the detection of gait
differences across drinking categories. This was contrary to
the hypothesis that excessive drinking would be associated
to slower and more irregular gait, partly through poorer
executive performance caused by excessive drinking [5, 20].
In addition to factors previously discussed, the selection of
the dual task could explain this negative finding. Perhaps by
selecting amore complex and challenging cognitive task than
counting backward, it might have provided different results.

In conclusion, a negative association between heavy
alcohol consumption and gait speed was significant in
cross-sectional analysis and under single task only. Healthy
survival effect probably explains why this association was
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not retrieved in longitudinal analyses. The observed trend
of poorer gait performance in nondrinkers disappeared after
adjustment for comorbidity, suggesting confounding by a
worse health status in this group. Even though this work
did not show significant negative effects of excessive alcohol
consumption on gait performance, these results do not
mean that older persons should be encouraged to drink. In
particular, occasional heavier drinking confers an increased
risk for falls and accidents. Globally, the risk associated with
drinking above recommended thresholds may well outweigh
any potential benefit for many older persons.
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