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Risky drinking and cognitive impairment in community residents
aged 50 and over

OBJECTIVES

Alcohol misuse is known to be a risk factor for dementia. This study aimed to explore the association
between risky drinking and cognitive impairment in a cohort study of middle aged and older people at
risk of dementia.

METHOD

The sample comprised 15,582 people aged 50 and over drawn from the PROTECT study. Risky
drinking was defined according to a score of 4 or above on the Alcohol Use Disorders Identification
Test (AUDIT). Cognitive function was assessed on visual episodic memory, spatial working memory,

verbal working memory and verbal reasoning.
RESULTS

Risky drinkers at baseline were more likely to be younger, male, white British, married, of higher
educational status, current or past tobacco smokers and to have moderate to severe depression than non-
risky drinkers. Risky drinkers were also more likely to be impaired on self-reported instrumental
activities of daily living and subjective cognitive decline. At baseline, risky drinkers were less likely
than non-risky drinkers to show impairment on verbal reasoning and spatial working memory but not on
visual episodic memory or verbal working memory. Risky drinking at baseline predicted decline in
cognitive function on visual episodic memory, verbal reasoning and spatial working memory at 2 year
follow up, but only verbal working memory and spatial working memory remained significant

outcomes after controlling for possible confounders.
CONCLUSION

Although of small effect size, the association between risky drinking and impairment on measures of
working memory and visuospatial function warrants further examination; particularly given the

possibility of partial reversibility in alcohol related cognitive impairment.
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Introduction

The relationship between alcohol consumption and cognitive function has been noted as far
back as the mid twentieth century (Maletz et al, 1943), but its role as an independent risk factor
for cognitive decline has only become apparent over the past 15 years, with a recognised
association between heavy drinking and the development of dementia (Ridley et al, 2013;
Harper et al, 2009). Previous studies have reported that heavy drinkers, defined as consuming
more than the equivalent of 24 UK units per week, are more likely to show impairment in
memory, executive function, and processing speed tasks compared with non-drinkers (Downer
et al., 2015; Reid et al., 2006). A more recent nationwide retrospective cohort study of hospital
admissions over a 5 year time frame, (Schwarzinger et al 2018) found that patients with an
alcohol use disorder, were 3 times more likely to develop any type of dementia than those

without.

However, the relationship between lower levels of alcohol consumption and cognitive
impairment remains unclear. Early studies explored the impact of drinking assessed cognitive
impairment without validation against clinical presentation or diagnostic schedules (Petersen et
al, 2001). Some prospective studies found alcohol intake to be associated with a reduced risk of
mild cognitive impairment in moderate drinkers (Ganguli et al, 2013). A 23 year follow-up
study of drinkers aged between 35 and 55 (Sabia et al 2018) found that the highest risk of
dementia was found in abstainers and in those drinking more than 14 units of alcohol per week,
compared with those drinking 1 to 14 units per week. Other studies have found either no
protective effect (Lipnicki et al, 2017) or even a higher risk of progression from mild cognitive
impairment [MCI] to dementia in people drinking fewer than two drinks (3.5 UK units) a day
for at least 6 months, compared with abstainers (Xu et al, 2017). Lao et al (2021) found that
risky alcohol intake of more than 27.5 grammes of alcohol (3.5 UK units of alcohol) per day

was associated with a greater likelihood of progression to dementia than abstention.



The authors found a linear association was found between alcohol consumption and MCI, with
a one-drink increment per week in alcohol intake associated with an increased risk of 3.8% for

the development of MCI.

An observational cohort study with weekly alcohol intake and cognitive performance measured
repeatedly over 30 years in 550 middle-aged men and women enrolled in the Whitehall Il study
found that people drinking moderately (14-21 units/week) had three times the odds of right
sided hippocampal atrophy compared to non-drinkers. There was also no protective effect from
light drinking (1 to 7 units/week) over abstinence (Topiwala et al, 2017). Chen et al (2018)
highlighted the dose dependent effects of vascular risk factors (VRF) on bilateral dorsolateral
prefrontal cortex (DLPFC) in MCI individuals. They postulated that dynamic compensatory
neural processes that fluctuated along with variations of VRF loading could play a key role in
the progression of MCI in drinkers. These findings indicated that complex neurophysiological

mechanisms could explaining progression to dementia in MCI.

The Alcohol Use Disorders Identification Test [AUDIT] (Saunders, 1993) is a widely used
screening tool to detect alcohol misuse and the risk of alcohol related harm, but there has so far
been no known published research that has used the AUDIT to examine the association
between alcohol use and cognitive impairment in older people. Previous studies have used the
CAGE screening instrument (Lopes et al, 2010; Kuzma et al, 2014; Sabia et al, 2018), which is
validated against alcohol dependence rather than moderate drinking. This study aimed to
examine the relationship between risky drinking and cognitive impairment in a large

prospective online cohort aimed at the identification of risk factors for dementia.



Materials and Methods
Sample

Participants were drawn from the PROTECT Study (www.protectstudy.org.uk), a cohort of

adults aged 50 and over. This cohort was recruited online and all procedures are performed
remotely on the participants’ computer. First started in 2015, it included UK residents with an
adequate understanding of English who were able to use a computer and had internet access.
Participants were recruited from publicising the study in the national media and via existing
older adult cohorts, but with no information on refusal rates. Any potential participants with an
established diagnosis of dementia were not included in the study. The study had ethical
approval from the London Bridge NHS Research Ethics Committee (Ref: 13/LO/1578).
Potential participants registered on the PROTECT website, from where they could download
the study information sheet. All participants were required to sign an online consent form

before their participation in the study.

Data collection

Following enrolment into the study, participants completed baseline questionnaires covering
socio-demographic information that included age, gender, education, ethnicity, medical and
mental health history, as well as a lifestyle questionnaire. Data analysed in the current study
included all the above socio-demographic data, as well as smoking status, body mass index,
assessment of mood and alcohol consumption at baseline and data on cognitive function and

functional impairment at baseline and at 2 year follow-up.

Screening tools

Alcohol consumption was measured using the AUDIT-C, a screening tool for alcohol use and
misuse that has been validated against alcohol use disorders in older populations (Gomez et al,

2006), with a cut-off point of 3/4 used to detect risky drinking with a sensitivity of 94% and


http://www.protectstudy.org.uk/

specificity of 80% (Aalto et al, 2011). This includes people at increasing, higher risk and

probably dependent drinking.

The tool comprises the first 3 questions of the full 10-item Alcohol Use Disorders
Identification Test (AUDIT), covering drinking frequency, amount of alcohol consumed on a
typical drinking day and the frequency of binge drinking — defined as the consumption of 6 or
more units (48 grammes of pure alcohol) on a single drinking occasion. Each item is scored
between 0 and 4, with a maximum total of 12 points. Mood was assessed using the PHQ-9, a 9-
item Patient Health Questionnaire used as a screen for depression (Kroenke et al, 2001).
Anxiety was assessed with the GAD-7, a 7 item screening questionnaire for generalised anxiety
disorder (Spitzer et al, 2007). A cut of point of 9/10 on both scales is used to identify moderate
to severe, and severe depression or anxiety. Each item is rated between 0 and 4, based on
frequency of symptoms, from “not at all” to “nearly every day”; with a maximum score of 36
for the PHQ-9 and 28 for the GAD-7. Smoking status was assessed by a yes or no answer to
the question “Have you ever smoked tobacco?” and Body Mass Index defined by a score of 25
and over as being overweight. Cognitive function was assessed using a validated online
cognitive test package consisting of 4 tasks: a Paired Associate Learning Test (PALT) for
visual episodic memory (Owen et al, 1999); a Self-Ordered-Search (SOS) test for spatial
working memory (Owen et al, 1990); a digit span test (DS) for verbal working memory
(Blackburn et al, 1957) and a verbal reasoning (VR) test for grammatical reasoning (Baddeley
et al, 1968). Participants were asked to complete each task on 3 occasions over 1 week to
provide a baseline assessment. An average of these 3 readings was used for analysis in this
study. Subjective cognitive decline was assessed using the subject and informant versions of
the short version of the Informant Questionnaire on Cognitive Decline in the Elderly —
IQCODE (Jorm et al 1994). The IQCODE is a 16 item questionnaire uses information to assess

changes in functional abilities over the previous 10 years, with both a subject and informant



rated version. Each question is rated on a 5-point scale from 1 (‘much improved') to 5 (‘much
worse'), with a score of 3 representing ‘no change' and a maximum score of 80. This was
supplemented by a self-rated scale for instrumental activities of daily living (IADLS), derived
from the Older Americans Resource and Service (OARS) multidimensional functional
assessment questionnaire (Fillenbaum and Smyer, 1981). In addition to the self-performance
rating in the original OARS scale from 0 (“on my own”) to 3 (“with full help™), a difficulty

rating was included from 0 (“no difficulty”) to 2 (“great difficulty”); with a maximum score of

35.

Statistical analysis

Data were analysed for both categorical and continuous variables using IBM SPSS Statistics
package, Version 27 (IBM Corp, 2020) . The chi-squared test was used to compare categorical
variables and the t-test for ordinal and scale data. The Bonferroni correction was applied for
multiple univariate comparisons of categorical data in the adjustment of p values. Tests of
cognitive function and functional decline were analysed as dependent variables;
sociodemographic, alcohol and mood variables were analysed as independent variables.
Sociodemographic data comprised age, sex, ethnicity, educational status and living
arrangements. Other data independent variables included AUDIT score, smoking status, PHQ-9
and GAD-7 scores and BMI. Measures of cognitive function were scores on PALT, DS, VR
and SOS tests and measures of functional status were subject and informant-rated IQCODE
scores, as well as IADL score. For univariate analyses, categories for impairment were defined
according to whether participants scored above or below the mean score for age, IADL, PHQ
and GAD-7 scores. A cut-off point of 25 and above was used to define participants as
overweight. The cut-off point for IQCODE scores was a mean score of 3.3, taken from
existing norm-referenced data validated against a clinical diagnosis of dementia (Jorm et al,
1994). Given the high level of educational status within the sample, scores that were more than

1 standard deviation below mean PALT, DS, VR and SOS scores were used as cut-off points



for cognitive impairment. For univariate analyses, risky and non-risky drinking was compared
against the above categorical variables. For categorical variables with more than one category,
the following were compared: White British with other ethnic groups for ethnicity, married
status compared with other relationship status and schooling below or including secondary

education for educational status.

For multivariate analysis, binary logistic regression was used to calculate odds ratios with the
forward LR procedure used to examine the impact of confounders of age, sex, marital and
educational status, smoking status, BMI, depression and anxiety. A change in the regression
coefficient of less than 10% indicated the absence of the entered variable as a confounder.
Variables were entered into the regression equation if they had a p value < 0.1 on univariate

analysis.

Results

Socio-demographic characteristics for the 15582 participants at baseline are detailed in Table 1.
Table 1 also shows scores on domains of cognitive and functional impairment, with a more
detailed boxplot in Figure 1 showing distribution of scores of tests of cognitive function. DS
scores ranged from 3 to 11 (median 7, skew 0.59), PALT from 3 to 7 (median 4. skew 0.35),

VR from 9 to 43 (median 32, skew -0.05) and SOS from 5 to 13 (median 8, skew -1.12).

Univariate analyses for risky drinking is detailed in Table 2. Participants drinking at risky
levels compared with non-risky drinkers were more likely to be younger (t=3.49, df=1650,
p<0.001), male (x2=12.5, df=1, p<0.001), white British (y2=101.2,df=1, p<0.001), married
(x2=97, df=1, p<0.001), of higher educational status (y2=17.4, df 1, p<0.001) and current or
past tobacco smokers (y2=20.4, df=1, p<0.001). They were also more likely to be impaired in
their everyday functional abilities, as measured by mean IADL (t=-2.9, df=1796, p=0.004) and

subjective IQCODE (t=-12.2, df=1534,p<0.001) scores. Risky drinkers were also more likely



to show moderate to severe or severe depression (t=-11.6, df 1578, p<0.001) and anxiety (t= -
12.4, df 1597, p<0.001). Effect sizes for differences in mean IQCODE, PHQ-9 and GAD-7
were moderate or large (Cohen’s d>0.5). On measures of cognitive function, those drinking at
risky levels were less likely to show impairment on verbal reasoning (t=-3.3, df 1808,
p=0.001) and self-ordered search tasks (t=-3.0, df 1764, p=0.003). Effect sizes for these

differences were very small (Cohen’s d <0.1).

In order to test for the possibility of confounding, multivariate binary logistic regression
analyses were performed using baseline drinking status as the independent and IADL, subject
IQCODE, verbal reasoning and self-ordered search, as dependent variables; controlling for age,
sex, ethnicity, marital status, educational level, smoking status, depression and anxiety. These
results are detailed in Table 3, which shows that subjects with risky drinking were less likely to
show cognitive impairment on tests of verbal reasoning and self-ordered search tasks and more
likely to show cognitive decline on IADL and subjective 1Q-CODE scores than non-risky

drinkers.

Given the possibility of reverse causality with risky drinking as an independent predictor of
cognitive impairment rather than vice versa, analysis was then carried out for combined
baseline and follow up data on the same sample at year 2. There were a total of 5316
participants from the original sample at year 2. Further univariate analysis was performed for
baseline drinking status to predict cognitive function at year 2. The results from this analysis
are detailed in Table 4, which shows that risky drinking at baseline predicted decline in
cognitive function on digit span, verbal reasoning and self-ordered search tasks at 2 year follow
up. All these results had small effects sizes of <0.2. In order to test for the possibility of
confounding, binary logistic regression analyses were performed for digit span, verbal
reasoning and self-ordered search, controlling for age, sex, ethnicity, marital status, educational
level, smoking status, depression and anxiety. These results are detailed in Table 5. Risky

drinking at baseline was an independent predictor of decline only in digit span and self-ordered
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search tasks, with risky drinkers at baseline 1.6 times more likely to be impaired on both tasks

at year 2 follow up, compared with baseline non-risky drinkers.

In order to further examine the association between risky drinking and these markers of
cognitive impairment, simple linear regression was carried out, with score on self-ordered
search and digit span test score at year 2 as the dependent and AUDIT score at baseline as the
independent variable. Simple linear regression showed a significant relationship only between
AUDIT score and digit span score (p<0.001). For every increase in 1 point increase in AUDIT
score, there was a 0.03 (95% Confidence Intervals 0.08-0.44) point decrease in digit span
score. The scatterplot of standardised predicted values against standardised residuals for this
associations, showed that the data met the assumptions of homogeneity of variance and

linearity and the residuals were approximately normally distributed.

Discussion

This study found that compared to non-drinkers and those drinking at lower risk drinking
levels, participants drinking at risky levels were more likely to be younger, male, of white
British ethnicity, married, of higher educational status and current or past tobacco smokers.
Risky drinkers were also more likely to be impaired on self-reported instrumental activities of
daily living and subjective cognitive decline and more likely to show moderate to severe or
severe depression. The finding of greater impairment on self-reported instrumental activities of
daily living may reflect changes other than those directly related to cognitive impairment,
particularly given that such deterioration is more commonly seen in people with established

dementia, who would have been excluded from the study.

On measures of cognitive function, those drinking at risky levels at baseline were less likely
than non-risky drinkers to show impairment on verbal reasoning and self-ordered search tests

but not on paired association learning and digit span tests. Risky drinking at baseline predicted
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decline in cognitive function on digit span, verbal reasoning and self-ordered search tasks at 2
year follow up, but only digit span and self-ordered speech remained significant outcomes after
controlling for possible confounders. There was also a significant linear association between

risky drinking at baseline and DS score at 2 year follow up.

A number of studies have reported data on drinking and performance using the digit span test
to assess the association between alcohol intake and verbal working memory in older people.
The Baltimore Longitudinal Study of Aging found an inverse association between greater
alcohol consumption and memory impairment, but this finding was not replicated on
longitudinal analyses (Beydoun et al, 2014). Similar findings were reported in the Aging,
Demographics, and Memory Study (Herring et al, 2018), in which cross-sectional analyses
found moderate drinkers performed significantly better than abstainers, but no association was
found on longitudinal analyses. Cross sectional analysis from other studies have been
inconclusive. The Established Populations for Epidemiologic Studies of the Elderly study
found that those drinking up to 14 grammes of pure alcohol per day showed higher scores
compared with non-drinkers (Hebert et al, 1993). The Women’s Health Initiative study of
randomized clinical trials of hormone therapy found no association between mean daily
volume of alcohol consumed and digit span score (Espelend et al, 2006). In a further study of
206 first-ever ischemic stroke patients, no differences were observed in digit span score when
people with alcohol use disorder were compared to those without (Laari at el, 2020). Our
finding of greater impairment in working memory at 2 year follow-up is supported by studies
alcohol use disorders to be associated with frontal impairment on functional magnetic

resonance imaging (Desmond et al., 2003; Tapert et al., 2001).

Few studies have examined the association between alcohol consumption and visuospatial

memory in older people. In the cross-sectional Hordaland Health Study that compared middle
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aged drinkers with non-drinkers, reduced risk of impairment on the Kendrick Object Learning
Test was associated with consumption of up to half a glass of wine per day compared with non-
drinkers (Nurk et al, 2009). In contrast, a cohort study to identity risk factors for Alzheimer’s
Disease used the Lifetime Consumption to compare 3 groups of participants: never/minimal,
former and current drinkers, using a test of visuospatial memory. No significant differences
were observed between these 3 groups (Kalapatapu et al, 2017). The most conclusive study
examining the association between spatial working memory came from the UK Biobank study
of 8312 participants with a mean age 62. Drinking daily or on most days of the week was
associated with a greater likelihood of spatial memory impairment, mediated by differences in
posterior cingulate cortex volume (Suzuki et al, 2019). This is supported by the finding of
cortical parietal atrophy in people with alcohol use disorder on functional magnetic resonance

imaging (Harris et al., 2008).

Previous studies exploring the relationship between alcohol consumption and activities of daily
living have focussed on personal care, rather than IADLs. These studies have produced
conflicting findings of both a greater likelihood (Abbott et el, 2011) or no association (Rist et
al, 2014; Lee et al, 2019) between alcohol consumption and cognitive decline. Studies
examining IADLSs have been inconclusive, either an association (Ledn-Mufioz et al, 2017) or
no association (Lang et al, 2007) between lower risk drinking and impairment in IADLs. There
have been no previous studies that have examined the association between alcohol

consumption the performance in IADLs using either the IQCODE or OARS IADL scale.

Strengths and limitations

The strengths of this study are that it contains a sample that was recruited online to produce

large enough numbers within data analysis to improve the specificity of results.
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However, the sample represents a selection bias, with 75% female and over 50% with an
undergraduate or postgraduate degree. However, there was no noticeable skew in the

distribution of cognitive scores.

There is also the possibility of self-report bias in underestimation of alcohol use and
overestimation of abilities within instrumental activities of daily living, particularly given the
marginally higher self, versus informant-reported rating of cognitive decline. Although small,
this is shown in the difference in mean IQCODE scores between self and informant-reported
versions of the scale. A higher representation of females and those of higher educational status
may also be associated with improved performance on cognitive function and slower functional
decline through better general health status. Similarly, there is a risk of both self-report and
recall bias in completion of information about mood. These findings are all known to influence

the validity of epidemiological studies that recruit older people (Golomb et al, 2012).

There is also the possibility of low sensitivity and Type 1 statistical error, but this was
controlled for using the appropriate correction. The possibility of confounding and reverse
causality were also taken into account through the use of appropriate analysis from the
longitudinal study design. Lastly, although there were moderate effects sizes for the association
between risky drinking and measures of subjective cognitive decline and mood, significant
associations between risky drinking and measures of cognitive function have small effect sizes
which may have arisen from the large sample size. There was also no coding of individual
physical disorders or medication and no distinction between current and former smokers, all of

which may been confounders in the association between alcohol use and cognitive impairment.

Despite its limitations, this study shows novel findings of an association between drinking at

levels suggestive of hazardous, harmful and dependent use and impaired memory on verbal and
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visuospatial tasks, in addition to impairment on functional indicators of cognitive decline. This
finding is all the more striking, given the 2 year follow time frame across which cognitive
decline was assessed. Frontal and parietal dysfunction is known to have a strong association
with alcohol use disorder, as measured by impaired glucose metabolism seen on functional
brain imaging (Gilman et al., 1990; Wik et al., 1988). Although frontal lobe impairment is also
an early manifestation of Alzheimer’s Disease, there is considerable scope for further scope for
future studies to explore the role of early parietal dysfunction in people at risk of alcohol
related cognitive decline using tests of visuospatial memory. This also has implications for
clinical practice, as everyday activities involving visuospatial speed and focus are dependent on
the intact parietal function (Turken et al., 2008; Zeng et al., 2017). In addition, there is now
emerging evidence the finding of partial recovery of grey matter volume in the inferior parietal

lobule following abstinence from alcohol (van Eijk et al, 2013) .

The unique contribution of this study is in the use of standardised cognitive tests as markers of
both cognitive impairment and cognitive decline in middle aged and older people at risk of
alcohol misuse. It also adds to the existing literature in the addition of cognitive testing for
visuospatial impairment in routine clinical practice in the detection of alcohol related cognitive

impairment.
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