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Abstract

Background: There is a not a clear understanding of the potential 
time-period windows for lifestyle interventions. This study examined 
how smoking and harmful drinking across early midlife affect 
cognitive performance in later life.

Methods: Data is from Medical Research Council National Survey 
of Health and Development (NSHD). Cognitive abilities were 
measured at age 60-64. Information about alcohol consumption was 
collected via food diaries at multiple time points across life (ages 
36, 43, 53 and 60-64). Information about smoking was collected via 
interviews and questionnaires at ages 20, 25, 31, 36, 43, 53 and 60-
64. Multivariable logistic regression was used, adjusting for gender, 
childhood cognition at age 8, education and socioeconomic status.

Findings: Drinking in moderation across midlife appears to be 
protective against poor memory in later life (OR=0.86, 95% CI 
(0.63-1.16)). In contrast, harmful drinking at 43 and 53 years was 
associated with higher odds of poor memory (OR=1.36, 95% CI 
(0.79-2.33)), (OR=1.26, 95% CI (0.65-2.43)). Drinking heavily, 
particularly at age 43, was also associated with higher odds of slow 
search speed at the same age (OR=1.66, 95% CI (1.01-2.76)). An 
increase in the number of smoking pack-years was associated with 
low memory (OR=2.17, 95% CI (1.33-3.54)) and slow search speed 
(OR=1.65, 95% CI (1.03-2.64)).

Interpretation: These results may be suggesting that intervention 
may be more beneficial in the decades preceding clinical 
manifestation of neuropathological burden.
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of people affected by dementia will double every 20 years and by 
2040 the estimated number of affected people will reach 81.1 million 
[2]. Previous research indicates an association between dementia 
and modifiable risk factors such as alcohol consumption [3]. It has 
been suggested that leading a physically active and an intellectually 
challenging life may have a positive impact on our well-being [4].

Cadar et al. assessed the role of lifestyle behaviors on the 20-year 
cognitive decline and found an association between heavy smoking 
and faster cognitive decline in tests of memory and visual search [5]. 
Similarly, Van Gelder et al. showed that even at old age, cognitive 
decline may be postponed by medium-low intensity activities and if 
duration or intensity are decreased even stronger cognitive decline 
may result [6]. In Whitehall II Study, similar findings were reached, it 
is not only the number of unhealthy behaviors but also the duration 
that is associated with cognitive functions in later life [7]. Despite 
various recommendations of maintaining healthy lifestyles, very few 
people meet these proposed guidelines [8].

There is scarce and mixed evidence about the relationship 
between alcohol consumption and cognitive performance. Some 
studies show a protective role of moderate alcohol consumption; 
however, there is a certain amount of discrepancy among these 
assumptions. A common belief is that the association between 
alcohol and cognitive functioning take the form of a J-curve which 
demonstrates how both extremes; non-drinking and alcohol abuse 
have an adverse impact on cognitive functioning. For example, 
Antilla et al. found that participants who either did not drink any 
alcohol at midlife or often drunk heavily, were twice as likely to have 
mild cognitive impairment in old age compared to those who drank 
alcohol in moderation [9]. A positive effect of moderate drinking was 
also found by Elias et al. they concluded that women who consumed 
alcohol in moderation demonstrated better performance in many 
cognitive domains when compared to non-drinkers [10]. In the case 
of men, better performance was observed when they drunk within the 
range of recommended daily units of alcohol; 4-8 drinks a day [11]. 
Park et al. also highlighted gender differences in smoking and alcohol 
consumption on cognitive functioning [12]. Other studies conducted 
by Luchsinger et al. or Peters et al. point to the possibility of certain 
protective effects of moderate alcohol consumption [13,14].

In contrast, there is also evidence demonstrating a strong 
association between heavy alcohol consumption and faster cognitive 
decline or earlier onset of dementia [15-18]. Alcohol-related dementia 
accounts for the second-most common cause of dementia among 
elderly. Furthermore, Cadar and colleagues highlighted the difference 
between short-term and long-term effects of alcohol on cognition and 
the importance of education [19].

Smoking is yet another risk factor associated with many health-
related diseases such as cardiovascular disease and dementia [20]. 
History of smoking was also found to be related to preclinical changes 
in the brain, accelerated risk of cognitive decline and increased risk 
of dementia. Multiple studies have shown that smoking is associated 
with a reduction of grey matter volume [21-23]. Tyas et al. suggest that 
the number of cigarettes smoked is directly associated with the risk of 
AD [24]. Starr et al. found adverse effects of smoking on cognition 
(memory) [25]. In the 1946 British Birth Cohort, Richards et al. have 

Introduction 
World population is slowly aging, those aged 85 and older being 

the group with the fastest growing rate [1]. Older age is commonly 
associated with dementia; current estimates predict that the number 
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shown that heavy smoking is associated with cognitive impairment, 
as well as cognitive decline in midlife [26]. The association between 
smoking and increased risk of cognitive decline as well as dementia 
has been confirmed in several other studies [20,24,27].

Both smoking and heavy alcohol intake are lifestyle behaviors that 
carry a high risk of increased cognitive impairment and mortality. 
Review by Lee et al. reinforces the adverse effects of smoking on 
dementia and AD, as well as the association between alcohol intake 
and increased risk of dementia [28]. However, there is also evidence 
suggesting that moderate wine consumption may have protective 
effects against Alzheimer’s disease [29]. In a review, it was highlighted 
that moderate wine consumption was considered to have protective 
effects [30]. The same report indicated that in contrast, smoking 
increases the risk of dementia in older age. In a longitudinal study 
of 1,292 American men of Japanese ancestry, current and past 
smoking were associated with non-survival, rather than unhealthy 
survival, while midlife drinking (more than three alcohol units per 
day) was associated with both non-survival and unhealthy survival 
[31]. Furthermore, Zhou et al. assessed both smoking and drinking 
and their effects on cognition and saw a strong association between 
smoking and cognitive impairment as well as the association 
between drinking and cognitive impairment [32]. Richards and 
Hatch also highlight the importance of life-course approaches to 
the understanding of mental aging and risk factors [33]. Since both 
smoking and alcohol consumption are modifiable lifestyle factors, it is 
important to reassess their role on the level of cognitive performance 
and impairment, given the higher risk of dementia in those exhibiting 
these declines.

The aim of this study was  to investigate the impact of two 
unhealthy lifestyle behaviors (heavy smoking and heavy drinking) 
in early midlife (ages 36 to 43) on cognitive impairment at ages (60 
to 64) in the MRC National Survey of Health and Development 
(NSHD). The specific objectives were to assess the potential cognitive 
impairment at age 60-64 and to investigate the effects of heavy 
drinking and heavy smoking on cognitive impairment. Furthermore, 
this work examined the clustering effects of smoking and drinking 
across midlife on cognitive impairment. The associated hypothesis 
was that heavy smoking and harmful drinking in early midlife would 
negatively affect cognitive abilities in later life. Results of this study 
should be able to set out the implications for public health policy.

Methods
Participants

Data from Medical Research Council (MRC) National Survey of 
Health and Development (NSHD) were used. This cohort consisted of 
5362 children born in one week of March 1946 in England, Scotland 
and Wales. Since then, there have been 25 waves of data collection. 
Information about socio-demographic characteristics, medical, 
cognitive and psychological functioning was collected via interviews, 
examinations and self-report questionnaires [34]. 

Study variables

Cognitive abilities were measured at age 60-64 using memory and 
speed tasks. Short-term memory was assessed with a 15-item word 
list, and speed was assessed with a time letter search task. For each 
of these two categories, the scores were divided into tertiles (low, 
medium and high). Medium and high categories have been merged 
into one group of higher scores and used as a reference category in the 
models, in comparison to low scores.

Alcohol at age: 36, 43, 53, 60-64. Alcohol consumption was 
measured via food diaries (over five days) and verbal recall (two 
days) during interviews. Subsequently, averages of recorded scores 
were derived for each wave of data collection. Daily averages were 
classified into four categories, according to the guidelines by Science 
and Technology Committee (2011).

The categories were: non-drinker (0 units of alcohol), low – 
moderate drinker (<3 units - males/<2 units - females), heavy drinker 
(4-7 units - males/3-5 units - females), harmful drinker (>8 units-
males/>6 units -females).

Smoking at age: 20, 25, 31, 36, 43, 53, 60-64. Information about 
smoking was collected via interviews and questionnaires. Three 
categories were derived as follows: non-smoker (0 cigarettes daily), 
light - moderate smoker (1-20 cigarettes daily), heavy smoker (>20 
cigarettes daily). 

Pack-years of smoking were calculated by multiplying the number 
of packs of cigarettes smoked per day by the number of years the 
person has smoked across the entire adult period from age 20 to 60-
64. Four categories were derived: non-smoker (0 pack years), 0.1-14 
pack years, 15-39 pack years and 40 + pack years.

Confounding variables were sex, childhood cognition at age 8 (a 
summary of 8 cognitive tests), educational attainment by age 26 and 
social class across midlife (26-43), using the UK Registrar General's 
Standard's Occupation Classification.

The original size of the study sample was 5,362. The specific 
number of participants included in these analyses is provided in the 
tables below.

Data analysis

Multivariable logistic regression was used to test associations 
between alcohol and smoking across midlife and low cognitive scores 
(memory and speed) in early later life (60-64y), adjusting for potential 
confounders. Data were analyzed using Stata software, Version 12 
(StataCorp, 2012).

Results
Overall, the sample was equally distributed among sexes. As 

pointed out by Kuh et al. the response rate of the sample dropped 
under 80% only once over the 25 waves of data collection. This 
data can, therefore, be considered a representative sample of the 
population.

Memory scores were normally distributed across the sample. 
Overall, 821 participants were assigned to the ‘low memory score’ 
category and 1,157 participants into the ‘low-speed score’ category. 
Those with missing scores on cognition at the age of 60-64 had 
significantly lower childhood cognition scores at the age of 8 (p<0.001) 
and lower education by the age of 26 (p<0.001). Alcohol drinking and 
smoking patterns were similar for both groups.

The majority of the participants were in low-moderate drinking 
categories, at all ages investigated. Harmful drinking represented 
approximately 5% of the sample. There was a slight, but steady 
increase across the lifespan in heavy drinking. Non-drinkers and 
harmful drinkers had lower cognition at age 8 (p<0.001) than low-
moderate and heavy drinkers.

A significant association was also found between alcohol and 
social class. Most heavy and harmful drinkers were found to be in 

http://en.wikipedia.org/wiki/Cigarette
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managerial and technical occupation. The second highest number of 
harmful drinkers was in the manual social class.

Lastly, there was a significant association between alcohol and 
education. At ages 36-43, most of the heavy and harmful drinkers 
had none education attempted. At age 53, most of the heavy and 
harmful drinkers obtained at least A-levels education. At the age of 
60-64, the pattern was not longer clear; most heavy drinkers gained 
A-level education, whereas most harmful drinkers had a vocational 
education.

Between ages 25 to 31, there were more smokers than non-
smokers. From age 36, smoking behavior, in general, started to 
decrease. Between the ages 53 to 60-64 more than 2/3 of participants 
were non-smokers.

Childhood cognition was a significant association with smoking 
across midlife from 36 onwards at all ages (p<0.001). Heavy smokers 
had significantly lower cognition at age 8, compared to moderate 
smokers and non-smokers.

There was a significant association between smoking and social 
class. Up to the age of 36 most heavy smokers were in class II, from the 
age of 43 most heavy smokers were in class III (manual). At all ages, 
there was a significant association between smoking and education; as 
the level of education increased, smoking decreased. Heavy smokers 
across midlife had no formal education.

Alcohol and cognition

Table 1 shows the results of logistic regression between alcohol 
consumption and low memory scores.

At age 36 there was a trend towards lower odds of low memory 
score at the age of 60-64 for drinking at all levels. This trend, however, 

did not reach statistical significance. At age 53 there was a significant 
inverse association between heavy drinking and low memory 
score (p=0.05). The odds of low memory score were 0.67 lower for 
heavy drinkers compared to non-drinkers. Same odds for inverse 
association were observed at the age of 60-64 (p=0.02).

Table 2 shows the results of logistic regression that was also 
testing the association between alcohol consumption across lifespan 
and memory scores. At age 36 inverse non-significant patterns were 
observed again. The association between heavy drinking at age 53 
and lower odds of low memory score remained significant even when 
adjusted for smoking (p=0.05). Similarly, at age 60-64, heavy drinking 
was significantly associated with 0.70 lower odds of low memory 
score.

The current results testing associations between alcohol 
consumption across midlife and memory in later life showed some 
associations but no clear patterns. Drinking across midlife appears 
to be protective against lower memory scores in later life, although 
at the ages of 36 and 43 these associations were explained by various 
confounders such as early cognition at age 8, education or adult social 
class. In contrast, harmful drinking at 43 and 53 years was associated 
with higher odds of a low memory score in later life; however, these 
associations were not significant. This might potentially indicate that 
a possible sensitive period for harmful drinking could start after age 
36 and observed between the ages 43-53, or that this association may 
be consistently modest across the life course.

Table 3 shows results of logistic regression testing associations 
between alcohol consumption and low-speed scores. At age 36 there 
was a trend of higher odds of the low-speed score for any level of 
drinking. For harmful drinkers, this association was significant 
(p=0.04). At age 43, a similar pattern was observed, and the association 

OR (95% CI) P N
Alcohol consumption at 36 
(reference - non-drinker)                

313

low-moderate 0.86 (0.63, 1.16) 0.33 759
heavy 0.72 (0.48, 1.07) 0.11 251
harmful 0.79 (0.41, 1.53) 0.49 57

N=1380
Alcohol consumption at 43 
(reference - non-drinker)                     

435

low-moderate 0.78 (0.60, 1.01) 0.06 891
heavy 0.87 (0.62, 1.21) 0.40 325
harmful 1.36 (0.79, 2.33) 0.26 84

N=1735
Alcohol consumption at 53 
(reference - non-drinker)                      

261

low-moderate 0.77 (0.55, 1.08) 0.14 577
heavy 0.67 (0.44, 1.00) 0.05 283
harmful 1.26 (0.65, 2.43) 0.50 57

N=1178
Alcohol consumption at 60 - 64 
(reference - non-drinker)                         

425

low-moderate 0.82 (0.62, 1.09) 0.18 669
heavy 0.67 (0.48, 0.94) 0.02 375
harmful 0.77 (0.44, 1.34) 0.36 86

N=1555
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 1: Odds ratio for alcohol drinking at each age on low memory at the ages 
of 60-64.

OR (95% CI) P 313
Alcohol consumption at 36 
(reference - non-drinker)                

757

low-moderate 0.86 (0.64, 1.17) 0.34 249
heavy 0.70 (0.47, 1.04) 0.08 54
harmful 0.70 (0.35, 1.39) 0.31 N=1373

435
Alcohol consumption at 43 
(reference - non-drinker)                     

891

low-moderate 0.78 (0.60, 1.02) 0.07 325
heavy 0.85 (0.60, 1.19) 0.34 84
harmful 1.23 (0.71, 2.13) 0.46 N=1735

261
Alcohol consumption at 53 
(reference - non-drinker)                      

577

low-moderate 0.78 (0.56, 1.09) 0.15 282
heavy 0.67 (0.44, 1.00) 0.05 57
harmful 1.18 (0.60, 2.30) 0.63 N=1177

387
Alcohol consumption at 60 - 64 
(reference - non-drinker)                         

629

low-moderate 0.86 (0.64, 1.15) 0.31 350
heavy 0.70 (0.49, 1.00) 0.05 80
harmful 0.81 (0.46, 1.44) 0.47 N=1446

N=1555
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 2: Odds Ratio for alcohol drinking at each age on low memory at age 
60-64.
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reached significance for both heavy (p=0.01) and harmful drinkers 
(p=0.03). At age 53 there was a significant inverse association between 
low-moderate drinking and low memory score (p=0.03).

Table 4 shows the results for the models presented in Table 3 

further adjusted for alcohol consumption. The association between 
harmful drinking at the age of 36 and higher odds of low-speed score 
no longer reached significance when smoking was added to the model 
(p=0.07). At the age of 43, both associations between heavy drinkers 
and harmful drinkers and higher odds of low-speed score remained 
significant (p=0.01). The inverse association at the age of 53, also 
remained significant (p=0.03).

Drinking heavily, particularly at the age of 43, was associated with 
higher odds of low-speed scores in later life independent of several 
confounders’ adjustments and smoking at the same age. In contrast, 
low-moderate drinking at 53 years was associated with significantly 
lower odds of a low-speed score in later life. This might potentially 
indicate that a possible sensitive period for harmful drinking could 
start after the age of 36 and its effects are observed at the age of 43. In 
contrast, sensible drinking (low-moderate) starting from the age 53 
onwards could be protective of speeded performance, independent of 
smoking and other confounders.

Smoking and cognition

Table 5 shows results of the associations between smoking and 
memory. Until the age of 36, no significant association was found, 
but there was a trend of heavy smokers having higher odds of low 

OR (95% CI) P N
Alcohol consumption at 36 
(reference - non-drinker)                

321

low-moderate 1.06 (0.81, 1.40) 0.66 767
heavy 1.17 (0.82, 1.66) 0.38 253
harmful 1.91 (1.02, 3.57) 0.04 57

N=1398
Alcohol consumption at 43 
(reference - non-drinker)                     

442

low-moderate 1.21 (0.96, 1.53) 0.11 906
heavy 1.49 (1.10, 2.01) 0.01 325
harmful 1.76 (1.06, 2.91) 0.03 85

N=1758
Alcohol consumption at 53 
(reference - non-drinker)                      

265

low-moderate 0.71 (0.52, 0.96) 0.03 584
heavy 1.06 (0.74, 1.51) 0.74 287
harmful 1.73 (0.92, 3.25) 0.09 57

N=1193
Alcohol consumption at 60 - 64 
(reference - non-drinker)                         

429

low-moderate 0.93 (0.72, 1.20) 0.59 673
heavy 1.18 (0.88, 1.58) 0.28 379
harmful 1.16 (0.71, 1.89) 0.55 84

N=1565
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 3: Odds Ratio for alcohol drinking at each age on low speed at age 60-64.

OR (95% CI) P N
Alcohol consumption at 36 
(reference - non-drinker)                

321

low-moderate 1.07 (0.81, 1.41) 0.64 765
heavy 1.14 (0.80, 1.62) 0.48 251
harmful 1.83 (0.95, 3.52) 0.07 54

N=1391
Alcohol consumption at 43 
(reference - non-drinker)                     

442

low-moderate 1.22 (0.96, 1.54) 0.10 906
heavy 1.47 (1.08, 1.98) 0.01 325
harmful 1.67 (1.01, 2.78) 0.05 85

N=1758
Alcohol consumption at 53 
(reference - non-drinker)                      

265

low-moderate 0.71 (0.52, 0.96) 0.03 584
heavy 1.06 (0.75, 1.52) 0.73 286
harmful 1.71 (0.90, 3.23) 0.10 57

N=1192
Alcohol consumption at 60 - 64 
(reference - non-drinker)                         

391

low-moderate 0.94 (0.72, 1.22) 0.63 632
heavy 1.23 (0.91, 1.67) 0.18 354
harmful 1.16 (0.70, 1.94) 0.56 78

N=1455
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 4: Odds Ratio for alcohol drinking at each age on low speed at age 60-64.

OR (95% CI) P N
Smoking at age 20 
(reference: non-smoker)    

864

1-20 cigarettes 1.06 (0.84, 1.34) 0.61 745
>20 2.00 (0.84, 4.72) 0.12 29

N=1638
Smoking at age 25 
(reference: non-smoker)    

826

1-20 cigarettes 1.00 (0.79, 1.27) 0.98 690
>20 1.25 (0.69, 2.29) 0.46 57

N=1573
Smoking at age 31
(reference: non-smoker)

779

1-20 cigarettes 0.87 (0.68, 1.11) 0.25 661
>20 1.33 (0.93, 1.90) 0.12 207

N=1647
Smoking at age 36
(reference: non-smoker)     

1242

1-20 cigarettes 1.11 (0.84, 1.45) 0.46 355
>20 1.88 (1.18, 3.00) 0.008 102

N=1699
Smoking at age 43  
(reference: non-smoker)    

1356

1-20 cigarettes 1.20 (0.90, 1.59) 0.22 304
>20 2.03 (1.26, 3.27) 0.004 97

N=1757
Smoking at age 53 
(reference: non-smoker)    

1428

1-20 cigarettes 1.35 (1.00, 1.81) 0.05 264
>20 2.17 (1.19, 3.96) 0.01 58

N=1750
Smoking at age 60 - 64
(reference: non-smoker)    

1481

1-20 cigarettes 1.38 (0.88, 2.16) 0.16 102
>20 1.73 (1.05, 2.86) 0.03 84

N=1667
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 5: Odds ratio for smoking at each age on low memory at the ages of 60-64.
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memory scores. From the age of 36 onwards, the association between 
heavy smoking and higher odds of low memory score was significant. 
The highest odds of memory scores were observed for smoking at the 
age of 53 (OR=2.17).

Table 6 shows the results for the models presented in Table 5 
further adjusted for alcohol. The significant association that was 
found at the ages 53 and 60-64 was explained when alcohol drinking 
was added to the model. At the age of 36 the association remained 
significant (p=0.01) as well as at the age of 43 (p=0.01). Overall at all 
ages, a trend of heavy smoking having higher odds of low memory 
scores at the age of 60-64 was observed.

Smoking across midlife, especially from the age of 36 onwards 
was significantly associated with higher odds of a low memory score 
at 60-64. However, at the ages 53 and 60-64, these associations were 
explained by alcohol consumptions at similar ages.

Table 7 shows results of logistic regression testing association 
between smoking across the lifespan and low-speed score adjusted 
for confounders only. The pattern was no longer clear. At the age of 
36, smoking more than 20 cigarettes a day was significantly associated 
with higher odds of the low-speed score (p=0.002). At the age of 53 
there was a significant association between light smoking and lower 

speed score, and at the age of 60-64, there was a significant association 
between heavy smoking and low-speed score. Overall, there was a 
trend of smoking being associated with higher odds of low memory 
scores. The reason for no further significant association may be the 
lack of power caused by the small sample size of heavy smokers in 
some age-groups.

Table 8 shows the results for the models presented in Table 7 
further adjusted for alcohol. Similarly, to the previous model, there 
was a trend of heavy smoking being associated with higher odds of 
low-speed scores. The association at age 36 remained significant, 
the odds being 2.58 higher for heavy smokers to have lower speed 
score compared to non-smokers. Alcohol consumption explained the 
associations at the ages of 53 and 60-64.

Smoking from age 36 onwards was associated with higher odds 
of the low-speed score at 60-64. However, most of these associations 
were explained by alcohol consumptions at similar ages, except for 
heavy smoking at age 36, which remained significant (p=0.002).

Smoking and drinking across lifespan and cognition

Smoking and drinking across lifespan and memory: Table 9 
shows results of the association between pack-years and memory 

OR (95% CI) P N
Smoking at age 20 
(reference: non-smoker)    

864

1-20 cigarettes 1.06 (0.84, 1.34) 0.61 745
>20 2.00 (0.84, 4.72) 0.12 29

N=1638
Smoking at age 25 
(reference: non-smoker)    

826

1-20 cigarettes 1.00 (0.79, 1.27) 0.98 690
>20 1.25 (0.69, 2.29) 0.46 57

N=1573
Smoking at age 31
(reference: non-smoker)

779

1-20 cigarettes 0.87 (0.68, 1.11) 0.25 661
>20 1.33 (0.93, 1.90) 0.12 207

N=1647
Smoking at age 36*
(reference: non-smoker)     

1029

1-20 cigarettes 1.11 (0.82, 1.52) 0.50 276
>20 2.05 (1.15, 3.66) 0.02 68

N=1373
Smoking at age 43  
(reference: non-smoker)    

1339

1-20 cigarettes 1.19 (0.89, 1.58) 0.24 301
>20 1.84 (1.13, 3.00) 0.01 95

N=1735
Smoking at age 53*
(reference: non-smoker)    

989

1-20 cigarettes 1.13 (0.76, 1.67) 0.55 162
>20 2.10 (0.84, 5.26) 0.11 26

N=1177
Smoking at age 60 - 64*
(reference: non-smoker)    

1298

1-20 cigarettes 1.54 (0.94, 2.53) 0.09 84
>20 1.55 (0.87, 2.73) 0.13 64

N=1446
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 6: Odds ratio for smoking at each age on low memory at the ages of 60-64.

OR (95% CI) P N
Smoking at age 20 
(reference: non-smoker)    

874

1-20 cigarettes 1.06 (0.86, 1.29) 0.60 757
>20 1.85 (0.80, 4.29) 0.15 30

N=1661
Smoking at age 25 
(reference: non-smoker)    

832

1-20 cigarettes 1.02 (0.83, 1.25) 0.88 702
>20 1.58 (0.88, 2.81) 0.12 57

N=1591
Smoking at age 31
(reference: non-smoker)

784

1-20 cigarettes 1.03 (0.83, 1.27) 0.80 673
>20 1.15 (0.83, 1.60) 0.39 209

N=1666
Smoking at age 36
(reference: non-smoker)     

1250

1-20 cigarettes 1.05 (0.82, 1.33) 0.71 368
>20 2.10 (1.32, 3.35) 0.002 101

N=1719
Smoking at age 43  
(reference: non-smoker)    

1370

1-20 cigarettes 1.26 (0.98, 1.64) 0.08 314
>20 1.30 (0.83, 2.02) 0.25 95

N=1779
Smoking at age 53
(reference: non-smoker)    

1442

1-20 cigarettes 1.37 (1.04, 1.80) 0.02 270
>20 1.49 (0.84, 2.63) 0.17 58

N=1770
Smoking at age 60 - 64
(reference: non-smoker)    

1497

1-20 cigarettes 0.89 (0.59, 1.34) 0.57 105
>20 1.79 (1.09, 2.95) 0.02 82

N=1684
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 7: Odds ratio for smoking at each age on low speed at the ages of 60-64.
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OR (95% CI) P N
Smoking at age 20 
(reference: non-smoker)    

874

1-20 cigarettes 1.06 (0.86, 1.29) 0.60 757
>20 1.85 (0.80, 4.29) 0.15 30

N=1661
Smoking at age 25 
(reference: non-smoker)    

832

1-20 cigarettes 1.02 (0.83, 1.25) 0.88 702
>20 1.58 (0.88, 2.81) 0.12 57

N=1591
Smoking at age 31
(reference: non-smoker)

784

1-20 cigarettes 1.03 (0.83, 1.27) 0.80 673
>20 1.15 (0.83, 1.60) 0.39 209

N=1666
Smoking at age 36
(reference: non-smoker)     

1037

1-20 cigarettes 0.94 (0.71, 1.24) 0.66 288
>20 2.58 (1.40, 4.74) 0.002 66

N=1391
Smoking at age 43*
(reference: non-smoker)    

1354

1-20 cigarettes 1.21 (0.93, 1.57) 0.16 311
>20 1.25 (0.79, 1.96) 0.34 93

N=1758
Smoking at age 53*
(reference: non-smoker)    

1001

1-20 cigarettes 1.07 (0.75, 1.52) 0.70 165
>20 1.01 (0.44, 2.32) 0.98 26

N=1192
Smoking at age 60 - 64*
(reference: non-smoker)    

1307

1-20 cigarettes 0.93 (0.59, 1.46) 0.75 86
>20 1.57 (0.90, 2.75) 0.11 62

N=1455
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES. CI=Confidence Interval, N=number of people in each category.

Table 8: Odds ratio for smoking at each age on low speed at the ages of 60-64.

OR (95% CI) P N
Pack years                               
(reference: non-smoker)                                 

542

0.1 - 14 pack years 0.86 (0.65, 1.14) 0.29 562
15 - 39 pack years 1.09 (0.78, 1.52) 0.61 288
40 + pack years 2.06 (1.28, 3.31) 0.003 112

N=1504
Pack years*
(reference: non-smoker)                                   

543

0.1 - 14 pack years 0.89 (0.67, 1.18) 0.42 560
15 - 39 pack years 1.12 (0.79, 1.57) 0.53 285
40 + pack years 2.17 (1.33, 3.54) 0.002 108

N=1496
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES and alcohol mean across lifespan*. CI=Confidence Interval, N=number 
of people in each category.

Table 9: Odds ratio for pack years smoking at each age on low memory at age 
60-64.

OR (95% CI) P N
Pack years                               
(reference: non-smoker)                                 

543

0.1 - 14 pack years 1.02 (0.80, 1.30) 0.85 570
15 - 39 pack years 1.24 (0.92, 1.67) 0.16 298
40 + pack years 1.80 (1.14, 2.84) 0.01 111

N=1522
Pack years*
(reference: non-smoker)                                   

538

0.1 - 14 pack years 0.97 (0.76, 1.24) 0.81 568
15 - 39 pack years 1.13 (0.83, 1.53) 0.44 295
40 + pack years 1.65 (1.03, 2.64) 0.04 110

N=1511
Note: All odds ratios were adjusted for sex, cognitive score at age 8, education 
and SES and alcohol mean across lifespan*. CI=Confidence Interval, N=number 
of people in each category.

Table 10: Odds ratio for pack years smoking at each age on low speed at age 
60-64.

adjusted for confounders as well as mean alcohol consumption across 
the lifespan. There was a significant association between high pack 
years (40+) and low memory score, even when adjusted for alcohol.

Table 10 shows a similar model to that of Table 9, but the 
association was tested for the low-speed score. Similarly, when 
adjusted for alcohol, there was a significant association between more 
than 40 pack years and low-speed score (p=0.04).

Overall, high pack-years were significantly associated with low 
memory and speed scores even after adjustment for mean alcohol 
consumption across the lifespan.

Discussion
Data from the 1946 British Birth Cohort was analyzed to tests 

associations between smoking and drinking behaviours across 
midlife, about cognitive impairment in later life. The study began in 
1946 and included information across 25 waves of data collection.

There were significant associations observed between alcohol 
consumption and cognitive performance on speed tests. The results 
on alcohol consumption and memory suggest that there are no clear 
patterns. Overall, there was an indication that potential sensitive 

periods of harmful drinking that might start after the age of 36 and 
could be observed between the ages 43-53.

Some of this association did not remain significant after adjusting 
for confounders, and even harmful drinking did not reach statistical 
significance. Similarly, in a prospective study of 1,309 women aged 65 
years and older, the adjustment for age, education, diabetes, smoking, 
BMI, and physical activity attenuated the magnitude of the effect of 
decrease alcohol consumption on cognitive impairment and resulted 
in borderline statistical significance [35]. Overall, there was some 
evidence for protective effects of moderate alcohol consumption 
as suggested previously by Antilla et al. [9]. Heavy drinking was 
significantly associated with higher odds of low-speed scores in later 
life, and the protective effect of alcohol consumption was observed 
from the age of 53 onwards. These results extend the previous 
findings of Richards et al. by highlighting that the stronger decline 
in letter search speed in women observed over the 10-year period in 
his investigation in the 1946 British Birth Cohort [36] and echoes 
the observations made by Espeland, in his study, in which drinking 
one or more units per day was associated with significant declines in 
cognitive function in women in comparison to abstention [37]. Our 
findings on alcohol consumption are also in agreement, with those 
from the Whitehall II study, where excessive alcohol consumption in 
men (≥ 36 g/d) was associated with faster cognitive decline compared 
with light to moderate alcohol consumption [38].
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There is a clearer pattern of results on smoking and cognitive 
impairment. No positive effects of smoking were found throughout 
the lifespan Smoking was significantly associated with lower memory 
and speed scores. An increase in the number of smoking pack-years 
was associated with low memory and slow search speed. The highest 
risk of cognitive impairment in both speed and memory tests was for 
those with 40 pack years or more indicating the level of smoking two 
pack of cigarettes every day for 20 years or one pack of cigarettes per 
day for 40 years. Similar, to drinking patterns the possible sensitive 
period for the detrimental effects of smoking on memory impairment 
might be observed mainly between the ages 36-43. The small sample 
size may explain the fact that occasionally no significant associations 
were shown, and we might also be facing the issue of “survivor 
effects”. Overall, the current results build on the previous research 
conducted by Richards et al., which showed that heavy smokers 
showed a significant cognitive decline over ten years period from 43 
to 53 years in the same cohort study. Similar findings of smoking on 
cognitive change from age 11 to 66 years were found by Starr et al. [25].

Strengths and limitations

Given the nature of this study, a longitudinal research with 
multiple waves of data collection, it allows seeing whether the effects 
of harmful lifestyle behaviors are long-lived and would remain 
significant across a longer period of the time. Secondly, using a 
representative sample of the English population, there is an increased 
possibility to generalize these findings to the wider population. The 
amount of data collected led to the opportunity to control for multiple 
confounders and thus increase the reliability of the results obtained.

The categories of drinking and smoking were derived in this 
analysis according to the Department of Health guidelines, ensuring 
cross studies examinations.

There are, however, also certain limitations that need to be 
considered. Some of the data were collected via self-reported food 
diaries, and this might potentially mean that it is not an accurate 
representation of the real alcohol consumption due to the issue of 
underreporting. The second limitation can be related to the lower 
number of people observed in older age and thus result in loss of 
power. Therefore, these results need to be taken with caution as the 
sample size in later life decreased, possibly due to low survival effect 
of heavy smokers.

Implications

These results might suggest that there are possible sensitive 
periods for the harmful effects of smoking and drinking that can occur 
after the age of 36 and were persistently observed between the ages 
of 43–53. On the other hand, sensible drinking, especially from the 
age of 53 onwards seems to be protective of speed performance. This 
might suggest that intervention may be more beneficial in the decades 
preceding clinical manifestation of neuropathological burden. 
Our results also indicate that it might be crucial to highlighting 
the importance of smoking cessation, due to the negative impact 
smoking has on cognitive performance, especially on memory. 
Further implication lies in the fact that since smoking is associated 
with dementia, as seen in the growing evidence from multiple studies, 
those smokers that live to an older age are faced with a high risk of 
dementia.

Conclusion
Overall, this study identified the groups that are at higher risk of 

dementia, such as heavy smokers and heavy alcohol drinkers. The key 
contribution is the identification of the sensitive period for harmful 
drinking and smoking associated with higher risk of cognitive 
impairment. It is important to consider smoking cessation, as a key 
factor that might prevent faster cognitive impairment.
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