Cigarette Smoking and Cognitive Decline in Midlife:
Evidence From a Prospective Birth Cohort Study
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Population-based evidence of an effect of
smoking on cognitive function has been in-
conclusive, with most longitudinal studies re-
porting weak or null associations,’” although
at least 2 investigations have indicated in-
ereased risks of cognitive decline.*” One diffi-
culty is that most studies have been con-
ducted among posiretirement populations, in
which observed associations may be attenu-
ated by smokers’ refatively low rates of sur-
vival into old age.® An exception is a recent
cross-sectionat study of predominantly
middle-aged participants that showed re-
duced psychomotor speed and cognitive flex-
ihility among current smokers relative to in-
dividuals who had never smoked.*

[n the present study, we investigated the
agsociation between smoking and cognitive
function in midlife among the British 1946
birth cohort, controliing for socioeconomic
status and a range of health indicators, in-
cluding maternal smoking, respiratory and
cardiovascular disease, forced expiratory
volume in 1 second {(FEV,), bloed pressure,
affective disturbances, and potential alcohol
abuse. Because data had been gathered pre-
viously on cohort members’ cognitive func-
tioning in adolescence, we also were able to
control for the possihility that smoking initi-
ation in adolescence is mediated by cogni-
tive ability.

METHODS

1946 Birth Cohort

The participants comprised the study popu-
lation of the Medical Research Council (MRC)
National Survey of Health and Development
(NSHD)}, also known as the British 1946 birth
cohort, initially consisting of 5362 children of
nonmanual and agricultural workers and a
random sample of | in 4 manual workers se-
lected from all single and legitimate births
that occurred in England, Scottand, and
Wales during a designated week in March

994 | Research and Practice | Paer Reviewed | Richards et al.

nitive performances.

1946." The cohort was followed up 21 times
between birth and age 53 years, and informa-
tion was collected on sociodemographic char-
acteristics and medical, cognitive, and psycho-
logical functioning via interviews and
cxanminations.

The most recent follow-up (n=3035) oc-
curred in 1999, when the participants were
aged 53 years. In 1989, the cohort was
shown to comprise a representative sample of
the UK population legitimately and singly
born in the immediate postwar era." Excep-
tions were nverreprescntations among nonre-
sponders of individuals who had never mar-
ried, those at the lowest education levels,
those in manual-occupational social class, and
those with psychiairic disturbances.

Smoking Frequency

Interview-based prospective information on
cigarette smoking frequency at ages 36, 43,
and 53 years was obtained by research
nurses. At each age, frequency was catego-
rized as O, t to 20, or more than 20 ciga-
rettes smoked per day.

Cognitive Measures

Measures of verbal memory and measures
of speed and concentration were repeated at
ages 43 and 53 years. Verbal memory was
assessed with a [5-item word-leaning task
devised by the NSHD. Each word was shown

Methods. Multiple regression was used o 2s? the association betweon cigarette
smoking and changes in cognitive test scores among male and female members of the
Britisty 1948 hirth cohort aged betwecen 43 and 53 years.

Results, Smeking was associated with faster declines in vernal memory and with
slower visual search speeds. These effects were argely accountad for by individuals who
smoked mare than 20 cigarettes per day and were independent of sox, socioeconomic
status, previous (adolescent) cognitive ability, and a range of health indicators.

Conclusions. The present results show that beavy smoking is associated with cogn.
tive mopairment and cechine ih midlife, Smokers who survive into iater life may be at risk
of clinically significant cognitive declines. (Am ! Pubiic Health, 2003;93:994-99)

Objectives, The authors investigated the effects of cigarette smoking on midlife cog-

for 2 seconds, When all 15 words had been
shown, the cohort member was asked to
write down as many of the words as possible.
The total number of words correctly recalled
over 3 identical trials was summed to provide
an overall score (maximum; 45).

Speed and concentration were assessed
with a visual search task in which participants
were required to cross out the letters P and
W, randomly embedded within a page of
other letiers, as quickly as possible within 1
minute. Scores were computed as total num-
ber of letiers searched {maximum: 600)
minus number of targets missed. Both tests
were administered by research nurses.

Background Variables

Potential confounding variables were sex,
educational attainment {in tables, categorized
as none, vocational only, ordinary secondary,
advanced secondary, higher), occupational so-
cial class (in tables, categorized as 1, 11, HI:
manual, II: nonmanual, IV, V), previous {ade-
lescent) cognitive ability, and a range of
health indicators. Previous cognitive ability
was represented as sumimed verbal and non-
verbal ability scores, reading comprehension,
and mathematical ability™ at age 15 years
from tests administered by the NHSD.

Several health indicators were considered.
Early life indicators were maternal smoking,
based on recall of the survey member at age
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53 years; low birthweight (2.5 kg or tess),
obtained from medical records; and occur-
rence of lower respiratory disease in indancy,
as reported by respondents’ mothers. Indica-
tors al age 53 years were (1) scli-reported
bronchitis, angina, heart attack, abnormal
blood pressure, stroke, and cancer and

(2) measured FEV 1» adjusted for adult height,
systolic and diastolic blood pressure levels,
and resting pulse. Affective disturbances, as-
sessed with the General Health Question-
haire," and potentiat alcohol abuse, defined
by at least 2 positive item scores on the
CAGE alcohol abuse screen,™ also were as-
sessed at the 53-year follow-up.

Statistical Analyses

We investigated the associations between
smoking and verbal memory and visual
scarch speed using linear regression mod-
cls. First, we assessed the association be-
tween smoking at age 43 years and both
cognitive outcomes at age 43 years. Sce-
ond, to examine whether smoking at age
43 years was assoctated with rates of
change in cognition between ages 43 and
53 years, we conducted analyses using cog-
nitive scores at age 53 years. adjusting for
corresponding scores al age 43 vears. To in-
vestigate the possible effect of an additional
10 years of smoking, we repeated these
models, using smoking at age 53 years in-
stead of age 43 years. We adjusted all of
the regression models for sex, cducational
attainment, vccupational social class {all en-
tered as categorical variables), and cogni-
tive ability at age 15 years. We then ad-
Justed the models for each of the study
health indicators in turn.

RESULTS

Sample Size

The study sample comprised the 1941
(of 3035) participants interviewed at age
53 years who had complete data with re-
gard to smoking at age 36, 43, and 53
years, memory and visual search test results
at age 43 and 53 years; cognitive ability at
age 15 years; educational level; and adult
occupational social class. Those with miss-
ing memory scores at age 53 years had
lower mean cognitive scores at age 15 years
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than did those with available scores, as well
as lower levels of education (<001 ia
both cases).

Smoking Patterns at Age 36 to Age 53
Years

A trend toward reduction and cessation
is evident. The frequency of non-smoking
was 1352 (69.7%) at 36 years, 1420
{73.2%) al 43 years, and 1516 {78.1%) at
53 years. For those smoking 1-20 ciga-
rettes per day these figures were 455
(23.4%) at 36 years, 386 (19.9%) al 43
years, and 338 (17.4%) at 53 years. For
those smoking more than 20 per day these
figures were 134 (6.9%) at 36 ycars, 135
(7.0%) at 43 years, and 87 (4.5%) at 53
years. On the other hand, consistent levels
of exposure to cigarettes over time within
each smoking frequency category were ob-
served, with non-smokers at 53 years hav-

ing smoked a mean (SD} of 2.32 (6.48) cig-
arcites at 36 years, and 1.56 (5.62) at 43
years. It can be seen that cigarette con-
sumption at age 53 years reftected consis-
tent levels of exposure to cigarettes over
the previous 17 years.

Smoking at Age 43 Years and Memory

Tabte 1 shows beta coefficients represent-
ing mean respondent differences in memory
scores at age 43 years arel mean declines in
memory between ages 43 and 53 years,
afier contrel for sex, educational attainment,
occupational social class, and previous cog-
nitive ability. Beta coefficienis for these con-
trol variables are shown as well. There was
no assoctation between smoking at age 43
years and memory at age 43 years. How-
ever, smoking at age 43 years was associ-
ated with a more rapid decline in memory
from 43 to 53 years.

*Per-item increase in cognitive score.

TABLE 1-Beta Coefficients Representing Mean Differences in Memory Scores at Age
43 Years and Changes in Memory Scores From 43 to 53 Years, by Smoking Frequency
at 43 Years
Memory Score at Change in Memory Score From
43 Years, B} (95% CN) P 43 to 53 Years” 3 (95% CY) p
Smeking Frequency (cigarettes per day) at
43 y {reference; 0)
1-20 -0.08 {~0.65, 0.50} .80 -0.05 {-0.56, 0.46) .84
>20 -0.19(-1.08,0.71} 68 -1.10(-1.89,-0.30) 007
P for trend 57 02
Sex {reference; male) 2.16 (1.85,2.68) <001 1.08 (0.82, 1.55) <.001
Educational qualifications (reference: nane)
Vocational only -0.21 (-1.09, 0.68) b5 -0.37 -1.15,0.42) 36
Ordinary secondary 1.47{0.78,2.16) <001 0.86{0.34,1.57) 002
Advanced secondary 2.00{1.27,2.72) <001 1.05(0.40, 1.70) 002
Higher 3.56(2.48, 4.64) <.001 1.07(0.10,2.04) 03
Pfor trend <.001 002
Adult social class (refereace: )
I 0.73(-0.27,1.72) 15 0.03 {-0.86,0.91) .95
I nonmanuat 0.84 (-0.30,1.97) 15 052 (-(.49,1.52) il
1Il: manual -0.52 {-1.66, 0.63) .38 -0.79(-1.81,0.22) 13
i -0.75{-1.99, 0.49) 2 -0.02¢(-1.12,1.09 98
v -1.88 (-3.57, -0.20) .03 -0.72-2.22,0.78) .34
P for trend <.001 13
Cegnitive ability at 15 years 0.07° (0.06,0.08)  <.001 0.05" {0.04,0.06) <001
Note. Al coefficients were adjusted for sex, educational attainment, occupational setial class, and previous cognitive ability.
Cl=confidence interval,
"Memory score at age 53 years after adjustment for memory score at age 43 years.
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Smoking at Age 43 Years and Timed
Visual Search
Table 2 shows a madel, identical o that

TABLE 2—Beta Coefflcients Representing Mean Differences in Visual Search Speed
at 43 Years and Changes in Search Speed From Ages 43 to 53 Years, by Smoking Frequency

at 43 Years : ) .
presented in Table 3, for timed visual scarch.
Visual Search Score Change in Search Score From Smoking was associaled with slower search
at 43 Years, {5 (35% O P 4310 53 Years," (3 (36% L) P speeds al age 43 years. Although Inspection

Smaking Freguency {cigarettes per day) of the coefficienls suggests 4 dosc—response

effect, supported by a trend test significant at
the 5% level, this effect was again largely ac-

at 43y {reference: ()

1-20 -7.80(-16.12,0.5%) 07 -3.81 (-11.03,341) 30
>0 1479 (-2783,-175 03 -9.08(-20.40,2.24) 12 counted for by individuals who smoked
Por rend 007 08 more than 20 cigarcttes per day. There was
Female 2136 (1391,2880) <001  9.35(2.84,15.85) 008 no association between smoking and change
Fducational quaiifications {reference: nene) in search speed from 43 to 53 years. Sex x
Vocational only 745 (-20.03,5.74) 28 -2.74{-13.92, 8.44) 63 Smoking interactions were not significant at
Ordinary secondary 5.2 (-4.77,15.21) a1 -2.89 {-11.56,5.78) 5 the 5% level for this measure. As with mem-
Advanced secondary 321{ 7381378 55  -186(-11.05732 £ ory, associations between previous cognitive
Higher 1852 (284,35200 02 -0.30(-1392,1332) 97 ability and search speed were evident. as
P1or trend 1 ) was a female advantage on this measure;

Adult social class {reference: 1 however, the contributions of educational at-

0 -10.39 (-24.89,4.17) 15 1.34 (-11.25,1392) 8 tainment and adult social class were far less
it nanmangal 866(-25.14,781) 28 032 (-13.98, 14.61) 97 pronounced than for memory.
Nli: manual 1330(-29.95,3.36) .11 -3.46 (-17.91, 11.00) 54 Srmoking at Age 53 Y d Cogniti
v 1852(-36.58,-0.48) 04 6,34 (9.34,22.02) a3 ";"b]'"% a g‘; defrs, af]" tog"' ton
v 1993 (4152, 466) 10 -516{-2650,1618) & aple 3 presents MOGELS simtiar b Hose
shown in Tables 3 and 4, but based on smok-
¥ for trend 0 38 . ‘ 53 . Dt for the back ;
Cogritive ability at 15 years 013 (003,038 02 0.32° (0.20, 0.45) <001 Ing at age 5.5 years. Lala lof the backgrotic
variables are not shown, because these data
Note. All coefficients were adjustad for sex, educational attainment, occupational social class, and previous cognitive ability. were similar to those for smeking at age 43
€1 = confidence inierval years. As with smoking at age 43 years, there

Search score at age 53 years after adjustment for search score at 43 years.

"Per-item increase in cognitive score. was no association between smoking at age

53 years and memory at age 43 years. How-

ever, smoking al age 53 years was associated

Although a test for trend was significant at between previous cognitive ability, educa- with a more rapid decline in memory lrom
the 5% level for memory decline, this effect tional attainment, and memory were evident, 43 to 53 years. Although the trend test was
was accounted for by individuals who smoked along with an advantage among female re- significant at the 5% level for memory de-
more than 20 cigarettes per day. Sex x Smok- spondents on this measure and a lack of asso- cling, this effect was once again accounted for
ing interactions were not significant at the 5%  ciation involving adult social class over and by individuals who smoked more than 20
level far memory decline. Strong associations above educational attainment. cigarettes per day. Those smoking at this rate

TABLE 3—Beta Coefficients Representing Mean Differences In Cognitive Scores at Age 43 Years
and Changes in Cognitive Scores Between Ages 43 and 53 Years, by Smoking Frequency at Age 53 Years

Memaory Scare Visual Search Score
Change From 43 10 Change From 43 to
Smeking Frequency 43 Years, B (95% CI) P 53 Years,” [3 {33% CI) P 43 Years, [3 {95% Ct) P 53 Years,” [} (95% Ci) p
Cigarettes per day at age 53y (reference: 0)
1-20 -(.05 (-0.65, 0.55) 87 -0.38 (-0.91,0.18) 16 -5.68 (-14.38, 3.02) 20 -682(-1338, 1.7y 13
>20 0.25 {-0,84, 1.35) 65 -2.00(-2.96,-1.03) <.001 -31.06(-4693,-15.19) <001  -10.77(-24.62,308) .13
P for trend 91 <001 <001 .04

Hate. Ml coefficients were adjusted for sex, educationat attainment, cccupational social class, and previous cognitive ability, i = confidence interval.
*Memory score at age 53 years after adjustment for memory score at age 43 vears.
"Per-item Increase in cognitive score.
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at age 53 years showed a mean decline 2
words (4.4% of the maximum score) greater
than those not smoking at this age. Sex x
Smoking interactions were not signilicant at
the B% levet for this measure.

As with smoking at age 43 years. smoking
at age H3 years was associated with slower
search speed at age 43 years, an effect again
largely accounted for by participants who
smoked more than 24 cigareties per day.
There was ne association between smoking
and change in search speed from 43 to 53
years. Because the effect of smoking on
search speed dechine was confined to men,
the Sex x Smoking interaction was significant
at the 5% level for this measure {P=.01).

Control for Health Indicators

The association between smoking at age
53 years and change in scarch speed from 43
to 53 years was slightly reduced after addi-
tional adjustment for FEV, and low birth-
weight, although it should be noted that this
association was already of relatively low mag-
nitude before this adjustment. When adjusted
i turn, none of the other health indicators
modified the associations between smoking
and cognition to any notable extent. In each
case, the effect of smoking more than 20 cig-

Cognitive Score at
Smoking Pattern, 38-53 Years 53 Years, [3 (95% CI}
Memory
Never smoked Reference

Stopped after 36 y
Stopped aftet 43 y
Still smoking at 53 y
P for trend
Visua! search

0.91 (-0.03, 1.85)
0.42 {-0.55, 1.38)
-0.69 (-1.32,-0.08)

Never smoked Reference

Stepped after 36 y -5.30{-18.72,812)

Stepped after 43y -7.96 {-21.79, 5.86)

Still smoking at 53 y -11.97 {-20.93,-3.00}
Por trend

Cl=confidence interval.
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arettes per day at age 53 years on search
speed at age 43 years and the effect on
change in memory from 43 to 53 years re-
mained significant at the .001 level.

Smoking Cessation and Cognitive
Functioning

To investigate whether the effects of smok-
ing on cognition were modified by smoking
cessation, we reclassified participants into
those who did not smoke at age 36, 43, or 53
years; those who were smoking at age 36
years only; those who were smoking at age 36
and 43 years only; and thosc who were smok-
ing at ail 3 ages. In the case of 127 of the par-
ticipants, irregular smoking patterns could not
be classilied in this way. Cigarctte consump-

tion was relatively light in this group (means of

8.8 [SD=8.58], 9.05 [SD=9.88], and 2.90
[513=6.92! cigareties smoked per day at age
53. 43, and 36 years, respectively).

Table 4 shows that participants who
smoked at ail 3 ages had significantly lower
scores, and exhibiled significantly greater de-
clines, on both cognitive tests at age 53
years compared with those smoking al rone
of these ages. This effect was almost cer-
tainly accounted for by individuals who
smoked more than 20 cigarettes per day., be-

TABLE 4—Beta Coefficients Representing Mean Differences in Cognitive Scores
for Participants Who Stopped Smoking After Age 36 Years, Those Who Stopped Smoking
After Age 43 Years, and Those Still Smoking at Age 53 Years, Relative to Participants

Change in Cognitive Score

P From 43 10 53 Years,” [ (35% CI) P
Reference

06 0.80{-0.03,1.63) 06

A0 0.60 (-0.25, 1.46) A7

03 -0.68(-1.23,-0.12) 02

09 07
Reference

44 -11.80 {-23.70,0.10) 05

26 -2.84 (-15.09, 9.41) 65

09 -7.78(-15.72,-0.17) 06

005 04

Note. All coefficients were adjusted for sex, educationat attainment, occupational social class, and previcys cognitive ability.

*Represented by cognitive score at age 52 years adjusted fer cognitive score at 43 years.
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cause most ol these participants were classi-
fied with those who smoked at all 3 ages.
There was, in addition. a trend toward a
slowing of memory decline among those
who stopped smoking (particularly those
who did not smoke al age 43 and 33 years)
relative to those who had never smoked.
Participants who stopped smoking had
slower visual search speeds than did those
who had never smoked, but this effect was
relatively weak. As before, all analyses were
adjusted for sex, cducational attainment, oc-
cupational social class, and cognitive ability
al age 15 years.

DISCUSSION

In this prospective population-hased study,
cigarette smoking was associated with faster
declines in verbal memory between ages 43
and 53 years. These results are consistent
with those from a recent study by Kalnsjn et
al.” in which smoking was associated with re-
duced cross-sectional performance on a test
of speed and concentration in this age range,
although not with changes in this measure.
These effcets were largely accounted for by
individuals who smoked more than 20 ciga-
rettes per day and were independent of sex,
SOCIOCCONGITHE stalus, provious cognitive abil-
ity, and a range ol health indicators, including
respiratory and cardiovascalar disease, 'EV
blood pressure, affective disturbances, and
polential alcohol abuse.

We should highlight several potential lim-
itations of this stucly. First, smoking mea-
sures were seltf-reported. and measures of
cotinine were not available to quantify in-
haled doses. Second, there was a dispropor-
tionate loss to follow-up amaeng participants
at lower cognitive ability levels, limiting the
generalizability of the vesults and possibly
leading to underestimations ol the true ¢f-
feet of smoking on cognition. However, we
have no reason 1o believe that this loss to
follow-up had any impact en the patterns of
associations themselves. This linntation is
halanced. furthermore, by the relatively
voung age of the participants. among whom
premature death from smoking was unlikely
Lo have reached a tevel that would cause

significant survival bias.
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Third, participants were required to abstain
from smoking during their interviews. It is
therefore possible thal some smokers were in
a state of incipient nicotine withdrawal during
cognitive testing (approximately 90 minutes
into the interview), which could have led to
reductions in performance.

With these limitations in mind, we must
ask: What is the nature of the association be-
tween smoking and cognitive impairment in
this population? The inability of the physical
health indicators (e g, cardiovascular and res-
piratory functioning} to explain the associa-
tion between smoking and cognition raises
the possibility of a direct effect of smoking on
the central nervous system. In this regard,
smoking was identified as a risk factor for
pertusional decline, cerebral atrophy, and
leukoaraiosis in a sample of individuals at in-
creased risk of cognitive decline'® whose
mean age (59 years) was similar 1o that of the
NSHD cohort.

A second possibility concerns the role of
nutrition. Smokers have been found to have
lower intakes of antioxidant vitamins and
higher levels of triglycerides, fibrinogen, and
serum cholesterol compared with nonsmok-
ers.” The implications of such findings for the
cognitive functioning of the NSHD cohort will
be a matter for detailed investigation.

Two further aspects of our results deserve
attention. First, the association between smok-
ng and memory was not observed at age 43
years but emerged as a change in functioning
between ages 43 and 53 years. This finding
implies a possible temporal window of action
in terms of smoking effects on central nerv-
ous system processes underlying memory.
The effect of smoking on psychomotor speed
was already evident by age 43 years, how-
ever, and thus such a window for this area of
functioning cannot be inferred from the re-
sults of the present study.

Second, the association between smoking
and memory observed at age 53 years was
far stronger than that observed at age 43
years. This finding represents either the effect
of a further 10 years of smoking exposure or
an uncontrolled characteristic of the subgroup
that persisted in smoking heavily throughout
midlife.

What are the public health implications of
this study? Peto et al. have estimated that in
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developed countries, tobacco use causes ap-
proximately 30% of all mortality among indi-
viduals between ages 35 and 69 years, mak-
ing it the largest single cause of premature
death in the industrialized world.® Because
memory impairment has been shown to pre-
dict dementia,"®"

even if smokers survive into later life, they

our results suggest that

may be at high risk of clinically significant
cognitive dechine. Continued follow-up of the
NSHD cohort will determine this risk with
greater precision. m
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