
Just one cigarette a day seriously elevates
cardiovascular risk
Only total cessation will protect people and populations from tobacco’s toxic legacy
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Any assumption that smoking less protects against heart disease
or stroke has been dispelled this week in the BMJ (doi:10.1136/
bmj.j5855). In a large meta-analysis of observational studies,
Hackshaw and colleagues show the unexpected extent to which
smoking even one cigarette a day is associated with major
cardiovascular risk.1

The results are compelling. Smoking one cigarette a day was
associated with a 48% (all studies) to 74% (studies controlling
for confounders in addition to age and sex) increase in the risk
of coronary heart disease (CHD) in men, a 57% to 119%
increase in CHD risk for women, and a roughly 30% increase
in the risk of stroke for both men and women.
One cigarette a day accounted for fully half of the excess CHD
risk associated with smoking 20 a day in men and for one third
of the risk in women. For stroke, one cigarette accounted for
roughly one third of the risk associated with smoking 20 a day.
The meta-analysis is impressive, based on 141 prospective
cohort studies from 21 countries and regions that followed 5.6
million individuals for CHD and 7.3 million for stroke. It
includes 110 000 new cases of CHD and 135 000 cases of stroke.
Risks associated with one, five, and 20 cigarettes a day were
modelled in each study, for CHD and stroke, controlling for at
least age and sex, and statistically summarised across all studies
using random effects meta-analysis.
About 900 million people smoke worldwide.2 If trends continue,
an estimated 1 billion premature deaths from smoking will occur
this century.3 Cardiovascular disease, not cancer, is the greatest
mortality risk for smoking, causing about 48% of smoking
related premature deaths.4

The substantial risk of CHD associated with “low” exposure to
tobacco smoke first came to light in the 1990s. Despite much
lower levels of smoke exposure than active smoking, in a
seminal meta-analysis in the BMJ, Law and colleagues
calculated a 30% increase in CHD risk among people who had
never smoked but were exposed to second-hand smoke (19
studies) and a 39% increase in CHD risk among smokers
smoking one cigarette a day (five studies).5

We know a great deal about the biological mechanisms driving
the relatively high risk of CHD associated with low levels of
smoking and exposure to second-hand smoke.6 7 A highly
non-linear relation exists between exposures to fine particulate
matter (PM2.5) from cigarette smoke and ambient air pollution
and their adverse effects on the cardiovascular and pulmonary
systems, including systemic oxidative stress, inflammatory
vascular dysfunction, increased platelet activation and blood
viscosity, atherosclerosis, ischaemic heart disease, and altered
cardiac autonomic function.7

Barnoya and Glantz reported in a literature review in 2005 that:
“Evidence is rapidly accumulating that the cardiovascular
system—platelet and endothelial function, arterial stiffness,
atherosclerosis, oxidative stress, inflammation, heart rate
variability, energy metabolism, and increased infarct size—is
exquisitely sensitive to the toxins in secondhand smoke. The
effects of even brief (minutes to hours) passive smoking are
often nearly as large (averaging 80% to 90%) as chronic active
smoking.”8

The high cardiovascular risk associated with very low cigarette
use has major public health implications. Firstly, light smoking,
occasional smoking, and smoking fewer cigarettes all carry
substantial risk of cardiovascular disease. Only complete
cessation is protective and should be emphasised by all
prevention measures and policies.
Secondly, passive smoking is essentially another form of low
dose smoking that carries a substantial cardiovascular risk.
Comprehensive smoke-free laws in public places, now common
in high resource countries, result in large drops in hospital
admissions (about 15%) for cardiac, cerebrovascular, and lung
disease,9 and it would be prudent for low resource countries to
follow suit. Marijuana and sheesha (hookah) smoke are also of
concern because incomplete combustion of organic substances
produces many highly toxic chemicals, with similar serious
adverse health consequences.10

Thirdly, new tobacco products, such as e-cigarettes and
heat-not-burn cigarettes, may carry substantial risk for heart
disease and stroke. Although e-cigarettes deliver reduced levels
of carcinogens, they still expose users to high levels of ultra
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fine particles and other toxins that may markedly increase
cardiovascular risk.11 Somewhat lower emissions of many toxic
substances from heat-not-burn cigarettes do not make these
products safe.12 13 Regulatory approval of these products should
be withheld.14 We cannot afford to wait several more decades
to document the illness, disability, and deaths caused by new
recreational tobacco and nicotine products.
Finally, e-cigarettes and heat-not-burn products should not be
promoted for “harm reduction” on the grounds that they lead
people to smoke fewer cigarettes,15 because modest reductions
in cigarette consumption are unlikely to have meaningful health
benefits and dual use of cigarettes and e-cigarettes may expose
smokers to increased total risks. Furthermore, e-cigarettes are
reducing smoking cessation rates,11 and marketing of supposedly
safer tobacco products seems to recruit and addict new
generations of young smokers.16 17

The take home message for smokers is that any exposure to
cigarette smoke is too much. The message for regulators dealing
with newly marketed “reduced risk” products is that any
suggestion of seriously reduced CHD and stroke from using
these products is premature.
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Low cigarette consumption and risk of coronary heart disease 
and stroke: meta-analysis of 141 cohort studies in 55 study 
reports
Allan Hackshaw,1 Joan K Morris,2 Sadie Boniface,3 Jin-Ling Tang,4 Dušan Milenković5

ABSTRACT
OBJECTIVE
To use the relation between cigarette consumption 
and cardiovascular disease to quantify the risk of 
coronary heart disease and stroke for light smoking 
(one to five cigarettes/day).
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
Medline 1946 to May 2015, with manual searches of 
references.
ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Prospective cohort studies with at least 50 events, 
reporting hazard ratios or relative risks (both hereafter 
referred to as relative risk) compared with never 
smokers or age specific incidence in relation to risk of 
coronary heart disease or stroke.
DATA EXTRACTION/SYNTHESIS
MOOSE guidelines were followed. For each study, 
the relative risk was estimated for smoking one, 
five, or 20 cigarettes per day by using regression 
modelling between risk and cigarette consumption. 
Relative risks were adjusted for at least age and often 
additional confounders. The main measure was the 
excess relative risk for smoking one cigarette per 
day (RR1_per_day−1) expressed as a proportion of that 
for smoking 20 cigarettes per day (RR20_per_day−1), 
expected to be about 5% assuming a linear relation 
between risk and consumption (as seen with 
lung cancer). The relative risks for one, five, and 
20 cigarettes per day were also pooled across all 
studies in a random effects meta-analysis. Separate 

analyses were done for each combination of sex and 
disorder.
RESULTS
The meta-analysis included 55 publications 
containing 141 cohort studies. Among men, the 
pooled relative risk for coronary heart disease was 
1.48 for smoking one cigarette per day and 2.04 for 20 
cigarettes per day, using all studies, but 1.74 and 2.27 
among studies in which the relative risk had been 
adjusted for multiple confounders. Among women, 
the pooled relative risks were 1.57 and 2.84 for one 
and 20 cigarettes per day (or 2.19 and 3.95 using 
relative risks adjusted for multiple factors). Men who 
smoked one cigarette per day had 46% of the excess 
relative risk for smoking 20 cigarettes per day (53% 
using relative risks adjusted for multiple factors), 
and women had 31% of the excess risk (38% using 
relative risks adjusted for multiple factors). For stroke, 
the pooled relative risks for men were 1.25 and 1.64 
for smoking one or 20 cigarettes per day (1.30 and 
1.56 using relative risks adjusted for multiple factors). 
In women, the pooled relative risks were 1.31 and 
2.16 for smoking one or 20 cigarettes per day (1.46 
and 2.42 using relative risks adjusted for multiple 
factors). The excess risk for stroke associated with one 
cigarette per day (in relation to 20 cigarettes per day) 
was 41% for men and 34% for women (or 64% and 
36% using relative risks adjusted for multiple factors). 
Relative risks were generally higher among women 
than men.
CONCLUSIONS
Smoking only about one cigarette per day carries 
a risk of developing coronary heart disease and 
stroke much greater than expected: around half 
that for people who smoke 20 per day. No safe 
level of smoking exists for cardiovascular disease. 
Smokers should aim to quit instead of cutting down 
to significantly reduce their risk of these two common 
major disorders.

Introduction
Around one billion adults worldwide smoke,1 with 
high prevalence in developing countries, where 49% 
of men and 11% of women use tobacco.2 Although the 
prevalence of current smokers has decreased over time 
in several countries, the global absolute number of 
smokers has increased owing to population growth.3 
Policies have successfully encouraged people to quit, 
using aids such as nicotine replacement therapy and 
electronic cigarettes (e-cigarettes).4

In the Health Survey for England (2013 and 2014), 
26% of current smokers reported that they wanted to 
cut consumption down but were not trying to stop, and 
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What is already known on this topic
Smoking increases the risk of developing coronary heart disease and stroke
Many smokers believe that cutting down the number of cigarettes they smoke 
substantially reduces their risk of developing tobacco related disorders
Occasional individual studies and a meta-analysis of five studies in 1997 
reported that light cigarette smoking (less than five per day) is associated with a 
higher than expected risk of coronary heart disease

What this study adds
Men who smoke about one cigarette per day have a 48% higher risk of heart 
disease than never smokers and a 25% higher risk of stroke (or 74% and 30%, 
respectively, when allowing for confounding factors)
The estimates are higher in women: 57% for heart disease and 31% for stroke 
(or 119% and 46% when allowing for multiple confounders), again compared 
with never smokers.
People who smoke about one cigarette each day have about 40-50% of the 
excess risk associated with smoking 20 per day (coronary heart disease and 
stroke)
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40-41% said that they smoked less than in the previous 
year.5 The percentage of smokers who consume one 
to five cigarettes per day has steadily risen (from 
18.2% to 23.6% between 2009 and 20145), with a 
similar pattern in the US, where the proportion of 
smokers who consume less than 10 cigarettes per day 
increased from 16% to 27% between 2005 and 2014.6 
A recent Cochrane review discussed the evidence for 
ways of helping smokers who wish to reduce their 
consumption.7

Smoking few cigarettes is generally believed to 
be relatively safe, as has been incorrectly assumed 
for light/low nicotine cigarettes.8 Among 24 658 US 
adolescents, 10% thought that light smoking was not 
harmful, and only 35% of light smokers considered 
their habits to be associated with “a lot of harm.”9 
Reducing consumption might be expected to reduce 
harm in a proportionate way—that is, that smoking 
one instead of 20 cigarettes per day has about one 
twentieth (5%) of the risk. This seems to be the case 
for lung cancer, for which the large American Cancer 
Society Prevention Study II showed an approximately 
linear relation between risk of lung cancer and number 
of cigarettes smoked per day, but the dose-response 
for cardiovascular disease is steep at low consumption 
and then levels off,10 consistent with the shape 
reported previously.11

In a seminal systematic review of second-hand 
smoke and coronary heart disease among never 
smokers published in the BMJ 20 years ago, Law and 
colleagues drew attention to the 1.30 risk ratio being 
relatively large compared with the 2-3 typically seen 
in studies of active smokers.12 Their conclusions on 
second-hand smoke were supported by a meta-analysis 
of active cigarette smoking and risk of coronary heart 
disease from five cohort studies, in which the modelled 
relative risk for smoking one cigarette per day (1.39) 
was consistent with that for exposure to second-hand 
smoke.

Although the non-linear relation between coronary 
heart disease and low cigarette consumption has 
been reported before (individual studies, as well as 
official reports from the US Surgeon General), it still 
is still not commonly known by the general public or 
health professionals, particularly those not involved 
in tobacco and health. We thus aimed to extend the 
previous work on coronary heart disease,12 by using a 
systematic review to provide a major body of evidence. 
We also aimed to show that a similar non-linear relation 
exists between stroke and low cigarette consumption.

Methods
Data sources and searches
We did a systematic literature review of English 
language articles published between 1946 and May 
2015 in Medline (MOOSE guidelines13) that reported 
the association between cigarette consumption and 
coronary heart disease and stroke. Supplementary 
figure A shows the search terms and flowchart: 13 861 
abstracts were reviewed (by DM and SB), and any 
selected for consideration had their reference list 

manually checked for additional studies. Several study 
reports were based on combining data from at least two 
separately conducted cohort studies.

Study selection and data extraction
We included prospective cohorts with at least 50 
cardiovascular disease events (mortality, morbidity, 
or both) to minimise the potential for reporting bias, 
in which large but unreliable effects might be seen in 
small studies. Reports had to give hazard ratios from 
a Cox proportional hazards regression or relative risks 
based on incidence/mortality, which must have been 
adjusted by at least age, or incidence reported in age 
groups. Results had to be available in at least three 
smoking categories, not including the reference group 
of never smokers. The populations of the cohorts had 
to be generally healthy; we excluded studies based 
only on people at high risk (for example, taking drugs 
for cardiac related disorders). Results had to be given 
separately for men and women, or, if they were based 
on both combined, the hazard ratios must be adjusted 
for age and sex. We excluded six studies spuriously 
showing that the hazard ratio or relative risk 
decreased with increasing consumption (justification 
in supplementary figure A). Study characteristics 
extracted were country, time period, sex, smoking 
categories, incidence, hazard ratio or relative risk, 
number of participants, number of events, and 
confounding factors adjusted for. In the few instances 
in which only age adjusted incidence/mortality results 
were available, we calculated the relative risk in each 
smoking category. Most studies reported hazard ratios, 
and we always used hazard ratios adjusted for multiple 
factors when provided (supplementary table A); 30 
of the 55 publications made allowance for multiple 
(at least two) factors in addition to age and sex when 
providing hazard ratios. We extracted hazard ratios 
and relative risks separately for coronary heart disease, 
stroke, or cardiovascular disease (coronary heart 
disease and stroke combined).

Statistical methods
Hereafter, we refer to hazard ratio or relative risk as 
relative risk (consistent with many studies included). 
Instead of modelling risk with consumption for 
each study (which is non-linear), we modelled the 
logarithm of risk, using similar methods as before.12 

14 This involved fitting a log-linear variance weighted 
regression model between incidence or relative risk 
and cigarette consumption (using all reported smoking 
categories in the publications). Although this approach 
makes the relation more linear (when examined on a 
log scale), it might still underestimate the increase in 
risk at very low consumption levels.

We obtained a regression model for each study 
report separately (Stata software). For consumption, 
we used the midpoint of the reported number of 
cigarettes per day—for example, three cigarettes per 
day if the category was one to five cigarettes per day—
which we then adjusted for carboxyhaemoglobin 
and cotinine because this allows for lower inhalation 
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with increasing cigarette consumption as previously 
established.14 For studies that reported relative risks 
adjusted for age (or for additional factors), the model 
contained the logarithm of the relative risk (dependent 
variable) and consumption (independent variable) 
using only the midpoint of the cigarettes per day 
categories. For studies that reported incidence in each 
age category, we fitted log-linear model that contained 
incidence (dependent variable) and consumption 
(independent variable) with age as a covariate 
(median age in each age category), and we estimated 
the relative risk by using an interaction term between 
age and consumption. This provided estimates in 
each age category (45, 55, and 65 years) because the 
risk of cardiovascular disease changes with age.15 
The reference value of 1.0 (never smokers) was not 
included in the regression to avoid forcing the model 
through the origin and unduly affecting the dose-
response relation (also because we were ultimately 
interested only in comparing between high and low 
consumption). We used the standard error of the 
logarithm of the relative risk, or the number of events 
if the standard error was unavailable, as weights in 
the regression; if both were unavailable, we did an 
unweighted log-linear regression for the study. The 
reference group was lifelong never smokers, although 
in seven reports it was unclear whether former smokers 
might have been included.

The main quantitative measure was the percentage 
change in risk (excess relative risk) associated with 
smoking one (or five) cigarette(s) per day, expressed 
as a proportion of the percentage change for smoking 
20 cigarettes per day. For example, if the relative risks 
were 1.4 and 1.9 for smoking one and 20 cigarettes 
per day, respectively, the proportion of excess relative 
risk associated with one cigarette per day is 44%: 
(1.4−1)/(1.9−1)×100. One or five cigarettes per day 
reflect typical levels of low consumption. We did three 
different types of analyses, to check for consistency. 
Firstly, from each regression analysis for each study, we 
used the model to estimate the relative risk for smoking 
one cigarette per day compared with never smokers, 
and also for smoking five and 20 cigarettes per day. We 
then calculated the excess relative risks for one and 
five cigarettes per day (compared with 20) and took the 
median value of each of these across studies. We did 
multiple separate analyses according to combinations 
of sex and disease type (“within study” analyses). 
Secondly, we obtained a single regression model across 
all studies (again done separately for each combination 
of sex and disorder) by using the individual cigarettes 
per day values and reported relative risk estimates 
(log scale) in a random effects meta-regression (SAS 
Proc Mixed). We then used the pooled coefficients to 
estimate the relative risk for one, five, and 20 cigarettes 
per day (another “within study” analysis). We also 
used these regressions to examine whether a quadratic 
trend might be better than a linear trend but found 
no evidence of this (the quadratic coefficients were 
negligible and not statistically significant). Thirdly, 
from the log-linear regression model in each study, we 

estimated the relative risk for smoking one cigarette 
per day and then combined these across studies in a 
random effects meta-analysis, fitted separately for each 
disease group and sex, using RevMan; we repeated 
this for smoking five and 20 cigarettes per day. These 
results (and corresponding diagrams) indicate the 
variability in relative risk in each smoking group across 
studies, but they do not directly reflect the within study 
correlation between risk and consumption (as in the 
first and second analyses above).

The results are examined in relation to assuming 
that smoking one cigarette per day is associated with 
about 5% of the excess relative risk when smoking 20 
cigarettes per day. Our regressions used a logarithmic 
scale, so smoking one cigarette per day would actually 
have 3.5% or 5.5% of the excess risk if the relative risk 
for 20 cigarettes per day was 2.0 or 3.0, respectively, 
values typically seen in the studies (log(relative risk 
for 20 cigarettes per day)=20×log(relative risk for one 
cigarette per day)).

Patient involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design or 
implementation of the study. No patients were asked to 
advise on interpretation or writing up of results. There 
are no plans to disseminate the results of the research to 
study participants or the relevant patient community. 
We did not evaluated whether the studies included in 
the meta-analysis had any patient involvement.

Results
The meta-analyses were based on 141 separately 
conducted cohort studies contained in 55 study reports 
(several involved the pooling of multiple studies),16-70 
and two other study reports are referred to later on.71 72 
Table 1 shows all summary results.

Coronary heart disease
The pooled relative risk from 26 study reports was 1.48 
(95% confidence interval 1.30 to 1.69) for men who 
smoked, on average, one cigarette per day and 1.58 
(1.39 to 1.80) for those who smoked five cigarettes 
per day; the relative risk for smoking 20 cigarettes 
per day was 2.04 (1.86 to 2.24) (fig 1; supplementary 
figure B). (Excluding three studies that might have 
included former smokers in the reference group 
increased the relative risks for one and 20 cigarettes 
per day to 1.53 and 2.09, as expected.) Figure 2 
shows the distribution of the excess relative risks; 
most had values of at least 25%. Using within study 
comparisons, smoking one cigarette per day had 46% 
(interquartile range 24-56%) of the excess relative 
risk for that when smoking 20 cigarettes per day, and 
the corresponding estimate for five cigarettes per day 
was 57% (36-64%).

The 18 reports of women showed that one cigarette 
per day had 31% (interquartile range 2-46%) of the 
excess risk of 20 cigarettes per day (pooled relative 
risks 1.57 v 2.84), and smoking five cigarettes per 
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day had 43% (14-55%) the excess risk (relative risk 
1.76) (fig 3; supplementary figure C. (Excluding one 
study that might have included former smokers in the 
reference group increased the relative risks for one and 
20 cigarettes per day to 1.63 and 2.87.)

All of these estimates were similar to those obtained 
from the meta-regression (using a single model across 
studies) (table 1). Also, the relative risk estimates for 
one, five, and 20 cigarettes per day were mostly similar 
when produced by pooling these separately across 
studies (not within study analysis) to those from the 
meta-regressions (within study analysis).

There was a suggestion that the relative risks at low 
consumption might be higher for women than for men 
(1.57 v 1.48 for one cigarette per day; 1.76 v 1.58 for 
five cigarettes per day), consistent with a higher risk of 
coronary heart disease in women reported by others.73 
A comparison between sexes could also be examined 
directly within the same study cohort, where a higher 
relative risk was seen, without modelling: Hirayama et 
al (relative risk 1.61 for women versus 1.50 for men, 
for smoking one to four cigarettes per day),29 Nilsson et 

al (1.47 v 1.24, for smoking one to seven cigarettes per 
day),53 Prescott et al (2.14 v 1.03, for smoking three 
to five cigarettes per day),72 and Bjartveit et al (2.94 v 
2.74, for smoking one to four cigarettes per day).17

Supplementary figure D shows the forest plots for 
the age and sex adjusted relative risks in five studies 
for which results were not reported separately by sex: 
consuming one or five cigarettes per day had 53% or 
61% of the excess risk, compared with 20 cigarettes 
per day (table 1). Supplementary figures E and F are 
the forest plots for coronary heart disease and smoking 
consumption in men and women separately for people 
aged 45, 55, and 65 years. The individual relative 
risks among men reflect the decreasing strength of 
association between coronary heart disease and 
smoking as people get older. The excess risk for smoking 
one cigarette per day expressed as a percentage of that 
for 20 cigarettes per day remained high throughout 
(fig  2): 35%, 33%, and 20% for a man aged 45, 55, 
and 65 years, respectively; the corresponding figures 
for women were 11%, 15%, and 36% (in which the 
older age group seems to have a larger estimate, but 

Table 1 | Relative risk of cardiovascular disease for smoking one, five, or 20 cigarettes per day (CPD): summary results from meta-analyses

Cohort

No of  
study  
reports

Approximate  
No of  
participants

Approximate  
No of events

Pooled relative risk (95% CI) for smoking (compared with  
never smokers)*

Excess relative risk, as % of that  
for 20 CPD†

1 CPD 5 CPD 20 CPD 1 CPD 5 CPD
Coronary heart disease
Men 26 2.31 million 57 152 1.48 (1.30 to 1.69); 

(1.45)‡
1.58 (1.39 to 1.80); 
(1.56)‡

2.04 (1.86 to 2.24); 
(2.06)‡

46; (46)*; (42)‡ 57; (56)*; (53)‡

Women 18 2.34 million 29 870 1.57 (1.29 to 1.91); 
(1.59)‡

1.76 (1.46 to 2.13); 
(1.79)‡

2.84 (2.21 to 3.64); 
(2.81)‡

31; (31)*; (33)‡ 43; (41)*; (44)

Combined 5 1.01 million 15 153 1.65 (1.53 to 1.78); 
(1.67)‡

1.72 (1.62 to 1.83); 
(1.81)‡

2.34 (1.96 to 2.79); 
(2.44)‡

53; (49)*; (47)‡ 61; (54)*; (56)‡

Men aged:
  45 years 8 938 000 27 697 1.65 (1.26 to 2.16) 1.81 (1.40 to 2.33) 2.72 (2.16 to 3.43) 35 46
  55 years 8 1.41 (1.17 to 1.70) 1.51 (1.27 to 1.80) 2.03 (1.74 to 2.36) 33 44
  65 years 8 1.17 (0.96 to 1.43) 1.24 (1.03 to 1.48) 1.49 (1.28 to 1.74) 20 36
Women aged:
  45 years 3 555 000 14 665 1.26 (0.98 to 1.62) 1.34 (0.92 to 1.96) 2.19 (1.11 to 4.32) 11 26
  55 years 3 1.21 (1.05 to 1.39) 1.26 (0.98 to 1.62) 1.77 (1.00 to 3.11) 15 28
  65 years 3 1.15 (1.06 to 1.25) 1.24 (1.11 to 1.40) 1.47 (0.94 to 2.29) 36 45
Stroke
Men 17 3.40 million 71 173 1.25 (1.13 to 1.38); 

(1.37)‡
1.30 (1.18 to 1.43); 
(1.42)‡

1.64 (1.48 to 1.82); 
(1.62)‡

41; (39)*; (60)‡ 52; (47)*; (68)‡

Women 10 3.59 million 60 520 1.31 (1.13 to 1.52); 
(1.35)‡

1.44 (1.22 to 1.70); 
(1.48)‡

2.16 (1.69 to 2.75); 
(2.13)‡

34; (27)*; (31)‡ 44; (38); (42)‡

Combined 2 228 000 2874 1.52 (1.10 to 2.10); 
(1.56)‡

1.63 (1.19 to 2.21); 
(1.65)‡

1.90 (1.54 to 2.35); 
(2.03)‡

58; (58)*; (54)‡ 66; (70)*; (63)‡

Men aged:
  45 years 2 315 000 4456 1.41 (1.03 to 1.94) 1.62 (1.26 to 2.09) 2.89 (2.31 to 3.62) 22 35
  55 years 2 1.27 (1.02 to 1.57) 1.39 (1.09 to 1.75) 2.01 (1.46 to 2.76) 25 43
  65 years 2 1.18 (0.90 to 1.54) 1.21 (0.89 to 1.64) 1.44 (0.96 to 2.15) 15 30
Women aged:
  45 years 1 534 000 5512 1.40 (0.93 to 2.11) 1.60 (1.14 to 2.24) 2.64 (2.20 to 3.17) 24 37
  55 years 1 1.25 (0.95 to 1.64) 1.41 (1.13 to 1.76) 2.22 (1.97 to 2.51) 20 34
  65 years 1 1.12 (0.85 to 1.47) 1.25 (1.00 to 1.56) 1.87 (1.66 to 2.11) 14 29
Cardiovascular disease (coronary heart disease and stroke not reported separately)
Men 7 111 000 3480 1.45 (1.00 to 2.11); 

(1.61)‡
1.59 (1.11 to 2.26); 
(1.70)‡

2.19 (1.56 to 3.09); 
(2.10)‡

20; (38)*; (55)‡ 34; (50)*; (64)‡

Women 1 153 000 2768 1.65 (1.13 to 2.40) 1.74 (1.30 to 2.34) 2.16 (1.69 to 2.76) 56; (56)* 64; (64)*
Combined 4 1.00 million 36 525 1.63 (1.53 to 1.73); 

(1.64)‡
1.71 (1.63 to 1.80); 
(1.75)‡

2.27 (1.96 to 2.62); 
(2.25)‡

50; (50); (51)‡ 60; (56)*; (60)‡

*From combining relative risk for one CPD across all studies (and again, separately, for five and 20 CPD). Although they do not reflect within study correlations, in most cases they are close to 
those obtained from fig 2 and also meta-regressions (both of which are based on within study analyses).
†From within study analyses (fig 2); they represent median values across studies.
‡Estimates obtained from single meta-regression model across all studies (for men and women separately and for each disorder).
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there were only three studies here). Table 1 shows the 
results for five cigarettes per day.

All estimates (men, women, and both together) are 
much higher than the expected 5% had a linear or log-
linear relation existed between consumption and risk.

Stroke
Figure 4 and supplementary figures G and H show 
the relative risks for stroke. Among men who smoked 
one cigarette per day, the relative risk was 1.25 (1.13 
to 1.38); for women, it was 1.31 (1.13 to 1.52). The 
corresponding estimates for smoking 20 cigarettes per 
day were 1.64 (1.48 to 1.82) and 2.16 (1.69 to 2.75). 
These are again consistent with a slightly larger effect 
of smoking in women at the lowest smoking levels but 
more so at higher consumption, compared with men 
(1.44 v 1.30 for five cigarettes per day; 2.16 v 1.64 for 
20 cigarettes per day), as seen elsewhere.73

From the within study analyses (fig 2), the 
distribution of excess relative risks again showed that 
most exceeded 25%. Smoking one cigarette per day had 
an estimated 41% (interquartile range −7-62%) of the 
excess relative risk of men who smoked 20 cigarettes 
per day (from 17 studies), and the corresponding figure 
for five cigarettes per day was 52% (9-70%). These 

were similar to the findings in women (10 studies), in 
whom one cigarette per day had 34% (3-51%) of the 
excess risk of 20 cigarettes per day and five cigarettes 
per day had 44% (16-60%).

Supplementary figure I shows the forest plots for 
the age and sex adjusted relative risks. Supplementary 
figure J shows the forest plots for stroke and cigarette 
consumption in men according to age. The excess 
risk for smoking one cigarette per day expressed as a 
percentage of that for 20 cigarettes per day was 22%, 
25%, and 15% for a man aged 45, 55, and 65 years 
(two studies); the corresponding figures for women 
were 24%, 20%, and 14% (although these were based 
on only one study).

As with coronary heart disease, all estimates for 
stroke (men, women, and both together) were much 
higher than the 5% value expected with a linear or log-
linear relation.

All cardiovascular disease
Supplementary figures K and L are forest plots for 
cardiovascular disease (coronary heart disease and 
stroke reported together), showing adjusted relative 
risks in men or women. Again, results were consistent 
with those seen for each disorder separately.

Heterogeneity and bias
The heterogeneity seen in some meta-analyses is largely 
due to statistically significant relative risk estimates 
that differ from each other, and several reasons for this 
may exist (for example, with or without adjustment for 
multiple confounders). In figure 1, 15 estimates for one 
cigarette per day were each statistically significant, 
ranging between 1.19 and 2.48. However, even the 
lowest relative risk of 1.19 is a significant increase in 
risk of coronary heart disease (representing 25% of the 
excess risk compared with its corresponding estimate 
for 20 cigarettes per day: relative risk=1.77).

We explored the possibility that some heavy smokers 
reduced to light smoking during the course of the 
study, which in turn might substantially reduce the 
relative risks in the high consumption categories, 
moving them closer to that for light smokers, when 
using baseline consumption to produce relative risks. 
This could overestimate the excess relative risk for one 
to five cigarettes per day when compared with that for 
20 cigarettes per day. Such changes in smoking habits 
are expected to have largely occurred in the later 
years, so we examined only studies that had follow-up 
to 1995, to see whether the relative risks were much 
higher than those based on all studies. This was not 
the case. The pooled relative risks for coronary heart 
disease associated with smoking 20 cigarettes per day 
were 1.8 (1.6 to 2.0) for men and 2.5 (2.0 to 3.1) for 
women, a modest reduction compared with 2.0 and 2.8 
from all studies in table 1. Also, we found no evidence 
of a negative trend between size of relative risk for 
smoking 20 cigarettes per day and last calendar year of 
follow-up (which might suggest many heavy smokers 
cutting down, and whether this increases over time): 
Spearman’s correlations were positive: 0.30 (P=0.15) 
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Fig 1 | Relative risk for coronary heart disease for men smoking one cigarette per day. 
IV=inverse variance. Studies are in reference numbers 16-70. Excluding five studies 
that used relative risks instead of hazard ratios increased pooled relative risk (to 1.53)
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