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Abstract

Background: Smoking is an important cause of mortality and recent studies have sug-
gested that even low-intensity smoking might be associated with increased mortality.
Still, smoking is associated with lower socio-economic status as well as other potential
risk factors, and disease onset might motivate smoking cessation, thus residual con-
founding and reverse causality might bias results. We aimed to assess the evidence of a
causal relationship between smoking intensity and cause-specific as well as all-cause-
mortality using Mendelian randomization analyses.

Methods: We included 56019 participants from the Norwegian HUNT2 Study and
337 103 participants from UK Biobank, linked to national registry data on causes of death.
We estimated associations of self-reported smoking as well as the genetic variant
rs1051730 as an instrument for smoking intensity with all-cause and cause-specific mor-
tality. We subsequently meta-analysed the results from the two cohorts.

Results: Each effect allele of the rs1051730 was associated with a 9% increased hazard of
all-cause mortality [95% confidence interval (Cl) 6-11] among ever smokers. Effect alleles
were also associated with death by neoplasms [hazard ratio (HR) 1.11, 95% CI 1.06-1.15],
circulatory diseases (HR 1.06, 95% CI 1.01-1.11) and respiratory diseases (HR 1.15, 95%
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Cl 1.05-1.26) among ever smokers. The association was stronger among ever than never
smokers for all-cause mortality (p<0.001), neoplasms (p=0.001) and respiratory dis-

eases (p=0.038).

Conclusions: Our results indicate a causal effect of smoking intensity on all-cause mortal-
ity and death by neoplasms and respiratory diseases. There was weaker evidence of a
causal effect of smoking intensity on death by circulatory diseases.
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Key Messages

and cause-specific mortality.

ease and neoplasms.

* Observational studies indicate that even low-intensity smoking increases mortality.
* We used Mendelian randomization to investigate the causal associations between smoking intensity and all-cause

¢ Our study suggests that increased smoking intensity increases all-cause mortality and mortality by respiratory dis-
¢ QOur study finds weaker evidence of a causal effect of smoking intensity on death by circulatory disease. This is con-

sistent with the effect of being a smoker compared with not being a smoker being stronger than the effect of higher
compared with lower smoking intensity on cardiovascular health.

Introduction

The association between tobacco smoking and increased
mortality has been recognized for several decades.! The as-
sociation with cardiovascular diseases, cancer and respira-
tory diseases is well established®® and suggestive evidence
exists for associations with several other diseases.* There is
a clear dose-response relationship between smoking and
mortality>® and risk attenuates after smoking cessation.”
Although there may be health benefits from reducing to-
bacco consumption from high to low intensity, the effect
seems to be small®® and even long-term very-low-intensity
smoking has recently been associated with mortality® and
cardiovascular diseases."’

The prevalence of heavy smoking has decreased over
time in high-income countries,'' whereas the prevalence of
low-intensity smoking has been more stable, thereby con-
stituting a larger share of smokers.'> However, there is a
clear social gradient in smoking'® and smoking intensity is
also higher among individuals with lower educational at-
tainment.'* Moreover, smoking is associated with other
health behaviours and disease onset could motivate smok-
ing cessation. Residual confounding and reverse causality
are therefore critical issues in studies of the consequences
of smoking.

The presumed causality between smoking and all-cause
mortality has been supported by a study using Mendelian
randomization.'>'® Two single-nucleotide polymorphisms

(SNPs) rs1051730 and rs16969968 are strongly associated
with tobacco consumption among smokers. This associa-
tion is believed to be causal for rs16969968 and the two
SNPs are in perfect linkage disequilibrium with each other
and considered interchangeable.'” They are located in the
CHRNAS-A3-B4 nicotinic receptor gene cluster and each
additional copy of the effect allele corresponds to about
one additional cigarette per day among smokers, with even
stronger associations observed for blood cotinine levels,
which is a more objective measure of tobacco consump-
tion."® The rs1051730 can thus, under the assumptions
that the risk alleles are evenly distributed within the popu-
lation and have no effects on outcome other than through
smoking behaviour, serve as an unconfounded measure of
smoking intensity.'® As smoking intensity can only affect
mortality among smokers, we would expect associations
between the SNP and mortality among ever smokers only.
Never smokers can therefore be used as a negative control
population, and any association between the SNP and out-
comes among never smokers would suggest that the SNP is
not a valid instrument for smoking intensity.'”
Stratification on a consequence of the exposure could
cause a collider bias; however, a simulation study has indi-
cated that a moderate selection bias will not severely affect
the estimates of a Mendelian randomization study.*’
Smoking intensity ought not to cause smoking initiation
but could cause smoking cessation; conditioning on ever
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smoking is therefore less likely to introduce bias than con-
ditioning on former vs current smoking.>!

We aimed to expand the existing literature by assessing
the evidence of a causal relationship between smoking in-
tensity and cause-specific as well as all-cause-mortality, us-

ing Mendelian randomization."®

Methods
Study design

We performed Mendelian randomization analyses of the
associations between the single-nucleotide polymorphism
rs1051730 and all-cause and cause-specific mortality in
two different study cohorts: the second wave of the Nord-
Trondelag Health Study (the HUNT2 Study 1995-97) and
UK Biobank (2006-2010). We subsequently meta-analysed
the effect estimates. For comparison, we also estimated the
association between self-reported smoking and mortality.
Both cohorts included participants of both sexes. Age at
baseline ranged from 19 to 101 years in the HUNT2 Study
and from 40 to 69years in UK Biobank. Further details
about the study populations and genotyping can be found
in the Supplementary Methods, available as Supplementary
data at IJE online.

Smoking behaviour

For analyses of self-reported smoking status, we categorized
participants as never smokers, former smokers, current low-
intensity smokers (<10 cigarettes per day), medium-intensity
smokers (10-19 cigarettes per day) or high-intensity smokers
(20 or more cigarettes per day). For the main Mendelian
randomization analyses, we combined former and current
smokers into ever smokers, in order to avoid potential col-
lider bias from conditioning on a consequence of smoking in-
tensity. However, assuming that the effects of smoking
intensity on mortality are reversible, we would expect stron-
ger association among current compared with former smok-
ers. We therefore additionally categorized smokers into five
subgroups based on time since smoking cessation: current
smokers, former smokers who quit less than §years,
5-9years, 10-19 years or >20years before baseline, respec-
tively. The potential bias from separate analyses by smoking
status is further discussed in the Supplementary Methods,
available as Supplementary data at IJE online.

Outcome

Date and cause of death until 31 December 2012 were col-
lected from the Cause of Death Registry in Norway and
until June 2017 in the UK. We defined all-cause mortality

as death from any cause. We recoded all ICD-9-codes to
ICD-10-codes (n=13)** before we categorized causes
of death according to the European short list of causes
of death (see Supplementary Table 1, available as
Supplementary data at IJE online).??

We excluded diseases of blood, blood-forming
organs and immune system, skin and subcutaneous tissue,
complications of pregnancies, conditions originating in the
perinatal period, and congenital malformations and chro-
mosomal abnormalities (ICD-10 codes D50-D89, O00-
Q99) from the analyses of cause-specific mortality, due to
few deaths from these causes.

Statistical analyses

We assessed the statistical evidence of associations between
the number of effect alleles and smoking intensity as well
as with possible confounders (age, sex, education and alco-
hol intake) within strata of smoking status, using linear re-
gression for continuous variables and chi-square test for
categorical variables. If effect alleles are not associated
with measured confounders within strata of smoking sta-
tus, bias from stratification is less likely.

All associations were analysed separately within UK
Biobank and the HUNT2 cohorts, and estimates from the
two cohorts were subsequently meta-analysed. A random-
effects model was used for associations with self-reported
smoking, whereas associations with the genetic instrument
were performed assuming a fixed effect. We additionally
performed random-effects meta-analyses because I* indi-
cated substantial heterogeneity for several causes of death.
We performed analyses using complete cases in Stata 15.0
and R (R Core Team, 2014).

Associations with self-reported smoking

We analysed the association between self-reported smoking
status and mortality using Cox proportional hazard models
with age as the time scale, adjusted for alcohol intake and in
strata of education and sex. The association between smok-
ing and body mass index is likely bidirectional; as smoking
is associated with lower body mass index, a high body mass
index can motivate smoking initiation.”** We considered
the mediating effect to be more important than the con-
founding effect in a setting with mostly middle-aged study
participants, and hence did not adjust for body mass index.
Different causes of mortality were assessed in separate mod-
els and participants were censored at time of death from any
other cause than the one used as an outcome in any given
model, as well as at time of emigration or end of follow-up.
We assessed the proportional-hazards assumption using
Schoenfeld residuals and visual inspection of log-log plots.
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Due to indication of non-proportionality, we performed ad-
ditional analyses in strata of age.

Mendelian randomization

We similarly analysed the association between the
rs1051730 effect allele and death using Cox proportional-
hazards models with age as the time scale and stratified by
sex. As the association between the SNP and number of
cigarettes smoked was consistent with an additive effect,
we treated the number of effect alleles as a continuous vari-
able in the analyses.

As smoking intensity can only affect mortality among
smokers, we would expect associations between the SNP
and mortality among ever smokers only. We therefore per-
formed analyses separately for ever smokers and never
smokers, and we report the statistical evidence of heteroge-
neity in the association over these subgroups as the p for
difference. Similar associations in never smokers as in ever
smokers would suggest a pathway from the effect alleles to
the outcome that is not mediated by smoking intensity;
hence, it would suggest that the association is not evidence
of a causal relationship.

Shoenfeld’s residuals did not provide statistical evidence
of non-proportional hazards for the association between the
SNP and mortality in strata of smokers/never smokers. We
still examined the association separately before and after age
80, as visual inspection of log-log plots indicated possible vi-
olation of the proportional-hazards assumptions. These
analyses were performed in the HUNT Study only, as there
were no deaths after age 80 in the UK Biobank sample.

To assess the potential benefit of smoking cessation, we
also performed Mendelian randomization analyses sepa-
rately for five groups based on current smoking status and
time since smoking cessation for former smokers. We do
not show results for causes of death where the number of
deaths in the strata of previous smokers was less than 20 in
the UK Biobank and the HUNT Study combined.

Results

Our study sample included 56 019 participants from the
HUNT?2 Study and 337 103 participants from UK Biobank.
Of these, 11303 and 9634 participants, respectively, died
within follow-up. The most common causes of death were
neoplasms and diseases of the circulatory system
(Supplementary Table 1, available as Supplementary data at
IJE online). Participants in the HUNT2 Study were followed
for up to 17.4 years and median age at death was 82 years
(interquartile range 75-88) compared with a maximum of
11 years of follow-up and a median age at death of 67 years
(interquartile range 62-70) in the UK Biobank sample.

We confirmed the association between rs1051730 and in-
tensity of smoking; for each effect allele, current smokers
smoked on average 0.7 cigarettes [95% confidence interval
(CI) 0.5-0.8] more per day in the HUNT2 Study and 1.0
(95% CI 0.9-1.1) cigarettes more per day in the UK Biobank
sample, with a near linear increase in the number of ciga-
rettes smoked per effect allele. The SNP was also associated
with being a current rather than former smoker (p < 0.001)
and with lower age at participation among ever smokers
(p=0.005 in the HUNT Study, p =0.002 in UK Biobank).
Possible confounders were evenly distributed according to
number of effect alleles (Supplementary Tables 23, available
as Supplementary data at IJE online). For each risk allele, the
odds of ever having smoked daily increased by 2% (95% CI
1-3, p<0.001) and 4% (95% CI 16, p=0.005) in UK
Biobank and the HUNT Study, respectively.

Self-reported smoking

We found a clear dose—response relationship between self-
reported smoking and all-cause mortality, mortality by neo-
plasm, circulatory and respiratory diseases, diseases of the
digestive system and external causes of death (Figure 1),
supported by strong statistical evidence of associations with
current smoking intensity (all p-values <0.001). Former
smokers had an intermediate risk between never and low-in-
tensity smokers for all of these causes of death, except that
there was no increased risk of death by external causes for
former compared with never smokers. We found indication
of non-proportionality of hazards for all-cause mortality
and death by mental disorders, neurological, circulatory and
respiratory diseases. Additional analyses indicated weaker
associations between smoking and mortality at older ages
(Supplementary Tables 8 and 9, available as Supplementary
data at IJE online).

Mendelian randomization analyses

Mendelian randomization analyses indicated a causal mech-
anism behind the observed association between smoking in-
tensity and all-cause mortality among ever smokers [hazard
ratio (HR) 1.09, 95% CI 1.06-1.11 per risk allele—see
Figure 2]. Furthermore, Mendelian randomization results
supported a causal effect of smoking intensity on death by
neoplasms (HR 1.11, 95% CI 1.06-1.15 per risk allele) and
respiratory diseases (HR 1.15, 95% CI 1.05-1.26 per risk
allele). The number of effect alleles was not associated with
higher mortality from either of these causes among never
smokers (HRs 1.00, 1.00 and 0.95, and p for difference
<0.001, 0.001 and 0.032, respectively).

Each effect allele was associated with an increased haz-
ard rate of death by circulatory diseases among ever

20z UdJe 0z U0 158NB Aq 2G//87S/8EY 1/S/8F/o101E/Bll/Woo"dno-olwepese//:sdly Woly peapeojumod


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz081#supplementary-data

1442 International Journal of Epidemiology, 2019, Vol. 48, No. 5

All-cause Infectious disease Neoplasms Metabolic
o
[ ]
<
[ ] 'y o o
o
o~ ° °
° ° ° °
- e ° * ° o ° ° °
LQ -
Mental disorders Neurological Cardiovascular Respiratory
@ o o
'-g < A ° *
[0 ° [
—
N o [ )
¢ ]
© ¢ ° * ° ° ° ’
C ~ e ° ) ) e e
N
(“ Lr) -
I
Digestive system Genitourinary lll-defined External
4
< [ ]
7 o o
° L ]
o o * ° ° °
L4 ° °
—~ e * . * . * ] *
LQ -
P 5 & & 2 3 % 2 £ T i 2 £ T i & & =
o [ o 5 [ Q [ Q
g & v 3§ & 3 g v & & g & v & & 3 g v & §®
= o ~ = o ~ c o ~ c o ~
L L L L

Smoking status

Figure 1. Associations between smoking status (given as never smoker, former smoker or by number of cigarettes smoked per day among current
smokers) and mortality, adjusted for age, sex, education and alcohol intake. Results from a random-effects meta-analysis of estimates from the
HUNT2 Study (1995-97) (n=52561) and UK Biobank (2006-10). Graphs are truncated at hazard ratio =0.5.

Smoking Number of p for
Cause of death status deaths HR (95% CI) "2 difference
All causes Never 8312 - 1.00 (0.97, 1.04) 30 <0.001
Ever 12625 —— 1.09 (1.06, 1.11) 86
Infectious/parasitic disease Never 140 1.06 (0.83, 1.35) 0 0945
Ever 164 1.07(0.85,1.35) 0
Neoplasms Never 3231 —_— 1.00 (0.95, 1.05) 0 0.001
Ever 5586 —_—— 1.11(1.06, 1.15) 89
Endocrine and metabolic disease Never 171 1.22(0.98, 1.51) 0 0.798
Ever 158 1.17 (0.93, 1.47) 67
Mental and behavioural disorders Never 207 _— 0.94 (0.76,1.15) 0 0.762
Ever 190 0.98 (0.79, 1.22) 12
Diseases of nervous system Never 322 —_— 0.89(0.76,1.06) 0 0.242
Ever 329 —_— 1.03 (0.87, 1.21) 0
Diseases of circulatory system Never 2764 —_—— 1.03 (0.98, 1.09) 46 0.564
Ever 3818 —— 1.06 (1.01, 1.11) 10
Diseases of respiratory system Never 419 —_— 0.95(0.83,1.10) 0 0.032
Ever 982 —_— 1.15 (1.05, 1.26) 83
Diseases of digestive system Never 251 —_— 0.93(0.77,1.12) 38 0.188
Ever 416 _— 1.09(0.94,1.26) 0
Diseases of musculoskeletal system Never 52 0.70 (0.45, 1.09) 46 0.038
Ever 66 1.28(0.90,1.82) 32
Diseases of genitourinary system Never 137 0.90 (0.69, 1.16) 0 0.881
Ever 145 0.92(0.72,1.18) 0
lll-defined causes Never 243 1.07 (0.89, 1.28) 0 0.953
Ever 267 1.07(0.90,1.29) 0
External causes of death Never 209 1.10(0.90,1.34) 77 0.973
Ever 291 —_— 1.09 (0.92, 1.30) 0
T T T
5 1 1.5 1.8

Figure 2. Associations between number of smoking increasing alleles of rs1071530 and mortality. Results from a fixed-effect meta-analysis of
estimates from the HUNT2 Study (1995-97) and UK Biobank (2006-10).
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All-cause mortality

Study
ID HR (95% Cl)
Current smoker
HUNT — 1.12(1.07, 1.18,
UK —_— 1.13 (1.06, 1.21
Subtotal (I-squared = 0.0%, p = 0.832) g 1.13(1.08, 1.18
Quit<5y
HUNT T 1.12 (0.98, 1.27,
UK —_— 0.99 (0.88, 1.11
Subtotal (I-squared = 46.1%, p = 0.173) e — 1.05 (0.96, 1.14!
Quit 5-10 y
HUNT —_—t 1.07 (0.92, 1.24,
UK . — 0.99 (0.87, 1.13
Subtotal (I-squared = 0.0%, p = 0.481) _1 1.02 (0.93, 1.13
Quit 10-20 y
HUNT —_ 1.08 (0.97, 1.19,
UK —_— 0.98 (0.88, 1.09
Subtotal (I-squared = 39.6%, p = 0.198) e — 1.03 (0.96, 1.11
Quit 20+ y
HUNT — 1.09 (1.02, 1.17,
UK — 0.97 (0.90, 1.05
Subtotal (I-squared = 78.6%, p = 0.031) - 1.03 (0.98, 1.09
Never smoker
HUNT —— 1.02 (0.98, 1.06,
UK — 0.98 (0.93, 1.03
Subtotal (I-squared = 29.6%, p = 0.233) <> 1.00 (0.97, 1.04;
T T

7

-

1.5

Figure 3. Associations between number of smoking increasing alleles of rs1071530 and all-cause mortality. Results from a fixed-effect meta-analysis
of estimates from the HUNT2 Study (1995-97) (n=55593) and UK Biobank (2006-10). Results are presented separately by smoking status.

smokers (HR 1.06, 95% CI 1.01-1.11). The effect estimate
among never smokers was only marginally smaller
(HR 1.03, 95% CI 0.98-1.09), with weak statistical
evidence of a difference (p for difference 0.568). In addi-
tional analyses, this association among never smokers was
only found among those 80 years or older in the HUNT2
Study (Supplementary Table 12 and Supplementary Figure
6, available as Supplementary data at IJE online).
Furthermore, we found some statistical evidence that the
association between effect alleles and mortality by muscu-
loskeletal diseases differed between smokers and non-
smokers (p for difference 0.038), but there was only weak
evidence of an association among ever smokers (HR 1.28,
95% CI 0.90-1.82) and we did not find a corresponding
association with self-reported smoking intensity.

For all other causes of death, we did not find strong sta-
tistical evidence of either associations between effect alleles
and mortality among ever smokers or a stronger associa-
tion among ever compared with never smokers.

There was substantial heterogeneity between the esti-
mates from the HUNT?2 Study and UK Biobank for several
outcomes (I* up to 89%). Random-effects meta-analyses
gave similar effect estimates to fixed-effect meta-analyses,
but with lower precision (Supplementary Figure 3, avail-
able as Supplementary data at IJE online).

Furthermore, we found low heterogeneity between the
HUNT?2 Study and UK Biobank in the association among
current smokers, whereas there was substantial heteroge-
neity among former smokers (Figure 3 and Supplementary
Figures 4-8, available as Supplementary data at IJE online)
and analyses of current smokers supported a causal effect
of smoking intensity on all-cause mortality and death by

neoplasm and respiratory diseases. We found only weak
statistical evidence of an association between effect alleles
and death by circulatory disease among current smokers
(HR 1.05, 95% CI10.97-1.13, p = 0.213) but with low het-
erogeneity between the HUNT2 Study and UK Biobank.
For all-cause mortality and death by neoplasms, meta-
analyses indicated that the excess risk associated with each
effect allele attenuated with time (p for difference between
subgroups 0.001) (Figure 3 and Supplementary Figure 4,
available as Supplementary data at IJE online). The associ-
ation between effect alleles and death by circulatory dis-
eases did not seem to attenuate with time since smoking
cessation (p for difference between subgroups 0.742)
(Supplementary Figure 6, available as Supplementary data
at IJE online); for other causes of death, the number of
events was too low to draw clear conclusions.

Discussion

Using data from two large-scale cohort studies, we observed
a clear dose-response relationship between self-reported
smoking and all-cause mortality and mortality by neoplasm,
circulatory diseases, respiratory diseases, diseases of the di-
gestive system and external causes of death. Mendelian ran-
domization analyses indicated a causal mechanism behind
the observed association for all-cause mortality as well as for
death by neoplasms and respiratory diseases. We found
weaker evidence for a causal effect of smoking intensity on
circulatory diseases as well. Results from Mendelian ran-
domization analyses did not support a causal association be-
tween smoking intensity and mortality by diseases of the
digestive system, mental diseases or external causes of death.
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Strengths and limitations

The validity of Mendelian randomization analyses relies
on three main assumptions: (i) the genetic instrument must
be associated with the exposure of interest, (ii) it must only
be associated with the outcome through the exposure of in-
terest and (iii) it must be independent of confounders. The
association between rs157030 and smoking intensity has
been established previously and was confirmed in our
study samples. The second and third assumptions cannot
be directly verified, but can be supported by lack of associ-
ations between effect alleles and known confounders and
by the use of negative controls."” An association between
effect alleles and age at participation among ever smokers
is to be expected, as smoking intensity increases mortality.
The lack of associations between effect alleles and mortal-
ity among never smokers support the interpretation of a
causal effect of smoking intensity on all-cause mortality, as
well as death by neoplasms and respiratory diseases. A full
instrumental variable estimation of the causal effect per
cigarette smoked was not possible, as the number of ciga-
rettes smoked does not fully describe the effect of the SNP
on tobacco consumption.'®

In the Mendelian randomization analyses, we adjusted
for age and sex only, both of which had complete data,
and missing on smoking status was a negligible problem.
However, there is the potential for misclassification of the
self-reported smoking variables. Misclassification of ever
smokers as never smokers would bias the use of never
smokers as a negative control; however, we have no indica-
tion of this from the analyses of all-cause mortality. Dates
and causes of deaths were collected from national regis-
tries, so we thus had the best information available about
causes of death; however, as causes of death are rarely de-
termined based on post-mortem examinations, we cannot
exclude misclassifications in causes of death either. This
study gives a broad overview of the associations between a
genetic variant associated with smoking intensity and mor-
tality, but combining causes into broad categories could
also mask the association with specific sub-causes.

Furthermore, whereas genetic variants are determined
at conception, study participants did not enter the studies
until adulthood. As we lack information about the associa-
tion between effect alleles and mortality before study inclu-
sion, there is a possibility that lower survival among
exposed individuals could bias the results.”®

Participation in the HUNT2 Study was about 70%?>”
and the HUNT2 Study is fairly representative of the gen-
eral population but, despite this, non-participants in the
HUNT?2 Study tend to have somewhat higher mortality as
compared with participants.”® In contrast, participation in
UK Biobank was only about 5%, suggesting a higher

selection to participation.”” Representative samples are not
a prerequisite for valid associations in longitudinal stud-
ies.’® Still, selective participation could induce bias.?!
Whereas the low mortality associated with effect alleles
among former smokers in the UK Biobank sample could be
due to selection bias, the consistency of estimated associa-
tions between the two samples among current smokers
suggest that selection bias is a lesser problem for this group
of participants.

We found a weak association of the SNP with smoking
initiation and stronger evidence of an association with
smoking cessation. However, we found only weak evi-
dence of associations between the SNP and important con-
founders within strata of smoking status. This weighs
against any important collider bias being introduced by
stratification, but we still cannot exclude it.'”

Comparison with other studies

Evidence of a causal effect of smoking intensity on all-cause
mortality, deaths by neoplasms and respiratory diseases is
consistent with existing knowledge about the consequences
of smoking.? A possible effect of smoking intensity on death
by musculoskeletal and connective tissue diseases should
not be given much emphasis, as the estimates were imprecise
and inconsistent between methods. On the other hand,
smoking has previously been associated with rheumatoid ar-
thritis and systemic lupus erythematosus.’

Although smoking is also a well-established risk factor
for circulatory diseases, our findings regarding a causal
link were not conclusive. As described earlier, never smok-
ers are used as a negative control group and associations
between effect alleles and outcomes among never smokers
indicate a pathway circumventing smoking intensity;
hence, the association among smokers might not represent
a causal effect of smoking intensity. As effect estimates for
death by circulatory diseases were similar among never
compared with ever smokers, we cannot exclude pleiotro-
pic effects of the SNP as an explanation. However, the
finding of an association between the effect allele and
death from circulatory diseases among never smokers was
inconsistent and the modest association found in ever
smokers might therefore still represent a causal effect of
smoking intensity on death by circulatory diseases. The
gradient in risk associated with self-reported smoking in-
tensity is also gentler for death by circulatory diseases com-
pared with neoplasms and respiratory diseases. This is in
accordance with a recent review in which smoking just one
cigarette per day was found to confer up to half of the ex-
cess relative risk of cardiovascular diseases associated with
smoking 20 cigarettes per day.'® Finding evidence of a
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weak causal effect only is thus consistent with the effects
of smoking on circulatory diseases depending more on
smoking status than on smoking intensity.

Our results did not indicate causality in the associations
of smoking with infectious diseases, diseases of the diges-
tive system and renal failure previously identified by Carter
et al.,* although, again, it is important to bear in mind that
the SNP we used is mainly an instrument of smoking inten-
sity, not smoking status.

Our results strengthen the large body of evidence sug-
gesting that smoking increases the risk of death from can-
cer and pulmonary disease. As this is a Mendelian
randomization study, we can be even more confident that
these are causal effects and not spurious associations due
to reverse causation or residual confounding. This study
looked at smoking intensity beyond smoking initiation and
showed that higher smoking intensity was associated with
greater risk of death. Although reducing smoking intensity
might be insufficient to prevent cardiovascular deaths, our
results imply that it is important to help individuals reduce
smoking intensity or quit smoking as soon as possible.
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Supplementary data are available at IJE online.
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