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Hackshaw and colleagues in their study titled “Low cigarette consumption and risk of coronary heart disease and

stroke: meta-analysis of 141 cohort studies in 55 study reports",[1] plot a nonlinear dose-response curve for cigarette

smoke and cardiovascular disease, associating one cigarette per day with half the risk of 20 cigarettes per day (CPD).

 

However, this nonlinear curve is attributable to three basic oversights rather than a true effect:

1. The curve represents brackets of cigarette consumption plotted by their midpoints. 

However, in normal distributions, prevalence is higher at values closer to the mean. Thus, within consumption brackets

spanning below the mean, the distribution of smokers will be skewed upwards (towards the mean). Consequently,

midpoints will understate exposure in below-mean brackets. 

The inverse is true for above-mean brackets: the distribution of smokers will be skewed downwards and concentrated

below the bracket midpoint. Consequently, midpoints will exaggerate exposure within above-mean brackets.

This will manifest in a trendline exaggerating outcomes at lower exposures and understating outcomes at higher

exposures.

2. Regression towards the mean: Light smoking tends to increase over the course of follow-up: Among 1-4 CPD

smokers at baseline, continuing smokers mostly moved to higher consumption brackets within a decade.[2] Regression

to the mean also entails that outlier smokers tend to have a history of smoking at levels that are closer to the mean than

measured.

While Hackshaw et al cite one study reporting a large cardiovascular disease risk for continuous <1 CPD smokers, that

same study also shows an anomalous tenfold increase in lung cancer at the same dose,[3] contradicting the broad

evidence for a linear relationship between smoking and lung cancer (or a quadratic curve climbing at a steeper rate

with greater exposures).[4][5] Regression to the mean is less evident in relation to lung cancer because of the decades

lag between smoking and resultant lung cancer.[6]

3. Compensatory inhalation: Light smokers inhale much more smoke per cigarette than do heavier smokers. The 2010

Surgeon General's Report on smoking states:[7]

"As use exceeds 10 to 15 cigarettes per day, a progressively smaller increment in serum cotinine for each

increment in the number of cigarettes smoked per day is observed (Caraballo et al. 1998; O'Connor et al. 2006).

This flattening of the relationship between exposure and cigarettes smoked per day was similar to flattening of
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the relationship between the RR of CHD and the number of cigarettes smoked."

Hackshaw and colleagues adjust for compensatory inhalation, but rely on a single biomarker study anomalously

showing 1-10 CPD representing only a quarter of 20 CPD's exposure. The data cited above (from the Surgeon

General’s Report) indicates otherwise, in addition to subsequent studies.[8][9]

 

It is important to note that a high risk for light smokers still holds true: The points above indicate that light smokers (1) tend

to be at the high of the “light” range (2) tend to increase consumption over time and (3) inhale much more smoke per

cigarette than do heavier smokers. 

 

However, the shape of the dose-response curve remains relevant for tobacco harm-reduction in assessing the effects of

the widespread “dual-use” of smoked cigarettes and alternative nicotine products, where smoking is partially substituted

but not eliminated.[10][11] In addition, some have extended the ostensible nonlinear dose-response curve to conclude that

vaping likely poses a large fraction of the cardiovascular risk posed by smoking.[12][13]

 

External Evidence

The authors also cite Law & colleagues[14] who infer a nonlinear curve from secondhand smoke epidemiology using the

following premises:

 

1. Toxicant exposure in passive smokers is about 1% that of active smokers.

2. Passive smoking is associated with a 30% increased cardiovascular disease risk.

3. Active smoking is associated with a 100-200% increased cardiovascular disease risk.

 

However, points 1-2 are flawed:

 

Relative exposure: Law et al cite studies measuring cotinine for relative exposure. However, subsequent studies

evaluating cotinine’s relationship with the alternate tobacco biomarker, NNAL, indicate that cotinine can underestimate

toxicant exposure in passive smokers by an order of magnitude (largely attributed to nicotine’s rapid dissipation from

indoor air).[15][16]

Publication bias and heterogeneity: In large meta-analyses, Egger’s tests indicate publication bias,[17][18] backed by a

strong inverse relationship between statistical power and effect size.[18] Significant inter-study heterogeneity is also

present.[17][18] Statistical adjustments for publication bias (like the trim-and-fill method) are known to be unreliable in

presence of heterogeneity.[19]

Law et al argue that it would require an implausible 240 studies for eight studies to produce a significant positive outcome

by chance. However, this calculation could only negate publication bias as the sole explanation of the entire effect size. It

does not negate publication bias from exaggerating a true outcome (or one created by other systematic biases).

Furthermore, their calculation assumes a homogeneous distribution of outcomes, but heterogeneity is present. In addition,

publication bias in situ has been documented in this field,[20] which entails selecting from multiple outcomes or study
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models within a single dataset.[21]

Confounding: The 2006 Surgeon General’s Report on passive smoking[5] rules out confounding, citing broad multivariate

adjustments in the Nurses' Health[22] and CPS-II[23] studies. Yet, these same two cohorts show similar sized reductions in

cardiovascular disease for antioxidant vitamin supplements[24][25][26] that are refuted by randomized controlled

trials.[27][28][29] This shows that multivariate adjustments in cohort studies cannot reliably exclude confounding effects for

cardiovascular correlations of these sizes, as others demonstrate more broadly.[30][31] 

Prospective versus retrospective studies: Limiting meta-analyses to prospective studies substantially reduces the RR

to 1.09 or 1.17.[18][17] Case-control studies allow for recall/reporting bias and show a significant relationship between

cardiovascular disease and coffee,[32] contrary to prospective studies.[33] 

If case controls are deemed reliable, then they also show a linear relationship between CPD and cardiovascular

disease.[34][35][36]

Cigar epidemiology: An FDA authored systematic review on cigars found no relationship between daily light/non-inhaling

cigar smoking and cardiovascular disease.[37] This is evidence against a nonlinear effect because cigar smokers are

exposed to secondhand smoke. Law et al argue that cigar smokers are exposed to smoke over a shorter duration per day

than passive smokers and that most cigars are not inhaled. However, the lung cancer risk in cigar non-inhalers is far higher

than for passive smokers[37] 

 

Smoking bans: Hackshaw & colleagues also cite reduced cardiovascular hospital admissions following indoor smoking

bans. However, these studies have been controversial.[38] They generally do not control for the long-term decline in

cardiovascular disease. In addition, the large number local bans & diverse methodology makes publication bias inevitable.

Indeed, an analysis excluding (a) studies where adjustments for a trend of decline was not possible and (b) studies

reporting local estimates where national estimates are available found an effect of only 2.9% (0.01-5.6%), which is

attributable to the effects of indoor smoking bans on CPD in smokers or the limitations of ecological studies.[39]

 

Particulate matter: Pope & colleagues in their analysis of the CPS-II study plot a continuous nonlinear dose-response

curve from low-dose outdoor PM2.5 through secondhand smoke and high-dose cigarette smoking PM2.5.[40] However, If

this continuous nonlinear dose-response curve is valid, then among cigarette smokers already at the high end of the dose-

response curve, outdoor pollution would have little correlation with cardiovascular mortality, but the relationship is greater

among cigarette smokers.[41] 

Pope & colleagues also indicate that 0-3 CPD smokers have 40% of the excess cardiovascular mortality posed by 20

CPD. However, this is consistent with relative NNAL and cotinine levels in large US biomarker studies.[8][9] Furthermore,

as mentioned above, regression towards the mean would entail that these low CPD smokers will tend to have both a

history & future of smoking levels closer to the mean. 
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