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Abstract
Purpose  The association between smoking and the risk of skin cancers has been studied without reaching consistent find-
ings. This study aims to assess this association through an updated meta-analysis of cohort studies.
Methods  We retrieved cohort studies that investigated the temporal association between smoking and the risk of basal cell 
carcinoma (BCC), squamous cell carcinoma (SCC), and malignant melanoma (MM). Pooled relative risks (RRs) and confi-
dence intervals (CIs) of the included articles were calculated for current, former, and heavy smoking compared with never 
smoking. Publication bias was detected using the Egger’s regression.
Results  A total of 15 studies, published between 1990 and 2018, were included. Current smoking was associated with a 
higher risk of SCC (pooled RR = 1.32, 95% CI 1.15, 1.52) but with a lower risk of BCC (pooled RR = 0.85, 95% CI 0.75, 
0.96) and MM (pooled RR = 0.72, 95% CI 0.64, 0.82). No publication bias was detected, and no single study had a substantial 
impact on the pooled results. Similar results were detected for heavy smoking, while former smoking was not associated 
with the risk of skin cancer.
Conclusion  Current smoking and heavy smoking were associated with a higher risk of SCC but a decreased risk of BCC 
and MM, while former smoking was not associated with skin cancer risk.
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Introduction

Skin cancers, including basal cell carcinoma (BCC), squa-
mous cell carcinoma (SCC), and malignant melanoma 
(MM), are the most frequently diagnosed cancers in Cau-
casians and their incidence has been increasing over time 
[1, 2]. Despite showing various behavior, growth, and 

metastatic attitudes that could be lethal, early identification 
of skin cancers can improve the prognosis [3].

Several risk factors have been identified to be associated 
with the development of skin cancers such as skin color, 
sun exposure, and old age [4]. Although smoking is con-
sidered an established risk factor for many cancers [5], 
previous studies showed conflicting findings regarding its 
association with the risk of skin cancers. In a previous meta-
analysis, Song et al. summarized the results on the asso-
ciation between ever smoking and skin cancer and reported 
a positive association with SCC (Odds Ratio (OR) = 1.08, 
95% confidence interval (CI): 1.01, 1.15) and a weak asso-
ciation with BCC (OR = 1.02, 95% CI 1.00, 1.04). On the 
other hand, they found a lower risk of MM among male ever 
smokers in cohort studies (Relative Risk [RR] = 0.73; 95% 
CI 0.67, 0.80) and among ever smokers, regardless of sex, 
in case–control studies (OR = 0.70; 95% CI 0.61, 0.80). Yet, 
their meta-analysis covered a limited number of cohort stud-
ies (n = 4) and included case–control studies that encompass 
limitations such as selection bias and recall bias. They also 
did not examine the association of smoking intensity with 
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the risk of skin cancer [6]. Since then, several large prospec-
tive cohort studies have been published. For example, in the 
UK Million Women Study, Piere and colleagues described 
heterogeneous relationships of SCC and BCC with smok-
ing, i.e., increased risk of SCC but decreased risk of BCC 
[7]. Given the emerging and controversial evidence, we, 
therefore, aimed to systematically investigate the prospec-
tive association between smoking and risk of BCC, SCC, 
and MM by conducting an updated meta-analysis of cohort 
studies.

Methods

Literature search

The present meta-analysis was reported according to the 
checklist of MOOSE [8] and the checklist of PRISMA [9]. 
We searched MEDLINE (PubMed), Web of Science, and 
Cochrane Library for potential studies published in English 
before 28/2/2019 using the following search terms: (smok-
ing) AND (melanoma OR nonmelanoma skin cancer OR 
squamous cell skin cancer OR basal cell carcinoma). No 
other restrictions were imposed. A manual search of the ref-
erence lists of obtained articles was performed for additional 
studies. We made no effort to identify unpublished studies.

Eligibility criteria

Studies were included for analysis if they met the follow-
ing criteria: a cohort design was used, a temporal analysis 
between smoking and subsequent risk of skin cancer was 
examined, and risk estimates in the form of RRs with their 
95% CIs for current/former versus never smokers were 
provided.

Study selection

The full manuscripts of all articles extracted by the primary 
search were reviewed by 2 authors independently. Then, the 
articles were subjected to our eligibility criteria to create 
a shortlist of studies to be included in this meta-analysis. 
Relevant information was extracted from the studies in the 
shortlist: last name of the first author, publication year, coun-
try, sample size, sex of subjects, type of skin cancer, adjusted 
RRs with corresponding 95% CIs. Quality of studies was 
determined by the Newcastle–Ottawa Scale (NOS) with 
scores 5 or 6 for average-quality studies and ≥ 7 for good-
quality ones. When more than one article was analyzing the 
same dataset, the most recent article only was included.

Statistical analysis

The extracted RRs and their CIs were used as measures 
of association. I2was calculated to evaluate the statistical 
heterogeneity across studies [10] and the pooled RRs were 
computed using the fixed- or random-effects model [11]. 
Also, we conducted subgroup analysis according to study 
quality and length of the follow-up period. Further, we 
conducted a sensitivity analysis to identify the influence 
of each study on the pooled RRs by removing the included 
studies one by one and analyzing the remainders. Since the 
study by Karagas et al. [14] investigated secondary BCC 
and SCC in patients with prior skin cancer, we conducted 
further sensitivity analysis be removing this study and 
conducting the analysis on the remaining studies. Publica-
tion bias was assessed using Egger’s test [12]. We planned 
to examine the dose–response relationship between pack 
years of smoking and the risk of skin cancer; however, 
there were very limited numbers of studies with necessary 
data (only 1 study for BCC, 2 for SCC, and 3 for MM), 
making such an analysis unreliable. Instead, we conducted 
additional analyses to examine the association between 
heavy smoking and the risk of skin cancer. We also per-
formed analyses for former smoking. All analyses were 
conducted using R-3.2.0 statistical package.

Results

Study selection

Primary literature search led to retrieving 1006 studies 
before we created a shortlist of 15 studies (Fig. 1) [6, 7, 
13–25] in which the association between smoking and 
risk of BCC was detected in 6 studies, smoking and risk 
of SCC in 6 studies, and smoking with risk of MM in 8 
studies. While smoking was assessed using questionnaires 
or interviews, histopathological reporting was needed to 
document subtypes of skin cancer of all included studies. 
The most adjusted covariates included age, sex, BMI, race/
ethnicity, sun exposure (recreational and/or occupational), 
sunburn, and residence.

Smoking and subsequent risk of BCC

The 6 studies (7 cohorts) included in this analysis analyzed 
data published between 1990 and 2017 from the USA (3 
studies), Australia (2 studies), and the UK (1 study) with 
a follow-up period ranging between 3 and 26 years (mean: 
11.7 ± 8.3 years). Half of the studies were of good quality 
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according to the NOS while the other half was of average 
quality (Table 1).

Only 2 studies showed a statistically significant inverse 
association between smoking and the risk of BCC (the 
HPFS study [6] and the UK Million Women Study [7]), 
while the associations in the remaining studies were insig-
nificant. Combined, smoking was shown to be associated 
with a decreased risk of BCC (pooled RR = 0.85, 95% 
CI 0.75, 0.96, I2 = 92.8%, p for heterogeneity < 0.001) 
(Fig. 2). After removing the NHS study [6] from the anal-
ysis, heterogeneity decreased significantly (I2 = 20.9%, p 
for heterogeneity = 0.276). We did not recognize extreme 
studies that had substantial influences on the pooled 
RR, and no publication bias was detected (z = -0.965, p 
for publication bias = 0.335). Restricting the analysis 

to the good-quality studies and studies with follow-up 
period ≥ 10 years did not change the pooled risk or hetero-
geneity (pooled RR = 0.85, 95% CI 0.73, 0.99, I2 = 95.9%, 
p for heterogeneity < 0.001) and (pooled RR = 0.86, 95% 
CI 0.74, 1.00, I2 = 95.9%,   p for heterogeneity < 0.001); 
respectively. Also, removing Karagas et al. study [14] 
showed no effect on the pooled risk or heterogeneity 
(pooled RR = 0.86, 95% CI 0.75, 0.98, I2 = 93.5%, p for 
heterogeneity < 0.001).

In comparison to never smokers, heavy smokers were 
less likely to develop BCC (pooled RR = 0.85, 95% CI 
0.73, 1.00, I2 = 90.6%). However, former smoking was not 
associated with the risk of BCC (pooled RR = 0.98, 95% 
CI 0.91, 1.06, I2 = 82.9%) (Table 2).

Fig. 1   Flow chart of the study 
selection process

Table 1   Characteristics of the included studies

BCC basal cell carcinoma, SCC squamous cell carcinoma, MM malignant melanoma, M male, F female
Covariates: 1: Age, 2: Sex, 3: BMI, 4: Skin/eye color/race/ethnicity, 5: Sun exposure (recreational and/or occupational), 6: Sun burn, 7: Resi-
dence

First author and Publication year Cancer type Country Sample Sex Follow-up
Years

Covariates Quality

Hunter (1990) [13] BCC USA 73,366 F 4 1,5,7 Average
Karagas (1992) [14] BCC, SCC USA 1,805 M&F 5 1,2,3,5,6,7 Average
Veierod (1997) [15] MM Norway 49,007 M&F 12.4 1,2,7 Average
Freedman (2003) [16] MM USA 68,588 M&F 10 1,2,4,5,7 Average
Odenbro (2005) [17] SCC Sweden 337,311 M&F 19.4 1,3 Average
Odenbro (2007) [18] MM Sweden 339,802 M 22.5 1,3 Average
Mcbride (2011) [20] SCC Australia 1,287 M&F 16 1,2,4,5 Average
Delancey (2011) [19] MM USA 121,106 M&F 13 1,3,7 Average
Song (2012) [6] BCC, SCC, MM USA 145,709 M&F 14 M & 26 F 1,3,4,5,6,7 Good
Blakely (2013) [21] MM New Zealand NA M&F 10 1,2,4 Average
Hughes (2014) [22] BCC Australia 1,277 M&F 16 1,2,4,5,7 Average
Henderson (2015) [23] MM USA 56,216 F 11 1,3,4,5,6 Good
Dusingize (2017) [24] BCC, SCC Australia 43,794 M&F 3 1,2,4,5,6 Good
Pirie (2018) [7] BCC, SCC UK 1,223,626 F 14 1,3,4,5,6 Good
Dusingize (2018) [25] MM Australia 38,697 M&F 3.5 1,2,4,5,6 Good
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Smoking and subsequent risk of SCC

A total of 6 studies (7 cohorts) were included in this analy-
sis: 2 conducted on subjects from the USA, 2 Australia, 1 
the UK, and 1 Sweden. The studies were published during 
the period between 1992 and 2018 with a follow-up period 
ranging between 3 and 26 years (mean: 13.9 ± 7.9 years) and 
half of them were of good quality (Table 1). Pooled together, 
current smokers had a significantly increased risk of devel-
oping SCC compared to never smokers (pooled RR = 1.32, 
95% CI 1.15, 1.52, I2 = 58.5%, p for heterogeneity = 0.025) 
(Fig. 3). Removing the study by Dusingize et al. (2017) [24] 
significantly reduced the heterogeneity (I2 = 32.6%, p for het-
erogeneity = 0.191). No individual studies were shown to 
have significant influences on the pooled RR. No publication 
bias was detected (z = 1.323, p for publication bias = 0.186). 
Restricting the analysis to the good-quality studies and stud-
ies with follow-up ≥ 10 years did not significantly change the 
risk (pooled RR = 1.37, 95% CI 1.16, 1.61, I2 = 66.0%, p for 
heterogeneity = 0.032) and (pooled RR = 1.23, 95% CI 1.16, 
1.30, I2 = 0.0%, p for heterogeneity = 0.423); respectively. 
Removing Karagas et al. study [14] showed no effect on 

the pooled risk or heterogeneity (pooled RR = 1.28, 95% CI 
1.12, 1.47, I2 = 54.8%, p for heterogeneity = 0.050).

Compared to never smokers, heavy smokers were more 
likely to develop SCC (pooled RR = 1.26, 95% CI 1.05, 1.52, 
I2 = 50.5%). However, former smoking was not associated 
with the risk of SCC (pooled RR = 1.02, 95% CI 0.95, 1.11, 
I2 = 37.8%) (Table 2).

Smoking and subsequent risk of MM

This analysis included 8 studies (10 cohorts) from the 
USA, Norway, Sweden, New Zealand, and Australia. The 
studies were published between 1997 and 2018 with a 
follow-up period ranging between 4 and 26 years (mean: 
13.7 ± 6.7  years) and 3 studies were of good quality 
(Table 1).

The pooled risk estimate showed a diminished risk of 
MM among current smokers in comparison to never smok-
ers (pooled RR = 0.72, 95% CI 0.64, 0.82, I2 = 63.7%, p for 
heterogeneity = 0.026) (Fig. 4). Removing the NHS study 
[6] decreased the heterogeneity significantly (I2 = 0.0%, 
p for heterogeneity = 0.501). No individual studies had 

Fig. 2   Forest plot of the 
selected cohort studies for the 
association between current 
smoking and the risk of basal 
cell carcinoma

Study ID Weights% RR (95% CI)

Hunter (1990) 10.7 1.03 (0.78, 1.36)

Karagas (1992)                                                                                                       12.7 0.80 (0.63, 1.01)

Song, HPFS (2012) 19.4 0.85 (0.77, 0.94)

Song, NHS (2012) 21.5 1.00 (0.96, 1.05)

Hughes (2014) 6.3 0.69 (0.45, 1.05)

Dusingize (2017) 7.5 0.64 (0.44, 0.93)

Pirie (2018) 21.9 0.80 (0.78, 0.82)

Pooled RR 0.85 (0.75, 0.96)

I2=92.8%

0.37 0.61 1 1.65



791Cancer Causes & Control (2020) 31:787–794	

1 3

significant impact on the overall RR and no publication 
bias was detected (z = -0.652, p for publication bias = 0.514). 
Restricting the analysis to the good-quality studies and stud-
ies with follow-up ≥ 10 years slightly affected the overall 
risk (pooled RR = 0.77, 95% CI 0.55, 1.07, I2 = 60.7%, p for 
heterogeneity = 0.054) and (pooled RR = 0.71, 95% CI 0.63, 
0.80, I2 = 37%, p for heterogeneity = 0.123); respectively.

Compared to never smokers, heavy smokers were less 
likely to develop MM (pooled RR = 0.72, 95% CI 0.56, 
0.94, I2 = 55.2%). Former smoking was not associated with 
the risk of MM (pooled RR = 0.92, 95% CI 0.82, 1.02, 
I2 = 54.4%) (Table2).

Discussion

Results of this meta-analysis of prospective cohort stud-
ies indicated that current smoking was associated with an 
increased risk of SCC, but a decreased risk of BCC and MM. 

Similar results were detected in heavy smokers, while former 
smoking was not associated with the risk of skin cancer. We 
observed various degrees of heterogeneity between studies, 
but we were able to detect the possible source of heterogene-
ity by leaving out one study in each turn.

In agreement with our findings, previous case–control 
studies showed that smoking could moderately increase the 
risk of SCC [26] but slightly reduce the risk of BCC [27, 28] 
and MM [29, 30]. Smoking encompasses many carcinogenic 
compounds, attenuates immune responses, and decreases 
cutaneous blood flow, which may explain the increased 
risk of SCC among smokers [26]. Yet, several hypotheses, 
although inconclusive, have been suggested to explain the 
inverse association between smoking and the risk of BCC 
and MM. For example, smoking might decrease BCC risk 
by interacting with genes conferring susceptibility to BCC 
[31, 32]. It also hinders the growth of melanoma cells by 
downregulating gene expression of the Notch pathway that 
controls the differentiation and development of multiple cell 

Table 2   Relative risks and 95% confidence intervals of skin cancers for former versus never smokers and heavy versus never smokers

Study ID Former vs. never smokers Smoking intensity Heavy vs. never smokers

Basal Cell Carcinoma
Hunter [13] 1.12 (0.94, 1.32)  > 25/day 1.03 (0.78, 1.36)
Karagas [14] 0.82 (0.69, 0.89)  > 40/day 0.61 (0.29, 1.30)
Song, HPFS [6] 0.97 (0.93, 1.02)  > 15/day 0.77 (0.67, 0.89)
Song, NHS [6] 1.08 (1.05, 1.11)  > 15/day 1.03 (0.97, 1.08)
Hughes [22] 1.05 (0.84, 1.31)  > 15/day 0.85 (0.52, 1.38)
Dusingize [24] 0.85 (0.71, 1.03)  > 30/day 0.59 (0.34, 1.04)
Pirie [7] 0.99 (0.79, 1.01)  > 15/day 0.80 (0.77, 0.83)
Pooled RR (95% CI): 0.98 (0.91, 1.06), I2 = 82.9% Pooled RR (95% CI): 0.85 (0.73, 1.00), I2 = 90.6%
Squamous Cell Carcinoma
Karagas [14] 1.62 (1.07, 2.47)  > 40/day 3.29 (1.13, 9.56)
Odenbro [17] 0.95 (0.77, 1.18)  > 20/day 0.90 (0.60, 1.36)
Mcbride [20] 1.11 (0.65, 1.52)  > 30/day 0.74 (0.34, 1.59)
Song, HPFS [6] 0.93 (0.82, 1.06)  > 15/day 1.03 (0.70, 1.52)
Song, NHS [6] 1.11 (0.98, 1.24)  > 15/day 1.54 (1.25, 1.89)
Dusingize [24] 1.05 (0.74, 1.48)  > 30/day 1.32 (0.67, 2.61)
Pirie [7] 1.00 (0.95, 1.06)  > 15/day 1.34 (1.23, 1.46)
Pooled RR (95% CI): 1.02 (0.95, 1.11), I2 = 37.8% Pooled RR (95% CI): 1.26 (1.05, 1.52), I2 = 50.5%
Malignant Melanoma
Veierod [15] 0.90 (0.50, 1.40)  > 10/day 0.70 (0.40, 1.40)
Freedman [16] 0.90 (0.70, 1.30)  > 19/day 1.00 (0.70, 1.60)
Odenbro [18] 0.75 (0.63, 0.91)  > 20/day 0.72 (0.55, 0.94)
Delancey (M) [19] 0.97 (0.82, 1.14) –- –-
Delancey (F) [19] 1.13 (0.95, 1.33) –- –-
Song, HPFS [6] 0.78 (0.63, 0.95)  > 15/day 0.32 (0.13, 0.78)
Song, NHS [6] 0.96 (0.81, 1.14)  > 15/day 0.94 (0.72, 1.23)
Henderson [23] 1.06 (0.88, 1.27) –- –-
Dusingize [25] 0.76 (0.57, 1.01)  > 20/day 0.47 (0.28, 0.79)
Pooled RR (95% CI): 0.92 (0.82, 1.02), I2 = 54.4% Pooled RR (95% CI): 0.72 (0.56, 0.94), I2 = 55.2%
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types. Further, among heavy smokers, nicotine accumulates 
in tissues containing melanin and suppresses the inflamma-
tory responses to UV radiation [33, 34]. Moreover, smok-
ing has been shown to accelerate skin elastosis that protects 
from MM [35].

On the other hand, Dusingize et al. [24] justified the 
lower likelihood of BCC among current smokers compared 
to never smokers with the possibility of detection bias attrib-
uted to the tendency of never smokers to undergo regular 
skin checks. Thompson and colleagues [36] suggested 
various scenarios assuming a null and positive association 
between smoking and MM and concluded that the published 
literature could hide selection bias. Yet, neither detection 
bias nor selection bias could explain the positive associa-
tion between smoking and SCC. Conversely, McBride et al. 
[20] denied the causative association between smoking and 
the risk of SCC and referred it to the incomplete adjustment 
for important covariates. Still, most of the included studies 
adjusted their results for the potential confounders such as 
age, skin color, sun exposure, and history of sunburns. Fur-
thermore, restricted analysis to studies of good quality did 
not significantly affect the overall risk. Nevertheless, the risk 

of residual confounding could not be fully excluded given 
the observational nature of the study design.

Our study had several strengths such as the restriction of 
the analysis to cohort studies that imply a temporal associa-
tion and have fewer limitations compared to case–control 
designs, the average to good quality of all included studies, 
diagnosis of skin cancer using histopathological reporting 
which minimizes reporting bias and misclassification bias, 
the enlarged sample size, computing the effect of heavy, cur-
rent, and former smoking on skin cancer, and the adjustment 
of results in most studies to the most potential confound-
ers. However, it should be noted that the subjective report-
ing of smoking and the possibility of residual confounding 
and measurement error are considerable limitations of this 
meta-analysis.

Conclusion

The present meta-analysis suggested that smoking was asso-
ciated with an increased risk of SCC, but a decreased risk 
of BCC and MM. Future experimental studies to unveil the 

Fig. 3   Forest plot of the 
selected cohort studies for the 
association between current 
smoking and the risk of squa-
mous cell carcinoma

Study ID Weights% RR (95% CI)

Karagas (1992) 6.2 2.01 (1.21, 3.34)

Odenbro (2005)                                                                                                               9.6 0.97 (0.67, 1.41)

Mcbride (2011) 12.7 1.12 (0.83, 1.51)

Song, HPFS (2012) 15 1.31 (1.01, 1.70)

Song, NHS (2012) 20.8 1.38 (1.16, 1.64)

Dusingize (2017) 7.4 2.30 (1.46, 3.62)

Pirie (2018) 28.3 1.22 (1.14, 1.30)

Pooled RR 1.32 (1.15, 1.52)

I2=58.5%

0.61 1 1.65 2.72 4.48
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biological mechanisms of these associations and examine 
the effect of smoking cessation on skin cancer susceptibility 
are needed. The findings of this study must not be used as 
a prompt to start or continue smoking, or as arguments for 
any potential benefits of smoking.
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