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Cigarette smoking and disease 
activity, organ damage, and cutaneous 
manifestations in systemic lupus 
erythematosus: a systematic review
Nermeen A. Awad1 , Lujain Badr Baghlaf2* , Rasha A. Alsulami3 , Samah 
Alotaibi3 , Sarah K. Alshehabi3 , Wed S. Bin Madhi4

ABSTRACT
Background: Smoking may modify systemic lupus erythematosus (SLE) activity, damage, and phenotype. This 
review aims to summarize associations between smoking exposure and SLE outcomes.

Methods: Systematic review of primary studies assessing smoking in SLE and reporting clinical or biomarker 
outcomes. Five eligible studies (2002-2021) were included (total N = 1,079). Participants were predominantly 
female (87%-96.2%); where reported, most were Caucasian (73.7%-92%) with mean/median age 37-49 years 
and disease duration ~9-13.5 years. Smoking exposure definitions varied substantially, limiting direct quanti-
tative pooling and precluding meta-analysis across studies.

Results: Ever-smoking prevalence ranged ~37%-51%. In one observational study, current smokers had higher 
disease activity than never smokers [mean total systemic lupus erythematosus disease activity index (SLEDAI) 
15.63 ± 1.63 vs. 9.03 ± 0.99; p = 0.0024] and a dose-response by packs/day (p = 0.001). In a retrospective 
cohort, never exposure to active or second-hand smoke reduced risk of damage accrual (SDI >0: RR 0.78, 
95% CI 0.62-0.97; p = 0.0228). Heavy smoking (>20 pack-years) was associated with discoid rash (OR 2.22), 
photosensitivity (OR 2.19), and neurological disorder (OR 3.16), but inversely associated with renal disorder 
(OR 0.40), non-erosive arthritis (OR 0.45), and hematological disorder (OR 0.40). Current smoking increased 
cutaneous damage (any OR 2.73; scarring OR 4.70; active rash OR 6.18). IL-17A levels were similar in SLE and 
controls, did not correlate with SLEDAI-2K or SDI, and inversely correlated with years of smoking (Rs ≈ -0.43; 
p ≈ 0.001) Another study reported no significant differences in cumulative damage scores across smoking 
categories.

Conclusion: Evidence from five heterogeneous studies links smoking with higher SLE activity and cutane-
ous damage, and suggests phenotype-specific associations. Standardized exposure measures and prospective 
designs are needed.

Keywords: Systemic lupus erythematosus, smoking, autoimmune diseases, risk factors, disease activity.

Introduction
Systemic lupus erythematosus (SLE), often referred to 
as SLE, is a chronic multisystem autoimmune disease 
characterized by relapsing inflammation and progressive 
accrual of irreversible organ damage. Outcomes have 
improved with earlier recognition and expanding 
therapeutic options, yet many patients continue to 
experience flares, disability, and treatment-related 
toxicity. Long-term complications remain common, and 
cardiovascular disease is a major driver of morbidity 
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and premature mortality, with meta-analytic evidence 
indicating that people with SLE have a substantially 
higher risk of cardiovascular events compared with the 
general population [1].

Environmental exposures are believed to interact with 
genetic susceptibility to influence both lupus onset and 
phenotypic expression. Cigarette smoking remains one 
of the most prevalent and modifiable exposures relevant 
to autoimmune disease prevention and management. 
In large prospective cohort analyses from the Nurses’ 
Health Study cohorts, smoking was evaluated in relation 
to incident SLE, and associations differed by anti-double-
stranded DNA antibody subtype, supporting biologic 
heterogeneity in smoking-associated risk [2]. Consistent 
with this, updated meta-analytic syntheses that adjust for 
covariates have continued to report that current smoking 
is associated with higher odds of developing SLE [3].

Several mechanistic pathways provide biologic rationale 
for smoking-related effects in lupus. Cigarette smoke 
can increase oxidative stress and endothelial injury, alter 
innate and adaptive immune responses, and generate 
modified nucleic acids that may enhance autoantigenicity 
[4]. Observational work in established SLE has linked 
smoking with a higher likelihood of anti-double-stranded 
DNA seropositivity, aligning with pathways that connect 
nucleic acid sensing to type I interferon signaling [5]. In 
parallel, contemporary immunology reviews highlight 
central roles for oxidative stress biology and neutrophil 
extracellular traps in SLE pathogenesis and tissue injury, 
processes that can be influenced by reactive oxidant 
exposure [6].

Clinically, smoking has been repeatedly linked to 
cutaneous lupus burden and damage. Recent cohort 
data suggest that higher cumulative exposure measured 
in pack years is associated with chronic cutaneous 
manifestations and greater damage accrual, and earlier 
work reported increased odds of cutaneous damage 
among current smokers [7]. Smoking has also been 
associated with reduced responsiveness to antimalarial 
therapy in cutaneous lupus, creating practical 
implications for treatment optimization [8]. Reflecting its 
clinical relevance, European Alliance of Associations for 
Rheumatology recommendations for SLE management 
and non-pharmacological care advise assessment 
of smoking habits and implementation of cessation 
strategies as part of comprehensive disease management 
[9].

Despite this mechanistic and epidemiological rationale, 
the evidence describing how smoking relates to clinical 
outcomes in patients with established SLE remains limited 
and fragmented. Most available data derive from single-
center studies with modest sample sizes, heterogeneous 
definitions of smoking exposure, and inconsistent 
outcome measures, and the reported associations have 
been variable and at times conflicting across disease 
activity, organ damage, individual manifestations, and 
inflammatory biomarkers. No adequately powered 
multicenter study has been designed primarily to test 
these associations, and the individual reports have not 
been formally consolidated, which leaves clinicians 
without a clear evidence synthesis to guide counselling 

and risk stratification. A systematic review that brings 
together evidence from different centers and populations 
is therefore needed to clarify the direction and consistency 
of these associations and to define priorities for future 
research. Accordingly, the objective of this systematic 
review was to synthesize the available evidence on 
the association between cigarette smoking exposure 
and clinical outcomes in SLE, specifically disease 
activity, cumulative organ damage, individual disease 
manifestations, cutaneous damage, and inflammatory 
biomarkers, and to appraise the methodological quality 
of the underlying studies.

Methods

Protocol registration
This systematic review was conducted in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement and 
the Cochrane Handbook for Systematic Reviews [10,11].

Data sources and search strategy
We conducted a comprehensive, filter-free search of 
PubMed (MEDLINE), Web of Science, Scopus, and the 
Cochrane Library (CENTRAL) from inception to February 
2026. Search terms combined SLE-related keywords and 
subject headings, when available, with smoking exposure 
terms. The smoking concept incorporated active smoking 
and, where applicable, passive exposure terms. Reference 
lists of included studies and relevant reviews were 
manually screened to identify additional eligible records. 
The complete database-specific strategies are provided in 
Supplementary Table 1.

Eligibility criteria
We included primary human studies evaluating the 
association between cigarette smoking exposure and 
outcomes in SLE. Eligible designs were observational 
studies (cross-sectional analyses, cohort studies, including 
retrospective cohorts, and other non-randomized analytic 
designs). Studies were required to include participants 
with SLE defined using established classification criteria 
(e.g., American College of Rheumatology criteria and/or 
SLICC criteria [12,13]), quantify smoking exposure (e.g., 
pack-years, packs/day, years of smoking, current/former/
never, ever/never, or passive exposure), and report at least 
one pre-specified outcome domain. Outcomes of interest 
included disease activity systemic lupus erythematosus 
disease activity index (e.g., SLEDAI or SLEDAI-2K), 
cumulative organ damage (e.g., SLICC/ACR Damage 
Index), specific SLE manifestations, cutaneous damage 
items, and inflammatory biomarkers.

We excluded case reports/series without analytic 
comparisons, conference abstracts without full data, 
reviews, editorials, letters, clinical guidelines, book 
chapters, non-human or in-vitro studies, and articles with 
overlapping or duplicate datasets, in which case the most 
complete or most recent publication was retained. Non-
English articles were excluded.

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162



3

Study selection
Search results from all databases were imported into 
Rayyan (Rayyan Systems Inc., Cambridge, MA) 
[14] and duplicates were removed. Two reviewers 
independently screened titles and abstracts, followed 
by full-text assessment of potentially eligible articles. 
Disagreements were resolved by discussion and, when 
needed, adjudication by a third reviewer. Reasons for 
exclusion at the full-text stage were documented and 
summarized in the PRISMA flow diagram.

Data extraction
Data extraction was performed independently by two 
reviewers using a piloted standardized spreadsheet. 
Extracted variables included study design, setting/
country, sample size, participant demographics (age, 
sex distribution, and ethnicity where reported), disease 
duration, smoking exposure definition and ascertainment 
method (including categorization thresholds and capture 
of second-hand exposure), outcome definitions and 
instruments (e.g., SLEDAI, SDI, ACR manifestations, 
cutaneous SDI items), follow-up duration for longitudinal 
cohorts, and confounders included in adjusted analyses.

We extracted effect estimates as reported (e.g., odds 
ratios, risk ratios, regression coefficients, mean 
differences, and correlation coefficients), along with 95% 
confidence intervals and p-values. When multiple models 
were presented, we prioritized the most appropriately 
adjusted model (typically including at least age and 
sex, and additionally disease duration and treatment 
where available). Any discrepancies were resolved by 
consensus, with arbitration by a third reviewer when 
necessary.

Risk of bias
Risk of bias was independently assessed by two 
reviewers using the Newcastle-Ottawa Scale adapted for 
observational studies [15]. Cohort studies were evaluated 
across selection, comparability, and outcome domains, 
while cross-sectional studies were assessed using the 
modified Newcastle-Ottawa Scale appropriate for cross-
sectional designs. Disagreements between reviewers 
were resolved through discussion with a third senior 
reviewer. Studies were categorized as good, moderate, or 
low quality according to predefined Newcastle-Ottawa 
thresholds [16].

Synthesis approach
Given anticipated clinical and methodological 
heterogeneity in both smoking exposure measurement 
as pack-years, packs/day, years smoked, and categorical 
definitions, and outcome ascertainment across studies, 
we conducted a qualitative synthesis without meta-
analysis. Findings were summarized by pre-specified 
outcome domains including disease activity, cumulative 
damage, specific manifestations, cutaneous damage, and 
biomarkers. For each domain, we reported the direction 
and magnitude of associations, emphasized adjusted 
estimates when available, and highlighted dose-response 
patterns and consistency across studies. 

Results

Literature search
The PRISMA flow diagram shows that 2,318 records 
were identified from databases (PubMed/MEDLINE 
1,137, Web of Science 680, Scopus 450, and Cochrane 
CENTRAL 51), with 1,043 duplicate records removed, 
leaving 1,275 records for screening. After title and 
abstract screening, 1,245 records were excluded, and 30 
reports were sought for retrieval, of which 5 were not 
retrieved. Twenty-five full-text reports were assessed for 
eligibility, and 20 were excluded, mainly for not being 
primary studies or lacking relevant smoking exposure. 
Ultimately, five studies met the eligibility criteria and 
were included in the review [17-21] (Figure 1).

Risk of bias assessment
The risk of bias was assessed using the Newcastle-
Ottawa Scale. Overall, studies ranged from moderate 
to good quality (Table 1). Cohort studies demonstrated 
higher quality, while cross-sectional studies had more 
bias due to confounding and variability in smoking 
exposure definitions.

Study selection and characteristics
A total of five studies met the inclusion criteria and were 
included in this systematic review [17-21]. The included 
studies were published between 2002 and 2021 and 
comprised a combined sample of 1,079 SLE patients. 
Study designs included three cross-sectional analyses, 
one observational study, and one retrospective cohort 
study. Individual sample sizes ranged from 105 to 485 
participants. All studies enrolled predominantly female 
populations (87%-96.2%), consistent with the known sex 
distribution of SLE. Where reported, most participants 
were Caucasian (73.7%-92%). Mean or median ages at 
enrolment ranged from approximately 37 to 49 years, 
and disease duration ranged from approximately 9 to 
13.5 years. The characteristics of each included study are 
summarized in Table 2.

Smoking exposure was measured heterogeneously across 
studies. Two studies quantified exposure using pack-
years, one used pack per day in a dose-response analysis, 
one used year of smoking as a continuous variable, and 
one dichotomized exposure as ever versus current smoker 
status. Montes et al. [19] additionally captured second-
hand smoke exposure. The prevalence of ever-smoking 
among included cohorts ranged from approximately 37% 
to 51%.

Smoking and SLE disease activity
Two studies investigated the relationship between 
smoking and disease activity in SLE, measured using 
different instruments and approaches. Ghaussy et al. 
[21] directly compared SLEDAI scores across smoking 
categories and observed significantly higher mean 
total SLEDAI scores in current smokers (15.63 ± 1.63) 
compared with ex-smokers (11.46 ± 2.12) and never 
smokers (9.03 ± 0.99; p = 0.0024). This difference was 
observed in both the neurological component of the 
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Table 2. Characteristics of included studies.

Author, year Study design N Population Smoking measure Key outcomes assessed

Leffers et al. 
(2021) [20] Cross-sectional 485

Danish SLE cohort; 88% female; 
92% Caucasian; median age 49 
years

Pack-years (0, >0, >10, >20); 
ever/never smoker

ACR-defined SLE manifestations; 
phenotypic clustering

Ghaussy et al. 
(2002) [21] Observational 111

SLE patients; current (n = 29), ex- 
(n = 17), never smokers (n = 65); 
mean age 37-44 years

Current/ex-/never smoker; 
packs/day (dose-response)

SLEDAI (total, neuro, non-neuro); 
SLICC/ACR damage

Montes et al. 
(2016) [19]

Retrospective 
cohort 105

SLE patients; 96.2% female; 
mean age 40.7 years; mean 
follow-up 9.0 years

Active/secondhand/ current/
former smoking; ever 
exposed versus never

SLICC/ACR Damage Index (SDI) 
progression to SDI > 0

Raymond et al. 
(2017) [17] Cross-sectional 102

SLE patients (87% female; mean 
age 49 years; median SLEDAI-2K 
6) and 31 healthy controls

Years of smoking 
(continuous)

Serum IL-17A levels; correlation 
with SLEDAI-2K and SDI

Turchin et al. 
(2009) [18] Cross-sectional 276

SLE patients; 92% women; 73.7% 
Caucasian; mean age 45.1 years; 
mean disease duration 13.5 years

Ever/current smoker status Cutaneous damage items from SDI 
(scarring, alopecia, active rash)

ACR, American College of Rheumatology; PY, pack-years; SDI, SLICC/ACR Damage Index; SLEDAI, Systemic Lupus Erythematosus Disease Activity 
Index; y, years.

Table 1. Risk of bias assessment using the Newcastle-Ottawa Scale.

Study
Selection (max 

4)
Comparability 

(max 2)
Outcome/exposure 

(max 3)
Total Quality

Leffers et al. [20] 3/4 2/2 2/3 7/9 Good

Ghaussy et al. [21] 2/4 1/2 2/3 5/9 Moderate

Montes et al. [19] 3/4 2/2 3/3 8/9 Good

Raymond et al. [17] 2/4 1/2 2/3 5/9 Moderate

Turchin et al. [18] 2/4 2/2 2/3 6/9 Moderate

NOS, Newcastle-Ottawa Scale. Each domain is scored as the number of points awarded out of the maximum 
for that domain (selection, 4; comparability, 2; outcome or exposure, 3); the maximum total score is nine 
points. Item-level justifications for each study are provided in Supplementary Table 2.

Figure 1. PRISMA flow diagram of study selection.
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SLEDAI (neuro-SLEDAI: 1.25 ± 0.32 vs. 0.50 ± 0.16; 
p = 0.003) and the non-neurological component (14.38 
± 1.55 vs. 8.53 ± 0.94; p = 0.003). A significant dose-
response relationship was identified, whereby increasing 
packs per day among current smokers was associated 
with higher SLEDAI scores (p = 0.001).

Raymond et al. [17] also assessed associations 
between smoking and disease activity (SLEDAI-2K) 
but approached this through the lens of IL-17A, an 
inflammatory cytokine. In their cohort, median SLEDAI-
2K was 6, and IL-17A levels did not significantly 
correlate with SLEDAI-2K scores. However, a notable 
inverse correlation was observed between IL-17A and 
cumulative years of smoking (Rs ≈ -0.43; p ≈ 0.001), 
suggesting that prolonged smoking exposure may 
modulate inflammatory cytokine profiles in SLE patients.

Smoking and organ damage
Two studies specifically examined the relationship 
between smoking and cumulative organ damage as 
quantified by the SLICC/ACR Damage Index (SDI). 
Montes et al. [19] assessed damage progression in a 
retrospective cohort of 105 SLE patients and found that 
never-exposed status (neither active nor second-hand 
smoke) was associated with a significantly reduced risk 
of any organ damage (SDI >0), with a relative risk of 
0.78 (95% CI 0.62-0.97; p = 0.0228), corresponding to 
an approximate 22% relative risk reduction. Mean SDI 
scores were numerically lower in unexposed patients 
(1.80 vs. 2.15), and specific damage items such as 
scarring alopecia were less frequent among non-exposed 
individuals (3.1% vs. 10.3%). The accompanying 
systematic review by the same authors identified only six 
articles evaluating smoking and SDI, none of which were 
primarily designed to test this relationship, highlighting 
the paucity of dedicated research in this area.

In contrast, Ghaussy et al. [21] reported no statistically 
significant differences in SLICC/ACR damage scores 

across smoking groups (current, ex-, and never smokers), 
although a non-significant trend toward higher damage 
scores in current smokers was noted. The relatively small 
sample size of current smokers (n = 29) may have limited 
statistical power to detect such differences.

Smoking and specific SLE manifestations
Leffers et al. [20] conducted the most comprehensive 
analysis of the association between cumulative smoking 
exposure (pack-years) and individual SLE manifestations 
defined by the American College of Rheumatology criteria. 
Using logistic regression adjusted for age and sex, the 
authors identified dose-dependent positive associations 
for several manifestations at the highest exposure stratum 
(>20 pack-years vs. never smokers). Discoid rash (OR 
2.22; 95% CI 1.00-4.92), photosensitivity (OR 2.19; 
95% CI 1.13-4.27), and neurological disorder (OR 3.16; 
95% CI 1.26-7.96) were all significantly more prevalent 
among heavy smokers. The association with neurological 
disorder was particularly robust, persisting after 
additional adjustment for photosensitivity and discoid 
rash (OR 3.09; p = 0.018).

Conversely, several manifestations exhibited significant 
inverse dose-dependent associations with heavy 
smoking. Renal disorder (OR 0.40; 95% CI 0.19-0.83), 
non-erosive arthritis (OR 0.45; 95% CI 0.26-0.78), and 
hematological disorder (OR 0.40; 95% CI 0.20-0.77) 
were all significantly less prevalent in the >20 pack-
year group compared with never smokers. Hierarchical 
cluster analysis revealed three phenotypic clusters with 
different smoking prevalence distributions (p = 0.0024), 
suggesting that smoking may influence the overall 
phenotypic expression of SLE.

Smoking and cutaneous damage
The relationship between smoking and cutaneous 
damage was addressed by two studies. Turchin et al. 

Table 3. Summary of key findings on smoking and SLE outcomes.

Author, year Outcome domain Key findings Effect size (95% CI) p-value

Leffers et al. (2021) [20] SLE manifestations 
(>20 PY vs. never)

Discoid rash OR 2.22 (1.00-4.92) NR

Photosensitivity OR 2.19 (1.13-4.27) NR

Neurological disorder OR 3.16 (1.26-7.96) 0.018*

Renal disorder (inverse) OR 0.40 (0.19-0.83) NR

Non-erosive arthritis (inverse) OR 0.45 (0.26-0.78) NR

Hematological disorder (inverse) OR 0.40 (0.20-0.77) NR

Ghaussy et al. (2002) [21] Disease activity

Total SLEDAI: current 15.63 versus never 9.03 NR 0.0024

Neuro-SLEDAI: current 1.25 versus never 0.50 NR 0.003

Dose–response: ↑ packs/day → ↑ SLEDAI NR 0.001

Montes et al. (2016) [19] Organ damage (SDI) Never-exposed: reduced risk of SDI > 0 RR 0.78 (0.62-0.97) 0.0228

Raymond et al. (2017) [17] Biomarker (IL-17A) IL-17A inversely correlated with years of smoking Rs ≈ -0.43 ≈0.001

Turchin et al. (2009) [18] Cutaneous damage

Any cutaneous damage OR 2.73 (1.10-6.81) NR

Scarring OR 4.70 (1.04-21.2) NR

Active rash OR 6.18 (1.63-23.3) NR

CI, confidence interval; IL-17A, interleukin-17A; OR, odds ratio; PY, pack-years; RR, relative risk; Rs, Spearman rank correlation coefficient; SDI, SLICC/
ACR Damage Index; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index. *After additional adjustment for photosensitivity and discoid rash. 
NR, not reported or not applicable.
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[18] focused specifically on cutaneous items from the 
SDI in 276 SLE patients and found that current smokers 
had significantly higher adjusted odds of any cutaneous 
damage (OR 2.73; 95% CI 1.10-6.81), scarring (OR 
4.70; 95% CI 1.04-21.2), and active rash (OR 6.18; 
95% CI 1.63-23.3) compared with non-smokers. These 
findings are consistent with the observation by Leffers et 
al. [20] that discoid rash and photosensitivity were more 
common among heavy smokers, as well as the numerical 
trend reported by Montes et al. [19] showing higher rates 
of scarring alopecia among smoking-exposed individuals 
(10.3% vs. 3.1%). These data suggest a convergent 
pattern in which smoking disproportionately affects the 
skin in SLE patients.

Smoking and inflammatory biomarkers
Raymond et al. [17] investigated serum IL-17A levels in 
102 SLE patients and 31 healthy controls. Median IL-
17A concentrations were similar between SLE patients 
and controls (28.4 vs. 28.4 pg/ml; p ≈ 0.90). Within 
the SLE cohort, IL-17A did not correlate with disease 
activity (SLEDAI-2K) or overall cumulative damage 
(SDI). However, years of smoking was significantly and 
inversely associated with IL-17A levels (Rs ≈ -0.43; p ≈ 
0.001). The authors proposed that IL-17A may play a dual 
role in SLE pathogenesis, participating in inflammation 
while potentially exerting a protective function, and that 
chronic smoking exposure may attenuate this cytokine 
pathway. The key findings from all included studies, 
including effect sizes and corresponding statistical 
significance, are presented in Table 3.

Discussion
Across the five included studies, we found converging 
signals that smoking exposure is linked to a more severe 
SLE phenotype, but with heterogeneity by outcome 
domain and by how smoking was measured. The most 
consistent pattern in our dataset was the enrichment of 
cutaneous involvement and cutaneous damage among 
smokers, alongside higher disease activity in current 
smokers in the single study that compared SLEDAI 
across smoking strata. 

Our results align with larger epidemiologic work 
suggesting that current smoking is associated with SLE 
risk, particularly for anti-double-stranded DNA positive 
disease, and that smoking is a modifiable exposure that 
likely interacts with SLE biology rather than acting as 
a uniform trigger across all subtypes. Large prospective 
cohort analyses have reported higher risk estimates for 
anti-double-stranded DNA-positive SLE among current 
smokers, with weaker or absent associations for overall 
SLE, when serology is not considered [2]. Meta-analytic 
syntheses similarly support increased odds of SLE 
among current smokers versus never smokers, while 
former smokers often show attenuated risk, suggesting 
that duration, intensity, and recency of exposure matter 
[22].

The mixed directionality seen in Leffers et al. [20] with 
increased odds of some manifestations and lower odds 
of renal, hematological, and arthritis outcomes at high 
pack years, contrasts with the general clinical intuition 

that smoking worsens systemic disease burden [20]. We 
interpret these inverse associations cautiously as they 
can arise from selection effects, survival bias, differential 
treatment patterns, and unmeasured confounding, 
especially in cross-sectional designs where exposure 
and outcome are assessed contemporaneously. This 
is important because longitudinal cohorts outside 
our inclusion set show that current or past smoking 
is associated with earlier onset of damage and faster 
damage accrual [23,24]. 

Several mechanistic pathways link cigarette smoke to 
immunologic and end-organ outcomes relevant to SLE. 
Cigarette smoke contains oxidants and reactive aldehydes 
that amplify oxidative stress, modify self-antigens, and 
increase immunogenic cell death products, processes that 
can feed autoantibody generation and immune complex 
formation [25]. Reviews focused on smoking and SLE 
outline effects on B cells and T cells, cytokine networks, 
oxidative stress biology, and DNA adduct formation that 
can contribute to loss of tolerance [4]. 

A second, tightly connected axis is innate immune 
activation through neutrophil extracellular traps and 
type I interferon programs. SLE is characterized in many 
patients by an interferon-regulated gene signature that 
correlates with activity and specific clinical subsets, and 
interferon pathway biology is now central to therapeutic 
development and stratification [26-28]. Neutrophil 
Extracellular Traps (NET) formation and impaired NET 
clearance can amplify nucleic acid sensing, activate 
plasmacytoid dendritic cells, and reinforce interferon 
production, forming a feed-forward loop that can sustain 
disease [29,30]. In parallel, experimental and clinical 
literature indicates that cigarette smoke exposure can 
promote NET biology in other inflammatory contexts and 
that nicotine and smoke-related stimuli can induce NET 
formation, offering a biologic bridge between smoking 
and lupus-relevant innate immune activation [31,32]. 

Our included biomarker study suggested an inverse 
relationship between years of smoking and IL-17A, while 
showing no clear correlation of IL-17A with activity or 
damage. Interpreting this requires nuance because IL-17 
and Th17 programs are frequently elevated in SLE and 
are implicated in tissue inflammation, but cytokine levels 
in serum can be decoupled from tissue-level activity, 
therapy exposure, and chronic immune exhaustion [33]. 
Smoking may also exert bidirectional immunomodulatory 
effects, for example attenuating selected cytokines or 
altering dendritic cell outputs while still promoting 
pathogenic autoimmunity through oxidative and 
epigenetic mechanisms. Human plasmacytoid dendritic 
cell studies demonstrate that cigarette smoke can alter 
cytokine production in response to nucleic acid-sensing 
pathways, supporting the idea that chronic smoke 
exposure can reshape innate signalling rather than 
uniformly amplifying it [34].

The strongest coherence between our review and external 
literature lies in skin disease. Our included Turchin et al. 
[18] analysis found higher odds of cutaneous damage 
items among current smokers, and Leffers et al. [20] 
identified higher odds of discoid rash and photosensitivity 
at high pack years. In the broader cutaneous lupus 
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literature, active smoking is repeatedly associated with 
worse disease course, lower likelihood of long-term 
remission, and reduced responsiveness to antimalarials 
in many cohorts [35-37]. Mechanistically, proposed 
explanations include higher baseline disease severity in 
smokers, adherence differences, altered drug handling, 
and cellular effects of smoke on lysosomal biology and 
inflammatory recruitment within the skin [38-40]. This 
is clinically relevant because hydroxychloroquine is a 
cornerstone therapy across SLE and cutaneous lupus, and 
blood level studies show that lower hydroxychloroquine 
concentrations are associated with higher activity and 
higher flare risk, implying that any exposure that reduces 
effective drug exposure or response could translate into 
worse outcomes [41,42]. 

Our included studies showed mixed findings for 
cumulative damage, with one cohort suggesting reduced 
risk of SDI progression in never-exposed individuals and 
another finding no clear difference by smoking strata. 
Outside our dataset, incident SLE cohorts report faster 
damage accrual and worse composite outcomes among 
current or former smokers, supporting the interpretation 
that smoking contributes to irreversible morbidity over 
time [23,24]. For kidneys, the inverse association with 
renal disorder at high pack years seen in one cross-
sectional study should not be treated as protective. 
Classical lupus nephritis cohort data indicate that smoking 
at nephritis onset is associated with faster progression to 
end-stage renal disease independent of hypertension and 
immunosuppression, and gene-environment interaction 
data suggest smoking may potentiate nephritis risk 
in genetically susceptible patients, such as carriers of 
STAT4 risk variants [43,44]. 

Finally, smoking is a major driver of cardiovascular risk 
in the general population, and cardiovascular disease is a 
leading contributor to long-term morbidity and mortality 
in SLE. A systematic review and meta-analysis focused 
on SLE populations reports higher cardiovascular 
disease risk among current smokers, reinforcing the need 
to integrate smoking cessation into cardiovascular risk 
modification in lupus care [45]. 

Limitations
Our evidence base is small and dominated by cross-
sectional designs, which limits causal inference and 
makes reverse causation possible, for example, disease 
severity influencing smoking behavior or cessation. 
Smoking exposure definitions varied substantially 
across studies, ranging from ever current status to pack 
years, years smoked, or second-hand exposure, creating 
measurement non-equivalence and limiting synthesis. 
Residual confounding is likely, including socioeconomic 
factors, medication exposure, adherence, comorbidity 
burden, and sun exposure patterns for cutaneous 
outcomes. Only five studies met our eligibility criteria, 
and the substantial heterogeneity in exposure definitions 
and outcome measures precluded a quantitative meta-
analysis, so the synthesis remained narrative. Restricting 
eligibility to English-language publications may also 
have introduced language bias through the omission of 
relevant non-English reports.

Future directions
Prospective longitudinal cohorts with standardized 
smoking exposure capture are needed, including time-
updated current versus former status, pack years, age at 
initiation, cessation timing, and second-hand exposure, 
ideally supplemented by biomarkers such as cotinine. 
Mechanistic studies should connect smoking exposure 
to interferon pathway activation, NET biology, and 
epigenetic remodeling [46-48] using multiomics in well-
phenotyped cohorts and with attention to treatment effects. 
Interventional work should evaluate whether structured 
cessation programs reduce flare frequency, improve 
cutaneous outcomes, slow damage accrual, and enhance 
response to hydroxychloroquine or other therapies.

Implications for practice
Given the consistency of associations with cutaneous 
disease and the accumulating longitudinal evidence 
linking smoking to earlier and more severe damage, 
smoking cessation should be treated as a core component 
of SLE management alongside pharmacologic therapy 
and cardiovascular risk reduction. Contemporary SLE 
management guidance highlights comprehensive risk 
modification as part of routine care, providing a strong 
clinical mandate to address smoking systematically in 
lupus clinics. 

Conclusion
In our systematic review, smoking exposure was 
most consistently associated with greater cutaneous 
involvement and damage in SLE and was linked to higher 
disease activity among current smokers in the study 
that directly evaluated SLEDAI across smoking strata. 
External longitudinal and mechanistic evidence supports 
smoking as a clinically meaningful modifier of immune 
pathways and long-term damage accrual. Our findings 
support incorporating structured smoking assessment and 
cessation interventions into routine SLE care. They also 
underscore the need for prospective studies that clarify 
dose effects, cessation benefits, and biologic mechanisms 
across diverse SLE populations.
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