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ABSTRACT. Objective. To investigate the effect of cigarette smoking on disease activity and cumulative organ

damage in systemic lupus erythematosus (SLE).

Methods. Extensive clinical and demographic variables, including current and previous cigarette
smoking, were collected from 111 SLE patients using a detailed interview-administered question-
naire. Disease activity was estimated with the Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI). Cumulative organ damage was measured by the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index (SLICC/ACR). Smoking
status was correlated with disease activity and cumulative organ damage, while statistically adjusting
for the individual effects of potentially confounding demographic and clinical variables using
analysis of variance followed by Fisher’s least significant difference method.

Results. Current smokers demonstrated significantly higher (p < 0.001) SLEDAI scores (15.6 £ 7.8)
than ex-smokers (9.63 £ 6.00), and never smokers (9.03 £ 5.75). This association remained signifi-
cant (p = 0.001) after adjusting for all covariates, including ethnicity, education level, income level,
alcohol use, age of onset of SLE, current age, mean duration of SLE, marital status, and hydroxy-
chloroquine therapy. Current smokers also demonstrated significantly (p = 0.003) higher scores for
both the neurological and non-neurological components of SLEDAI. There was no significant differ-
ence in the SLICC/ACR scores across the various smoking groups, although there was a trend for
more severe disease in current smokers.

Conclusion. Cigarette smoking is associated with increased disease activity in SLE. These data
further establish the association of SLE with cigarette smoking, and suggest that individuals with

SLE should avoid all exposure to tobacco products. (J Rheumatol 2003;30:1215-21)
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The temporal variation in disease activity of systemic lupus
erythematosus (SLE) may be in part related to endogenous
factors, including genetic susceptibility, but clearly environ-
mental and exogenous factors may also play important roles
in disease exacerbations'. Factors that have been associ-
ated with increased SLE disease activity include exposure to
ultraviolet light, hormonal manipulations, and infections!.
Recently, we and others have demonstrated a significant
association between cigarette smoking and the prevalence of
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EPIDEMIOLOGY

SLE%!6, If this association were fundamental, one might
expect that cigarette smoking would also be associated with
increased SLE disease activity.

In this line, various aspects of the relationship between
cigarette smoking and SLE activity and outcome have been
investigated®'8. Ward and Studenski found that smoking
was significantly associated with a more rapid development
of end-stage renal disease among SLE patients?.
McAlindon, et al, however, demonstrated that smoking did
not have a significant effect in predicting glomeru-
lonephritis in SLE*. In the Hopkins Lupus Cohort, Petri
found that smokers were more likely to develop avascular
necrosis, fracture, pulmonary fibrosis, and myocardial
infarction’. Petri and colleagues also found that smoking
was associated with the presence of discoid lupus!!.
Rahman, et al found that smoking was associated with a
decreased efficacy of antimalarial therapy in cutaneous
lupus!?. Few studies to date, however, have determined the
association between cigarette smoking and formal measures
of SLE disease activity and cumulative damage'®2°,

Based on our prior study linking cigarette smoking with
an increased prevalence of SLE, we hypothesized that if the
association between cigarette smoking and SLE were funda-
mental, that cigarette smoking would be associated not only
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with an increased prevalence of SLE, but also with
increased SLE disease activity and injury among active
smokers'’, To address this hypothesis, we determined the
relationship of current and past cigarette smoking with SLE
disease activity and injury as measured by widely used and
extensively validated SLE activity and injury scales'®?°,

MATERIALS AND METHODS

Study population and research design. The study cohort was 125 well-char-
acterized SLE outpatients randomly selected from the University of New
Mexico Systemic Lupus Data Base. Exclusion criteria included individuals
less than 18 years old, SLE overlap disease, individuals greater than 65
years old, and SLE of less than one year duration. Of the 125 subjects
considered for the study, 111 qualified and agreed to participate. The diag-
nosis of SLE was confirmed in each subject using the American
Rheumatism Association’s 1982 and American College of Rheumatology
1997 revised criteria?!?2, A rtheumatologist confirmed the diagnosis of SLE
after an in-depth face-to-face interview, medical history, physical examina-
tion, chart-review, and appropriate laboratory testing. The study design was
a cross-sectional investigation of the SLE cohort of 111 subjects using
prospective interview to determine exposure status of cigarette smoking. A
single interviewer collected all epidemiologic data using an individual
interview and a standardized questionnaire form designed to record the
following demographic details: cigarette smoking, alcohol consumption,
education, income, and potential confounding variables.

Determination of SLE activity and injury. The SLE Disease Activity Index
(SLEDAI) was used to estimate SLE disease activity and the Systemic
Lupus International Collaborating Clinics/American College of
Rheumatology Damage Index (SLICC/ACR) to estimate SLE-associated
injury'®?. All SLEDAI and SLICC/ACR scores were obtained by one
rheumatologist blinded to the cigarette smoking status of the individual.
However, smoking and nicotine have been associated with both an
increased prevalence of certain neurologic syndromes, such as headache,
stroke, depression, and schizophrenia, any of which might be confused with
neuropsychiatric SLE (NPSLE)***, To minimize the potentially
confounding effects of these factors in the analysis, (1) the individual, (2)
the strictly neurologic, and (3) the strictly non-neurologic components of
each index were separately compiled and analyzed. In this scheme, the indi-
vidual components of SLEDAI were recorded and analyzed separately.
Neuro-SLEDAI was defined as the sum of the neurologic components of
the SLEDALI (seizure, psychosis, organic brain syndrome, visual distur-
bance, cranial neuropathy, lupus headache, stroke syndrome)'?, and Neuro-
SLICC was defined by the neurologic components of SLICC/ACRDI
(retinal or optic atrophy, cognitive disorder or psychosis, seizures, stroke
syndrome, neuropathy, transverse myelitis)?’. To measure non-neurologic
NPSLE activity and non-neurologic NPSLE injury, the non-neurologic
components of SLEDAI and SLICC/ACRDI (non-Neuro-SLEDAI and
non-Neuro-SLICC, respectively) were employed!*?. Since this study was
concerned with longterm rather than point-in-time effects on disease
activity and injury, 3 scores from each index for each subject were obtained
over a period of 6 months (at 0, 3, and 6 months) and averaged to obtain a
mean SLEDALI score and mean SLICC score, as well as the corresponding
derivative neurologic and non-neurologic scales for each individual. These
mean activity and injury scores were then used for subsequent analyses.

Characterization of cigarette smoking and alcohol use. The study popula-
tion was classified into 3 smoking status groups: (1) never smoker, (2) ex-
smoker (defined by no smoking for one year prior to the interview date),
(3) current smoker (as defined as in prior studies by smoking at least one
cigarette a month for at least 3 consecutive months prior to the interview
date). Subjects who had ever smoked cigarettes on a regular basis were
asked these additional questions: age of onset of smoking, number of ciga-
rettes or packs per day, current smoking status, packs per day over the last
year, and age of quitting or stopping/restarting where applicable. Alcohol
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consumption (average drinks per week defined as a 12 ounce beer, a glass
of wine, or 4 ounces of liquor) over the past year was also recorded. The
number of years of school completed (not completing high school/ comple-
tion of high school/ college or college graduate) and approximate house-
hold income over the past year were also collected.

Statistical analysis. Data were entered into Excel (Version 5, Microsoft,
Seattle, WA, USA), and analyzed in SAS (SAS/STAT Software, Release
6.11, Cary, NC, USA)*!. Analysis of variance followed by Fisher least
significant method was used to compare the mean SLEDAI and the
SLICC/ACR Damage Index scores among the 3 smoking groups. The same
methods were used to compare the mean Non-Neuro-SLEDAI and Neuro-
SLEDAI scores among the 3 smoking groups. Associations between
smoking and SLE were adjusted for the following covariates: ethnicity,
education, income level, alcohol use, age of onset of SLE, mean duration
of SLE, and current marital status.

RESULTS

Characteristics of the patients are shown in Table 1. The
mean age * standard deviation of the 3 groups was 41 + 13
(current smokers), 50 £ 15 (ex-smokers), and 40 + 13 (never
smokers). The mean duration + standard deviation of SLE
was 7.49 £ 6.21 (current smokers), 8.94 + 8.40 (ex-
smokers), and 8.50 £ 9.38 (never smokers). Ninety-five
(95%) were female. A Hispanic population made up 69% of
the current smokers, 64% of the ex-smokers, and 58% of the
never smokers. All current smokers smoked at least 0.25
packs per day for at least one year. The mean SLEDAI
scores among the 3 different smoking groups are seen in
Table 2. The mean SLEDALI = standard deviation for current
smokers (15.63 = 7.78) was significantly higher (p < 0.001)
than the ex-smokers (9.64 £ 5.99) and non-smokers (9.03

Table 1. Demographics of study group (n = 111)

Cigarette Smoking Status

Current Ex- Never

Total subjects, n 35 36 40
‘Women 33 35 38
Men 2 1 2
Mean current age (yrs) 41 50 40
Mean age at SLE diagnosis 33 41 31
Mean duration of SLE 7.49 8.94 8.50
Ethnic group

White 11 13 15

Hispanic 24 23 23

Other 0 0 2
Past education

Never completed high school 13 6 3

Completed HS 14 18 14

College or college graduate 8 12 23
Past income (US dollars)*

< 25,000 30 19 16

25-50,000 3 10 16

> 50,000 2 6 5
Marital status

Never married 12 3 8

Married/living with someone 14 22 22

Divorced/widowed/separated 9 11 10

* 4 patients refused to answer this question
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Table 2. Distribution of mean SLEDALI values.

Smoking Status Mean SLEDAI SD SE p value
Current 15.63 7.78 132 <0.001
Ex- 9.64 5.99 1.00 0
Never 9.03 5.75 0.91 0
Adjusted p values
Ethnicity < 0.001
Education < 0.001
High school grades < 0.001
Education level =0.001
Income level < 0.001
Alcohol use < 0.001
Mean duration of SLE < 0.001
Marital status < 0.001
Hydroxychloroquine use < 0.001

5.75). This association remained significant (all p = 0.001)
after adjusting for each of the following covariates:
ethnicity, education level, high school grades, income level,
alcohol use, age of onset of SLE, current age, mean duration
of SLE, current marital status, and the use of hydroxy-
chloroquine.

In response to the observed disease activity changes in
the smokers versus non-smokers described above, the
“dose-response” was determined using a (1) a linear regres-
sion analysis based on packs per day x years of smoking
(pack-years), and (2) a linear regression analysis based on
current packs per day over the last year. Both demonstrated
a progressive effect of cigarette smoking intensity, that is a
significant association of higher SLEDAI scores with an
increasing total number of pack-years smoked (p = 0.003)
and an increasing number of packs smoked over the past
year (p = 0.03). When exploratory box plots and categorical
analyses were used, the same essential dose response was
obtained, demonstrating a progressive increase in disease
activity with increasing intensity of cigarette smoking.

Individual components of SLEDAI for the respective
smoking groups are shown in Table 3. As can be seen, the
frequency of individual SLEDAI components are generally
greater in the smoking cohort, but reach statistical signifi-
cance in only 2 domains: (1) headache and (2) vasculitis.
This indicated that certain manifestations, especially the
neurologic components of SLEDAI, might be having a
disproportionate effect on the total SLEDALI score.

To address this possibility, the SLEDAI was divided into
neurologic and non-neurologic components (Neuro-
SLEDAI and Non-Neuro-SLEDAI, respectively). In this
analysis, current smokers had significantly (p = 0.003)
higher scores of both neurological and non-neurologic SLE
activity than did ex-smokers and never smokers (see Table
4). The mean Non-Neuro-SLEDAI + standard deviation for
current smokers was 9.29 + 4.88, and 7.14 + 3.55 and 6.08
+ 3.41 for ex-smokers and never smokers, respectively. The
mean Neuro-SLEDAI + standard deviation for current
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Table 3. Frequency of individual SLEDALI items.

Manifestation Current Ex and Never P
Smoker % Smokers %
Seizure 9 5 0.67
Psychosis 6 4 0.65
Organic brain syndrome 20 16 0.60
Visual disturbance 3 0 0.32
Cranial nerve disorder 0 0 1.00
Lupus headache 50 25 0.02
CVA 0 0 1.00
Vasculitis 17 1 0.004
Arthritis 80 62 0.08
Myositis 0 0 1.00
Urinary casts 0 4 1.00
Hematuria 0 3 0.52
Proteinuria 11 8 0.72
Pyuria 0 0 1.00
New rash 40 34 0.67
Alopecia 14 9 0.51
Muscosal ulcers 46 43 0.84
Pleurisy 49 38 0.31
Pericarditis 0 1 1.00
Low complement 31 34 0.83
Increased DNA 17 9 0.34
Thrombocytopenia 11 11 1.00
Leukopenia 20 17 0.79
Fever 3 2 1.00
CVA: cerebrovascular accident
Table 4. Distribution of mean SLEDAI values.
Non-neurological
Mean SLEDAI SD SE p

Smoking status

Current 9.29 4.88 0.82 0.003

Ex- 7.14 3.55 0.59

Never 6.08 3.41 0.54

Neurological

Smoking status

Current 6.40 597 1.01 0.003

Ex- 2.75 4.55 0.76

Never 2.98 4.29 0.68

smokers was 6.40 £ 5.97, and 2.75 £ 4.55 and 2.98 £ 4.29
for ex- and current smokers, respectively. The association
remained significant (p = 0.03) after adjusting for the vari-
ables above.

To address the possibility that headache in particular
might be skewing the results to greater disease activity,
headaches were omitted from the SLEDAI analysis.
However, even with headaches omitted, the mean SLEDAI
score + standard deviation for current smokers (12.29
7.31) was higher (p = 0.03) than the ex- smokers (9.02
5.80) and non-smokers (8.60 = 5.56). Thus, even when the

+
+
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neurological components of SLEDAI and headache in
particular were excluded from the analysis, SLEDAI was
increased in smokers.

The SLICC/ACRDI did not significantly differ between
the 3 smoking groups (Table 5, p = NS). However, there was
a trend for more damage in smokers as follows: the mean
scores t standard deviation of the SLICC/ACR Damage
Index were 4.34 + 2.41, 3.89 + 2.68, and 3.60 *+ 2.85 for
current, ex-, and never smoker, respectively.

DISCUSSION

In our study of 111 subjects followed in a university
rheumatology clinic, current smoking was shown to be asso-
ciated with significantly increased disease activity as
measured by the SLEDAI compared to ex-smoking and
never smoking. A number of studies have examined
different associations between smoking and SLE activity
and outcome>*!8, Ward and Studenski found that smoking
was significantly associated with a more rapid development
of end stage renal disease (ESRD) among SLE patients®. In
their retrospective cohort study, the median time to ESRD
among smokers was 145 months and among non-smokers it
was greater than 273 months. However, McAlindon, et al
found no significant effect of smoking on predicting
glomerulonephritis in their cross-sectional survey, and Petri
also did not find any association of smoking with either
renal insufficiency or renal failure®'8. In the Hopkins Lupus
Cohort, smoking was a risk factor for discoid lupus, leg
ulcers, and pulmonary hypertension'!. They also found that
smokers were more likely to develop avascular necrosis,
fracture, pulmonary fibrosis, and myocardial infarction, all
indications of greater injury’. A retrospective cohort study
from the University of Toronto Lupus Clinic showed that
smoking appears to decrease the efficacy of antimalarial
therapy in cutaneous lupus'?.

Other epidemiological studies have found a positive
association between smoking and other autoimmune condi-
tions32-40, For example, cigarette smoking has been associ-
ated with rheumatoid arthritis, autoantibodies, Raynaud’s
phenomenon, Goodpasture’s syndrome, Graves’s disease,
and severity of autoimmune disease*'*2,

It is not surprising that cigarettes might have an effect on
the disease activity of SLE, as there are multiple chemical
factors that affect cell growth or viability in cigarette smoke,
including carbon monoxide, cyanide, hydrazine, hydro-
quinone, and others**#. When certain of these chemicals

Table 5. Distribution of SLICC-ACR Damage Index scores.

Mean SLICC-ACR  SD SE p
Smoking status
Current 4.34 241 0.41 NS
Ex- 3.89 2.68 0.45
Never 3.60 2.85 0.45
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are metabolized, they generate active species, including free
radicals, which then can interact with DNA, induce muta-
tions, activate tumor suppressor genes and oncogenes, and
oxidatively damage nuclear constituents’*#+4°, The indi-
vidual response to these chemical factors may have a strong
genetic association, which might contribute to SLE or lupus-
like diseases>’-3, Similarly, cigarette smoke enhances T and
B cell polyclonal mitogenesis, expression of monocyte
tissue factor, and production of immunomodulatory
factors*>>*, Smoking also facilitates platelet formation of
thrombaxane A, and increases fibrinogen levels, which may
enhance endothelial dysfunction®. Smoking is also associ-
ated with decreased nitric oxide activity, and nitric oxide is
believed to play a central role in protecting against vascular
disease™.

A very interesting and potentially important pathogenic
mechanism for inducing both SLE and increased SLE
disease activity in a SLE-susceptible individual is the
production of chemically altered DNA by reactive elements
in cigarette smoke, and subsequently the well-recognized
production of autoantibodies specifically against altered
DNA in cigarette smokers’’>, Cigarette smoke contains
many organic compounds including benzopyrene and
related compounds, which are then converted by the
cytochrome P-450 monooxygenase systems into highly
reactive metabolites that combine with exposed DNA
creating the highly antigenic benzo[a]pyrene diolepoxide-
DNA adduct and related compounds®’°. Specific circu-
lating autoantibodies are created to this benzo[a]pyrene
diolepoxide-DNA adduct, and can be measured in cigarette
smokers without SLEY. However, females produce consid-
erably more of these anti-benzo[a]pyrene diolepoxide-DNA
adduct antibodies than do males despite the males smoking
a greater number of cigarettes’®. The effect of
benzo[a]pyrene diolepoxide-DNA adduct and related DNA-
cigarette smoke metabolite compounds on the immune
system of an individual genetically susceptible to SLE is
unknown, but highly antigenic chemically altered DNA and
similar compounds consisting of other nuclear and cyto-
plasmic antigens could in part explain the associations
between cigarette smoking and increased prevalence and
activity of SLE!10,

In our study, current smokers, but not ex-smokers,
demonstrated increased SLE disease activity (SLEDAI
scores) that was not restricted to either neurologic or non-
neurologic manifestations, suggesting a generalized
increase in SLE activity. This is important because cigarette
smoking has been associated with changes in the prevalence
of neuropsychiatric disorders in non-SLE populations, and
these types of changes could confound the effects of ciga-
rettes on primary SLE activity?*-°. The fact that non-neuro-
logic as well as neurologic SLE disease activity was
increased with cigarette smoking and that alcohol use was
not different between the populations suggests that

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

1218

The Journal of Rheumatology 2003, 30:6

Downloaded on December 12, 2025 from www.jrheum.org


http://www.jrheum.org/

psychoreactive use of cigarettes was not a major source of
bias in this study!?. It is possible that inclusion of headache
could induce a random or non-random bias, as headaches
can occur spontaneously and from other causes. However,
current smokers with headaches compared to those smokers
with no headaches had an increased frequency of the
following: (1) organic brain syndrome (29 vs 11%), (2) new
rash (53% vs 28%), (3) mucosal ulcers (59% vs 33%), (4)
pleurisy (59 vs 39%), and (5) increased DNA (24 vs 11%).
Due to the small sample size in each, none of the values
were statistically significant by Fishers exact test, however,
these data do suggest headaches were accompanied by other
signs of flare. In addition, the mean SLEDAI values for
current smokers were higher than they were for ex- and
never smokers, even after omitting headache from analysis.
Thus, the inclusion of headache in the SLEDAI did not skew
the present results.

Current smokers did have a higher SLICC-ACR Damage
Index score (mean 4.34 + 2.41) than ex-smokers (3.89 £
2.68) and never smokers (3.60 + 2.85), although these
differences were not significant at the p = 0.05 level. One
would expect greater organ damage with great disease
activity, especially when viewed longterm. These results
suggest that the effects of cigarette smoking on SLICC/ACR
damage scores may require longer periods of observation to
demonstrate statistical changes, although certainly a trend is
present.

As with all cross-sectional investigations, our study has
certain limitations and potentials for bias. We cannot be
certain of the causal relationship between cigarette smoking
and increased SLE activity because the study was a purely
cross-sectional epidemiological study. Moreover, cigarette
smoking was not introduced prospectively and in a random-
ized fashion into the SLE population, which although very
interesting scientifically, would be highly unethical.
However, obvious sources of bias associated with selection
of subjects were minimized by (1) prospectively rather than
retrospectively acquiring the data, (2) randomly selecting
the subjects from a well-characterized SLE cohort, (3) not
using self-reporting of the diagnosis of SLE, but rather by
having the diagnosis of SLE confirmed by laboratory testing
and careful examination of the subject by a rheumatologist,
(4) the smoking status and SLEDAI- SLICC/ACRDI scores
being determined independently by independent observers
(interviewer and rheumatologist, respectively), and (5) the
true cross-sectional nature of the study with very few
patients in the SLE cohort refusing to participate.

Recruitment/response rates were excellent for this study,
with 91% both qualifying for the study and agreeing to
participate. Analysis of the demographics of those who did
not participate reflected the cigarette smoking proportion
reported in the study, indicating that selection bias by exclu-
sion was not a cause for the results.

The experimental design, which employed self-reported
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data on smoking, could potentially be associated with recall
and social expectation bias. The potential of bias was
reduced, however, because previous and current smoking,
stopping, and restarting were specifically asked and
recorded in the interview, and the interviewer was very
careful to be open, non-threatening, and non-judgmental
during collection of this data. Bias induced by underre-
porting of cigarette smoking at the time of the interview was
minimized by the study design in which subjects were not
specifically aware of the immediate study purpose (as they
had previously given broad informed consent for the
longterm SLE outcome database including multiple inter-
views and broad demographic factors, including cigarette
smoking). These individuals were interviewed multiple
times for different reasons, but all under the broadly based
informed consent, so that this arm of the study was not
specifically identified as a “cigarette smoking” study, thus
further reducing recall bias. Moreover, most investigators
conclude that for assessment and epidemiological studies,
self-reports of smoking status are sufficiently accurate to
warrant their use®-62,

The SLEDAI and the SLICC/ACR are validated tools
used to assess disease activity and cumulative organ damage
with smoking status and other demographic variables!®-20:62,
Bias was minimized by using a single experienced rheuma-
tologist blinded to cigarette smoking status who prospec-
tively calculated all SLEDAI and SLICC/ACR scores after
a detailed history, physical examination, and laboratory
testing, and not by retrospective review of notes or charts.
The derivative measures, the Neuro-SLEDAI, Non-Neuro-
SLEDAI, and the corresponding components of the
SLICC/ACRDI, demonstrated that the increases in disease
activity were not solely due to an increase in neurologic or
psychiatric symptoms (which could be confused with the
primary effects of nicotine or psychoreactive behavior), as
SLE disease activity as manifested in non-brain organ
systems was also similarly increased.

However, even allowing for the potential sources of bias
discussed above, the data suggest strongly that current
smoking is associated with a higher disease activity as
measured by the SLEDAI. This study gives yet another
possible reason for SLE patients to avoid all contact with
tobacco and its products, that is, possibly preventing greater
disease activity and poorer outcome. The present data also
indicate that further studies regarding the specific role of
tobacco smoke and associated chemical factors in the induc-
tion and modulation of autoimmunity are required.
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