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Objectives. To study the association between late organ damage in patients with primary 

systemic vasculitis [PSV: Wegener’s granulomatosis (WG), microscopic polyangiitis 

(MPA), Churg-Strauss syndrome (CSS), and polyarteritis nodosa (PAN)] and cigarette 

smoking. 

Methods. The pattern and extent of organ damage according to the Vasculitis Damage 

Index (VDI) was analyzed for 86 prevalent cases with PSV retrieved from a geographically 

defined population in southern Sweden (WG: 46, MPA: 27, CSS: 4 and PAN: 9). Data on 

clinical findings, laboratory results and smoking habits were collected from case records 

from the time of diagnosis. The patients were stratified into two main groups according to 

their smoking habits: smokers (subdivided into active and ex-smokers) and non-smokers 

(patients who had never smoked).  

Results. Data on smoking habits were available for 77 patients (90%). Thirty-three (38%) 

patients were categorized as smokers and 44 (51%) were non-smokers. Smoking was more 

common in men (61.5% vs. 23.6% in women, p=0.001). There were no differences in 

smoking habits between the main diagnostic groups (WG 40% smokers, MPA 45%). Ear, 

nose, and throat (ENT) damage was significantly more prevalent in non-smokers (p=0.001). 

Myocardial infarction and end-stage renal disease (ESRD) were more common in the 

current smokers (p=0.04) than in the non-smokers.  

Conclusions. We found ENT damage to be significantly less prevalent in smokers. This is 

the first report on a possible modifying effect of cigarette smoking on the development of 

organ damage in PSV, but more studies are needed before any firm conclusions can be 

made.  

KEY WORDS: VASCULITIS, ANCA, SMOKING, DAMAGE, WEGENER’S 

GRANULOMATOSIS 
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Introduction  
Autoimmune diseases are believed to be caused by complex interactions between 

environmental factors and genes, which together induce changes in immune and 

inflammatory responses initiating or activating a diseases process. One of the 

environmental factors that may play an important role in the development of these diseases 

is smoking. Cigarette smoking is a leading cause of cardiovascular diseases and cancer. 

According to the World Health Organization (WHO) cigarette smoking is the number one 

cause of preventable death in western countries. Epidemiological studies have 

demonstrated significant associations between cigarette smoking and a number of 

inflammatory diseases. Smoking increased the risk of developing seropositive rheumatoid 

arthritis (RA) (1-3) and systemic lupus erythematosus (SLE) (4). There are also some other 

studies demonstrating cigarette smoking as an important risk factor for the development of 

giant cell arteritis (GCA) (5, 6). Studies on the effect of smoking in RA demonstrated a 

possible association between smoking and development of extraarticular manifestations (7) 

and rheumatoid nodules (8). In patients with SLE, cigarette smoking was associated with 

higher disease activity, higher prevalence of vasculitis and a tendency to increased damage 

score (9). 

The association of cigarette smoking with inflammatory bowel diseases is complex. While 

ulcerative colitis is a non-smokers disease, smoking increases the risk of developing 

Crohn’s disease and worsens its course (10). However, it is reported that smoking might 

have a “beneficial” effect on some other inflammatory diseases. Smokers with Sjögren’s 

syndrome had less severe disease measured by the focus score on salivary gland lip biopsy 

(11). Cessation of cigarette smoking can activate the mucocutaneous symptoms, especially 

oral aphthous lesions, in patients with Behçet’s disease (12).  
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Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), and Churg-Strauss 

syndrome (CSS) are small vessel vasculitis associated with antineutrophil cytoplasmic 

antibodies (ANCA) and are subsequently referred to as ANCA-associated small vessel 

vasculitis (AASV). PAN is a rare disease characterized by inflammation of medium size 

vessels. Because of clinical and pathologic similarities, AASV and PAN are commonly 

studied together, and often collectively referred to as PSV (primary systemic vasculitis) 

(13). In a case control study on patients with AASV with biopsy proven 

glomerulonephritis, no significant differences in the exposure rate to smoking (both 

previous or current) was found between the patients and their matched controls (14). 

However, a recently published study from two German referral centers for AASV  reported 

a significantly lower prevalence of smoking in patients, at onset of vasculitis symptoms, as 

compared with the general population (15). This finding of possibly reduced risk of AASV 

in smokers awakened our interest to study the relationship between smoking at onset and 

subsequent irreversible organ damage among our prevalent patients with PSV. 

 

The aim of this study was to describe the association of cigarette smoking at diagnosis with 

the development of permanent organ damage measured by the vasculitis damage index 

(VDI) in prevalent cases with WG, MPA, CSS and PAN retrieved from a defined 

population in southern Sweden. 
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Patients and methods 
Data on 86 prevalent cases with PSV (42 females) from a geographically defined 

population in southern Sweden were collected retrospectively. The retrieval of cases, case 

ascertainment, classification, demographic features, clinical and serology data of the study 

patients have previously been described in detail (16). All the cases were verified by a 

medical record review, and the patients were classified according to an algorithm 

developed by support from the European Medicines Agency (EMEA) (17). The EMEA 

algorithm was based on the American College of Rheumatology classification criteria 1990 

and the Chapel Hill Consensus Conference definitions 1994 (18-21).  

The extent of irreversible organ damage was determined in each patient using the Vasculitis 

Damage Index (VDI) score (22).. Only irreversible damage present for at least 3 months is 

scored in VDI. A score of one is given for each item of damage, the total VDI score is the 

summation of all items registered for each patient. The VDI was registered for all the 

patients at the day of point prevalence (pp); January 1, 2003. In the absence of information 

on a given item of damage it was considered not be present. The source of data collection in 

determining the VDI, the treatment of patients as well as the details regarding the 

registration of items of damage have previously been described (23).  In addition, data on 

smoking habits at the time of diagnosis were extracted from available case records. 

Smoking is in the vast majority of cases similar with cigarette smoking, but often the 

medical records do not distinguish between cigarettes, cigar’s and pipe smoking. However, 

smoking never refers to other forms of tobacco use such as chewing tobacco and Swedish 

snuff.  Only cases with available information on smoking habits were included in the 

analysis. The patients were stratified into two major groups according to their smoking 

habits; non-smokers (never smoked) and smokers, the smokers were in some analyses 
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subdivided into current smokers, and ex-smokers (stopped smoking for more than 6 

months).   

 
Statistical analysis. Statistical analysis was performed using the Statistical Package for the 

Social Sciences; SPSS 12.0.1 for Windows (SPSS inc., Chicago, IL, USA). The differences 

between groups were compared using the non-parametric Mann-Whitney U-test and chi 

square (χ2) test when appropriate. The p-value of ≤ 0.05 is considered to be significant.  

Data are presented as median and range unless stated otherwise. 

 

Ethics. The study was approved by the local Ethical Committee at the Faculty of Medicine, 

Lund University (LU 283-02). 
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Results 
Data on smoking habits were available for 77 patients (13 active smokers; 20 ex-smokers; 

44 non-smokers). The median age at VDI assessment was 66 yrs. (range 35.5-84.8) for 

smokers and 65.1 yrs. (15-84 yrs.) for non-smokers (p=0.980). The median time from 

diagnosis to VDI assessment was 10 yrs. (2-26) in smokers vs. 9.5 yrs. (1-37) in non-

smokers, (p=0.171). There were 38 women and 39 men. Smoking was more common at 

diagnosis among the men (n= 24; 61.5%) than the women (n=9; 23.6%); p=0.001. There 

were no differences in smoking habits between the two largest groups of patients [WG 40% 

smokers and MPA 45% smokers, p=0.672].  

Thirty-three patients had positive PR3-ANCA, among them 3 were active smokers (9%) 

and 13 (39%) were ex-smokers. The corresponding figures for the patients with MPO-

ANCA were 17% for both smokers and ex-smokers.   

Organ damage. A detailed list of organ damage registered in all the patients according to 

VDI and smoking habits is given in Table 1. The median VDI score was 3 (range 0-14) for 

smokers and 3(range 0-13) for non-smokers (p=0.649). Seven patients were not assigned 

any item of damage, 5 (71 %) of them were smokers. Ear, nose and throat (ENT) damage 

was recorded for a total of 17 patients (WG: 16; MPA: 1). The MPA patient with a VDI 

score in the ENT area had hearing loss. Among those patients who were active smokers at 

diagnosis, none had developed ENT damage. The only ex-smoker who had developed ENT 

damage was a WG patient who had hearing loss as the only ENT damage item. 

Accordingly, ENT damage was significantly more common in the non-smokers (p=0.001), 

Figure 1. All items of ENT damage recorded in our patients are shown in Table 2. Twelve 

of the 15 non-smoker WG patients who later developed ENT damage were ANCA-positive 

at diagnosis, 9 PR3-ANCA (60%) and 3 MPO-ANCA (20%).  
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Malignancy was recorded for 7 patients, 5 (71%) were smokers at diagnosis. Urinary 

bladder carcinoma had been diagnosed in two patients (one WG and one MPA), another 

WG patient had prostate cancer and there was one MPA each with colon cancer and 

malignant melanoma.  

There were no statistically significant differences between the smokers and the non-

smokers in the prevalence of hypertension or other items of cardiovascular damage except 

for myocardial infarction (MI) which was significantly more prevalent among the smokers 

(p=0.048), figure 1.  

Renal damage tended to develop more often among the smokers (45 %) as compared with 

non-smokers (32 %, p=0.176). This was more pronounced with regard to severe renal 

damage. The development of end-stage renal disease (ESRD) was statistically more 

common among those who were current smokers than those who had never smoked 

(p=0.045, Figure 1). No statistically significant differences between smokers and non-

smokers have been found in the other organ system damage as shown in Table 1.   

WG patients who had developed renal damage, did not (with only one exception) exhibit 

damage in the ENT-area. When comparing patients with renal damage with those who had 

developed ENT-damage we found significant differences in smoking habits (Table 3). 

ENT-damage patients also tended to be younger at onset and have longer diagnosis delay, 

but these differences were not statistically significant.  
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Discussion 
This is the first study addressing the possible correlation between  smoking habits at 

diagnosis and the subsequent development of organ damage in patients with AASV and 

PAN (=PSV). Previous studies on environmental factors have reported on effects of 

different factors on the incidence of PSV; however, no studies have looked specifically at 

the possible effect on the outcome with respect to organ damage. Our study was not 

designed to address a possible effect of smoking on the development of vasculitis as 

described in previous studies (14, 15). Even though the retrospective nature our study and 

the use VDI which is a relatively blunt instrument, we find a negative association between 

cigarette smoking and the development of irreversible organ damage in the ear nose and 

throat (ENT) region among patients with PSV. Nasal damage occurred exclusively in non-

smokers and that renal and cardiovascular damage tended to develop more frequently in 

both current and previous smokers.  

In our study, ENT damage in non-smokers involved mainly the nasal area. Previous studies 

have shown a protective or “beneficial” effect of smoking on the development and/or 

severity of  different inflammatory and granulomatous diseases such as ulcerative colitis 

(10), Sjögren’s syndrome (11) and sarcoidosis (24, 25).  

Another way to interpret our results is that smoking might affect the balance between 

localized and systemic inflammation. A local “beneficial” effect has been shown previously 

in studies on patients with other vasculitides such as Behçet’s disease. Nicotine, one of the 

major components in cigarette smoke, has a direct effect on human nasal epithelium by the 

presence of functional nicotinic acetylcholine receptors (26). The nicotine and biochanin A 

have been shown to have a specific anti-inflammatory effect on keratinocytes and 

endothelial cells which may explain a positive effect of smoking on oral aphthae (27), 
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hence the cessation of smoking can activate the oral aphthous lesions (12). Bergström et al 

demonstrated that vascular reaction associated with dental plaque induced gingivitis is 

suppressed in smokers, possibly due to a constrictive  effect of  tobacco smoke on gingival 

vascularity (28). Cigarette smoke contains abundant potentially toxic components that 

might alter the immune response, inducing abnormalities in, for instance, T cell functions 

and numbers. Results have been published showing elevated levels of (CD8+)T-cytotoxic 

lymphocytes leading to a decrease in CD4+/CD8+ ratio and hence an immunosuppressive 

effect (29).  

Cardiovascular disease is a major cause of long-term morbidity in vasculitis (30). The 

vascular inflammation caused by the disease might be of importance, but most likely 

traditional risk factors add a substantial likelihood of acquiring such complications. The 

importance of traditional risk factors have actually been shown in giant cell arteritis (31), 

and our findings regarding smoking at onset and the subsequent development of myocardial 

infarction are coherent with this notion. In a similar fashion our finding of a higher 

prevalence of ESRD in smokers is in line with the findings in previous studies. Smoking 

increases the risk of ESRD in men with inflammatory and non-inflammatory primary renal 

disease (32).  A Swedish nation-wide population based study illustrates the association 

between smoking and the development of chronic renal failure in patients with 

nephrosclerosis and patients with glomerulonephritis (33).  

Our data on the development of cancer in our patients were too small to be analyzed. 

Knight et al did not find smoking as a strong risk factor in the development of urinary 

bladder cancer in WG; according to the author, the limitation of this suggestion was the 

scarcity of the smoking data in their study (34).  

We previously reported an almost complete dissociation between ENT and renal damage in 

patients with WG (23), an observation that raises questions regarding the present separation 
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between WG and MPA. The disease entity we today call WG represents a spectrum ranging 

from disease with dominating granulomatous manifestations to disease with mainly 

vasculitic features. Maybe those who subsequently develop ENT damage represent a 

distinct disease variety, separated from those who develop renal damage with respect to 

etiology and/or pathogenesis. If this assumption is correct, smoking (and maybe also other 

environmental factors), have opposite effects on the incidence of the different disease 

varieties. 

The present study has some important limitations. The study is retrospective and looked at 

the effect of smoking only from the VDI perspective.  Data on smoking were not available 

for all the patients. It is hard to extract data on the duration of time since cessation of 

smoking in the ex-smokers. Only damage data available in the case records were registered. 

Questions on the predictive value of smoking on damage extent cannot be answered by this 

study alone. What is needed is a large prospective study that collects detailed data on 

smoking habits by means of interviews, and that also comprises an active search for 

damage.   

In conclusion, considering the harmful effect of smoking in the general population there 

seem to be special circumstances rendering some protective effect of smoking on the 

development of ENT damage in patients with PSV. This is the first report on a possible 

modifying effect of cigarette smoking on the development of organ damage in PSV, and 

more studies are needed before any firm conclusions can be reached. 
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Table 1. Organ damage in 77 patients with PSV according to smoking habits 

 
ENT: ear nose throat; ESRD: End Stage Renal Disease. If p-value is significant further 

analysis using Fisher’s exact test between the following sub-groups was done: n vs. x: non-

smokers vs. ex-smokers; n vs. s: non-smokers vs. smokers; x vs. s: ex-smokers vs. smokers 

 
 
 

 

 

 

Organ system 
Selected items of damage 

Non-smokers 
(n. 44) 

n. patients 
assigned 

damage (%) 

Ex-smokers 
(n.20) 

n. patients 
assigned 

damage (%) 

Smokers 
(n. 13) 

n. patients 
assigned 

damage (%) 

p-value p-value 
(n vs. x) 

p-value 
(n vs. s) 

p-value 
(x vs. s) 

Musculoskeletal 12 (27) 3 (15) 2 (15) 0.485    

Osteoporosis/Vertebral collapse 9 (20) 2 (10) 1 (8) 0.507    

Skin/mucous  membranes 5 (11) 1 (5) 0 0.604    

Ocular 7 (16) 1 (5) 4 (31) 0.145    

ENT 16 (36) 1 (5) 0 0.001 0.012 0.011 1 

Pulmonary 9 (20) 3 (15) 3 (23) 0.854    

Cardiovascular 19 (43) 12 (60) 10 (77) 0.085    

Myocardial infarction 0 3 (15) 2 (15) 0.013 0.027 0.048 1 

Hypertension 17 (39) 9 (45) 7 (54) 0.599    

Peripheral vascular 2 (5) 2 (10) 0 0.623    

Gastrointestinal 3 (7) 2 (10) 1 (8) 0.851    

Renal 14 (32) 7 (35) 8 (62) 0.176    

ESRD 3 (7) 3 (15) 4 (31) 0.058 0.366 0.045 0.392 

GFR<50% 14 (32) 7 (35) 7 (54) 0.374    

Neuropsychiatric 13 (30) 5 (25) 4 (31) 0.943    

Peripheral neuropathy 9 (20) 2 (10) 3 (23) 0.605    

Others 13 (30) 7 (35) 6 (46) 0.506    
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        Table 2. Items of ENT1 damage in 77 patients with PSV2 
Type of damage No. of registered 

items 
Non-smokers 

Nasal blockage /chronic nasal discharge 
Chronic sinusitis/radiological evidence of bone destruction 
Nasal bridge collapse/nasal perforation 
Hearing loss 

 
12 
6 
4 
2 

Smokers 
Hearing loss 

 
1 

1ENT: ear, nose and throat; 2PSV: primary systemic vasculitis 
 
 
 
 



 15 

Table. 3. Data from the time of diagnosis on 42 patients with WG divided into groups according to 
pattern of subsequent damage.  

 ENT 
damage 

(n=15) 

Renal 
damage1 

(n=11) 

No ENT or 
no renal 
damage 

(n=16) 

p value# 

Sex F/M 9/6 6/5 4/12 1.00 
Age at diagnosis yrs, median (range) 45 (1-74) 56 (28-74) 58.5 (18-69) 0.264 
Diagnosis delay, mo, median (range) 9 (0.5-96) 3 (0.5-36) 3.5 (1-13) 0.183 
Time from diagnosis to damage estimates, yrs., median (range) 10 (2-20) 9 (1-27) 10.5 (2-17) 0.876 

Positive ANCA 
PR3 % (n) 
MPO % (n) 

 
64% (9/14) 
21% (3/14) 

 
90% (9/10) 
10% (1/10) 

 
75% (12/16) 

0 

 
0.341 
0.615 

Smoking habit 
Active smokers % (n) 
Ex-smokers % (n 
Never-smoked % (n 

 
0 

7% (1) 
93% (14) 

 
27% (3) 
18% (2) 
55% (6) 

 
6% (1) 

63% (10) 
31% (5) 

  0.048 
 

 
 
 

 
 
 

1one patient with renal damage also had ENT damage (nasal blockage and chronic sinusitis) 
#p value between patients with ENT and Renal damage 
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Figure 1. Damage recorded in smokers vs. non-smokers according to vasculitis damage 
index (VDI). ENT: ear, nose and throat; ESRD: end stage renal disease; MI: myocardial 
infarction 
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Figure legend:  
 
Figure 1 

Damage recorded in smokers vs. non-smokers according to vasculitis damage index (VDI). 

ENT: ear, nose and throat; ESRD: end stage renal disease; MI: myocardial infarction 

 

 

Table’s legend: 

Table 1: 

ENT: ear nose throat; ESRD: End Stage Renal Disease. If p-value is significant further 

analysis using Fisher’s exact test between the following sub-groups was done: n vs. x: non-

smokers vs. ex-smokers; n vs. s: non-smokers vs. smokers; x vs. s: ex-smokers vs. smokers 

Table 2: 

1ENT: ear, nose and throat; 2PSV: primary systemic vasculitis 
 

Table 3: 

1one patient with renal damage also had ENT damage (nasal blockage and chronic sinusitis) 

#p value between patients with ENT and Renal damage 
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