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Current Smoking is Associated with Incident
Ankylosing Spondylitis — The HUNT 
Population-based Norwegian Health Study
Vibeke Videm, Adrian Cortes, Ranjeny Thomas, and Matthew A. Brown

ABSTRACT. Objective. Smoking contributes to progression of ankylosing spondylitis (AS). Because smoking is
also a risk factor for incident rheumatoid arthritis (RA) and psoriatic arthritis, our aim was to test
whether smoking habits are associated with incident AS. 
Methods. Using data from the HUNT health study of the entire adult population of Nord-Trøndelag,
Norway, participants in HUNT2 (1995–1997) and HUNT3 (2006–2008) were identified who
reported a diagnosis of AS in HUNT3 but not in HUNT2 (n = 107). Incident AS cases were
compared with AS-unaffected individuals (n = 35,278) in a case-control design. Participants with
RA were excluded. 
Results. Present smoking was significantly associated with incident self-reported AS in logistic
regression adjusted for potential confounders (OR 1.99, 95% CI 1.28–3.11, p = 0.002). Previous
smoking (OR 1.15, 95% CI 0.66–2.02, p = 0.62) or total pack-years at HUNT2 (OR 1.01, 95% CI
0.99–1.04, p = 0.21) were not significant. The association with present smoking remained significant
in various sensitivity analyses: including only cases with high probability of true AS diagnosis (OR
1.82, 95% CI 1.03–3.19, p = 0.04); including only cases with AS reported more than 3–5 years after
HUNT2 (OR 2.34, 95% CI 1.09–5.03, p = 0.029), or including only participants genotyped for
HLA-B27 (94 cases and 859 controls) adjusting for genotype (OR 1.79, 95% CI 1.04–2.85, p =
0.033). Hypertension was also significantly associated with incident AS (OR from 1.65 to 2.81). 
Conclusion. In the HUNT population-based study, incident AS was associated with current smoking
and hypertension. If verified in further studies, this suggests that smoking should be discouraged in
those at a higher AS risk, e.g., with a family history or carrying HLA-B27. (First Release Aug 15
2014; J Rheumatol 2014;41:2041–8; doi:10.3899/jrheum.140353)
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Spondyloarthritis (SpA) comprises a number of etiopatho-
genically related clinically overlapping inflammatory
rheumatic conditions, including ankylosing spondylitis (AS)
and nonradiographic axial spondyloarthritis (nr-axSpA), in
which arthritis is more prominent in the spine and sacroiliac
joints, as well as psoriatic arthritis (PsA), reactive arthritis,
and arthritis associated with inflammatory bowel disease. 

Patients with AS who smoke fare worse than non-
smokers, including in functional disability1,2, disease
activity2,3, and radiographic progression4, as summarized in
a recent review5. Smokers also have earlier disease onset3.
The mechanisms for these effects of smoking are not well
known, but may be related to proinflammatory effects, as
indicated by increased concentrations of C-reactive protein,
interleukin 6, and matrix metalloproteinases6,7.

Smoking is an established risk factor for development of
autoantibody-positive rheumatoid arthritis (RA) in
individuals with HLA-DR susceptibility alleles8. Further,
data from almost 95,000 participants with 14 years followup
in the Nurses’ Health Study showed an increased risk of
incident PsA in past and current smokers9. The effects were



dose-related, and smokers had more severe phenotypes.
Two smaller case-control studies have given different
results10,11. Smoking doubles the risk of Crohn disease
(CD), yet paradoxically reduces the risk of ulcerative colitis
(UC). 

Given that smoking may contribute to the pathogenesis
of different forms of inflammatory arthritis through diverse
mechanisms, that smoking increases progression in estab-
lished AS, and that smoking affects the risk of both CD and
UC, which are closely genetically associated with AS12, we
hypothesized that smoking may be a risk factor for incident
AS. The primary aim of our present study was therefore to
test the hypothesis that smoking habits are associated with
incident AS in the Norwegian HUNT population-based
health study. 

MATERIALS AND METHODS
For the HUNT population-based health study, the entire adult population (>
20 yrs) in the Norwegian county of Nord-Trøndelag was invited. About
70% (75,000) of those invited participated in HUNT2 (1995–1997), as
described in detail13. HUNT3 (2006–2008) followed a similar design, and
had a participation rate of about 54% (51,000). About 37,071 participated
both in HUNT2 and HUNT3. The study did not include contact with partici-
pants between enrollment in HUNT2 and HUNT3. All participants gave
written, informed consent. The study was approved by the Regional
Committee on Medical Research Ethics, Central Norway, the Norwegian
Data Safety Authorities, and the Norwegian Department of Health.

The study cohort consisted of all participants in HUNT2 and HUNT3
who at both times answered whether they had a diagnosis of AS, excluding
participants with RA (n = 35,780, i.e., 96.5% of 37,071). In Norway, the
term “Bekhterev’s disease” is used instead of AS. The questionnaires
included the following questions: “Has a doctor ever said that you
have/have had Bekhterev’s disease?” in HUNT2, and “Have you had or do
you have Bekhterev’s disease? If yes, how old were you the first time?” in
HUNT3. Participants who reported a diagnosis of AS in HUNT3 but not in
HUNT2 (n = 107) were defined as incident cases of AS. Participants
reporting AS in both HUNT2 and HUNT3 were excluded (n = 395).
Incident AS cases were compared to the remaining participants (n =
35,278). The selection process of participants is shown in Figure 1. There
were 174 participants who indicated a diagnosis of AS in HUNT2 but not
in HUNT3. The AS diagnosis was then considered false-positive and those
participants were included in the control group (i.e., 0.5% of the controls). 

Where possible, the diagnosis of AS in our study was confirmed
through the hospital diagnosis registries of Levanger and Namsos hospitals
(the 2 primary hospitals in Nord-Trøndelag), and Trondheim University
Hospital, the nearest secondary referral hospital. As search items, the
International Classification of Diseases, 9th ed (ICD-9) code 720 and
ICD-10 code M45 with subcodes were used. From the Norwegian
Prescription Database, data on use of drugs in the following groups during
the years from 2004 through 2012 were made available: nonsteroidal
antiinflammatory drugs (NSAID), steroids, tumor necrosis factor (TNF)
inhibitors, disease-modifying antirheumatic drugs (DMARD, i.e., sulfasa-
lazine, methotrexate, leflunomide, hydroxychloroquine, or cyclosporine) or
immunosuppressive drugs (i.e., cyclophosphamide or azathioprine).

The questionnaires completed by the participants at enrollment in
HUNT2 and HUNT3 included questions regarding medical history and
cardiovascular (CV) risk factors. Height, weight, and blood pressure were
measured. At HUNT3 a blood sample was drawn for DNA isolation by
HUNT Biobank. Pack-years of smoking at HUNT2 were calculated as
average number of cigarettes smoked per day × years of smoking
history/20. Body mass index (BMI) was calculated as weight/height2
(kg/m2). Systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥

90 mmHg, or the answer “yes” to the question “Are you using medication
for high blood pressure?” were defined as hypertension (HTN). A
composite variable of angina, myocardial infarction, or stroke was defined
as previous CV disease. For participants with self-reported AS where DNA
was available and for 924 randomly chosen controls, genotyping for
HLA-B27 was performed using imputation as previously reported14. 
Statistical analysis. Data are presented as number (percentage), mean, or
median (95% CI), as appropriate. The chi-square test, t test, and
Mann-Whitney U test were used for between-group comparisons of
categorical and continuous variables. Correlation between age and smoked
pack-years was assessed using Pearson’s R and Spearman’s ρ correlation
coefficients. Risk factors associated with the development of AS between
HUNT2 and HUNT3 were identified using multivariate logistic regression
models adjusting for sex, age, BMI, HTN, diabetes, and previous CV
disease. Linearity of logits for continuous variables was checked by
plotting. SPSS (v19.0, SPSS) was used for statistical analysis. Calculation
of the attributable risk of smoking was performed using the “aflogit”
package in Stata (version 12.1, StataCorp). P values < 0.05 were considered
statistically significant.

In the main analysis, smoking at baseline was represented as a
categorical variable (current, former, or never smoker). We performed
several sensitivity analyses to support our main analysis because this was a
population-based survey with self-reported AS. First, smoking was alterna-
tively represented as total pack-years or as a change in smoking habits from
HUNT2 to HUNT3. To account for a potential correlation between age and
pack-years confounding the analysis because the mean age of the controls
was higher than that of the incident AS cases, pack-year models were also
developed excluding controls older than 60 years or older than 50 years. 

Second, we repeated the main analysis in a subgroup of the
self-reported incident AS cases after selecting cases with higher probability
of a true AS diagnosis (“higher probability of AS”, n = 65) according to the
following criteria: HLA-B27–positive cases were included only if they had
a hospital diagnosis of AS and/or had a record of using medication from the
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Figure 1. Inclusion and exclusion of study participants. The resulting study
groups are shown in the boxes with thick lines. AS: ankylosing spondylitis;
RA: rheumatoid arthritis.



drug groups NSAID, steroids, TNF inhibitors, DMARD or immunosup-
pressive drugs, according to Prescription Database data. HLA-B27 negative
cases and cases with unknown HLA-B27 type were excluded if they had a
record of NSAID use only, disregarding whether an AS hospital diagnosis
was found; otherwise the same criteria were used as for the HLA-B27
positive cases. Some patients had a hospital diagnosis of both AS and RA,
and were also excluded. 

Third, we repeated the main analysis after excluding all cases where the
age given as answer to the question regarding “first time” of AS in HUNT3
corresponded to a year before participation in HUNT2 (n = 32), even
though the phrasing of this question did not distinguish between age at
symptom onset or AS diagnosis. In other alternative models, this exclusion
criterion was also combined with higher probability of AS. To reduce
possible reverse causation, i.e., influence from smoking effects in estab-
lished AS from cases with delayed diagnosis and erroneously considered
incident AS, we finally further restricted by also excluding cases in which
a hospital diagnosis was found the first 3–5 years after HUNT2, up to the
year 2002. 

Finally, models were developed in which participants reporting in
HUNT3 that they had psoriasis were either excluded or psoriasis was
included as an adjustment variable, a model was developed including
fibromyalgia (FM) as an adjustment variable, and a model was developed
including only AS cases and controls with known HLA-B27 genotype. We
did not have information regarding education/occupation or income. For
calculation of AS incidence, person-years of observation were obtained
using the dates for each participant’s inclusion in HUNT2 and HUNT3. 

RESULTS
Characteristics of the participants are shown in Table 1.
Participants with incident AS were significantly younger
than the controls. The male:female ratio was 0.7:1, which
was not significantly different from among the controls
(0.8:1). Of the genotyped incident AS cases, 48.5% were
HLA-B27–positive, as compared to 12.1% of the genotyped
controls (p < 0.001). Eight incident AS cases (7.5%)

reported having psoriasis, compared to 1880 controls (5.3%;
p = 0.32). Among the incident higher probability of AS
cases, the male:female ratio was 0.8:1 and 67.7% were
HLA-B27 positive (DNA missing from 3 individuals). 

Our study included 395,668 person-years of followup
with a mean followup time of 11.2 years, and the calculated
self-reported incidence of AS was 27.0 per 100,000 person
years (29.0 for women and 24.7 for men). When including
only the higher probability of AS cases, the corresponding
numbers were 16.6 (16.3 for women and 16.4 for men). 

The level of missingness at baseline for most key
variables was < 1%, with the exception of smoking (12.3%
missing data) and the question in HUNT3 about age for AS
(32% missing data). Missingness for smoking was evenly
distributed among cases and controls. Incomplete cases for
any key variable were omitted from analysis.
Factors associated with incident AS. The incident AS cases
were more often former or current smokers and fewer had
quit smoking from HUNT2 to HUNT3, but their pack-year
history was comparable to that of the controls. Total
pack-years were correlated with age independent of group
(control or incident AS, R = 0.22, ρ = 0.17, p < 0.001). By
multivariate logistic regression, being a current smoker but
not a former smoker at HUNT2 significantly increased the
risk of incident AS (OR 1.99, 1.28–3.11; Table 2A). As
expected, the risk was also higher with younger age. The
results were identical if the 174 participants who reported a
diagnosis of AS in HUNT2 but not in HUNT3 were
excluded from the analysis. Smoking was not associated
with incident AS when represented as total pack-years at
HUNT2 (OR 1.01, 0.99-1.04; Table 2B), and this finding
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Table 1. Baseline characteristics of individuals with and without incident ankylosing spondylitis (AS).

Control Group, n = 35,278 Incident AS,  n = 107 p valuei

Ageii (years) 46.7 (46.6–46.8) 40.8 (38.5–43.1) < 0.001
Males/females 15,905 (45.1%)/19,373 (54.9%) 44 (41.1%)/63 (58.9%) 0.41
Body mass indexiii (kg/m2) 25.7 (25.7–25.7) 25.7 (25.2–26.4) 0.58
Hypertension 12,807 (36.3%) 44 (41.1%) 0.31
Diabetes 507 (1.4%) 2 (1.9%) 0.71
Previous CVD 1,242 (3.5%) 4 (3.7%) 0.91
Smoking HUNT2 < 0.01

Never smoker 15,784 (44.7%) 38 (35.5%)
Former smoker 8,395 (23.8%) 19 (17.8%)
Present smoker 9,223 (26.1%) 41 (38.3%)

Pack-years HUNT2 (former and present smokers)iii 9.6 (9.5–10.0) 7.7 (5.3–10.3) 0.12
Change in smoking habits, HUNT2 to HUNT3 0.08

Never smoker 13,698 (38.8%) 34 (31.8%)
Quit smoking 10,812 (30.6%) 33 (30.8%)
Started smoking or
continuous smoker 6,434 (18.2%) 28 (26.2%)

HLA-B27 genotypesiv < 0.001
HLA-B27–positive 112 (12.1%) 50 (48.5%)
HLA-B27–negative 812 (87.9%) 53 (51.5%)

it test, Mann-Whitney U test, or chi-square test. Data are given as iimean or iiimedian (95% CI) or frequency (%).ivData available for 924 controls and 103
incident AS cases. CVD: cardiovascular disease.



was unchanged when excluding controls older than 50 or 60
years from the analysis. The risk was significantly increased
in persons who started smoking (n = 2) or were continuous
smokers between HUNT2 and HUNT3 (OR 1.92,
1.16–3.17, Table 2C). HTN was also significantly
associated with incident AS in all the logistic regression
models (Tables 2 and 3).

The increased risk associated with current smoking
remained significant in all the alternative models developed
as sensitivity analyses, i.e., when including only higher
probability of AS cases (Table 3A), when excluding incident
AS cases where the age given as answer to the question
regarding “first time” of AS in HUNT3 corresponded to a
year before participation in HUNT2 (Table 3B), when these
criteria were combined (Table 3C), and when the remaining
cases were further restricted by excluding those with a
hospital diagnosis of AS the first 3–5 years after HUNT2
(Table 3D). In further alternative multivariate models either
excluding cases reporting psoriasis in HUNT3, or including
psoriasis (yes/no) or FM (yes/no) as an adjustment variable,

present smoking remained significant with moderate
changes to the OR (data not shown). Further, in an alter-
native multivariate model including only incident AS cases
and controls genotyped for HLA-B27 (94 cases and 859
controls with complete data) and adjusting for HLA-B27
genotype (positive/negative), present smoking at HUNT2
was significant (OR 1.79, 1.04–2.85, p = 0.033). In this
model, the attributable risk fraction of present smoking was
6.9%. 

DISCUSSION
In this population-based study, current smoking, HTN, and
younger age were significantly associated with incident AS,
whereas increased BMI, diabetes, and previous CV disease
were not. The study included a large cohort with about
396,000 person-years followup time. Because onset of AS is
typically insidious, the long followup time is a strength. 
Diagnostic accuracy. The major limitation of the study is
that AS diagnoses were self-reported and that magnetic
resonance imaging or radiographic confirmation were not
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Table 2. Effects of possible risk factors on self-reported incident AS, by multivariate logistic regression.

OR 95% CI p

A. Main model (n = 98 patients and 33,127 controls)i
Female sex 1.38 0.91–2.09 0.13
Ageii 0.96 0.94–0.97 < 0.001
BMIii 1.03 0.98–1.08 0.22
Diabetes 1.96 0.47–8.12 0.35
HTN 1.69 1.07–2.67 0.025
Previous CVD 1.02 0.24–4.27 0.98
Smoking

Never smoker 1 Reference
Former smoker 1.15 0.66–2.02 0.62
Current smoker 1.99 1.28–3.11 0.002

B. Smoking represented as total pack-yrs (n = 100 patients and 32,573 controls)i,iii
Female sex 1.44 0.95–2.19 0.09
Ageii 0.95 0.93–0.97 < 0.001
HTN 1.78 1.13–2.81 0.013
Total pack-yrsii 1.01 0.99–1.04 0.21

C. Smoking represented as change in smoking habits from HUNT2 to HUNT3 (n = 95 patients and 30,678
controls)i,iii

Female sex 1.14 0.75–1.74 0.53
Ageii 0.95 0.93–0.97 < 0.001
HTN 1.65 1.04–2.63 0.03
Change in smoking habits

Never smoker 1 Reference
Quit smoking 1.47 0.91–2.40 0.12
Started smoking or 

continuous smoker 1.92 1.16–3.17 0.012

iCases with complete data. No. missing for control cases: sex and age: 0; BMI: 132 (0.4%); diabetes 33 (0.1%);
HTN: 122 (0.4%); previous CV disease: 107 (0.3%); never/present/former smoker: 1876 (5.3%); pack-yrs
HUNT2: 2432 (6.9%); change in smoking habits HUNT2 to HUNT3: 4334 (12.3%). No. missing for incident
AS cases: sex, age, BMI, diabetes, HTN, previous CV disease: 0; never/present/former smoker: 9 (8.4%);
pack-yrs HUNT2: 7 (6.5%); change in smoking habits HUNT2 to HUNT3: 12 (11.2%). No. missing for the
smoking-related variables was not significantly different between cases and controls (p > 0.15). iiContinuous
variable, OR per 1 unit change. iiiThe model was also adjusted for BMI, diabetes, and previous CV disease. AS:
ankylosing spondylitis; BMI: body mass index; HTN: hypertension; CVD: cardiovascular disease.



available. Data on the incidence of AS and axSpA are
scarce, but the calculated incidence in our study is much
higher than the previously reported incidence of 10.6 per
100,000 person-years for AS in Norway15. In a German
study of blood donors, the prevalence of AS was 0.55% and
that of SpA was 1.9%16, and one would expect the incidence
of SpA to be considerably higher than that of AS. 

The most likely cause for the high number of
self-reported AS cases in our study is probably that cases of
nr-axSpA were also included. Classification of axSpA is
complicated and has undergone several changes17,18.
Non-rheumatologists and the patients themselves may not
make the distinctions clearly and may use the term
“Bekhterev’s disease” for both, especially because this term

is much more familiar to the general public in Norway than
are AS, SpA, axSpA, or nr-axSpA. This is also consistent
with the lower rate of HLA-B27 positivity than expected, as
well as the higher frequency of women18. The frequency of
women is also partly explained by the sex-specific partici-
pation rates in HUNT, which were skewed toward fewer
men in the younger age groups. Of the invited men below 40
years of age, 51.5% participated in HUNT2, as compared to
65.1% of women, and the corresponding numbers for
HUNT3 were 30.3% and 44.1%, respectively19,20. Because
we included only participants at both HUNT2 and HUNT3,
female participants were more numerous. 

It is difficult to determine which HLA-B27 positivity rate
to expect in the higher probability of AS cases, where the
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Table 3. Sensitivity analyses for effects of risk factors on incident AS, by multivariate logistic regression.

OR 95% CI p

A. Cases with higher probability of true AS diagnosis (n = 60 patients and 33,127 controls)i,iii
Female sex 0.79 0.47–1.34 0.39
Ageii 0.95 0.93–0.97 < 0.001
HTN 2.08 1.17–3.70 0.013
Smoking

Never smoker 1 Reference
Former smoker 1.03 0.50–2.13 0.93
Current smoker 1.82 1.03–3.19 0.04

B. Excluding “first time” AS before HUNT2 (n = 64 patients and 33,127 controls)i,iii
Female sex 1.6 0.95–2.70 0.08
Ageii 0.96 0.94–0.98 0.001
HTN 2.19 1.25–3.84 0.006
Smoking

Never smoker 1 Reference
Former smoker 1.11 0.53–2.32 0.77
Current smoker 2.61 1.51–4.53 0.001

C. Cases with higher probability of true AS diagnosis excluding “first time” AS before HUNT2 (n = 36 patients
and 33,127 controls)i,iii

Female sex 1.28 0.65–2.53 0.48
Ageii 0.96 0.93–0.99 0.006
HTN 2.47 1.18–5.12 0.017
Smoking

Never smoker 1 Reference
Former smoker 0.77 0.27–2.18 0.62
Current smoker 2.27 1.12–4.62 0.024

D. Cases with higher probability of true AS diagnosis excluding “first time” AS before HUNT2 and hospital
diagnosis 1997–2002 (n = 31 patients and 33,127 controls)i,iii

Female sex 1.71 0.80–3.63 0.17
Ageii 0.96 0.93–0.99 0.006
Hypertension 2.81 1.26–6.27 0.012
Smoking

Never smoker 1 Reference
Former smoker 0.74 0.23–2.32 0.60
Current smoker 2.34 1.09–5.03 0.029

iCases with complete data. No. missing for control cases: sex and age: 0; BMI: 132 (0.4%); diabetes 33 (0.1%);
HTN: 122 (0.4%); previous CV disease: 107 (0.3%); never/present/former smoker: 1876 (5.3%); pack-yrs
HUNT2: 2432 (6.9%); change in smoking habits HUNT2 to HUNT3: 4334 (12.3%). No. missing for incident
AS cases: sex, age, BMI, diabetes, HTN, previous CV disease: 0; smoking panel A: 5 (7.7%); smoking panel B:
8 (11.1%); smoking panel C: 4 (10.0%); smoking panel D: 3 (8.8%). iiContinuous variable, OR per 1 unit
change. iiiModel  also adjusted for BMI, diabetes, and previous CV disease. AS: ankylosing spondylitis; BMI:
body mass index; HTN: hypertension; CVD: cardiovascular disease.



observed rate was 67.7%. Using the Assessment of
SpondyloArthritis international Society criteria, axSpA
cases diagnosed in the clinical arm will have 100%
HLA-B27 positivity because that is 1 of the 2 diagnostic
criteria21. Cases classified using the imaging criteria, which
do not require the presence of HLA-B27, typically have a
lower HLA-B27 carriage rate (58% in 2 recent publica-
tions22,23). The overall percentage in any mixed cohort of
AS and nr-axSpA will therefore depend on which diagnostic
arm the patients belong to, which is unknown when using
self-reported diagnoses. 

Alternatively, some of the AS cases could have had PsA
or FM, but the OR of the model barely changed when partici-
pants with psoriasis were excluded or adjustment was made
for psoriasis or FM. Participants reporting RA were
excluded from all models, and the finding that incident AS
was related to younger age is another indication that mis-
diagnosis due to RA is unlikely. Information on inflam-
matory bowel disease for our participants was not available. 

It is important to consider that the effect of including
cases of nr-axSpA or other false-positive diagnoses as
incident AS would be to reduce the power of our study, and
not to increase the likelihood of false-positive findings. Our
data showing higher OR for both HTN and current smoking
in the model with strictest inclusion criteria for AS, i.e.,
selecting cases with a higher probability of AS and further
excluding cases that might represent established AS
erroneously reported as incident AS and thereby leading to
reverse causation (Table 3D), are consistent with such
reduced power in the main analysis. We cannot exclude that
a larger study permitting exclusion of participants with a
hospital diagnosis even further than 3–5 years into the
observation period might have given another result. 

As in all epidemiological research, residual confounding
cannot be excluded. Further, the participants in HUNT may
not be representative of the entire population. We did not
have data on socioeconomic variables such as educa-
tion/occupation or income. However, we consider that
smoking may partly act as a proxy for socioeconomic status. 

Even though the median age of the incident AS cases was
lower than that of the controls, it was still relatively high.
Thus, they may represent a group with many late-onset
cases, partly due to the mentioned lower participation rate
by men < 40 years of age in HUNT. We cannot exclude that
this age distribution may have biased our results when
comparing to the general population. Age was included in
the regression models, thereby adjusting for the effect of the
difference in age between incident AS cases and controls.
Effect of smoking on risk of AS. Our findings support the
hypothesis that smoking may be causally related not only to
progression but also to development of AS. We cannot
exclude that smoking is acting as a proxy of other factors
influencing incident AS, and association is no proof of
causality. However, the relationship seems biologically

plausible because it is likely that proinflammatory and pro-
oxidative effects of smoking could conceivably contribute
to the evolution of nr-axSpA into AS. An alternative
hypothesis, given that smoking is associated with younger
onset and worse outcome of AS, is that patients with a
diagnosis of AS at HUNT3 were already more likely to have
undiagnosed nr-axSpA at the time of HUNT2, and that
smoking promotes the progression of nr-axSpA to AS. This
would be consistent with the known strong association of
smoking with more rapid progression of osteoproliferative
disease in AS. The attributable risk fraction of smoking was
only 7%, consistent with AS being more strongly related to
genetic risk factors. Only 2 individuals with incident AS
started smoking between HUNT2 and HUNT3, so it is
highly unlikely that the association was due to new-onset
smoking. 

The previously mentioned data regarding smoking
effects on RA and PsA indicate that several mechanisms
may be involved, influenced by the individual’s genetic
profile and characteristics of each form of arthritis. In RA
positive for anticitrullinated protein antibodies, there is a
strong interaction between HLA-DRB1 and smoking24.
However, smoking more than 10 pack-years increases the
risk of RA in African Americans both in autoanti-
body-positive and -negative disease25, which may be related
to different genotypes of NAT2, coding for the enzyme
N-acetyltransferase 2, which is involved in the metabolism
of carcinogens26. According to a metaanalysis, both present
and former smoking increases the risk of RA roughly to the
same extent27, but the mechanism related to protein citrulli-
nation and HLA-DRB1 interaction is clearly more important
in antibody-positive disease8. In our study, current smoking
but not previous smoking or pack-year history was a signifi-
cant risk factor for incident AS, including when removing
the oldest controls from analysis to avoid any confounding
due to their higher mean age. Tobacco smoke contains a
large number of chemically active compounds, and further
research is needed to clarify the exact mechanisms involved
in incident AS. 

Several large studies have shown that patients with estab-
lished AS have an increased prevalence of HTN, with
reported OR of 1.65 and 1.87 or a prevalence ratio of
1.328,29,30. In a recent Swedish study, the standardized
morbidity rate for HTN was 1.9831. In our study, the OR for
HTN in incident AS was of a comparable size. It has been
hypothesized that HTN in AS may be related to use of
NSAID28. NSAID are also commonly used to treat muscu-
loskeletal complaints with an unclear diagnosis, including
incident AS. Alternatively, patients with musculoskeletal
complaints may have more contact with the healthcare
system and thereby a higher possibility of receiving a
diagnosis of HTN. 

Regardless of the mechanism, the combined association
of smoking and HTN with incident AS probably places
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these individuals at increased risk of future CV disease.
Indeed, several studies indicate that patients with AS are
more likely to have ischemic heart disease29,30,31,32,
whereas others have given contradictory findings28. These
differences may be explained by population characteristics,
profiles of other CV risk factors, and treatment effects. No
increase in CV disease was noted in the current study prior
to the onset of AS.

Both in a large population-based study in the United
Kingdom and in the Nurses’ Health Study in the United
States, increasing BMI was associated with increased risk of
incident PsA33,34. In contrast, BMI was not a significant risk
factor for AS in the current study. The probable difference in
effect of BMI on risk for AS and PsA is supported by a
Greek study comparing patients with AS, PsA, and matched
control subjects. The patients with AS were more often
smokers and had lower mean BMI than their controls,
whereas the patients with PsA had higher waist-to-hip ratios
as an indication of more abdominal obesity35. 

In the HUNT population-based study, incident AS was
associated with young age, current smoking, and presence
of HTN. Increased BMI was not a risk factor for incident
AS, in contrast to previous findings in PsA. 
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