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AGRIP

Hryggikt er bdélgusjukdomur sem leggst & ungt félk. Hofudeinkenni
sjukdémsins eru langvinnir verkir og stirdleiki i pjéhndéppum og
mjobaki. | upphafi myndast bdlga i spjaldlidum &samt smalidum
hryggjar og par sem lidbénd og lidpokar festast vid hryggjarlidboli.
Sjukdémurinn getur proast upp alla hryggjarsuluna. Beinnymyndun i
midleegum lidum og i liobdndum hryggjarins, samfara vaxandi
hreyfiskerdingu, er deemigert fyrir framvindu sjukdémsins. Lidbolgur,
bolgur i haelsinafestum, lithimnubdlga og blédruhalskirtilsbélga, eru
algeng utan-hryggjar einkenni eda fylgieinkenni pessa sjukdéms.

Tilgangur rannsdknarinnar var ad lysa og skilgreina hryggikt a
islandi, kanna erfdapeetti pessa sjukdoms og skyldleika hans vid
parmabdlgusjukdéma. Gerd var kerfisbundin leit ad sjuklingum med
hryggikt i sjokraskrarkerfum LSH og FSA. Einnig var leitad til
sjalfsteett starfandi gigtarleekna & islandi um samstarf. Til patttoku
komu 280 sjuklingar med hryggikt. Einnig var leitad eftir patttoku
nakominna aettmenna sjuklinga. Vefjaflokkun m.t.t. HLA-B27 var
framkvaemd og eettir raktar med hjalp Islendingabokar. Ennfremur
voru tengsl hryggiktar vid parmaboélgusjukdéma rannsékud.

Nidurstodur hafa verid birtar i fjorum sjalfstaeedum visindagreinum i
alpjodlegum fraediritum (I-1V). Rannséknin synir ad sjukdémurinn
birtist med 6drum haetti hér & landi en i nagrannaldndunum. Algengi
sjukdoémsins er laegra og kynjamunur er minni hér, en annars stadar,
sjukdémurinn kemur fram & svipadan hatt i bAdum kynjum. Lidagigt
sem sjukdémseinkenni er algengt. Erfdatengsl eru sterk i marga
aettlioi, auk pess sem pad eru sterk erfoatengsl & milli hryggiktar og
parmabdélgusjukdéma. Margar af peim nidurstédum sem hér verda
birtar eru grunnur ad nyrri pekkingu a fraedasvidinu.

Lykilora:

Hryggikt, birtingarmynd, algengi, eettlaegni,
parmabdlgusjukdomar



ABSTRACT

Ankylosing spondylitis (AS) is a chronic inflammatory disease. It is
characterized by low back and buttock pain, with morning stiffness of
insidious onset, usually beginning in early adulthood. This disease
can cause progressive stiffness or ankylosis of the spine the typical
feature of the disease, which is syndesmophyte formation or bony
ankylosis of the ligaments and joints of the vertebral bodies,
costovertebral and sternocostal joints. Peripheral arthritis and
enthesitis are common. The main extra-articular manifestations of
the disease are recurrent iritis, and recurrent or chronic prostatitis,
while other extra-articular manifestations are rare.

The Icelandic AS Study has been ongoing since the year 2000
and its aim has been to recruit all Icelandic patients with AS and to
examine them and their relatives in respect to clinical symptoms and
their genetic background, as well as to explore the connection to
inflammatory bowel diseases. In this way, 280 AS patients were
recruited, examined and their diagnosis confirmed. HLA-B27 typing
was performed, and the geneology database of DeCode used for
assessing heritability.

The main results of this investigation have been published in four
independent articles in international journals, which are the basis of
this thesis (Papers I-IV). | have shown that patients with AS in
Iceland have a different presentation than in neighboring countries.
The sex ratio is more even and peripheral arthritis is common.
However, presentation of the disease is similar in both sexes. The
familiality is exceptionally strong, through several generations, and is
cross-linked with patients with inflammatory bowel disease. The
present findings reflect new knowledge in several aspects.

Keywords:

Ankylosing Spondylitis, demographics, epidemiology,
heritability, inflammatory bowel disease
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1 INTRODUCTION

The name of ankylosing spondylitis (AS) is derived from Greek
ankylos, meaning stiff or bent, and spondylos, meaning spinal
vertebrae, i.e. stiff or bent spine. The earliest descriptions of
skeletons with changes typical of AS are attributed to Realdo
Colombo in 1559 and Bernando Connor in 1693 (1), who described
an ankylosed skeleton with fused pelvis and spine found in a French
cemetery. Evidence of AS has also been found in ancient mummies
in Egypt from the year 2000 BC (2). The first clinical descriptions of
AS, a woman and two of her daughters, appeared in the late 19th
century, followed by a series of publications from St. Petersburg by
the Russian Vladimir von Bechterew (3). Other pioneers in this field
were the German neurologist Adolf Strimpel and the French
neurologist Pierre Marie. Therefore, AS was known earlier as Morbus
Bechterew or Marie-Strimpel disease, named after these doctors.

1.1 Classification criteria

Changes in the sacroiliac joints (Sl joints) have been considered the
hallmark of AS and central to the diagnostic confirmation of the disease.
Therefore, it was given a central place in the classification criteria of AS
in the Rome 1960 criteria (4), and the revised New York criteria from
1984 (5). The modified New York criteria classify a patient as having AS
if he or she meets one clinical criterion and has the classical radiological
criteria of sacroiliitis. The clinical criteria are: 1) Lower back pain (LBP)
for more than three months which improves with exercise; 2) Limitation
of motion of the lumbar spine in both the sagittal and frontal planes; 3)
Limitation of chest expansion relative to normal values for age and sex
(Table 1). The Amor criteria published in 1995 for spondyloarthropathy
(SpA) refer to undifferentiated SpA based on clinical manifestation or
past history and radiological findings (6). The Amor criteria and the
European Spondyloarthropathy Study Group criteria (ESSG) (7) are
classification criteria for undifferentiated spondyloarthropathy patients;
however, these criteria have not become widely used for classification
or diagnosis of AS in the research field or in clinical daily work. Thus,
the modified New York criteria have been used in the vast majority of
studies for the past 25 years and other classification criteria have not
gathered popularity or global acceptance (8).
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Table 1: Three different classification criteria for Ankylosing Spondylitis
Rome 1961

Clinical Criteria

1. Low back pain and stiffness for more than 3 months, not relieved by rest
2. Pain and stiffness in the thoracic region
3. Limited motion in the lumbar spine
4. Limited chest expansion
5. History of iritis or its sequelae
Radiological Criteria

6. Roentgenogram showing bilateral sacroiliac changes, characteristic of
ankylosing spondylitis.
Definitive AS if:

1. Grade 3-4 bilateral sacroiliitis with at least one clinical criterion.
2. Atleast 4 clinical criteria.

New York 1966

Clinical Criteria

1. Limitation of motion of the lumbar spine in all three planes: Anterior flexion,
lateral flexion and extension.
2. Pain at the dorsolumbar junction or in the lumbar spine.
3. Limited chest expansion to 2.5 cm or less, measured at the 4th intercostal
space
Grading of radiographs

Normal 0, suspicious 1, minimal sacroiliitis 2, moderate sacroiliitis 3, ankylosis 4
Definitive AS if:

1. Grade 3-4 sacroiliitis with at least one clinical criterion
2. Grade 3-4 unilateral or grade 2 bilateral sacroiliitis with clinical criterion 1, or
with both clinical criterion 2 and 3.
Probable ankylosing spondylitis

Grade 3-4 bilateral sacroiliitis with no clinical criterion

Modified New York 1984

Criteria

1. Low back pain for at least 3 months duration, improved by exercise and not
relieved by rest.

2. Limitation of lumbar spine motion in sagittal and frontal planes

3. Chest expansion decreased relative to normal values for age and sex.

4.a Unilateral sacroiliitis grade 3-4

4.b  Bilateral sacroiliitis grade 2-4

Definite AS if 4a or 4b and any clinical criterion (5)

18
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Since the introduction of magnetic resonance imaging (MRI) in
medicine in the early 90°s, sacroiliitis has become much easier to
diagnose with MRI showing early bone oedema and subchondral or
chondral changes in the Sl joints that are characteristic for AS. It is
therefore probably only a matter of time that we see new diagnostic
criteria for AS that include MRI instead of plain X-rays for revealing
S| abnormalities in AS. In this context, new classification criteria of
“non radiology SpA” have recently been introduced (9).

1.2 Epidemiology

The annual incidence of AS per 100 thousand inhabitants has been
reported to be 0.5-8.2 (10). AS has a strong association with the HLA-
B27 antigen and the prevalence of AS in different cohorts frequently
relates to the prevalence of this MHC molecule in the study population.
The majority or up to 95% of Caucasians with AS carry the HLA-B27
antigen compared to around 8-14% in the background population.
Although the incidence rate has been reported to correlate with the
prevalence of HLA-B27 in the population, not more than 1-2% of HLA-
B27 positives individuals will develop AS. The highest prevalence of
HLA-B27 is around 40% in tribes in Eastern Russia (11, 12), 50% in
Western Canada (13), and 53% in New Guinea (14). In Northern
Scandinavia in the Sami population it is 24% (15), compared to around
8% in the Caucasian population of Western Europe (16). The
prevalence of AS is thought to be highest in the Haida Indians in
Western Canada 4.5-10% (17, 18). In Europe, AS has been reported in
about 0.14-2.20% of the population, with the highest prevalence in
Northern Scandinavia (16). Meanwhile, the incidence has been reported
to be low in Greece or 1.5 in 100,000 inhabitants per year (19, 20) while
in central Europe and Scandinavia the incidence has been estimated to
be 6.4-10 per 100,000 inhabitants per year (10, 21, 22). The sex ratio in
Northern Norway has been found to be 5:1 in favour of males (23).
Other studies have shown a gender difference of 3-8:1 in favour of
males (24), while in the present study the gender differences is much
lower or only 1.9:1 , paper |.

1.3 Clinical Manifestation

AS is a disease of young people, with onset of symptoms usually in
the early third decade of live and almost never after 45 years of age
(25). About 15% of the patients have disease onset before 16 years
of age, often presenting with lower extremity oligoarthritis and
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enthesitis. AS is a chronic inflammatory disease, characterised by
low back and buttock pain with morning stiffness of insidious onset. It
takes several years after onset for typical radiological signs of AS to
be seen on radiographs of the Sl joints and lumbar spine. This is in
part the reason for the prolonged diagnostic delay in this disease.
The other main reason for diagnostic delay is doctor unawareness of
inflammatory back pain in young people. As the back pain in AS
results mainly from inflammation of the Sl joints and/or the small
joints and the ligaments of the spine, it has been termed
inflammatory back pain (IBP) (26). The hallmark of IBP is that the
pain gets worse with rest and
improves with exercise.

Long-standing inflammation in the
Sl joints and spine can cause
structural damage in the form of
erosions of the joint cartilage, joint
space narrowing and subsequently
ankylosis, all classical imaging signs
of AS. Sacroilitis with syndes-
mophyte formation can in advanced
disease lead to ankylosis of the Sl
joints and the formation of so-called
bamboo spine (figure 1), where the
vertebral bodies are joined together
by syndesmophytes or bony union of
the intervertebral discs with the
vertebral bodies and the anterior and posterior longitudinal ligaments
with the vertebral bodies and intervertebral discs (27). This can
extend up the entire vertebral column in severe cases, which causes
the vertebral column to be fixed and immobile.

Arthritis of peripheral joints, costochondritis and enthesopathy,
especially of the Achilles tendon insertion, are also commonly
described in AS (28). Extra-articular manifestations of AS include
iritis  (25-40%) (29, 30), prostatitis (13-83%) (31, 32), and
asymptomatic gastrointestinal tract involvement (69%) has also
frequently been described (33). Meanwhile, cardiac and pulmonary
involvement seems to be less commonly reported in patients with AS
(34, 35). Thus the clinical features of AS can be divided into
musculoskeletal features and extra-articular features.

Figure 1: Bamboo spine due to AS
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1.3.1 Musculoskeletal manifestations - Axial involvement

The most common presenting symptoms of AS are low back pain
and stiffness, and pain in the buttocks. The buttock pain may be
unilateral to begin with, but usually becomes bilateral and symmetric
as time passes. These symptoms are of insidious onset and chronic,
worse in the early morning and tend to awaken the patient in the
early morning hours. These symptoms get worse after rest, but
improve with exercise. The symptoms of AS can be confined to the
low back region and Sl joints for years or permanently, but they can
also ascend up the spine to the thoracic and cervical part of the
spine, causing pain and stiffness. AS can affect the axial joints of the
thoracic cage, the costo-vertebral and costo-transverse as well as
the costo-sternal joints; the sterno-clavicular, manubrio-sternal, and
sterno-xiphoid joints can also become affected in AS. This may
cause pain and stiffness with deep breathing, coughing and
sneezing. The thoracic cage can become stiff, thus affecting chest
expansion and causing restrictive lung disease. The presenting
symptoms of AS may on rare occasions originate from the thoracic
spine, the costo-vertebral joints or costo-sternal joints. Sternal joint
involvement can also on rare occasion be a presenting symptom of
AS, with pain and tenderness over the sternal joints. AS can affect
the cervical spine such that movements of the head are restricted
and in time the head movements can become fixed due to ankylosis
of the cervical spine, causing restriction of head movement which
can evolve with time to total fixation of the cervical spine due to
ankylosis (27, 36). On rare occasions cervical pain, stiffness and
limitation of head movement can be the presenting symptoms of AS
(37, 38).

1.3.2 Peripheral arthritis and enthesitis

Approximately half of all patients with AS eventually display signifi-
cant large joint involvement, especially hip and knee involvement at
some stage of the disease, and about 25% of those develop peri-
pheral joint arthropathy (36). Some patients may as well develop
small joint arthritis. Hip joint involvement in AS is usually bilateral and
is seen at some point in close to 50% of the patients, it can cause
erosion of the articular cartilage and joint space narrowing with
eventual destruction of the hip joint. The next most frequent joint to
be affected in AS is the knee joint, followed by arthritis in the ankle
and shoulder joints. Polyarticular involvement has been reported in
up to 25% of the patients (39). Achilles tendinitis is commonly seen
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in up to 20% of patients and plantar fasciitis in 6-10% of the patients
(40). Enthesitis as a part of AS seems to be rare in other places like
the trochanter region, ischial tuberosity and the tibial tuberosity (41).

1.3.3 Extra-articular manifestation - Anterior uveitis

Uveitis is a disease that affects young people. Anterior uveitis is an
inflammation affecting the iris and or the ciliary body in the anterior
chamber of the eye It is a common complication of AS, occurring in
around 20-40% of AS patients (30). Posterior uveitis, an inflammation
affecting the choroid and sometimes by extension also the retina, is
hardly ever seen in AS, but can be a part of other systemic
inflammatory diseases, e.g. sarcoidosis or juvenile idiopathic arthritis,
various infectious conditions, or it may be idiopathic. Anterior uveitis or
iritis accounts for around 90% of total uveitis cases. Uveitis is most
common in younger people from 20-50 years of age; it is rare in
children and in people over 70 years of age (42). In the population with
acute anterior uveitis the prevalence of HLA-B27 is 50% (43). The
symptoms of uveitis in AS are usually unilateral and acute, with red
and painful photophobic eye (44, 45). The visual acuity is usually
decreased in the acute episode. The sex ratio is even in respect to
uveitis. Acute anterior uveitis is rarely the presenting symptom of AS;
however, it is often the first clue to the recognition that LBP may be
part of a systemic inflammatory disorder (45).

1.3.4 Prostatitis

Chronic recurrent non-bacterial prostatitis is an integral part of the
clinical symptoms of AS in some male patients (32). It presents with
perineal pain and urethral burning that is exaggerated by urination
and sexual activity. The aetiology behind this is unknown, and
although the prostatitis is usually “non-bacterial” it often responds to
anti-microbial agents (46), and has been connected with Klebsiella
Pneumonia, a gram negative bacterium, that has been connected
with the aetiology of AS (46, 47). By examining prostatic fluid
obtained after prostatic massage the prevalence of prostatitis was
found to be very high in a group of AS patients (48).

1.3.5 Inflammatory bowel disease

A relationship between AS and inflammatory bowel disease (IBD)
has been known for some time. It has been shown that subclinical
intestinal inflammation revealed by endoscopy is present in 25-50%
of AS patients (49). Histopathological lesions seen in microscopy are
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even more common and increased intestinal permeability as a
manifestation of intestinal inflammation in AS patients has been
demonstrated in up to 60% of cases (49, 50).

The causal relationship between enteropathogenic infections such as
salmonella species, campylobacteria and other related bacteria and
reactive arthritis that resembles AS a few weeks later points to an
etiological connection between the gut microflora and AS (51). These
findings do suggest that the etiological and pathogenic factor for AS
may lie in the gut. Thus, the gut mucosal inflammation and increased
permeability of the intestinal mucosa may indeed activate the immune
system by confronting it with foreign bacteria that may have a
resemblance to the HLA-B27 molecule. In AS there is a strong
association with HLA-B27; in the IBD population the incidence of HLA-
B27 is not increased (52, 53). When IBD and AS go together the
incidence of HLA-B27 increases up to 25-80% (54, 55). Some studies
have, however, reported a lower incidence of HLA-B27 in this patient
population. It seems that in the presence of gut inflammation as seen in
IBD and AS the presence of HLA-B27 is less crucial than in idiopathic
AS. The subclinical gut inflammation in AS can be distinguished both as
acute and chronic (56). The acute form consists of infiltration of
polymorphonuclear cells into villi and crypts with preserved mucosal
architecture. In the chronic type the mucosal architecture is distorted.
The lamina propria and mucosa are infiltrated by mononuclear cells and
there are lymphoid follicles to be found in the lamina. The crypts may be
distorted and granulomas may be seen (57, 58). It will be shown in this
thesis that there is a cross-over increased risk among relatives of both
AS and IBD of acquiring these diseases, paper IV.

1.3.6 IgA-nephropathy

IgA nephropathy is the most common condition causing glomer-
ulonephritis in the adult population; however, it is usually a mild form
of glomerulonephritis that presents with macro- or microscopic
haematuria and sometimes with proteinuria. Occasionally, it can
cause nephrotic syndrome with renal failure. The histopathological
lesion consists of a mesangial glomerular deposition of IgA. The
diagnosis is made by kidney biopsy. This specific type of nephro-
pathy is increased in frequency in the AS population. Earlier,
secondary renal amyloidosis was the most common cause of renal
disease in AS, but with improved treatment options it is of decreasing
importance. IgA nephropathy is the most common cause of renal
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affliction in AS and all AS patients should be screened for the
presence of nephropathy with urinalysis (59).

1.3.7 Heritability and genetics

The discovery of the genetic link between HLA-B27 and AS in the
early seventies showed us that the heritability of AS is very strong.
Around 90% of all AS patients carry the HLA-B27 genotype.
However, it does not act alone and it is likely that several other
genes may play a role in the susceptibility for the disease as well as
some unknown environmental factors.

Multiple subtypes of HLA-B27 are now recognized. The
overwhelming majority of HLA-B27 in Western Europe is the B2705 or
90% but B2702 accounts for about 10% (60, 61). In other parts of the
world the subtypes of HLA-B27 are different (62). In Asia the most
common subtype is B2704 among the Chinese and Japanese whereas
in others B2706 is the most common subtype (62). In Western Africa AS
is a rare disease and the most common HLA-B27 subtype is B2703,
which interestingly seems not to be associated with AS. The HLA-
B2709 that has been found in Sardinians and B2706 have not been
associated with AS (63, 64). Among African Americans, AS patients are
only 50% HLA-B27 positive (16). Only a small proportion of HLA-B27
positive individuals will develop AS; it is estimated to be close to 1-5%.
On the other hand, 20% of HLA-B27 positive relatives of these African
American AS patients will develop AS.

The HLA-B27 gene is thought to account for 50% of the heritability
of the disease. Twin studies have shown that there is a 63%
concordance rate among monozygotic twins, and 12.5%
concordance for dizygotic twins, which increases to 23% if the twins
are HLA-B27 positive (39). AS has been known to run in families; the
risk ratio for FDR of AS patients for contracting the disease ranges
from 50-80% (65). AS does not demonstrate a Mendelian pattern of
inheritance, but rather an oligogenic type of inheritance where
several genes interact (66). Three genome-wide linkage studies have
been performed on AS. A British study demonstrated that the
strongest logarithm of odds (LOD) score was in the MHC region due
to HLA-B27, while outside the MHC the most significant linkage was
noted in chromosome 16q. Suggestive LOD scores were noted for
chromosomes 2q, 9q, 10g and 19q (67). In a North American family
study on AS, linkage was also noted in the MHC region as well as on
chromosomes 6qg and 11q (68). In a French study linkage was also
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found in the MHC region and suggestive linkage at 5q, 99,13q, and
179 (69). The French study included patients with
spondyloarthropathy defined by the Amor (6), and ESSG criteria,
while the British and North American studies included patients with
AS that fulfilled the modified New York criteria. The International
Genetics of Ankylosing Spondylitis Consortium (IGAS) combined
data from the three whole genome linkage scans for AS (70).
Besides linkage at the MHC region, suggestive linkage was noted on
chromosomes 10gq and 16q and nominal linkage was noted on
chromosomes 1q, 3q, 59, 69, 99, 17q, and 19q. There is an
increasing list of genes and genetic regions identified as being
associated with AS beside the MHC region, like IL23R, ERAP1, 2p15
and 21922 (71).
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2 AETIOLOGY AND PATHOGENESIS

The aetiology of AS is unknown. The similarity between AS and
Reiter's syndrome (reactive arthritis) suggests that AS may be
reactive to an infectious or exogenous antigen entering through the
intestinal mucosa in an individual that is genetically susceptible. The
most common sites of inflammation in AS are the Sl joints and the
junction between the intervertebral discs and ligaments with the
vertebral body, together with enthesis and the synovial joints. The
early lesions contain CD4 positive lymphocytes and to a lesser
extent CD8 type together with CD68 positive macrophages and
proliferating fibroblasts. TNF-alpha and TGF-beta are overexpressed
in the inflammatory lesions of AS at the bone connective tissue
junction and the tissue is infiltrated by T lymphocytes, proliferating
fibroblasts and osteoclasts. Destroyed bone is replaced by
boneforming osteoblasts, a process that results in new bone
formation and subsequently ankylosis of ligaments and joints. Rats
that are transgenic for HLA-B27, and over-express HLA-B27 and 8 2
microglobulin acquire spontaneous disease resembling AS and
psoriatic spondyloarthritis. T cells are required, as transgenic HLA-
B27 rats that are without a thymus gland and, thus, have no T cells
do not get AS. When they are brought up in a germ-free environment
they remain disease free. Thus, when the gut is colonized with
normal gut flora, it seems to trigger disease (72, 73).
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3 TREATMENT AND PROGNOSIS

The main goal of treatment for patients with AS is symptomatic relief,
i.e. to eliminate pain, stiffness and fatigue, restore function and prevent
complications of the disease. Physical therapy and pharmacological
therapy are both very important in the treatment of AS patients. Non-
pharmacological therapy includes patient education and regular
exercise programs that aim at restoring and preserving function and
hinder flexion contractions and posture that limits head and spinal
movements. Smoking cessation for those who smoke is very important
because pulmonary restriction due to thoracic cage stiffness is common
in this group of patients (74, 75). Cardiovascular disease is more
common among male AS patients than in the general population, which
is an additional reason for smoking cessation. This contributes to
increased mortality among this group of patients (76, 77). Compared to
the general population, patients with AS are at increased risk for many
types of cardiovascular and cerebrovascular diseases and are more
likely to be hospitalized for these diseases. The excess risk is greatest
in younger patients with AS (78).

Pharmacological treatment includes non-steroidal anti-inflammatory
drugs (NSAIDs), sulfasalazine, TNFa inhibitors and intra-articular
steroids for some patients. Most patients benefit from NSAIDs and this
should be the first line of treatment for all symptomatic AS patients.
Which NSAID to choose is a matter of personal preference, as most of
them are effective against the symptoms of AS in their maximal dosage
(79, 80). There are studies that indicate that both indomethacin and
diclofenac are effective in AS treatment and even retard radiographic
progression (81). There are also studies that indicate that COX-2
inhibitors like celecoxib and etoricoxib are as effective as other NSAIDs
and can even delay radiographic progression of the disease (82, 83).
Sulfasalazine has long been the first line of treatment for AS after
NSAIDs, and studies indicate that sulfasalazine is more effective than
placebo for spinal stiffness and improving peripheral arthritis. It has
been concluded that sulfasalazine is more effective in the treatment of
arthritis in the extremities than for spinal disease in AS (84-86). Thus,
most doctors recommend sulfasalazine only for those AS patients that
have peripheral arthritis. Methotrexate and leflunomide are not effective
for AS and should not be used (87, 88). It seems that all the anti-TNF
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inhibitors are equally potent drugs for usage in AS. Concomitant use of
an immunomodulatory drug such as methotrexate seems to be
unnecessary, as it brings no additional beneficial effect but increases
the risk of adverse effects (89). The response to anti-TNF inhibitors is
rapid, with 80% of responders improving within only six weeks. The
response is durable, but stopping the treatment after the patients have
obtained good clinical response results in a rapid relapse in most cases
(90, 91). There are indications that anti-TNF treatment improves bone
density in AS, but it is still debated whether the anti-TNFs halt
radiological progression of the disease; as yet there is no proof but
some indications that it may halt radiological progression of AS (92).

According to a newly published study there is an increased mortality
among men with AS (SMR 1.63), while there is no significant increase
in mortality in women with AS. A third of the patient population died of
cardiovascular diseases. Death due to neoplastic diseases was the
second commonest cause of death. The overall mortality of patients
with AS were 1.61 (SMR). Variables independently associated with
increased mortality in AS were increased C-reactive-protein level,
NSAID use and work disability (93).
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4 AIMS

To shine a clearer light on Ankylosing Spondylitis in Iceland and
study its epidemiology, heritability and interconnection with
inflammatory bowel disease:

Firstly, to describe the epidemiology of AS in Iceland with focus on
the prevalence and incidence of AS, the symptoms and signs of the
disease and the gender difference in a nationwide cohort of AS
patients in Iceland.

Secondly, to define the heritability of AS through several
generations in Iceland, and to emphasize family history when it
comes to diagnosing the disease.

Thirdly, to study the connection between inflammatory bowel
disorders (IBD) and AS and examine if subclinical intestinal
inflammation can be the first sign of AS.

Lastly, to analyse the common genetic denominator in AS and IBD
and examine if there is an increased cross-over risk for developing
either disease in close relatives of patients with AS or IBD.
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5 MATERIAL AND METHODS

5.1 Paper |

In this study all known patients with AS in Iceland were recruited by
looking up hospital files and by personal contact with all rheumatologists
in Iceland.From the first database of ongoing studies of AS and IBD,
205 individuals who were alive in 2005 and who had been diagnosed as
having AS with the diagnosis verified by a rheumatologist (AJG) were
included in the present study, paper IV. The second source was an
electronic registry of patients admitted to the two major hospitals in
Iceland, which both have rheumatologic specialist services: Landspitali-
University Hospital in Reykjavik (LSH) and the Akureyri Hospital in
Northern Iceland (FSA). A systematic search of AS and sacroilitis
according to the International Classification of Diseases (ICD) 10™
diagnostic registry, including the following codes: M45, M45.5, M45.9,
M46 and M46.9, was performed in all hospital records. This source
yielded 54 patients who had been diagnosed with AS and who were
alive in 2005. The third source was a repeat personal call to all private
rheumatology services in Iceland to have them report patients to the
study. This yielded 64 patients who had been diagnosed with AS and
who were alive in 2005. The three sources named above yielded 323
patients, but, since many patients were found in more than one
database, the total number of patients diagnosed with AS in Iceland
came to 280 individuals. Signed informed consent was obtained from alll
the participants in the study.

All of these 280 known cases of AS in Iceland were initially
contacted by a letter of invitation, followed by a telephone call by our
study nurse; 24 individuals (8.6%) could not be reached or did not
respond. Of the remaining cases 256 or 91.4% of the original study
group agreed to participate in the study. All participants were
interviewed and examined by the same rheumatologist (AJG). All
participants were also asked to answer an extended questionnaire in
connection with the genetic study and 223 patients (87.1%) filled out
and returned the questionnaire. Of the 256 patients examined, 33
(12.9%) were excluded from the prevalence analysis.

The inclusion criteria used were the modified New York criteria for
classification of AS (5). Patients who did not have active arthritis or
inflammatory back pain at evaluation were included if they had been
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diagnosed with AS by a rheumatologist and were taking remitting
drugs at the time of the study. Meanwhile, patients who reported a
diagnosis of a rheumatic disease other than AS when interviewed, or
who were observed to have another rheumatic condition when
examined, were excluded from the study. Furthermore, patients with
AS associated with psoriasis were also excluded from the present
study as the group of patients with psoriatic arthritis in Iceland has
recently been reported separately (94).

Chest expansion was measured on maximal inspiration after
forced maximal expiration, at the level of the fourth intercostal space
in males and just below the breasts in females. The normal values
were set at 26 cm for males and 24.5 cm for females, as normal
values of chest expansion are sex dependent. Cervical flexion,
extension and rotation were evaluated according to standard clinical
measurements and lumbar flexion ability was evaluated by the
Schober index and measured in centimetres (cm) (95). Extent of
extra-spinal symptoms, i.e. peripheral joint involvement, was also
assessed according to standard clinical evaluation.

Concerning systemic manifestations of, for example, iritis and
prostatitis, the diagnosis was reviewed by one of the study members
(AJG) with the requirement that these manifestations were confirmed
by a physician at the time of occurrence, e.g. ophthalmologist or
rheumatologist in the case of eye inflammation and urologist, general
physician or rheumatologist in the case of prostatitis, respectively. All
radiographs, computed tomographs and magnetic resonance
imaging were re-evaluated by members of the study group.

Whole blood was drawn for later genetic studies and for extended
typing of the major histocompatibility complex molecules to estimate the
prevalence of HLA-B27 (Dynal HLA-Kit, F. Hoffmann-La Roche Ltd,
Basel, Switzerland). A total of 524 randomly chosen healthy volunteers
were used as controls and tested for the HLA-B27 antigen, and of those
15.4% turned out to be positive for HLA-B27. The study data were
stripped of information allowing identification of individuals before the
analysis of data began and the code for this information was kept in a
separate, encrypted database. Point prevalence was based on all living
individuals in Iceland on the 31* of December in 2005 and on those who
were known to have AS according to the study protocol.
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5.1.1 Statistical analysis

The occurrence of AS during the study period is expressed with
incidence rates and a point prevalence rate at the end of December
2005, among Icelanders 18 years of age and older, with 95%
confidence intervals. To evaluate the difference between men and
women with respect to demographic factors, clinical presentation,
HLA-B27 positivity status and treatments used, p-values were
calculated with the Fisher exact test for categorical and continuous
variables respectively. All p-values were two-sided and a cut-off of
0.05 was chosen to express statistical signifance.

5.2 Paper ll

In paper |l the same database of 280 AS patients was used as in paper
|. DeCODE Genetics has built a computerised genealogy database of
more than 760,000 individuals. The database contains records of all
living Icelanders, comprising more than 300,000 individuals and a large
proportion of all individuals who have ever lived in the country from the
time of the settlement in the late ninth century. The genealogy database
is essentially complete from the 18" century to the present day, allowing
distant relationships to be traced accurately. Each patient with AS was
matched to a single control individual in each control group. The
controls were drawn at random from the genealogy database and
matched for the year of birth, gender and the number of ancestors
recorded in the genealogy database.

An example of clustering of AS in Icelandic families was
graphically expressed with a pedigree originating from the deCODE
Genetics genealogy database. To protect the anonymity of the
families, some of the unaffected relatives are not shown.

5.2.1 Statistical analysis

The risk of getting AS among FDR, SDR, TDR and fourth degree
relatives of patients with AS compared to the “average risk” in the
Icelandic population is expressed with RR with 95% CI. Obtaining
valid estimates of the RR is, however, not straight forward because
many sampling schemes may lead to biased or inaccurate estimates
(96). We determined the RR for AS in a previously described
Icelandic population. To assess the significance of the RR obtained
for a given group of relatives, we compared their observed values
with the RR computed for up to 1000 independently drawn and
matched control individuals (97). Empirical p values can be
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calculated using the control groups; thus, a p value of 0.05 for the
RR would indicate that 5% of the matched control groups had values
as large as or larger than that for the patient’s relatives or spouses.
The number of control groups required to obtain a fixed accuracy of
the empirical p values is inversely proportional to the p value. We
therefore selected the number of control groups generated adaptively
up to a maximum of 1000. When none of the values computed for
the maximum number of control groups were larger than the
observed value for the patient’s relatives and spouses, we report the
p value as being less than 0.001.

5.3 Paper Il

In this paper we studied the prevalence and possible mode of
inheritance of subclinical intestinal inflammation in FDR of patients
with AS. Secondly, we studied the possible consequences of this
subclinical intestinal inflammation by assessing the prevalence of
skeletal abnormalities that are suggestive of early AS by CT. These
findings were also assessed in relation to the subjects HLA-B27
genotype status.

5.3.1 Study population

In the study presented in paper Ill the AS and IBD registries of
patients were used. In this study the early database of 205 AS
patients and the population-based sample of data from all patients
diagnosed as having IBD in Iceland over a 50-year period, i.e.1950—
2000, most of whom have been described in detail elsewhere (98-
100) were used. Altogether, 53 of 54 patients with AS who were
approached for this study by mail and telephone participated. This
represented all of the patients with AS under the care of the
rheumatologists at the Landspitali-University Hospital in Reykjavik
and about 25% of all AS patients in Iceland. The diagnosis of AS was
based on the modified New York criteria at least one year before
they were included in this part of the study. There was clustering of
cases in nine families with two FDR with AS; in one family, there
were four FDR with AS. Intestinal studies in patients with AS are
complicated by the fact that these patients are treated with a number
of drugs that cause or modify intestinal inflammation (101). All of the
patients with AS in this study were receiving or had received
conventional nonsteroidal anti-inflammatory drugs (NSAIDs) for
prolonged periods, which can lead to NSAID enteropathy (101). At
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the time of this study, seven were not receiving any treatment, 41
were taking NSAIDs, and 21 were taking sulfasalazine which may
reduce the intestinal inflammation associated with AS (102) as well
as that due to NSAIDs (103). Furthermore, four were taking
prednisolone and three were taking methotrexate, both of which may
reduce intestinal inflammation in patients with IBD. The
predetermined exclusion criteria for the patients and relatives were
age younger than 16 years and older than 80 years; severe
neurologic, psychiatric, endocrine (including diabetes mellitus),
cardiovascular, pulmonary, hepatic, or renal diseases; malignancy;
and pregnancy. Relatives with established gastrointestinal disease
were excluded, as were those misusing alcohol (n=14) and those
taking NSAIDs (n=8) (104). Low-dose aspirin (<300 mg/day) was not
an exclusion criterion (n=5) because, unlike conventional NSAIDs,
aspirin does not cause small bowel inflammation (104-106).
Seventeen spouses also underwent studies for intestinal
inflammation; if they were affected similar to the patients or FDR, this
would suggest that environmental rather than genetic factors might
be responsible for the inflammatory changes. The couples had been
living together for 4-33 years (mean, 8 years). The spouses were
subject to the same exclusion criteria as the FDR and were not
taking aspirin or NSAIDs.

Table 2: Demographic details of AS patients studied and their first-degree

relatives.
Patients with AS First d_egree Spouse§ of patients
relatives with AS
Number 47 124* 17
Sex: male/female 37/10 51/73 3/14
Age (years) 4012 45+16 38+11

*A total of 213 first-degree relatives, which excludes those younger than 16 and older than 80
years of age, were potentially available for study.

Table 2 shows the demographic details of the patients, first-
degree relatives, and spouses studied. Of the 124 FDR studied, 100
were randomly invited to participate in the CT study. Fifteen declined,
therefore, 85 (32 men [38%] and 53 women [62%)]) underwent a CT
of the sacroiliac joints to assess the possible consequence of the
subclinical intestinal inflammation. Participants attended an
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investigational unit at the Landspitali, the National University
Hospital, for medical evaluation as described.

5.3.2 Study variables

Intestinal inflammation was assessed by measurement of
calprotectin in feces. Calprotectin is a neutrophil-selective protein
that is also present in small quantities in other polymorphonuclear
white cells. Its presence in feces relates quantitatively to the
neutrophil flux in the gastrointestinal tract, i.e., it is proportional to the
degree of acute inflammation (106-108). Subjects provided a stool
sample within three days of visiting the investigational unit. The
samples were usually received within eight hours of passing the
stool, and 20-g portions were frozen and stored at -20°C.
Calprotectin is resistant to bacterial degradation and is stable in
feces at room temperature for at least 1 week (107). After thawing, 5-
g aliguots were processed for quantitative measurements by a
sensitive and specific enzyme-linked immunosorbent assay, as
previously described (106). The within-assay coefficient of variation
was 1.2%, and the between-assay variation was 15%.

The normal range of fecal calprotectin excretion and concentration
was established in 163 healthy Icelandic volunteers during these
studies, mostly from health care professionals and their immediate
families (88 men and 75 women; mean age, 46+8 years; range, 19—
72 years). None of the controls had a FDR with IBD or a chronic
arthritic condition (excluding osteoarthritis). Genomic DNA was
isolated from whole blood according to standard protocols, and HLA-
B27 status was determined by PCR as previously described page 34
(109).

The sacroiliac joints were examined with CT (CT Lightspeed,;
General Electric, Milwaukee, WI), and 3.75-mm contiguous scans
were taken over the sacroiliac joint with the subjects in a supine
position and the gantry angled craniocaudally parallel to the sacrum
and the sacroiliac joints. The estimated effective radiation dose
equivalent received during this procedure was 2.65 millisieverts. Two
radiologists without any knowledge of the clinical findings read all
images independently. Numeric data were generated as the mean
from the two observers. Overall, there was excellent agreement
between the two observers, with only a single inter-observer variation
that was resolved by discussion. A widely accepted scoring system
for the evaluation of sacroilitis with CT is not available. For the
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purpose of this study, a system was devised based on a
conventional radiography scoring system that describes six stages of
arthritis from grade 0 (normal) to grade 5 (bony ankylosis in the
sacroiliac joints) (110). The CT score in the relatives fell within grade
0 (normal) and grade 1 (suspicious for early AS changes), and none
had grade 2 (definite AS changes) or higher. Grade 1 included the
presence, number, and size of subchondral cysts/erosions and
blurring of joint margins. The predetermined grade 1 criteria also
included subchondral sclerosis (sacral/iliac), osteitis condensans ilii,
joint space narrowing (<2 mm wide), and air streak in the sacroiliac
joint, but these were so infrequently encountered that reliable
statistical analysis between groups was not possible.

5.3.3 Statistical analysis

To assess for statistical difference in mean calcprotectin levels of AS
patients and their first degree relatives vs. controls two sided p-
values were calculated with the Welch modified test to test the
difference between the relatives of patients and of controls,
assuming the variance in the relatives and the controls was unknown
and not necessarily the same in the groups. A cut-off of 0.05 was
chosen for statistical significance.

To assess inheritance in respect to calprotectin levels, variance
component analysis was performed (111) to identify possible factors
controlling the calprotectin concentrations in first-degree relatives of
patients with AS. This modelling allows for a single major gene
affecting the trait as well as the trait being affected by environmental
influences or an additive polygenic component. The polygenic and
environmental influences are not distinguishable in this type of
analysis, and their combined effect will therefore be referred to as
polygenic, paper Il

Radigraphic damage is expressed as proportion of subjects with
grades 0 to 5, mean number of subchondral cysts and mean cystic
diameter in mm. Difference in radiographic features between HLA-
B27 positive vs HLA-B27 negative subjects and between subjects
with normal vs. elevated calprotectin levels is expressed as
difference in proportions and means between the groups. Two-sided
p-values were calculated using Fisher exact test and Student’s t test
for categorical and continuous variables respectively.
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5.4 Paper IV
In this study the familiality of AS and IBD was compared

5.4.1 Study population

In this study the databases of all AS patients and IBD patients in
Iceland that were previously described were used. The IBD patients
were born in the years 1885-1990. This group consisted of a total of
1,352 patients, including 1,091 with ulcerative colitis and 261 with
Crohn’s disease; eight patients had indeterminate colitis and were
therefore excluded from this study. The diagnosis of these patients
were biopsy-confirmed and independently reviewed; the disease in
all patients was confirmed to fulfil the accepted diagnostic criteria
(112). Each patient was required to have had at least one year of
follow-up, and many patients have undergone decades of
reevaluation and had received confirmation of their final diagnosis.

5.4.2 Statiscial Analysis

We determined the risk ratio for IBD and the risk ratio for AS, as
described above (see section 5.2.1) (97).

The cross risk ratio was used to estimate the relatedness between
AS and IBD, as well as the relatedness of the subcategories
ulcerative colitis and Crohn’s disease. The cross risk ratio is an
estimate of the risk of IBD or its subcategories ulcerative colitis and
Crohn’s disease in relatives of patients with AS compared with the
risk in the population as a whole. This was computed in a manner
similar to that for the risk ratio, using the patients with AS as the
proband and determining the number of IBD cases among their
relatives. The cross risk ratio was symmetric, so we did not consider
the risk of AS among relatives of patients with IBD separately (113).

The degree of familiality within the patient groups was assessed
for both AS and IBD with the kinship coefficient (KC), which is a
genealogical index of familiality. It is technically defined as the
probability that 2 randomly selected alleles at an autosomal locus, 1
from each individual, are inherited from a common ancestor. For this
analysis the mean pairwise kinship coefficient (KC) was calculated
for all of the patients with IBD and all of the patients with AS. The KC
values were compared with the distribution of the mean KCs among
100,000 sets of control subjects who were matched to the patients in
the same manner as described above for the risk analyses.The KC
values are expressed as mean KCx100,000 (114).
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5.5 Ethics

All subjects, both patients and their relatives, provided written
informed consent. To ensure anonymity of the patients in these
studies, the social security numbers of participants were encrypted
by the Data Protection Commission of Iceland before being used in
the analyses (115). These studies were approved by the National
Bioethics Committee of Iceland (approval no. 98-059) and by the
Icelandic Data Protection Authority (2001/36).
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6 RESULTS

The results in this chapter refer to the four papers that have already
been published in peer-reviewed international medical journals and
are the basis of this thesis. Patients with psoriatic spondyloarthritis
and other forms of secondary SPA were excluded from this study.
For further details the reader is referred to the four articles at the end
of this thesis

6.1 Prevalence and incidence of AS in Iceland

The population of Icelanders, 18 years and older, was 220.441 by the
end of 2005, paper |. Prevalence calculations of AS are based on this
number. The point prevalence of clinically diagnosed AS in Iceland was
127 (112-141) per 100.000 inhabitants (280 cases of AS). The minimum
prevalence of AS in Iceland was 101 (88-114) per 100.000 inhabitants
(223 cases of AS), when clinically diagnosed AS patients who were not
evaluated and confirmed by the research group were excluted.

The prevalence for males and females was 132 and 71 per
100.000 inhabitants, respectively, giving a male:female ratio of 1.86.
The crude annual incidence for the period 1947-2005 ranged from
0.44-5.48 per 100.000 inhabitants (figure 2).

Crude Annual Incidence Rate - 1947-2005
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Figure 2: Annual incidence rate of AS

6.2 Demographics of AS

The demographic data are based on the 223 AS patients who fulfilled
diagnostic criteria for AS, answered questionnaires and came for a
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clinical interview. The data are presented in Table 3. There was no
gender difference regarding the age of onset of symptoms, which
was at the mean of 24 years for both sexes. In both sexes the onset
of symptoms was before 30 years of age in 80% of cases. The
diagnostic delay was not statistically different between the sexes, 8
and 10 years for males and females, respectively, although there
was a trend for a longer diagnostic delay of correct diagnosis of AS

in females (figure 3).
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Onset of symptoms related to AS and age of diagnosis in 145 male (right) and 78 female (left)
patients with AS. The full line shows the age of onset of symptoms related to AS, while the

broken line shows age at diagnosis of AS.

Figure 3: Gender difference in onset of symptoms and diagnosis of AS.

The clinical characteristics were similar for both sexes (Table 3) as
well as the prevalence of HLA-B27 haplotype, which was about 84%.

Table 3: Demographic data for 223 patients with AS.

Demographic data Male Female p value
n =145 n=78
Age at onset of symptoms; mean + SD years 23.6+84 24.1+8.9 0.55
Age at diagnosis of AS; mean + SD years 32.1+10.2 34.2+10.1 0.13
Diagnostic delay; mean + SD years 8.3+7.7 9.6 £10.0 0.87
Clinical characteristics
Limited chest expansion; n (%) 65 (44.8) 22 (28.2) 0.021
Modified Schober;mean + SD cm 3.50 +1.63 3.84+1.26 0.09
Limited flexion/extension of neck; n (%) 56 (38.6) 30 (38.5) 1
Limited rotation of neck; n (%) 67 (46.2) 35 (44.9) 0.89
Active peripheral arthritis; n (%) 18 (12.4) 15 (19.2) 0.23
HLA-B27 positive; n (%) 124 (85.5) 63 (80.8) 0.34

44




RESULTS

In more than half of the cases (59%) there was an insidious onset
of symptoms of the disease, dominated by pain problems (Table 4).

Table 4: Self-reported symptoms by 223 AS patients

Male Female
Symptoms of AS p-value
N =145 (%) N =78 (%)
Pain problem 133 (91.7) 74 (97.4) 0.15
Joint inflammation 64 (44.1) 52 (66.7) 0.0013
Eye inflammation - iritis 55 (37.9) 24 (30.8) 0.31
Prostatitis 39 (26.9)

6.3 Arthritis in AS

Arthritis was seen in aproximately half (53%) of the patients at some
time in the course of the disease. It was more common in female AS
patients (67%) than in males (44%) (Table 4). The most common joints
to be involved in descending order of frequency were the hip, the knee
and the shoulder joints. Polyarthritis was reported in a quarter of the
patients with no gender difference. Enthesitis was observed on the day
of examination in 21% of the Achilles tendon in both sexes and in 6%
and 12% of the plantar fascia in males and females, respectively.

6.4 Extra-articular manifestations in AS

Anterior uveitis or iritis was experienced by 38% of the males and 31% of
the females in this nationwide cohort. In most case it was unilateral,
however, 10% of the male and 2.6% of the female patients suffered from
bilateral iritis. The second most common extra-articular manifestation was
prostatitis, either chronic or recurrent, reported by 27% of the male AS
patients. Cardiac manifestations with conduction disturbances or aortic
insufficiency were rare in the present cohort of AS-patients.

Two and nine AS patients were diagnosed with Mb Crohn’s or
ulcerative colitis, respectively, simultaneously or following the onset
of their AS. As previously stated patients with psoriatic SPA were
excluded from the present study.

6.5 Familiality and AS risk for relatives

In figure 4 the clustering of AS patients in an extended family tree
becomes apparent, when seen in this context. Here, the relationship
of 18 patients spanning 10 generations is shown. Disease status is
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known only for the later generations (filled squares or circles:
Individuals with AS).
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Figure 4: Pedigree of patients with AS extending over 10 generations

The RR estimates for disease in relatives of affected patients with AS
are shown in table 5. The RR for AS were 75.5, 20.2 and 3.5 (all p
values<0.0001) among FDRs, SDRs and TDRs of affected patients,
respectively. The RR for the fourth-degree relatives did not reach
significance levels: RR 1.04 (95% CI 0.58-1.66); p value=0.476.

Table 5: Risk ratio estimates of AS through four generations

The d_egree_ of Risk ratio p-value No of affected
relationship (95% ClI) relatives
1o relatives 75.49 (60.19-93.87) < 0.001 112
20 relatives 20.21 (15.15-30.20) <0.001 50
3o relatives 3.52 (2.20-5.67) < 0.001 28
40 relatives 1.04 (0.58-1.66) <0.476 18

6.6 Intestinal inflammation and sacroilitis

Calprotectin in the stools as an indicator of intestinal inflammation
was significantly increased in both AS patients (median 21.5 mg/L)
and their FDR (median 8.6 mg/L) compared with controls (p
<0.0001). Fecal calprotectin in the spouses of the patients did not
however demonstrate any differences from the controls. Fecal
calprotectin was above the normal range in 78% of AS patients and
41% of FDR (Figure 5).
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The horizontal line indicates upper normal limit for faecal calprotectin concentrations

Figure 5: Fecal calprotectin concentrations in patients with AS, FDR and spouses.

There was a similar prevalence of HLA-B27 among the AS-
patients that had the fecal calprotectin measured as in the AS cohort
as a whole. Of the 93 FDRs tested 57% were HLA-B27 positive. The
calprotectin level was similar between the two groups of relatives,
HLA-B27 positive and negative. Figure 6 shows four examples of
pedigrees with relatives having increased or normal faecal
calprotectin concentrations.

Shaded: subjects with increased fecal calprotectin concentrations.Dots: subjects with normal
concentrations. Arrows: index cases of AS. Oblique line: deceased subjects. Vertical lines:
subject was outside the age limits for the study. Blank boxes/circles: subject not studied.

Figure 6: Identified relatives having increased or normal fecal calprotectin
concentrations

In the FDRs 41% had grade one changes on CT of Sl-joints,
either subchondral cysts or blurring of joint margins. Table 6 shows
the overall results on the background of the HLA-B27 status of the
subjects. There was no difference in the prevalence or type of
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sacroiliac changes in regards to the HLA-B27 status of the relatives.
Those relatives with increased fecal calprotectin were more likely to
have increased mean total cystic diameter of subchondral cysts and
increased blurring of joint margins compared with those relatives with
normal fecal calprotectin. The CT changes of the Sl-joints were
independent of age and sex. The observed heritability in regards to
calprotectin levels was 57%. There was an evidence for major
additive gene influencing calprotectin as illustrated in table 7.

Table 6: Sacroiliac CT changes, HLA-B27 genotype and fecal calprotectin

HLA B27 HLA B27 Raised fecal Normal fecal
positive  negative  cgprotectin  calprotectin
(n=45  (n=36) (n = 44) (n = 41)

Subjects with subchondral cysts 19/45 (42%) 13/36 (36%) 21/44 (48%) 12/41 (29%)

Number of subchondral cysts

(average number of cysts/relatives) 45(1.0) 39(1.1) 59 (1.3) 29(0.7)
Mean total cystic diameter of sub- 2.0 mm 2.1 mm 2.9mm 1.2mm?
chondral cysts (95% CI) (1.1-25)  (1.3-3.0) (L.7-4.2mm) (0.4-2.0 mm)

Blurring of joint margins 5/45 (11%) 5/36 (14%) 9/44 (20%) 1/41° (2%)

a Differs significantly (p = 0.026) from relatives with increased fecal calprotectin concentrations
b Differs significantly (p = 0.02) from relatives with increase fecal calprotectin concentrations

Table 7: Results of variance components analysis of the inheritance of
calprotectin levels

Additive Dominance Polygenic P-val P-val P-val
Model | Df
component component component Vs Ho vs Hp Hag VS
Hyp 1 57% 2x10™"°
Ha 2 73% 0% 2x10™ | 0.002 1
Hq 2 42% 55% 8x10™"° 0.4 0.003
Haq 3 73% 0% 0% 6x10™ | 0.007

6.7 Crossrisk ratios of IBD and AS, a common
genetic factor?

The cross-risk ratios for having IBD, were 3.0 and 2.1 in FDR and
SDR of patients with AS, respectively, and they were also the same
for having AS in FDR and SDR of patients with IBD. The estimates of
cross-risk in relatives of patients with ulcerative colitis and in relatives
of patients with Crohn’s disease were comparable. For further details
see Table 1 in paper IV. Figure 7 demonstrates a representative
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pedigree of eight patients with AS and eight patients with IBD (one of
these patients had both conditions) extending over six generations.

There was no increased risk for spouses of AS patients to develop
AS, Crohn’s disease or colitis ulcerosa. However, there was an
increased risk in spouses of patients with Crohn’s disease to develop
Crohn’s disease (p=0.003), this did not apply to colitis ulcerosa.

Vi

Fourteen of the patients were related within and at a distance of six meioses and could be
traced to a common pair of ancestors. The pedigrees demonstrated significant clustering of
patients with AS and significant clustering of patients with IBD within families. Pedigree of
individuals with AS and IBD extending over 6 generations. The pedigree shows patients with
AS (red symbols; n = 8) and IBD (blue symbols; n = 8) where one individual had both
conditions. Disease status is known only for the later generations. This pedigree was created
with the use of the deCODE Genetics genealogy database. To protect the anonymity of the
families, some of the unaffected relatives in the pedigree are not shown.

Figure 7: Individuals with AS and IBD over 6 generations
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7 DISCUSSION

7.1 Prevalence and incidence

This study was a nationwide cross-sectional study of AS in Iceland,
where the prevalence of HLA-B27 is high (15%) in the population
(25). The data were collected systematically and all patients were
examined by the same rheumatologist (AJG) by the end of 2005. The
reported AS prevalence of 0.13% is lower than in all of the Nordic
countries (22, 23,116) and also compared to countries in Southern
Europe (20, 117, 118). Intrestingly in Northen Norway the population
prevalence of HLA-B27 is high, and the prevalence of AS is high
compared to studies from populations with low HLA-B27 prevalence
(20). This discrepancy between AS prevalence in Northern Norway
and Iceland is not well understood but could be due to other
polygenic causes that are not apparent at the moment, or due to the
design of the present study.

The crude annual incidence of AS was very low early on in the
middle of the 20th century but increased more than ten fold later on
during the study period, from 0.44 to 5.48 per 100.000 inhabitants/year.
The rise in incidence during the latter part of the study period is probably
due to better access to rheumatologic service and better diagnostic
imaging methods, in particular the development of and availability of CT
and MRI scanners. In spite of this the incidence in Iceland is still lower
than reported in Norway (10), Finland (22), Minnesota (119), but higher
than reported in Greece (118).

A possible explanation for these differences is that in our study
the cohort was exclusively AS patients as psoriasis related SPA and
other forms of secondary SPA were excluded. The difference in
prevalence could also be due to the fact that our study is nationwide
while others are regional studies that might therefore be biased by
regional recruitment giving higher figures for prevalence and
incidence (10,120). However, there was no difference between rural
and urban areas regarding prevalence and incidence in our study.
The low gender difference in the current study of less than 2:1
male:female ratio, is different from previously reported. There are
studies that have reported 10:1 excess for males (121). The trend
has though been lately for a more even distribution of AS between
the sexes of 2-3:1 (122).
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7.2 Demographic data

The clinical characteristics of the Icelandic AS patients was similar to
what others have reported with a majority of around 80% having
insidous onset of low back and buttock pain with stiffness of
inflammatory character before the age of 30 years, and half of the
patients having large joint arthritis of hip, knee, or shoulder joints.
There was no significant gender difference between onset of
symptoms and diagnostic delay, which is in contrast to what others
have found (123). However, female patients had less frequently
limited thoracal movement, while they had more often evidence of
peripheral arthritis.

7.3 Arthritis in AS

Arthritis of the hip joints was most common in the AS patient even
though peripheral arthritis of knees, the shoulder joints and the small
joints of the feet are also frequently a part of the clinical picture in
AS. Peripheral arthritis is more frequent among female AS patients in
our study, indeed peripheral arthritis was more common in our study
than conventionally reported (124). Arthritis of the hips can be
particularily deleterious for the AS patients, as it often causes flexion
contractures of the joints and adds a burden to the already stiff spine
of these patients.

7.4 Extra-articular manifestations in AS

Iritis is the best known extra-articular manifestation of AS. In our cohort
it was more common in the male population, 38% versus 31% in
females. Iritis causes painful, red photophobic eye with blurred vision
and because of the severe symptoms the patient usually goes to an
ophthalmologist without a delay. Usually the acute attack can be
effectively treated with topical steroid and anti-cholinergic agents.
Occasionally the inflammation can become more severe and resistant
to treatment and result in secondary glaucoma with permanent loss of
vision. In our cohort the iritis was usually unilateral, but in 10% of the
males and 2.6% of the females it was bilateral.

The second most common extra-articular manifestation was
prostatitis either chronic or recurrent in the AS male patients.
Recurrent prostatitis has been reported to be a frequent companion
of AS and synchronous with flares of the disease (48, 125).
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It has been well known that conduction abnormalities of the heart
are more common in AS patients than in the general population. A
genetically associated HLA-B27 linked cardiac syndrome has been
reported, consisting of conduction disturbances and aortic valve
insufficiency (126). AS has also been linked with premature ischemic
cardiac disease, and increased cardiac mortality like in many other
chronic inflammatory diseases (77). Lung fibrosis that has been
reported to be of higher prevalence in AS patients was not seen in
our cohort.

7.5 Familiality and AS risk for relatives

There seems to be a correlation between the prevalence of HLA-B27
in a given population and the prevalence of AS, which suggests that
HLA-B27 mediates an important genetic link that has to be
represented in the population in order for the AS disease to occur
(125,127). AS patients with HLA-B27 are more likely to present with
the disease at a younger age and have more often polyarthritis and
iritis than those who are HLA-B27 negative. Being homozygous for
HLA-B27 however does not affect the clinical picture of AS (128).
The prevalence of AS in our study population was 0.71% for those
who were HLA-B27 positive but only 0.03% for those who were
negative. In our study we have rather low prevalence of AS in spite
of high prevalence of HLA-B27 in the population. We do not have
any good explanation for this discrepancy. It is though possible that
the recruitment method we employd was at fault and as a
consequence we may have missed out on mild cases of AS that did
not yet fulfill the diagnostic criteria of AS (129,130).

Employing the genealogy database, we demonstrated that there is
a very strong heritability of AS in Iceland over three generations, but
it seems to vanish with the fourth generation. The RR for FDR in our
cohort is 75. Increased risk of AS in FDR has also been shown in
other studies (131-133). The risk of AS in SDR and TDR was
increased 20 and 3.5 fold respectively, while De Blecourt and
colleques reported 10 and 7 fold increased risk of AS in SDR and
TDR, respecively (134). This observation of markedly increased risk
of AS in close relatives of AS patients does not apply to any other
rheumatic disease that we know of and certainly not for rheumatoid
arthritis (135) and psoriatic arthritis (77). This observation suggests
that genetic factors play a more important role in the development of
AS than in other rheumatic diseases. We looked at if there was an
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increased risk for offsprings if the father or mother had AS, but there
was no difference in that regard. Still, here seems to be a multigenetic
cause for AS that though in majority of cases needs HLA-B27 to be
present to develop AS. Thus, multiple genetic components and
environmental factors need to interact for this disease to occur.

7.6 Intestinal inflammation and sacroiliitis

In paper Il we observed a high prevalence of intestinal inflammation in
FDR of AS patients, detected by calprotectin measurements of fecal
sample. Furthermore, there was also an association between this
intestinal inflammation and CT changes of the sacroiliac joints in
relatives of patients with confirmed AS. We conclude that there is a
genetic component that makes the relatives of AS patients susceptible
to intestinal inflammation. There is a resemblance between the intestinal
inflammation of patients with AS and CD, that points to a common
pathogenesis in both diseases (105, 136, 137). The intestinal
inflammation seems to be genetically determined in both diseases (104,
138). In FDR of patients with CD there is a similar subclinical intestinal
inflammation as in FDR of AS pateints (138). The pattern of inheritance
in both groups is consistent with the presence of a major additive gen
(139). The intestinal inflammation in FDR seems not to be dependent
on the HLA-B27 genotype. It can be postulated that FDRs of AS and
CD have in common a genetic risk factor. The clinical course of the
spondyloarthropathy associated with AS and CD are often very similar
(140). There is a transgenic HLA-B27 rat model that when in germ free
environment is healthy, but when exposed to certain bacteria, they
develop colitis and spondylarthritis (141). This disease takes
resemblance from both AS and CD (142), the bacterial flora of the gut
seems to play an important role in the pathogenesis of this condition.

7.7 Crossrisk ratios of IBD and AS, a common
genetic factor?

In paper IV we provide evidence for the postulate that there is a
common genetic factor in IBD and AS. It has been shown in our study
and by others that the heritability for AS is very strong, even in TDRs,
while it is weaker for IBD, paper IV. Furthermore, the AS patients often
have subclinical intestinal inflammation that is often indistinguishable
from that seen in IBD (137, 143). The methodology used in paper IV
where we use the genealogy database of many generations to identify
common ancestors and relatives of all patients diagnosed with AS and
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IBD and compare it with population based controls is very helpful to
discover the common denominator of these diseases (144-146). The
important finding in this study is the elevated cross-risk ratio between
IBD and AS, found for both FDR’s and SDR’s that is very suggestive
for a common genetic factor for AS and IBD. This is supported by the
finding of similar micro- and macroscopic findings in ileo-colonoscopic
studies and biopsies of patients with AS and CD (147). Twin studies
have shown that there is a greater risk for an AS patient to get CD
than CU (148-150). This relationship applies also for FDR’s with
subclinical intestinal inflammation (138). Relatives of both AS and CD
patients have higher prevalence of increased intestinal permeability
and inflammation than relatives of patients with CU (151). Until lately
IL23R was the only shared genetic loci found for AS and IBD (152),
most likely operating through intestinal immunology (153). This thesis
provides a strong evidence for a common genetic factor in the
pathogenesis of AS and IBD.
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8 FUTURE PERSPECTIVES

The important question to answer in the future is: Will we be able to
diagnose AS earlier in its course and with greater accuracy than
before? The diagnostic delay of 8-10 years is not acceptable, as
during that time many patients will develop physical impairment and
severe irreversible spinal and joint disease. It is important to increase
the awareness of young doctors of the disease and to educate the
public about inflammatory back pain and the importance of family
history regarding AS. The important tool for diagnostic purposes in
AS is magnetic resonance imaging (MRI), which shows the bone
marrow oedema adjacent to the sacroiliac joints and at the enthesis
in the spine that are the early changes in AS. It is more important
now than before to diagnose AS early and accurately because we
can now offer patients effective treatment. The recognition of
inflammatory back pain by general practitioners that are frequently
exposed to young people complaining of back problems is
paramount. The difference in mechanical versus inflammatory back
pain as presented by Calin and colleagues (154) and later modified
by Rudawaleit and colleagues (155) are very important guidelines to
doctors in their diagnostic effort to differentiate in a correct way the
common complaint of back pain.

The role of bacteria in the aetiology and pathogenesis of both AS
and IBD has been investigated by several authors through the years.
It has been suspected for a long time that Klebisella in the gut might
in a susceptible individual be responsible for the initiation of the
disease. Klebsiella in increased numbers has been recovered from
stools of AS patients. There seems to be increased humeral and
cellular response to Klebsiella in AS and it has also been linked with
exacerbation of the disease (156-158). Other investigators have
found CD4 positiveT-cells reactive to E-coli in the joint fluid of AS
patients (159). Others have found a connection between bacteroides
species and both AS and IBD (160).

Even though the TNFo-inhibitors are very effective in alleviating
the symptoms of AS, it is still disputed whether these drugs will
change the course of the disease, delay syndesmophyte formation
and the development of ankylosis. This is similar to the discussion
concerning the effects of DMARDs on RA in the past, whether the
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drugs of that time prevented the development of erosions. Lately
there seems to be evolving evidence that continuous NSAID use can
delay the formation of syndesmophytes in AS. Today we do not know
for sure if the TNFx-inhibiting therapy that leads to a symptomatic
cure in AS will at the same time, stop the progression of the bony
changes that accompany AS or if the disease progresses in spite of
symptomatic remission (161). However, resently there are indications
that especially with early initiation of TNF«-inhibiting therapy there
will be a reduction of radiographic progression in AS (162).
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9 CONCLUSIONS

In Iceland, the mean age at onset of symptoms in ankylosing
spondylitis was 25 years, about 80% of the patients experienced the
onset of symptoms before the age of 30 years and almost all had
onset of symptoms before the age of 45 years The diagnostic delay
was 8-10 years. Back pain was reported to be the presenting
symptom in more than 90% of patients. The background population
in Iceland carries the HLA-B27 antigen with a prevalence of 15%,
which is high in comparison with neighbouring countries. Therefore it
is of some surprise to find that the incidence of AS was only 0.44
cases per 100,000 inhabitants in the early period of the study,
increasing up to 5.48 later in the study period, which is among the
lowest recorded. The prevalence of the disease of 0.13% is
compared with other countries low as well. The prevalence of HLA-
B27 in the study group was 84%. The male/female ratio of 1.86 is in
accordance with recent publications although the sex ratio is more
even than in most other studies. History of peripheral arthritis was
found in 52% of the cohort and more common in the female
population and was mainly in the larger joints of the lower
extremities.

The extra-articular manifestations of AS were primarily anterior
uveitis, which was more common in males, 38% versus 31% in
females, and recurrent or chronic prostatitis was also found in more
than a quarter of the male participants.

The pedigrees of AS patients spanning 10 generations shows
significant clustering of the disease in families. The relative risk of
family members of an affected patient is very high, the highest
reported for any given disease to this point. The RR for FDR is 75,
and for a SDR it is 20 and lastly for TDR it is still significant at 3.5.
However, in fourth degree relatives the risk has vanished. The father
of an index case had an increased risk of developing AS.
Furthermore there is a high cross over relative risk for relatives of
developing AS and IBD and vice versa. For FDR the RR it is 3 and
for SDR it is 2, but for TDR the RR is down to is 1. Subclinical
intestinal inflammation in asymptomatic relatives of AS patients
correlates with changes in the Sl joints that can be the first indication
of the development of AS in these relatives.
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Prevalence and clinical characteristics of ankylosing spondylitis
in Iceland — a nationwide study

A.J. Geirsson !, H. Eyjolfsdottir!, G. Bjornsdottir?,
K. Kristjansson*, B. Gudbjornsson??

!Department of Rheumatology and *Centre for Rheumatology Research, The National Hospital of
Iceland; *University of Iceland and *deCODE Genetics, Reykjavik, Iceland.

Abstract
Objective
To determine the prevalence and clinical characteristics of ankylosing spondylitis (AS) in the Icelandic population,
which carries a high prevalence of HLA-B27.

Methods
A nationwide search was performed by screening hospital records and private rheumatology services for cases of AS in
association with an on-going genetic study. Individuals diagnosed with AS according to the modified New York criteria
were asked to participate in the study by answering a standardised questionnaire and to undergo an interview and clinical
evaluation.

Results
A total of 256 individuals fulfilled the modified New York classification criteria for AS (169 male, 87 female); 84% of these
individuals were HLA-B27 positive vs. 15% in the population (p<109). Of those contacted 223 patients (87.1%) answered
the standardised questionnaire and were included in the study. The prevalence of AS in Iceland was 0.13% (CI 0.11—
0.14%). A highly conservative prevalence number, based only on clinically evaluated patients, gave prevalence of 0.10%
(CI10.09-0.11%). Mean age at onset of symptoms was 24+8 years and at diagnosis 32.1+10.2 for male and 34.2+10.1 for
female patients (not significant). Female patients more often had arthritis in peripheral joints and male patients were more
often diagnosed with iritis. Prostatitis was experienced by 27% of male patients.

Conclusion
AS is less common in the Icelandic population than reported in various Caucasian populations with a similar prevalence
of HLA-B27.

Key words
Ankylosing spondylitis, prevalence, demographics, nationwide
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Introduction

Ankylosing spondylitis (AS) is a chron-
ic inflammatory disease, characterised
by low back and buttock pain with
morning stiffness of insidious onset,
usually beginning in adolescence or
early adulthood (1-3). Sacroiliitis with
syndesmophyte formation can in ad-
vanced disease lead to spinal ankylosis
or formation of so-called bamboo spine
(4). Arthritis of peripheral joints, costo-
chondritis and enthesopathy are also
commonly described (1-4). Extra-artic-
ular manifestations of AS include iritis
(25-40%) (5), prostatitis (13-83%) (6,
7) and asymptomatic gastrointestinal
tract involvement (69%) has also fre-
quently been described (8). Cardiac and
pulmonary involvement seems to be less
common (9, 10). The diagnostic criteria
most often used are the modified New
York criteria published in 1984 (11, 12).
These criteria involve both clinical and
radiological aspects.

AS has a strong association with HLA-
B27 and the prevalence of AS in dif-
ferent cohorts frequently relates to the
prevalence of this MHC molecule in the
study population (13). The majority orup
to 95% of Caucasians with AS carry the
HLA-B27 antigen compared to around
8-14% in the background population
(14, 15). Population-based studies have
previously reported considerable vari-
ability in the prevalence of AS, ranging
from 0.1-1.4% (2, 16-19) and up to 6%
in Canadian Haida Indians (20). A study
from Tromso, Norway, which repre-
sents a population with a high frequency
of HLA-B27, reported a prevalence of
0.31% for AS, including both primary
and secondary forms (21). However, to
our knowledge no nationwide study on
the prevalence and clinical presentation
of AS has up to now been published.
Our goal in this study was to determine
the prevalence of AS on a nationwide
basis in Iceland and to describe the
demographics and clinical features of
AS in the Icelandic population, which
is characterised by a high prevalence
(15%) of the HLA-B27 molecule.

Materials and methods
Study group

The study involved all known patients
with AS in Iceland. Patients were re-
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cruited from three main sources, first,
from a database of 1557 patients par-
ticipating in ongoing genetic studies of
AS and inflammatory bowel diseases
(22). This database included not only
clinical data on the index cases but also
of all available relatives and other fam-
ily members of these patients, regard-
less of whether they were reported to
have AS or not. From this database,
205 individuals who were alive in 2005
and who had been diagnosed as having
AS with the diagnosis verified by a
rheumatologist (AJG) were included in
the present study.

The second source was an electronic
registry of patients admitted to the two
major hospitals in Iceland, who both
have rheumatologic specialist services:
the Landspitali-University Hospital in
Reykjavik (LSH) and the University
Hospital in Akureyri (FSA). The LSH
serves as a primary hospital for Rey-
kjavik and its suburbs and it is the only
secondary and tertiary care hospital in
Iceland. The FSA serves as a primary
hospital for the northern and eastern part
of Iceland. A systematic search of AS
and sacroiliitis according to the Interna-
tional Classification of Diseases (ICD)
10" diagnostic registry, including the
following codes: M 45, M 45.5,M45.9,
M 46 and M 46.9, was performed in all
hospital records. This source yielded
an additional 54 patients who had been
diagnosed with AS and who were alive
in 2005.

The third source was a personal call to
all private rheumatology services (six
rheumatologists were working partly
and four solely with private praxis;
thus ten rheumatologists are running a
private clinic in Iceland at the time of
the study) in Iceland to report patients
to the study. This yielded 64 additional
patients who had been diagnosed with
AS and who were alive in 2005.

In Iceland every resident is issued a
specific security number which allows
a combination of individualised infor-
mation from different sources without
mixing data between individuals. The
three sources named above yielded 323
patients, but, since many patients were
found in more than one database, the
total number of patients with AS in Ice-
land came to 280 individuals.
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Clinical examination

All of these 280 known cases of AS in
Iceland were initially contacted by a
letter of invitation, followed by a tel-
ephone call by our study nurse; 24 indi-
viduals (8.6%) could not be reached or
did not respond. Of the remaining cas-
es 256 or 91.4% of the original study
group agreed to participate in the study.
All participants were interviewed and
examined by the same rheumatologist
(AJG). All participants also were asked
to answer an extended questionnaire in
connection with the genetic study and
223 patients (87.1%) filled out and re-
turned the questionnaire.

Inclusion criteria

The inclusion criteria used for this study
were the modified New York criteria for
classification of spondylitis ankylopo-
etica or AS (12), requiring that patients
had to have a radiological criterion of
sacroiliitis grade >2 bilaterally or grade
3 or 4 unilaterally and at least one of
the three following clinical signs: 1)
Low back pain and stiffness for more
than three months that improve with
exercise but are not relieved by rest;
2) Limitation of motion of the lumbar
spine in both the sagittal and the frontal
plane; 3) Limitation of chest expansion
relative to normal values correlated for
age and sex.

Patients who did not have active arthri-
tis or inflammatory back pain at evalu-
ation were included if they had been
diagnosed with AS by a rheumatologist
and were taking remitting drugs at the
time of the study. Meanwhile, patients
who reported a diagnosis of a rheumatic
disease other than AS when interviewed,
or who were observed to have another
rheumatic condition when examined,
were excluded from the study. Further-
more, patients with AS associated with
psoriasis were also excluded from the
present study as the group of patients
with psoriatic arthritis in Iceland has re-
cently been reported separately (23). Of
the 256 patients examined, 33 (12.9%)
were excluded from the prevalence
analysis.

Disease assessment
Chest expansion was measured on
maximal inspiration after forced maxi-

mal expiration, at the level of the fourth
intercostal space in males and just be-
low the breasts in females. The normal
values were set at =6 cm for males and
>4.5 c¢m for females, as normal values
of chest expansion are sex dependent.
Cervical flexion, extension and rota-
tion were evaluated according to stand-
ard clinical measurements and lumbar
flexion ability was evaluated by the
Schober index and measured in centi-
metres (cm) (24). Extent of extraspinal
symptoms, i.e. peripheral joint involve-
ment, was also assessed according to
standard clinical evaluation.
Concerning systemic manifestastions
of, for example, iritis and prostatitis, the
diagnosis was reviewed by one of the
study members (AJG) with the require-
ment that these manifestations were
confirmed by physicians at the time
of occurrence, e.g. ophthalmologist or
rheumatologist in the case of eye in-
flammation and urologist, general phy-
sician or rheumatologist in the case of
prostatitis, respectively.

All radiographs, computed tomographs
and magnetic resonance imaging were
re-evaluated by members of the study
group.

Whole blood was drawn for later ge-
netic studies and for extended typing of
the major histocompatibility complex
molecules to estimate the prevalence
of HLA-B27 (Dynal HLA-Kit, F. Hoff-
mann-La Roche Ltd, Basel, Switzer-
land). A total of 524 randomly chosen
healthy volunteers were used as con-
trols and tested for the HLA-B27 anti-
gen, and of those 15.41% turned out to
be positive for HLA-B27 (25).

Data analysis

The study data were stripped of infor-
mation allowing identification of indi-
viduals before the analysis of data be-
gan and the code for this information
was kept in a separate, encrypted da-
tabase. Point prevalence was based on
all living individuals in Iceland on the
31% of December in 2005 and on those
who were known to have AS accord-
ing to the study protocol. The crude an-
nual incidence rate was also calculated
based on the year of diagnosis of AS
and expressed per 100,000 of the total
midyear population for each year (26).
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Informed consent was obtained from
all the participants in the study. The
study was approved by the National
Bioethics Committee of Iceland (ap-
proval no. 98-059) and by the Icelandic
Data Protection Authority (2001/36).
Data were analysed using R-statistical
software. Fisher exact tests were used
for comparisons. We calculated 95%
confidence intervals for prevalence rates
using binomial distributions. All re-
ported p-values were based on 2-tailed
analyses.

Results

Prevalence

According to Statistics Iceland there
were 220,441 individuals living in
Iceland aged 18 years and older at
the end of December 2005 (26). This
means that the point prevalence of AS
in Iceland when calculated from the
280 individuals with hospital or out-
patient clinic diagnoses of AS was 127
per 100,000 (95% CI 112-142). Of
the 256 individuals who were invited
to participate in the study for clinical
evaluation, AS was confirmed accord-
ing to the inclusion criteria in 223 or
87.1%. Assuming that no case of AS
would have been confirmed among the
34 individuals who did not come for
re-evaluation of their disease, a highly
conservative prevalence estimate of
101 per 100,000 (95% CI 88-114) can
be calculated. Conversely, if all these
individuals had AS the prevalence
estimate would be 112 per 100,000
(95% CI 98-126). However, as these
patients had all been previously diag-
nosed with AS, and there was no obvi-
ous selection bias regarding the indi-
viduals who could not be reached for
clinical re-evaluation, we extrapolated
the inclusion ratio for the patients who
were examined clinically to all the 280
patients in the original study group,
correcting for age and sex, resulting in
an adjusted prevalence ratio of 104 per
100,000 (95% CI 91-117).

The prevalence of AS was significantly
higher in males than in females; 132
per 100,000 male inhabitants (95% CI
110-153) vs. 71 per 100,000 female in-
habitants (95% CI 56-88), p>0.0001.
Thus, the male vs. female ratio was
1.85.
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Demographics

Demographic data on the 223 patients
who satisfied the inclusion criteria and
delivered completed questionnaires on
their past medical history, use of medi-
cation and clinical symptoms of their AS
disease are presented in Tables I and II.
The male patients had a similar age of
onset of symptoms related to their AS,
but were diagnosed around two years
younger than the female patients (32
vs. 34 years); thus they had about a year
shorter diagnostic delay, but these dif-
ferences were not significant (Table I).

Onset of AS and annual incidence

The mean age at onset of symptoms
related to AS was 24+8 years, attest-
ing that around 80% of both male and
female patients suffered onset of symp-
toms before thirty years of age; the
peak incidence was 16 to 20 years for
male patients whereas for female pa-
tients it was during their late thirties
(Fig. 1). The mean age of diagnosis
was 32.1x10.2 for male patients and
34.2+10.1 for female patients.

Of the 223 individuals included in the
study, 214 or 96%, reported the year of
diagnosis. The crude annual incidence
rate for the period 1947 to 2005 ranged
from 0.44 to 5.48 per 100,000 inhabit-
ants (Fig. 2).

The majority of patients or 58.7% re-
ported an insidious onset of the disease.
Juvenile onset of symptoms (<16 years)
was reported by 35 patients (15.7%); 22
(15.2%) male and 13 (16.7%) female
patients. Pain was reported as the pre-
senting symptom in 92.8% of both male
and female patients; 91.7% vs. 94.9%,
respectively. Lower back pain was the
most common pain location in both
sexes (84.9% vs. 77.0 %) and buttock
pain was the second most common pain
location (male 53.4%; female 52.7%).
Table II shows location of self-reported
pain and inflammation in both males
and females.

Limited flexion and extension, and ro-
tation of the head were the same in both
sexes (Table I). Lumbar flexion meas-
ure by modified Schober index was also
similar in male and female patients, but
a significantly higher number of male
patients had limited thoracic expansion
(44.8% vs 28.2%; p=0.02) (Table I).

Table I. Demographic data for 223 patients with AS.

Demographic data Male Female p-value
n=145 n=78
Age at onset of symptoms; mean+SD years 23.6+84 24.1+89 0.55
Age at diagnosis of AS, mean+SD years 32.1+102 342+10.1 0.13
Diagnostic delay, mean+SD years 8377 9.6+10.0 0.87
Clinical characteristics
Limited chest expansion; n (%) 65 (44.8%) 22 (28.2%) 0.021
Modified Schober; mean+SD cm 3.50+1.63 3.84+1.26 0.09
Limited flexion/extension of neck; n (%) 56 (38.6%) 30 (38.5%) 1
Limited rotation of neck; n (%) 67 (46.2%) 35 (449%) 0.89
Active peripheral arthritis; n (%) 18 (12.4%) 15 (192%) 0.23
HLA-B27 positive; no (%) 124 (85.5%) 63 (80.8%) 0.34

Table II. Self-reported pain and history of joint inflammation in 145 male and 78 female

AS patients.

Symptoms of AS Male Female p-value

n=145 (%) n=78 (%)

Pain problem 133 (91.7) 74 (97.4) 0.15
Lumbar spine 84.9% 77.0% 0.69
Buttock 534% 52.7% 1.00
Thoracic spine 31.6% 27.1% 0.44
Sternum 25.6% 22.9% 0.74

Joint inflammation 64 (44.1) 52 (66.7) 0.0013
Hip 53.1% 48.1% 0.485
Knee 25.0% 30.8% 0.429
Shoulder 20.3% 25.0% 0.737

Eye inflammation - iritis 55 (37.9) 24 (30.8) 031

Prostatitis 39 (26.9%) - -

HLA-B27 in 19 out of 78 (24%) female patients.

The prevalence of HLA-B27 positive
individuals was 84%, with no signifi-
cant difference observed between the
sexes. Analysis by a multiplicative
model showed the prevalence of AS
among HLA-B27 positive individuals
to be 0.71% (CI 0.64%—0.84%), while
we found a prevalence of only 0.028%
(CI 0.020%-0.036%) in those without
the HLA-B27 molecule, i.e. HLA-B27
negative individuals.

Patterns of peripheral joint
involvement

A total of 116 patients (52%) had a his-
tory of peripheral arthritis; 44.1% of the
male patients and 66.7% of the female
patients (p=0.0013). The most frequent
arthritis conditions were reported by
the patients themselves in the hip joints
(53% in males and 48% in females)
and knee joints (25% in males and 31%
in females), followed by arthritis in the
ankle and the shoulder joints. Polyar-
ticular involvement was reported by
35 out of 145 male patients (24%) and
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On the day of examination 18 male
patients (23%) and 15 female patients
(19%) had signs of arthritis in their pe-
ripheral joints. Achilles tendonitis was
observed in 21% of both males and
females, while plantar fasciitis was ob-
served in 6% of the male patients and
12% of the female patients (p=0.19).

Extra-articular involvement

The most commonly reported extra-
articular sign associated with AS in
both males and females was iritis; 38%
vs. 30.8% (difference between sexes:
p=0.31).In most cases the iritis was uni-
lateral, but 15 out of 55 male (10.3%)
patients with a history of iritis and two
out of 24 (2.6%) female patients gave a
history of bilateral involvement of the
eyes (p=0.08). The second most com-
mon extra-articular manifestation re-
ported by male patients was prostatitis,
which 27% of the male patients report-
ed. Other commonly reported extra-ar-
ticular manifestations were cardiac ar-
rhythmias in males and females, 14.5%
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Fig. 1. Onset of symptoms related to ankylosing spondylitis (AS) and age of diagnosis in 145 male (left) and 78 female (right) patients with AS. The full
line shows the age of onset of symptoms related to AS, while the broken line shows age at diagnosis of AS.
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and 17.9%, respectively. However, only
1.4% of the male patients reported hav-
ing a cardiac pacemaker implanted due
to atrio-ventricular block, while none
of the female patients had a pacemaker.
One male patient was found to have aor-
tic valve insufficiency. No information
was collected as to whether any patient
suffered from pulmonary fibrosis.

Primary vs. secondary AS

Two female patients (2.6%), but no
male patients, had been diagnosed with
Mb Crohn’s after the onset of their
AS, while nine of the male and six of
the female participants had a history
of colitis ulcerosa that had been diag-
nosed simultaneously or after the onset
of their AS, respectively. Patients with

psoriatic spondylarthritis were exclud-
ed from the present study, as those have
been reported separately for the same
population of interest (23).

Treatment

Sixty-four percent of male patients
were on some specific anti-rheumatic
treatment for their AS, compared to
50% of the female patients (p=0.0013).
More female patients received regu-
lar physiotherapy treatment than male
patients; 50% vs. 24% (p=0.00015),
respectively. Most frequently the pa-
tients were treated with infliximab
(n=77), sulfasalazine (n=60), or meth-
otrexate (n=25), while 79 patients were
using NSAIDs and 10 celecoxib on a
regular basis.
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Discussion

This cross-sectional study was based
on a nationwide cohort of patients with
AS in a population with a high preva-
lence of the MCH molecule HLA-B27.
We recruited patients not only through
hospital records but also from specialist
out-patient clinics and from an extended
database focusing on the genetics of AS
in Iceland. Thus, our patient group rep-
resent a clinically relevant population of
AS patients. All patients were re-evalu-
ated by the same experienced rheuma-
tologist and we systematically collected
clinical data from 280 cases with AS in
an adult population of around 220,000
individuals. Our results demonstrated a
disease prevalence of 0.13%, which was
in the lower range of previous reported
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prevalence of 0.1-1.4% (2, 16-18), in-
dependently of whether we compare
our result with other Nordic countries
(2, 16, 17) or with data from the Medi-
terranean (18, 19, 27), our prevalence
data especially were much lower than
reports from areas with a high preva-
lence of the HLA-B27 molecule, e.g. of
0.31% (21).

The crude annual incidence of AS in
Iceland was retrospectively found to be
0.44 per 100,000 inhabitants in the last
mid-century, which increased up to as
high as 5.48 in 1998, but was around
3 per 100,000 the latter decades of the
study period. In the early eighties the
incidence seemed to increase, probably
due to the increased number of practis-
ing rheumatologists in Iceland and bet-
ter access to computed tomography and
later to magnetic resonance imaging
for diagnostic purposes. The incidence
in the later period is lower than what
has been reported in Norway (21), Fin-
land (2) and Minnesota, USA (28), but
higher than in Greece (19).

One of the possible explanations for
these differences in prevalence in the
present study and those from northern
Norway (21) and Lithuania (29) is that
our study extended over the whole of
Iceland and might therefore reflect re-
gional differences in recruitment as
all participants were invited to our re-
search centre in Reykjavik. However,
we did not find any differences in dis-
ease prevalence of AS depending on
rural or urban areas of Iceland (data not
shown). Another explanation of this
discordance is that the present study
did not include patients with AS associ-
ated with psoriatic arthritis, as this has
recently been reported for Iceland (23).
If we add those patients with AS in our
previous study on psoriatic arthritis to
the present cohort, the prevalence of AS
migth increase up to 0.19%. Thus our
prevalence is still lower than reported in
high HLA-B27 geographic areas. Other
explanations for this discordance might
be that the HLA-B27 subclasses in Ice-
land are different or Icelanders may
have some other genetic combination
than in the other countries, which may
play a role in the pathogenesis of AS.
Lastly and even more important, vari-
ous environmental factors in different

populations may have strong influences
on the pathogenic processes of AS.
Our observation of a male to female ra-
tio of a little less than 2:1 was clearly
lower than previously reported. Earlier
studies have reported a male to female
ratio of AS up to 10:1 (30), but more
recent studies have reported lower male
to female ratios or approaching 2-3:1
(31). In this context, we found female
dominance in our psoriatic arthritis co-
hort of a male vs. female ratio of 1:2
(23) while most other studies report a
male vs. female ratio closer to 1:1 for
psoriatic arthritis. Thus, this difference
may be a true regional difference. How-
ever, other factors like excellent access
to diagnostic tools, e.g. computed tom-
ography and magnetic resonance imag-
ing, may have improved the diagnosis
of AS in female patients in Iceland
compared to other study areas.

The present study cohort seems to rep-
resent a traditional patient group of AS
patients in respect to clinical symptoms
of insidious onset of low back and but-
tock pain with morning stiffness, as
well as the prevalence of oligoarthritis
in large joints in the lower extremities,
i.e. hip and knee. As expected, female
patients had their onset of AS-related
symptoms some years later than what
male patients reported. However, to our
surprise and in contrast to clinical ex-
perience and the report by Dincer et al.
(32) our female patients had just around
one year of diagnostic delay compared
to our male patients, i.e. 9.6 vs. 8.3
years. This may reflect active interven-
tion of diagnostic procedures in Iceland,
as previously discussed.

Male AS patients more often reported
a history of iritis than female patients,
i.e. 38% of our male patients had a his-
tory of iritis, most frequently unilateral,
while only 31% of our female patients
had a history of iritis. Other differences
between male and female patients in our
cohort were that female patients seem
to have more frequently had arthritis
problems in their peripheral joints than
did the males. These findings conform
to other reports (33). However, a much
higher percent reported a history of in-
volvement of peripheral joints. This may
reflect differences in collecting data. In
the case of prostatitis, an earlier study
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reported prostatitis as a frequent sys-
temic manifestation of AS (6, 7). Lately
not much particular attention has been
paid to this problem. The present study
suggests that prostatitis might be a big-
ger issue in AS than rheumatologists
are currently aware of. Unfortunately
we did not register active symptoms of
urethritis or balanitis at the time of in-
clusion to the study. Many AS patients
of both sexes reported a history of un-
specific cardiac arrhythmias and two
male patients had an implanted cardiac
pacemaker due to an atrioventricular
block (AV-block), and another 60 year
old male patient had a history of aor-
tic valve insufficiency. A genetically
HLA-B27 linked cardiac syndrome has
been defined, i.e. the combination of
conduction system abnormalities and
aortic regurgitation (9), and AS is also
reported to be associated with a greater
risk than expected of cardiac lesions
(34). Meanwhile, no patient reported
a lung disorder, i.e. pulmonary fibro-
sis; thus, this pulmonary complication
of AS seems to be very infrequent or
under-diagnosed in our patient cohort.
Our study was not designed to investi-
gate the mortality rate of our AS patient
population, which has been reported to
be greater than for the normal popula-
tion (34).

The prevalence of HLA-B27 in various
populations seems to correlate to some
extent with the population prevalence
of AS in the same cohort, suggesting
that HLA-B27 mediates important anti-
gen presentation which has a role in the
pathogenesis of AS (5, 35), More than
90% of Caucasians in Western Europe
with AS are HLA-B27 positive, com-
pared to around 8% (5) in the general
background population, although the
prevalence of HLA-B27 varies in dif-
ferent populations, which may reflect
the importance of other pathogenetic
factors, including various environmen-
tal factors. HLA-B27 positive patients
seems to experience disease symptoms
at a younger age and they also more
frequently have iritis and arthritis in
peripheral joints, though homozygosity
for HLA-B27 does not effect the clinical
presentation of AS (36). Interestingly,
in our study population the prevalence
of AS in HLA-B27 positive individuals
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was 0.71%, while only 0.03% in those
who were HLA-B27 negative.

The main strength of our study is that
all available patients from both com-
munity and hospital based data sources
with a verified diagnosis of AS were re-
cruited. Each source has different selec-
tion biases that complement the other,
as only 43 cases of 280 were harvested
from the same source. All these indi-
viduals were re-evaluated according to
a predefined routine by an experienced
rheumatologist. This is important, as
most previous studies of the prevalence
and demographics of AS have relied
either on patient records (2, 19, 21) or
self-report by questionnaires (37). In
contrast, the main shortcoming of our
study is that the participants were not
recruited randomly from the population
living in Iceland, but such a strategy is
hardly realistic for complex diseases
with a prevalence as high as for AS. It
is likely that relatively mild cases of AS
are not diagnosed according to interna-
tional classification criteria, especially
in patients who only attend health cen-
tres. However, the majority of patients
with inflammatory joint diseases in Ice-
land attend out-patient specialist clin-
ics. Thus, our adjusted AS prevalence
of 0.1% is still probably an underesti-
mate. Further studies are clearly needed
to refine epidemiological information
on AS, including sex ratios, as well as
prospective studies with multiple fol-
low-up visits to monitor the disease
course over long periods.

In conclusion, AS seems to be less
common in the Icelandic population
than reported in other Scandinavian
countries and Minnesota, USA, de-
spite the higher population prevalence
of HLA-B27 in Iceland. However, the
prevalence is similar to that in northern
Norway, where the prevalence of HLA-
B27 is also high.
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Concise report

A strong familiality of ankylosing spondylitis through

several generations

Ami Jon Geirsson, Kristleifur Kristjansson,2 Bjorn Gudbjornsson3#

ABSTRACT

Objective To elucidate the familiality of ankylosing
spondylitis (AS) in Iceland.

Methods The Icelandic genealogy database and
population-wide data on all living Icelanders diagnosed
as having AS (n=280), who previously had taken part

in an epidemiological study on the prevalence of AS in
Iceland, were included in the study. Identification of all
interpatient relationships in the genealogy database
allowed calculation of estimates of the RR for AS in the
first-degree relatives (FDRs) to fourth-degree relatives

of patients. For each AS proband, 1000 sets of matched
Icelandic subjects in the genealogy database were used
as controls.

Results FDRs, second-degree and third-degree relatives
had RRs of 75.5, 20.2 and 3.5, respectively (all p values
<0.0001), indicating a significantly increased risk for
relatives of the patients with AS to develop AS, suggesting
a strong heritable factor, while the fourth-degree relatives
had a RR of 1.04 (p=0.476) for having AS.

Conclusions Patients with AS in Iceland are significantly
more related to each other than to randomly sampled
control subjects. This is in agreement with previous
reports on the familiality of AS, but the present study has
more power and extends over larger familiar cohorts than
previously reported.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflam-
matory disease, characterised by low back and
buttock pain with morning stiffness of insidious
onset.! Population-based studies suggest that the
prevalence of AS is between 0.1% and 1.4%'-% and
we have found the prevalence of AS in Iceland to
be close to 0.13%.* Clinicians are well aware of
the increased prevalence of AS among siblings of
patients with AS, an observation confirmed in a
number of studies.””

Several studies demonstrate that 6% to 8% of
close relatives of patients with AS have the dis-
ease”” in comparison to 0.1% to 1.4% in the gen-
eral population.' The prevalence of AS among
relatives to human leucocyte antigen (HLA)-B27
positive patients with AS is even higher or up to
20%.° Studies of twins have shown the concor-
dance rate in monozygotic twins to be 40% to
75%,711 but 4.3% to 12.5% in dizygotic twins,'!
reflecting that genetic and environmental factors
are important in the pathogenesis of AS. Only two
reports have reported the prevalence of AS among
second-degree relatives (SDRs) and third-degree rel-
atives (TDRs) of patients with AS, respectively.'? 13
Several of these studies have had various method-
ological limitations, for example, limited cohort
size, index cases frequently selected from specialty
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clinics, lack of well documented prevalence of AS
in the background population and the ascertain-
ment bias of looking for first-degree relative (FDR)
cases within a family after identifying the index
case, which can result in inflated A values, as sug-
gested by Guo.!

To overcome some of these methodological
problems, we have recently identified all known
cases with AS in Iceland* and by using the Ice-
landic genealogy database of deCODE Genetics
(Reykjavik, Iceland), we are able to calculate the RR
for family members spanning several generations
of individuals with AS.

MATERIALS AND METHODS

The study group

The study involved all known patients with AS in
Iceland in 2005. Patients were recruited from three
main sources. The first source was from a database
of individuals participating in genetic studies of
AS and inflammatory bowel diseases.!® From this
database, 205 individuals were included in the pre-
sent study. The second source was an electronic
registry of patients admitted to the two major hos-
pitals in Iceland (WHO International Classification
of Diseases, 10th edition (ICD-10) codes: M 45,
M 45.5, M45.9, M 46 and M 46.9), Landspitali —
University Hospital in Reykjavik and the University
Hospital in Akureyri. This source yielded an addi-
tional 54 patients with AS. The third source was a
personal call to all private outpatient rheumatology
services in Iceland to report patients to the study,
yielding 64 additional patients with AS.

The above-mentioned 3 sources yielded in total
280 individuals with AS, of which 256 were alive in
December 2005. A detailed description of the inclu-
sion criteria for verified AS according to the modi-
fied New York criteria for classification of AS'® can
be found in our previous work on the prevalence of
AS in Iceland.*

Genealogy database
deCODE  Genetics has built a computerised
genealogy database of more than 760 000 indivi-
duals.!® The database contains records of all living
Icelanders, comprising more than 300 000 individ-
uals and a large proportion of all individuals who
have ever lived in the country from the time of the
settlement in the late ninth century. The genealogy
database is essentially complete from the 18th cen-
tury to the present day, allowing distant relation-
ships to be traced accurately.

Use of this database allows the definition of all
the relationships between patients with AS, as well
as the degree of the relatedness. It also allows the
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creation of matched control groups for calculation of the relative
risks and their statistical significance. To ensure anonymity of
the patients in the present study, the social security numbers of
participants were encrypted by the Data Protection Commission
of Iceland before being used in the analyses.!” The study proto-
col was approved by the Icelandic Bioethics Committee and the
Icelandic Data Protection Commission.

Assessment of inheritance

The RR for disease in relatives is a measure of the risk of
disease in a relative of an affected person as compared with
the risk in the population as a whole. Obtaining valid esti-
mates of the RR is, however, not straightforward because
many sampling schemes may lead to biased or inaccurate
estimates.!* The use of a population-based group of patients
eliminates some of this potential sampling bias. In addition,
a near-complete genealogy database facilitates identification
of virtually all relationships between patients. It is impor-
tant to note that only probands were used in our analysis,
and no attempt was made to recruit relatives of cases of AS.
This design avoids the potential overestimation of familiar-
ity when secondary cases are recruited through probands, as
described by Guo.!*

In the present study, we determined the RR for AS in a previ-
ously described Icelandic population.* To assess the significance
of the RR obtained for a given group of patients, we compared
their observed values with the RR computed for up to 1000
independently drawn and matched groups of control indivi-
duals.!® Each patient was matched to a single control individ-
ual in each control group. The controls were drawn at random
from the genealogy database and matched for the year of birth,
gender and the number of ancestors recorded in the genealogy
database. Empirical p values can be calculated using the con-
trol groups; thus, a p value of 0.05 for the RR would indicate
that 5% of the matched control groups had values as large as
or larger than that for the patient’s relatives or spouses. The
number of control groups required to obtain a fixed accuracy of
the empirical p values is inversely proportional to the p value.
We therefore selected the number of control groups generated
adaptively up to a maximum of 1000. When none of the values
computed for the maximum number of control groups were
larger than the observed value for the patient’s relatives and
spouses, we report the p value as being less than 0.001. Using a
variance stabilising square root transform, an approximate 95%
CI may be constructed based on the distribution of RR for con-
trol groups.

RESULTS

Pedigrees

Figure 1 shows an example of an ancestral pedigree with 18
patients with AS (in black) spanning 10 generations. In this case,
102 patients were related at or within the distance of only 4
meioses in a total of 45 families. The pedigrees demonstrated
significant clustering of patients with AS. Additional pedigrees
can be obtained from the authors on request.

RR in relatives

The RR estimates for disease in relatives of affected patients
with AS are shown in table 1. The RR for AS were 75.5, 20.2
and 3.5 (all p values<0.0001) among FDRs, SDRs and TDRs of
affected patients, respectively. The RR for the fourth-degree
relatives did not reach significance levels: RR 1.04 (95% CI 0.58

If the degree of relatedness includes aunts and uncles, nephews
and nieces, or cousins, the RR is similar to the above-presented
data (further details are presented in table 2).

Sex differences

Calculation of the RR for AS in siblings of affected parents with
AS in relation to whether the they were paternal or maternal
index cases demonstrated a similar RR; paternal siblings had a
RR of 48.2 (95% CI 36.22 to 63.19) and maternal siblings a RR
of 43.1 (95% CI 31.52 to 57.24). In contrast, the father of a case
with AS had a much higher RR than did the mother of the index
case: 167 (95% CI 131 to 194) versus 48.9 (95% CI 24.31 to
63.90).
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Figure 1  Pedigree of patients with ankylosing spondylitis (AS)

extending over 10 generations. Disease status is known only for the
later generations. This pedigree was created with the use of the deCODE
genetics genealogy database. To protect the anonymity of the families,
some of the unaffected relatives in the pedigree are not shown. The
circles denote female family members and the squares denote male
family members.

Table 1 Relative risk* estimates of ankylosing spondylitis (AS) in
relatives in four generations of affected individuals with verified AS

Number of

affected
Degree of relationship RR (95% CI) p Valuet relatives
First-degree relatives 75.49 (60.19 to 93.87) <0.001 12
Second-degree relatives 20.21 (15.15 to 30.20) <0.001 50
Third-degree relatives 3.52(2.20 t0 5.67) <0.001 28
Fourth-degree relatives 1.04 (0.58 to 1.66) <0.476 18

*Risk estimates for AS are the RR (95% Cl) for the estimated risk of having the disease
itself (eg, the risk of AS in a relative of a patient with AS) as compared with the risk in
1000 sets of Icelandic control subjects.
Tp Values are one sided and indicate the significance of the risk of disease in the

ined relative groupings of all i levels as with matched
control subjects.

Table 2 Relative risk* for having ankylosing spondylitis (AS) for aunts
and uncles, nephews and nieces, or cousins, of affected individuals with
verified AS

Number of
affected
Relationship RR (95% ClI) p Valuet relatives
Aunts and uncles 18.29 (12.93 to 27.63) <0.001 20
Nephews and nieces 18.12 (12.41 to 27.63) <0.001 20
Cousins 3.66 (2.27 t0 5.72) <0.001 26

*Risk estimates for AS are the RR (95% Cl) for the estimated risk of having the disease
itself (eg, the risk of AS in a relative of a patient with AS) as compared with the risk in
1000 sets of Icelandic control subjects.

tp Values are one sided and indicate the significance of the risk of disease in the

relative groupings of all levels as pared with matched
to 1.66), p value=0.476. control subjects.
20f3 Geirsson AJ, Kristjansson K, Gudbjornsson B. Ann Rheum Dis (2010). doi:10.1136/ard.2009.125914
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RR in spouses

The RR of spouses of patients was 6.64 (95% CI 0.88 to 12.80),
but this value did not reach significance (p value=0.097). The RR
for spouses of the controls was 0.952.

DISCUSSION

In the present study, we have used an extensive genealogical
database, extending back to the late ninth century, for evaluat-
ing the relationships of all known patients with AS in Iceland.
The study demonstrates a strong familiality of AS over three
generations, but the risk of developing AS seems to disappear in
the fourth generation of individuals with AS. The present results
are the first to illustrate significant familiality of AS over sev-
eral generations in a population-based cohort. Our study con-
firms results of previous studies of familiality of AS that have
shown an increased prevalence of AS among siblings and FDRs
of patients with AS.>”7 1218 These studies have illustrated a high
RR of AS in siblings and FDRs of individuals with AS, with a \¢
(sibling recurrence RR=\) of up to 82 and Ay, (SDRs recurrence
RR) of 10, compared to 75 and 20, respectively, in our study.

To our knowledge, only two studies have reported the prev-
alence of AS in SDRs and TDRs of individuals with AS.> 13 In
1961, de Blecourt and coworkers published in the Annals of
Rheumatic Diseases the prevalence of AS among 2862 relatives of
100 patients with AS and reported an 86% inclusion rate among
relatives. They found that the RRs were around 10 for SDRs and
7.0 for TDRs, while we found a RR of 20 and 3.5 in SDRs and
TDRs, respectively. In our study, we identified all known AS
cases in Iceland and therefore were neither dependent on clinical
evaluation of all the relatives of our patients nor on the preva-
lence value of AS in Iceland, which may explain the differences
in our results. We report the RR for FDRs, SDRs and TDRs and
also report that the risk of having AS mostly disappears in the
fourth generations of our 259 index cases (RR 1.04; p=0.476),
which is lower compared to previous report from Iceland on
this issue.!

The observation of a RR of 75 and 20 for FDRs and SDRs,
respectively, to develop AS is far higher than has been observed
using the same methods for rheumatoid arthritis in Iceland, or
4.38 for FDRs and 1.95 for SDRs,!? respectively and also well
higher than we have reported for psoriatic arthritis in Iceland
or 39.2 for FDRs and 12.2 for SDRs.?’ Thus, the present results
demonstrate that genetic factors in AS probably play a stron-
ger role in the development of AS than in rheumatoid arthritis
or psoriatic arthritis, but that the genetic effects in all of these
diseases extend over several generations. However, our study
was not designed to elucidate any collective environmental or
immunological factors, for example, HLA-B27, that may play a
role in the pathogenetic processes of AS.

The prevalence of AS is much higher among men than women
(4 to 1). Therefore, we looked at whether the RR of siblings was
dependent on whether their mother or their father had AS. No
significant difference in their RR was found in this respect.

All previous studies on familiality of AS have either presented
only the prevalence value of AS among relatives to patients with
AS or relied on estimates of the population prevalence of AS
when calculating the X values. In contrast, we based our study
on complete ascertainment of all known cases of AS inIceland as
we did in our recent population-based study on the prevalence
of AS in Iceland.* This we believe may alleviate some of the
ascertainment bias that is inherent in studies that collect index
cases and affected relatives for estimation of the familiar-related
RR from specialised outpatient clinics only. These studies are

likely to over-represent patients with more severe disease and
families with more cases, which will influence the degree of her-
itability.!* Meanwhile, our study used an unselected nationwide
group of all known patients with verified AS in Iceland.

In conclusion, individuals with AS in Iceland are significantly
more related to each other than randomly sampled Icelandic
subjects for three generations. The present study used large,
unselected family cohorts combined with an extended geneal-
ogy database to avoid the bias of traditional post hoc ascertain-
ment of family members. These findings suggest that genetic
factors play a stronger role in AS in comparison to rheumatoid
arthritis and psoriatic arthritis.
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Background & Aims: It has been suggested that subclin-
ical intestinal inflammation plays a pathogenic role in
the spondylarthropathy of ankylosing spondylitis (AS).
We assessed the possible presence and inheritance
pattern of subclinical intestinal inflammation in first-
degree relatives of patients with AS. The relationship
between this inflammation and the subjects’ HLA-B27
genotype as well as computerized tomographic sacroil-
iac abnormalities was also assessed. Methods: A total of
124 of 213 (58%) available first-degree relatives of 47
patients with AS in Iceland underwent investigation for
intestinal inflammation (fecal calprotectin concentra-
tion), HLA-B27 genotyping, and computerized tomogra-
phy of the sacroiliac joints. Results: A total of 41% of the
first-degree relatives had subclinical intestinal inflam-
mation, whereas 15 of 17 spouses were normal. Vari-
ance components analyses suggest that the inheritance
pattern of this inflammation is affected by a major
additive gene. Some sacroiliac changes, suggestive of
early AS, differed significantly between subjects with
and without subclinical intestinal inflammation (mean
diameter of subchondral cysts [2.9 vs. 1.2 mm; P =
0.026] and blurring of joint margins [9 of 44 (20%) vs. 1
of 41 (2%); P = 0.02]). Intestinal inflammation and
sacroiliac changes did not relate to the subjects’ HLA-
B27 status. Conclusions: Many first-degree relatives of
patients with AS appear to have an inherited abnormal-
ity that leads to subclinical intestinal inflammation. The
association between the presence of this inflammation
and the sacroiliac changes suggests that it may play a
pathogenic role in the spondylarthropathy of AS.

n the past century, an interesting link has been found

between some intestinal diseases and arthritis.! It is
most obviously seen in the inflammatory bowel diseases
(IBD) ulcerative colitis and Crohn’s disease (CD). These
are associated with 3 patterns of arthritis,? one of which
is a spondylarthropathy. This spondylarthropathy (re-
quiring both clinical and radiologic features) is found in

1%—6% of patients with classic IBD, whereas radiologic
sacroiliitis is more common and evident in 18% of
patients with classic IBD? and as many as 53% are
affected when modern techniques are used.* Clinically,
this spondylarthropathy is almost identical to that of
idiopathic ankylosing spondylitis (AS). However, there is
a difference in the prevalence of HLA-B27 in the 2
spondyloarthropathies; the prevalence in IBD, while still
high, is significantly lower than in AS.>

Idiopathic AS usually occurs without overt signs of
intestinal inflammation, but ileocolonoscopy studies®—?
show a high prevalence of asymptomatic intestinal in-
flammation. This usually involves the ileum, although
some reports also show a microscopic colitis.!?!! There
seems to be a close relationship between this subclinical
intestinal inflammation and the inflammation seen in
patients with CD. Hence, the prevalence (AS, 20%-—
80%; CD, 35%—80%) and type of inflammation (pres-
ence of giant cells, granulomas, and fissures: AS, 7%—
19%; CD, 8%-17%) seen on ileal biopsy are almost
identical in AS and CD.!! Furthermore, about 10% of
patients initially diagnosed with AS associated with this
subclinical ileitis develop classic IBD when restudied
some years later.'>!3 These findings have led to 2 im-
portant suggestions about the nature and importance of
the intestinal inflammation in AS.!! First, it is suggested
that the intestinal inflammation in AS may represent
subclinical CD, that is, it might share a pathogenic event
(genetic or environmental) that does not usually by itself
progress to the full phenotype of CD. Second, it is
suggested that the intestinal inflammation may play a
pathogenic role in the arthropathy of AS. One proposed

Abbreviations used in this paper: AS, ankylosing spondylitis; CT,
computerized tomography.
© 2003 by the American G logical A
0016-5085/03/$30.00
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mechanism associates the inflammation with increased
intestinal permeability to luminal antigens and/or bac-
teria with an HLA-B27—dependent immune response to
elements of fibrocartilage resulting in the arthropathy.!!

There are other similarities between the 2 diseases that
strengthen these suggestions. Patients with AS and CD
have a high prevalence of increased intestinal permeabil-
ity.!415 Moreover, the prevalence of increased intestinal
permeability in first-degree relatives of patients with AS
(10%—60%) and CD (10%—54%) is similar.'"-1415 In the
case of relatives of patients with CD, it is suggested that
the intestinal permeability changes are consequent to
subclinical intestinal inflammation.'® The pattern of this
subclinical inflammation conforms to an autosomal ad-
ditive trait, suggesting an inherited underlying genetic
susceptibility (a risk factor) that requires an environmen-
tal factor for the full phenotype expression of CD.¢ If the
intestinal inflammation associated with AS truly repre-
sents subclinical CD, it would seem possible that the 2
diseases share this genetic risk factor.

The purpose of this study was to assess the prevalence
and possible inheritance pattern of subclinical intestinal
inflammation in first-degree relatives of patients with
AS. In a subgroup of relatives, we assessed if the presence
of intestinal inflammation related to the subjects” HLA-
B27 genotype or skeletal changes suggestive of early AS.

Patients and Methods

This study was performed in Iceland, which has a
particularly well-characterized homogeneous population of
280,000. Icelanders are mostly of Scandinavian origin and,
until recently, have lived in relative isolation for 1100 years;
therefore, they are ideally suited for genetic studies.

This was a 2-part study. First, we studied the prevalence and
possible mode of inheritance of subclinical intestinal inflam-
mation in first-degree relatives of patients with AS. Second, we
studied the possible consequences of this subclinical intestinal
inflammation by assessing the prevalence of skeletal abnormal-
ities that are suggestive of early AS by computerized tomog-
raphy (CT). These findings were also assessed in relation to the
subjects’ HLA-B27 genotype status.

Altogether, 53 of 54 patients with AS who were approached
for this study by mail and telephone participated. This repre-
sented all of the patients with AS under the care of the
rheumatologists at the Reykjavik University Hospital and just
>25% of all patients in Iceland with AS. The diagnosis of AS
had been established at least 1 year before this study, and all
patients met the diagnostic criteria for definite AS as defined
by the modified New York criteria.!” There was clustering of
cases in 9 families with 2 first-degree relatives with AS; in one
family, there were 4 first-degree relatives with AS.

Intestinal studies in patients with AS are complicated by the
fact that these patients are treated with a number of drugs that
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Table 1. Demographic Details of Patients With AS Studied,
Their First-Degree Relatives, and Their Spouses

Spouses of
Patients with  First-degree patients
AS relatives with AS
No. 47 1242 17
Sex (M/F) 37/10 51/73 3/14
Age, yr (mean * SD) 40 = 12 45 + 16 38 £ 11

A total of 213 first-degree relatives, which excludes those younger
than 16 and older than 80 years of age, were potentially available for
study.

cause or modify intestinal inflammation.'® All of the patients
with AS in this study were receiving or had received conven-
tional nonsteroidal anti-inflammatory drugs (NSAIDs) for pro-
longed periods, which can lead to intestinal inflammation
(NSAID enteropathy).'® At the time of this study, 7 were not
receiving any treatment, 41 were taking NSAIDs, and 21 were
taking sulfasalazine (which may reduce the intestinal inflam-
mation associated with AS!? as well as that due to NSAIDs2°).
Furthermore, 4 were taking prednisolone and 3 were taking
methotrexate, both of which may reduce intestinal inflamma-
tion in patients with IBD.

The first-degree relatives of the 53 patients who participated
were approached for the first part of the study. Six patients had
no relatives available for study because the relatives lived
abroad or in remote places in Iceland. The remaining 47
patients had 213 first-degree relatives potentially available for
study (excluding those who were younger than 16 years and
older than 80 years), and 124 (58%) participated. Eighty-nine
relatives (42%) did not participate because they had predeter-
mined exclusion criteria, were living abroad, or declined par-
ticipation because of frailty or various other reasons. The
predetermined exclusion criteria for the patients and relatives
were age younger than 16 years and older than 80 years; severe
neurologic, psychiatric, endocrine (including diabetes melli-
tus), cardiovascular, pulmonary, hepatic, or renal diseases;
malignancy; and pregnancy. Relatives with established gastro-
intestinal disease were excluded, as were those misusing alco-
hol (n = 14) and those taking NSAIDs (n = 8).142! Low-dose
aspirin (=300 mg/day) was not an exclusion criteria (n = 5)
because, unlike conventional NSAIDs, aspirin does not cause
small bowel inflammation.!t1421

Seventeen spouses also underwent studies for intestinal in-
flammation; if they were affected similar to the patients or
first-degree relatives, this would suggest that environmental
rather than genetic factors might be responsible for the in-
flammatory changes. The couples had been living together for
4-33 years (mean, 8 years). The spouses were subject to the
same exclusion criteria as the first-degree relatives and were
not taking aspirin or NSAIDs.

Table 1 shows the demographic details of the patients,
first-degree relatives, and spouses studied. Of the 124 first-
degree relatives studied, 100 were randomly invited to partic-
ipate in the CT study. Fifteen declined (mostly those younger
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than 25 years and concerned about the radiation); therefore, 85
(32 men [38%] and 53 women {62%]1) underwent CT of the
sacroiliac joints to assess the possible consequence of the
subclinical intestinal inflammation. All but 4 of these under-
went HLA-B27 genotyping.

Participants attended an investigational unit at the Icelan-
dic National University Hospital. A medical and drug history
was taken, all were questioned on back symptoms, and phys-
ical examination was performed with emphasis on spinal mo-
bility (Schober test), chest expansion, and signs of enthesitis.
Blood samples were taken for HLA-B27 genotyping, and
subjects were provided with a container to collect a stool
sample.

All subjects provided written informed consent. The studies
were approved by the National University Hospital ethical
committee, the Radiation Protection Institute, and the Data
Protection Authority of Iceland. All subjects were aware of the
relatively high dose of radiation (2.65 millisieverts) received
during the CT scan.

Intestinal Inflammation

Intestinal inflammation was assessed by measurement
of calprotectin in feces. Calprotectin is a neutrophil-selective
protein that is also present in small quantities in other poly-
morphonuclear white cells. Its presence in feces relates quan-
titatively to the neutrophil flux to the gastrointestinal tract,
that is, it is proportional to the degree of acute inflamma-
tion.21-23

Subjects provided a stool sample within 3 days of visiting
the investigational unit. The samples were usually received
within 8 hours of passing the stool, and 20-g portions were
frozen and stored at —20°C. Calprotectin is resistant to bac-
terial degradation and is stable in feces at room temperature for
at least 1 week.?? After thawing, 5-g aliquots were processed
for quantitative measurements by a sensitive and specific en-
zyme-linked immunosorbent assay as previously described.?!
The within-assay coefficient of variation was 1.2%, and the
between-assay variation was 15%.

The normal range of fecal calprotectin excretion and con-
centration was established in 163 healthy Icelandic volunteers
during these studies, mostly from health care professionals and
their immediate families (88 men and 75 women; mean age,
46 * 8 years; range, 19-72 years). None of the controls had
a first-degree relative with IBD or a chronic arthritic condition
(excluding osteoarthritis).

HLA-B27 Genotyping

Genomic DNA was isolated from whole blood accord-
ing to standard protocols, and HLA-B27 status was deter-
mined by polymerase chain reaction as previously described.?*

Assessment of Inheritance

Variance component analysis was performed?> to iden-
tify possible factors controlling the calprotectin concentrations
in first-degree relatives of patients with AS. This modeling
allows for a single major gene affecting the trait as well as the

GASTROENTEROLOGY Vol. 125, No. 6

trait being affected by environmental influences or an additive
polygenic component. The polygenic and environmental in-
fluences are not distinguishable in the type of analysis, and
their effect will hereafter be referred to as polygenic. The
variance of trait measurement is partitioned into an additive
variance (s,), a dominance variance (sy), a polygenic variance
(s,), and a residual variance (s). The variance of a measurement
is the sum of these components, and the covariance between 2
individuals is &£ 5, + z 35, + p s, where £ is the kinship
coefficient of the 2 (the expected proportion of alleles they
share identically by descent), p is the number of alleles shared
identically by descent at the major gene, and z is 1 if 2 alleles
are shared identically by descent at the major gene and 0
otherwise. These models/hypotheses will be considered.

H, s,=s;=s,=0 No genetic factor

=0,5,=0

No major gene but a polygenic factor

. 54=0,5=0,5,=0

A major additive gene and a polygenic factor

Hy 5,=0,5=0,5,=0

A major dominance gene and a polygenic factor

Hy $,=0,5=0,5,=0

A major additive and dominance gene and a polygenic factor

Three classes of tests were performed. To establish that there
is a familial effect, H, was tested against all the other hypoth-
eses. To establish that there is a major gene affecting the trait,
H,, was tested against H,, Hy, and H,y. Finally, to compare
how the major locus dominance and additive components fit
the data, H, and Hy were tested against H,y. Testing was
performed using a likelihood ratio test, assuming multivariate
normality. Note that the estimate of polygenic variance com-
ponent under H, is an estimate of the heritability of log-
calprotectin levels.

CT Imaging

The sacroiliac joints were examined with CT (CT
Lightspeed; General Electric, Milwaukee, W1I), and 3.75-mm
contiguous scans were taken over the sacroiliac joint with the
subjects in a supine position and the gantry angled craniocau-
dally parallel to the sacrum and the sacroiliac joints. The
estimated effective radiation dose equivalent received during
this procedure was 2.65 millisieverts. All images were read
independently by 2 radiologists with no knowledge of the
clinical findings. Numeric data were generated as the mean
from the 2 observers. Overall, there was excellent agreement
between the 2 observers, with only a single interobserver
variation that was resolved by discussion.
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A widely accepted scoring system for the evaluation of
sacroiliitis with CT is not available. For the purpose of this
study, a system was devised based on a conventional radiog-
raphy scoring system that describes 6 stages of arthritis from
grade 0 (normal) to grade 5 (bony ankylosis in the sacroiliac
joints).?® The CT score in the relatives fell within grade 0
(normal) and 1 (suspicious for early AS changes), and none had
grade 2 (definite AS changes) or higher. Grade 1 included the
presence, number, and size of subchondral cysts/erosions and
blurring of joint margins. The predetermined grade 1 criteria
also included subchondral sclerosis (sacral/iliac), osteitis con-
densans ilii, joint space narrowing (<2 mm wide), and air
streak in the sacroiliac joint, but these were so infrequently
encountered that reliable statistical analysis between groups
was not possible.

Statistics

A Shapiro—Wilks W prime test showed that the fecal
calprotectin data from the patients with AS and their relatives
were not all normally distributed. Values for these are therefore
presented as median and ranges, with the upper limit of
normal for measurement of fecal calprotectin concentrations
defined as below the 95th percentile of the median. We used
the Welch modified 2-sample # test to test the difference in
means of the relatives of patients and of controls, assuming the
variance in the relatives and the controls was unknown and not
necessarily the same in the 2 groups.

Radiologic data are presented as confidence intervals calcu-
lated by the 7 test and, where appropriate, the Mann—W hitney
test and Fisher exact test. Kendall’s T was used for correlations.

Results
Intestinal Inflammation

The median fecal calprotectin value from controls
was 3 mg/L (range, 0.1-15.5 mg/L; upper 95% confi-
dence limits, 10.8 mg/L). Figure 1 shows the fecal cal-
protectin concentrations from the study groups. Signif-
icantly increased fecal calprotectin concentrations (P <
0.0001) were observed in patients with AS (median, 21.5
mg/L; range, 2-600 mg/L) and their first-degree rela-
tives (median, 8.6 mg/L; range, 0.7-305 mg/L). Fecal
calprotectin concentrations in the spouses of patients
with AS did not differ significantly from controls (me-
dian, 4 mg/L; range, 0.1-21.5 mg/L), with 15 of 17
having values within the reference range. By comparison,
78% and 41% of the patients with AS and their first-
degree relatives, respectively, had fecal calprotectin con-
centrations above the reference range.

HLA-B27 Genotype

Of the 47 patients with AS who underwent the
fecal calprotectin studies, 42 (89%) were HLA-B27 pos-
itive. Of the 93 first-degree relatives, 53 (57%) and 40
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Figure 1. Fecal calprotectin concentrations in patients with AS, first-
degree relatives, and spouses. The horizontal line indicates the upper
normal limit of fecal calprotectin concentrations. A total of 78% of
patients with AS and 41% of their first-degree relatives have increased
calprotectin concentrations, representing intestinal inflammation.
Two spouses had evidence of low-grade intestinal inflammation.

(43%) were HLA-B27 positive and negative, respec-
tively. The median fecal calprotectin concentrations did
not differ significantly (P > 0.6) between the HLA-B27—
positive (median, 11.9 mg/L) and HLA-B27-negative
(median, 8.1 mg/L) relatives.

Assessment of Inheritance

We used the log-transformed calprotectin mea-
surements in the analyses, because these transformed
values are less skewed than the original values. Table 2
shows the results of variance component analyses for the
first-degree relatives of patients with AS. The observed
heritability is 57% and is significantly different from O
(P =2 X 107" when testing H,, against Hy). There is
strong evidence for the presence of a major additive gene
influencing calprotectin levels, and its additive variance
component is estimated as 73% (P = 0.002 when testing
H, against H,). Interestingly, in the presence of the
additive variance component, the polygenic component
is estimated as 0, showing the strength of the effect of
the estimated gene effect. There is no evidence for a
dominance component; adding a dominance component
does not fit the data better than having only a polygenic
component (P = 0.4 when testing Hy against H,). Also,
adding a dominance component to a model with a poly-
genic and an additive component does not fit the data
better (P = 1 when testing H, against H,).
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Table 2. Results of Variance Components Analysis

GASTROENTEROLOGY Vol. 125, No. 6

Additive Dominance Polygenic
Model df component (%) component (%) component (%) Pvs. Ho Pvs. Hy Pvs. Hag
Hp 1 57 2 X 10715
Ha 2 73 0 2 X 10716 0.002 1
Ha 2 42 55 8 x 10718 0.4 0.003
Hag 3 73 0 0 6 % 10716 0.007

NOTE. Estimates of variance components are reported as percentages of the total variance. P values are for testing the given model against Hy
and against H, and for testing H,q against the given model. The df of each model is given and in the first set of tests is compared with the O

df of Ho.

Figure 2 shows the pedigrees (families in which 50%
or more eligible relatives were studied) where relatives
are identified as having increased or normal calprotectin
concentrations.

CT Imaging

CT of the sacroiliac joints was grade 0 in 50
(59%) of the first-degree relatives of the patients with
AS, whereas 35 (41%) had grade 1 changes; the most

' 23

-

consistent changes were the presence of subchondral cysts
(n = 33) and blurring of joint margins (n = 10).

Table 3 shows the overall results that are pre-
sented separately according to the subjects’ HLA-B27
genotype and the presence of subclinical intestinal in-
flammation. There was no significant difference (P >
0.6) in the prevalence or type of sacroiliac CT changes
between the HLA-B27—positive and HLA-B27—negative
subjects.
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Figure 2. The pedigrees of 38 patients with AS. A box represents a male, and a circle represents a female. Blank boxes and circles indicate that
the subject was not studied. Shaded boxes and circles indicate subjects with increased fecal calprotectin concentrations. Those with a dot
indicate subjects with normal concentrations. Arrows identify index cases of AS. Deceased subjects have an oblique line through the box or circle,
and a vertical line indicates that the subject was outside the age limits for the study. Analyses of the inheritance pattern (text) of the subclinical
intestinal inflammation among the first-degree relatives of the patients with AS show a pattern consistent with an additive trait.
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Table 3. Sacroiliac CT Changes, HLA-B27 Genotype, and Fecal Calprotectin

HLA-B27 positive

Normal fecal
calprotectin
concentration

Increased fecal
calprotectin

HLA-B27 negative concentration

(n = 45) (n = 36) (n = 44) (n = 41)
Subjects with subchondral cysts (%) 19/45 (42) 13/36 (36) 21/44 (48) 12/41 (29)
No. of subchondral cysts (average no. of cysts/relatives) 45 (1.0) 39 (1.1) 59 (1.3) 29 (0.7)
Mean total cystic diameter (mm) of subchondral cysts 2.0 (1.1-2.5) 2.1 (1.3-3.0) 2.9 (1.7-4.2) 1.22 (0.4-2.0)
(95% confidence interval)
Blurring of joint margins (%) 5/45 (11) 5/36 (14) 9/44 (20) 1/41 (2)°

NOTE. Of the 10 subjects with blurring of joint margins, 7 were men and 3 were women. Five each were HLA-B27 positive and HLA-B27 negative.
Differs significantly (P = 0.026) from relatives with increased fecal calprotectin concentrations.
bDiffers significantly (P = 0.02) from relatives with increased fecal calprotectin concentrations.

The total number and average number of subchondral
cysts per subject did not differ significantly (P = 0.076
and P = 0.058, respectively) between first-degree rela-
tives with and without subclinical intestinal inflamma-
tion. However, those with subclinical intestinal inflam-
mation had significantly larger cysts (P = 0.026). Nine
of the 10 subjects (P = 0.02) with blurring of the joint
margins had evidence of subclinical intestinal inflamma-
tion. All subjects with blurring of joint margins had
subchondral cysts apart from one with subclinical intes-
tinal inflammation and the one subject without the
inflammation. All of these CT changes were independent
of age and sex.

Fecal calprotectin concentrations in the first-degree
relatives who had CT changes (median, 12.2 mg/L) did
not differ significantly (P = 0.87) from those without
(median, 8.0 mg/L) abnormality. A further analysis was
performed to assess if fecal calprotectin concentrations in
subjects with CT changes differed according to whether
they were HLA-B27 positive (18.6 mg/L; range, 0.80—
86.2 mg/L) or HLA-B27 negative (9.3 mg/L; range,
1.8-50.1 mg/L), but this did not differ significantly
(P = 0.11).

Symptoms and signs of spinal disease (back pain,
spinal mobility, enthesitis, morning stiffness) did not
differ significantly (P > 0.4) between the 2 groups
(HLA-B27 positive vs. HLA-B27 negative; normal vs.
increased fecal calprotectin concentrations).

Discussion

Our results show a high prevalence of subclinical
intestinal inflammation among first-degree relatives of
patients with AS. Of the models tested, the pattern of
inheritance is most consistent with an additive model,
suggesting that there is a genetic susceptibility to the
development of the subclinical intestinal inflammation.
Furthermore, the association of the subclinical intestinal
inflammation with some of the CT abnormalities sug-
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gests that the intestinal inflammation may play a patho-
genic role in the sacroiliac bone changes.

The intestinal manifestations of CD and AS share
certain features, which suggests that they share a com-
mon etiology and pathogenesis.”%!! In the first-degree
relatives of patients with CD, a persuasive case can be
made for the idea that the underlying cause of the
subclinical intestinal inflammation (found in 50%) is
genetically determined,'® perhaps involving defective
neutrophil function, and that the increased intestinal
permeability'® is consequent to this inflammation.'¢ In
the current study, we show that patients with AS have
significantly increased fecal concentrations of calprotec-
tin comparable to patients with CD.'?> However, the
interpretation of this finding is hampered by the fact that
all of the patients with AS were receiving or had received
NSAIDs, which can cause an enteropathy.!® However, a
similar proportion of first-degree relatives of patients
with AS (who had not received NSAIDs) had subclinical
intestinal inflammation, as in relatives of patients with
CD and of comparable severity.'® Furthermore, the pat-
tern of inheritance among both groups of relatives is
consistent with the presence of a major additive gene
when assessed with established and accepted techniques
that are commonly applied to segregation analysis of
quantitative traits.?’ Fifteen of 17 spouses of patients
with AS had normal calprotectin concentrations, which
further suggests but does not exclude that genetic rather
than external factors are of pivotal importance in the
development of this inflammation. Although the precise
localization and nature of the subclinical intestinal in-
flammation in the first-degree relatives of patients with
AS is uncertain, it did not relate to their HLA-B27
genotype. Collectively, these findings suggest that first-
degree relatives of patients with CD and AS share a
common genetic risk factor for the development of sub-
clinical intestinal inflammation. The full phenotype ex-
pression of CD might only be brought about by the
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cumulative effects of additional genetic and/or possibly
environmental interactions under these circumstances.?®

The clinical course and radiographic appearances of
the spondylarthropathy associated with IBD and idio-
pathic AS are often indistinguishable.>2° The high prev-
alence of intestinal inflammation in patients with AS and
certain other spondyloarthropathies has suggested that it
plays a pathogen role in the arthropathy.>!"19 This in-
testinal-spondylarthropathy interaction hypothesis is
strengthened experimentally by the finding that trans-
genic rats, which strongly express the human HLA-B27
and B,-microglobulin genes, develop colonic inflamma-
tion and arthritis.!'3° The activity of the colitis and
arthritis in these rats is dependent on the presence of
certain intestinal bacteria. This intestinal bacterial-host
interaction is of interest because a similar mechanism is
implicated in the pathogenesis of CD?® and modification
of the enteric bacterial flora is currently being exploited
for therapeutic purposes in CD and various other dis-
eases.>!

In the present study, the intestinal-spondyloarthropa-
thy interaction was studied by assessing the presence of
sacroiliac bone changes in the first-degree relatives and
correlating the findings with the results of the calpro-
tectin test. The CT studies are complicated by at least 2
related factors. First, there are no large population stud-
ies from Iceland or elsewhere that define “normality” or
“nonpathologic” age-related changes. Second, although
the CT diagnostic criteria for clinically evident AS (bony
ankylosis of the sacroiliac joints) are straightforward and
widely recognized, there is no consensus as to the most
sensitive CT criteria for the early evolving bony lesions of
AS. In an attempt to overcome these problems, we
extrapolated an accepted radiologic scoring system for
the early changes suggestive of AS over to the CT
method. The CT scans would be expected to be some-
what more sensitive than radiology and thus explain our
higher prevalence of skeletal abnormalities in the first-
degree relatives of patients with AS than previous (ra-
diographic) studies.>?33 The strength of the scoring sys-
tem is that it does not include common age-related
changes such as that associated with osteoarthritis and
osteoporosis. The main drawback is that subchondral
cysts/erosions and blurring of joint margins are not
pathognomic for early AS. Nevertheless, there was excel-
lent agreement between the radiologists in their inter-
pretation of the CT findings, neither of who had any
knowledge of the clinical or laboratory results. For the
whole group of relatives, 41% had grade 1 changes
without any significant association/correlation with
HLA-B27 status, sex, or age. This lack of association is in
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keeping with there being a significant genetic suscepti-
bility to the severity of AS that is largely conferred by
complex genes other than HLA-B27.343> However, there
was a statistically nonsignificant tendency for an in-
creased prevalence and number of subchondral cysts in
relatives with as opposed to without subclinical intesti-
nal inflammation. Furthermore, the mean cyst diameter
was significantly greater (the larger the cysts, the more
likely they are believed to represent a pathologic process)
than in those with normal calprotectin concentrations,
and there was a significant clustering of cases with ab-
normal joint margins in the high calprotectin group,
most of whom also had cysts. These findings, although
not specific for early AS, add some further weight to an
intestinal-spondylarthropathy interaction. The reason
why not all of the relatives with subclinical intestinal
inflammation develop evidence of sacroiliac bone changes
or why those that develop it do not progress to the full
AS phenotype may again be that such progression re-
quires additional interacting risk factors (genetic or en-
vironmental).

The complex inheritance pattern of AS is in common
with many chronic diseases. AS falls best within the
“complex disease trait” category of inheritance in which
various environmental and additive genetic combinations
(risk factors) need to be present, with the HLA-B27
genotype particularly important, before a “threshold” is
reached that leads to the full phenotype of AS. The
results from this study lead us to 2 main conclusions.
First, the subclinical intestinal inflammation that we
have identified in the first-degree relatives of patients
with AS may represent the consequence of inherited
genetic defects. This inflammation (frequency and inher-
itance pattern) closely resembles that found in firsc-
degree relatives of patients with CD'¢ and provides fur-
ther evidence that the 2 diseases share common
pathogenic factors. Second, this subclinical intestinal
inflammation may play a pathogenic role in the sacroiliac
changes on CT that have certain features that might
represent the early stages of AS.
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A Common Genetic Background for
Inflammatory Bowel Disease and Ankylosing Spondylitis

A Genealogic Study in Iceland

Bjarni Thjodleifsson,' Arni J. Geirsson,' Sigurdur Bjornsson,' and Ingvar Bjarnason?

Objective. Patients with ankylosing spondylitis
(AS) and ~50% of their first-degree relatives may have
a genetic abnormality that results in subclinical intes-
tinal inflammation. This study was undertaken to exam-
ine the familial occurrence and cosegregation of AS and
inflammatory bowel disease (IBD) in order to determine
whether there is a shared genetic risk factor in families.

Methods. The Icelandi logy database and
population-wide data on all living Icelanders d d

degree relatives of patients with IBD. With the exception
of Crohn’s disease, the risk of having AS, ulcerative
colitis, or IBD in spouses of patients with these diseases
did not differ significantly from that in controls. Calcu-
lation of the kinship coefficients confirmed these pat-
terns of familial risk.

Conclusion. Patients with AS or IBD in Iceland

are SIgmﬁcantly more related to each other than are
d Tled

as having AS (n = 205) and/or IBD (n = 1,352) were
used to estimate the risk ratios of AS for relatives of
patients with AS, the risk ratios of IBD for relatives of
patients with IBD, and the cross-risk ratios of AS for
relatives of patients with IBD or of IBD for relatives of
patients with AS. The mean kinship coefficients for each
disease were calculated. The control population for
disease risk calculations comprised 10,000-100,000 sets
of matched Icelandic subjects.

Results. First-, second-, and third-degree relatives
of patients with AS had risk ratios of 94, 25, and 3.5,
respectively, indicating an increased risk of developing
AS (each P < 0.0005), while first-, second-, and third-
degree relatives of patients with IBD had risk ratios for
IBD of 4.4, 2.2, and 1.4, respectively (each P < 0.0001).
The cross-risk ratios of IBD were 3.0 and 2.1 in first-
and second-degree relatives of patients with AS, respec-
tively, and were the same for AS in first- and second-
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r P control subjects, in terms of an
mcreased risk of either or both conditions developing in
third-degree relatives. These findings suggest that one
or more undiscovered genetic variants may underlie the
risk of both diseases.

An interesting link has been found between some
intestinal diseases and arthritis (1). This is most obvi-
ously illustrated in chronic inflammatory bowel disease
(IBD), Crohn’s disease, and ulcerative colitis. IBD is
associated with 3 patterns of arthritis (2), one of which is
a spondylarthropathy. This spondylarthropathy is not
uncommon, with 3-6% of patients with classic IBD
being affected (3), while radiologic sacroiliitis is evident
in up to 18% of patients. The spondylarthropathy asso-
ciated with IBD differs from that of idiopathic ankylos-
ing spondylitis (AS) in that the prevalence of HLA-B27,
although still high (20-40%), is significantly lower than
in AS (which characteristically has a prevalence of
HLA-B27 of ~90% [4]).

Both IBD and AS show familial clustering and
may coexist in a patient. Evidence from studies of twins
and other first-degree relatives suggests that the genetic
basis is somewhat stronger for IBD than for AS (5-8).
Apart from the potential role of the NOD2 gene in
Crohn’s disease and the recently reported role of the
IL23R gene in IBD (9), the susceptibility loci for both
IBD and AS remain largely unknown. The at-risk vari-
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ants in NOD2 (R702W, G908R, and 3020insC) have
been reported in 15-25% of patients with Crohn’s
disease in some European populations (10,11), but not
in the Icelandic population (12). Disease expression in
AS, in contrast, is largely, but not exclusively, genetically
based, with non-HLA-B27 genes potentially playing a
significant role (1-4,12-19). Alterations in the NOD2
gene do not appear to confer susceptibility to AS (20),
but in a recent report, CARD15 gene polymorphisms
were identified in a subgroup of patients with AS whose
disease was associated with chronic intestinal inflamma-
tion. (21)

Idiopathic AS usually occurs without overt signs
of intestinal inflammation. However, ileocolonoscopy
studies (13-15) have shown a high prevalence of asymp-
tomatic inflammation of the terminal ileum and micro-
scopic colitis (22,23). The nature of this inflammation is
uncertain, but there is a close similarity to the inflam-
mation of IBD, particularly in Crohn’s disease (24). The
resemblance is enhanced by the observation that first-
degree relatives of patients with AS (21-60%) (17) and
first-degree relatives of patients with Crohn’s disease
(10-54%) (18,19) have increased permeability of the
small intestine. In relatives of patients with Crohn’s
disease, the findings suggest that the changes to intesti-
nal permeability are a consequence of subclinical intes-
tinal inflammation (12). The inheritance pattern of this
subclinical inflammation conforms to the profile of an
additive trait. The same subclinical inflammation is
evident in relatives of patients with AS, and it also
conforms to the profile of an additive trait (25).

On the basis of these findings and other observa-
tions (13-15), it appears that the intestinal inflammation
in AS may represent a form of subclinical IBD, which, in
particular, resembles Crohn’s disease. If so, this implies
that these diseases share a pathogenic event that, in the
case of AS, may progress to the full phenotype of
Crohn’s disease (16). An important first step in examin-
ing this hypothesis is to demonstrate convincingly the
coinheritance of these conditions; if this effort is suc-
cessful, it has the potential to facilitate the identification
of a common step in the pathogenesis of each disease
that may be amenable to targeted treatment.

Icelanders have several features that render them
an attractive study population for assessing the herita-
bility of IBD/AS. In this regard, Icelanders are relatively
homogeneous with respect to the environment, cultural
aspects, and genetic factors. Iceland has extensive ge-
nealogic records that cover the familial data of the whole
nation, together with a bureaucratically small and acces-
sible health care system. In the present study we lever-
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aged these resources to 1) determine the degree of
relatedness of IBD and AS in relatives of patients with
IBD/AS, as compared with that in random population
samples, and 2) assess the risk ratios of IBD and AS
individually and combined among relatives of patients
with IBD and patients with AS at varying degrees of
genetic distance.

PATIENTS AND METHODS

IBD and AS registries. The IBD registry is a
population-based sample of data from all patients diagnosed as
having IBD in Iceland for the 50-year period 1950-2000, most
of whom have been described in detail elsewhere (26-28). The
patients were born in the years 1885-1990. This group con-
sisted of a total of 1,352 patients, including 1,091 with ulcer-
ative colitis and 261 with Crohn’s disease; 8 patients had
indeterminate colitis and were therefore excluded from this
study. The included patients were participants of 3 different
studies that had the same principal investigator (26-28).

The diagnoses of these patients were biopsy based and
independently reviewed; the disease in all patients was con-
firmed to fulfill the accepted diagnostic criteria (29). Each
patient was required to have had at least 1 year of followup,
and many patients have undergone decades of reevaluation
and had received confirmation of their final diagnosis. The
distribution of inflammation in the patients with ulcerative
colitis was as follows: 54% with involvement of the rectum
only, 30% with involvement of the procto-sigmoid, 5% with
left-sided colitis, and 11% with extensive colitis. The distribu-
tion of inflammation in the patients with Crohn’s disease was
as follows: 55% with involvement of the colon only, 19% with
ileocolonic involvement, 25% with involvement of the ileum
only, and 1% with involvement of the stomach.

The AS registry is also a population-based sample and
includes data from all patients diagnosed as having AS in
Iceland for the period 1950-1996. There were 205 patients
with AS, with a male:female ratio of 1.7:1. The criteria for the
diagnosis of AS were the American College of Rheumatology
modified criteria (30). Associated peripheral arthritis was
found in 98 patients (48%), uveitis in 53 patients (26%),
Crohn’s disease in 1 patient (0.5%), and ulcerative colitis in 9
patients (4%).

Genealogy database. DeCODE Genetics (Reykjavik,
Iceland) has built a computerized genealogy database of more
than 760,000 individuals (31). The database contains records of
all living Icelanders, comprising more than 290,000 individuals,
and a large proportion of data from subjects of Icelandic
descent who have ever lived in the country are in the database.
The genealogy of the entered individuals is recorded from
multiple sources, including church records, censuses from
previous centuries, and, more recently, published genealogies.

The genealogy database is essentially complete and
spans from the 18th century to the current time, thus allowing
distant relationships to be traced accurately (32). Use of this
database allows investigation into the relationships among
patients for both diseases, as well as assessment of the various
levels of relatedness. It also allows the creation of matched
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control groups for use in assessing the statistical significance of
the results.

To ensure anonymity of the patients in the present
study, the social security numbers of participants were sent to
the Data Protection Commission of Iceland for encryption
before arriving at the laboratory (33). Thus, all medical
information was imported to deCODE Genetics with en-
crypted identifiers. Both the Icelandic Bioethics Committee
and the Icelandic Data Protection Commission approved the
present study protocol, and all study participants gave their
written informed consent.

Assessment of inheritance. The risk ratio in relatives is
a measure of the risk of disease in a relative of an affected
person as compared with the risk in the population as a whole.
This measure is directly related to the power to identify, or
map, susceptibility genes (34). Obtaining valid estimates of the
risk ratio is, however, not straightforward, because many
sampling schemes may lead to biased or inaccurate estimates
(35). The use of a population-based group of patients elimi-
nates some of this potential sampling bias. In addition, a
near-complete genealogy database facilitates identification of
patients who are related to other patients.

In the present study we determined the risk ratio for
IBD and the risk ratio for AS in a previously described
Icelandic population (32), in separate analyses and in com-
bined analyses of the diseases. Empiric P values and 95%
confidence intervals were estimated in relation to the distribu-
tion of risk ratios calculated for 10,000 sets of matched control
subjects from Iceland, with each control subject matched to
each patient by sex, year of birth, and number of ancestors in
the 5 preceding generations (32).

The cross-risk ratio was used to estimate the related-
ness between AS and IBD, as well as the relatedness of the
subcategories ulcerative colitis and Crohn’s disease. The cross-
risk ratio is an estimate of the risk of IBD or its subcategories
ulcerative colitis and Crohn’s disease in relatives of patients
with AS, as compared with the risk in the population as a
whole. This was computed in a manner similar to that for the
risk ratio, using the patients with AS as the proband and
determining the number of IBD cases among their relatives.
The cross-risk ratio was symmetric, so we did not consider the
risk of AS among relatives of patients with IBD separately
(32).

The mean pairwise kinship coefficient (KC) was
calculated for all of the patients with IBD and all of the
patients with AS. The KC values were compared with the
distribution of the mean KCs among 100,000 sets of control
subjects who were matched to the patients in the same
manner as described above for the risk analyses. The KC is
the probability that 2 randomly selected alleles at an
autosomal locus, 1 from each individual, are inherited from
a common ancestor. The results of KC calculations were
refined by excluding the genetic contributions from relatives
at 1 or 2 meioses, up to and including 5 meioses. Genetic
contributions from the first- and second-degree relatives
may dominate the results, and therefore the resulting values
were compared with the distribution of values for the
100,000 matched control groups. The KC is expressed as a
genealogic index of familiality, calculated as the mean KC X
100,000 (36). All P values reported were nominal.

RESULTS

Pedigrees. Figure 1 shows a representative pedi-
gree of 8 patients with IBD and 8 patients with AS (1 of
these patients had both conditions) extending over 6
generations. Fourteen of the patients were related
within and at a distance of 6 meioses and could be traced
to a common pair of ancestors. The pedigrees demon-
strated significant clustering of patients with AS and
significant clustering of patients with IBD within fami-
lies.

Risk ratios in relatives. The risk ratio estimates
and cross-risk ratio estimates for disease in relatives of
affected patients are shown in Table 1. The risk ratios
for AS were 94, 25, and 3.5 (all P < 0.0005) among first-,
second-, and third-degree relatives of affected patients,
respectively. The risk ratios for IBD were 4.4, 2.2, and

vl

Figure 1. Pedigree of patients with inflammatory bowel disease (IBD)
and patients with ankylosing spondylitis (AS) extending over 6 gener-
ations. The representative pedigree shows 8 patients with IBD (blue
symbols) and 8 with AS (red symbols), 1 of whom had both conditions.
Except for 2 patients with IBD, all of the patients could be traced to a
common pair of ancestors. Disease status is known only for the later
generations. This pedigree extends over 6 generations, as indicated by
the Roman numerals, and was created with the use of the deCODE
Genetics genealogy database. To protect the anonymity of the families,
some of the unaffected relatives in the pedigree are not shown. The
circles denote female family members, and the squares denote male
family members.
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Table 1. Risk ratio estimates and cross-risk ratio estimates of disease in relatives of affected patients*

Risk ratio or cross-risk ratio estimate (95% CI)

P, combinedf

First-
First- and Third-
Second- Fourth- to fifth- second- to fifth-
First-degree degree Third-degree degree Fifth-degree degree degree  degree
Disease No. of patients relatives relatives relatives relatives relatives relatives  relatives relatives
AS 205 94 (74-114)F  25(16-36)% 3.5(1.6-8.2)% 0.9(0.3-1.9)  1.4(0.8-2.1) <0.0001  <0.0001 0.0039
Crohn’s disease 261 3.7(1.1-8.5)% 1.9(0.7-5.6) 0.3 (0.1-1.0)f 0.8 (0.5-1.4)  1.1(0.74-1.4) 0.066 0.0054  0.94
Ulcerative colitis 1,091 2.9(1.6-5.0)f 2.0 (1.3-3.1)F 1.1(0.8-1.5) 1.2(0.9-1.4) 1) <0.0001  <0.0001 0.36
IBD 1,352 3.0(1.8-4.6)% 2.1(1.4-2.9)% 1.0 (0.7-1.3) 1.1 (0.9-1.3) 1) <0.0001  <0.0001  0.68
Crohn’s disease 261 5.9 (1.8-11.7)F 2.6 (0.9-6.9) 3.6 (2.2-5.9)% 0.7 (0.3-1.5) .0-2.0)f  <0.0001 0.0003  0.0001
Ulcerative colitis 1,091 2.1 (1.1-3.5)% 1.4(09-2.1) 1.2(09-1.6) 1.4(1.2-1.7)F 1.0 (0.9-1.2) <0.0001 0.0028  0.0039
IBD 1,352 2.9(1.8-4.8)% 1.6 (1.1-2.3)f 1.7(1.3-2.0) 1.3 (1.1-1.5)% 1.1(1.0-1.3)F  <0.0001  <0.0001  0.0001
Ulcerative colitis 1,091 5.4 (4.3-6.9)f 2.7(2.2-3. 1.3 (1.1-1.6) 1.3 (1.1-1.5)% 1.13(1.0-1.2)F  <0.0001  <0.0001 <0.0001
1,352 4.8(3.9-5.8)f 2.4(2.0-2.9)% 1.3(1.1-1.5) 1.3 (1.1-1.4)% 1.1(1.0-1.2)f  <0.0001  <0.0001 <0.0001
IBD 1,352 4.4 (3.6-53)F 2.2(1.8-2.6)f 1.4 (1.1-1.5)% 1.3 (1.1-1.4)f 1.1(1.0-1.2)f  <0.0001  <0.0001 <0.0001

* Risk estimates for each primary heading of disease (ankylosing spondylitis [AS], Crohn’s disease, ulcerative colitis, and inflammatory bowel disease
[IBD]) are the risk ratio (95% confidence interval [95% CI]) for the estimated risk of having the disease itself (e.g., the risk of AS in a relative of
a patient with AS) as compared with the risk in 10,000 sets of Icelandic control subjects, whereas the risk estimates for each secondary subheading
of disease are the cross-risk ratio (95% CI) for the estimated risk of having that disease in relation to the primary heading disease (e.g., the cross-risk
of Crohn’s disease in a relative of a patient with AS) as compared with that in the control population, in first- through fifth-degree relatives of

affected patients.

F P values are 1-sided and indicate the significance of the risk of disease in the combined relative groupings of all generational levels, close relatives
(first- and second-degree only), and distant relatives (third- through fifth-degree only) as compared with matched control subjects.

F The 95% CI does not include 1.0 (1-sided P < 0.025).

1.4 (all P < 0.0001) among first-, second-, and third-
degree relatives of affected patients, respectively. The
cross-risk ratios for IBD were 3.0 and 2.1 in first- and
second-degree relatives of patients with AS, respectively,
and were the same for AS in first- and second-degree
relatives of patients with IBD. The estimates of risk and
cross-risk in relatives of patients with ulcerative colitis
and in relatives of patients with Crohn’s disease were
comparable.

Risk ratios in spouses. The risk ratio estimates
for disease in spouses of affected patients are shown in
Table 2. The risk ratio for having AS or Crohn’s disease
in spouses of affected patients was 0 (i.e., none of the
spouses had either of these diseases). Moreover, the risk
ratio for having ulcerative colitis or IBD in spouses was
not significant. In contrast, the risk ratio for having
Crohn’s disease in spouses of patients with Crohn’s
disease was significantly increased (P = 0.003), whereas
no increase in the risk ratio was observed for spouses of
patients with ulcerative colitis.

Kinship coefficients. Table 3 shows the related-
ness of IBD and AS separately and combined. On the
basis of the KC, it was evident that patients with IBD
were significantly more related to each other than were
population controls. The KC was significant in relatives
up to the fourth generation. Similar to the findings from
the risk analyses, even stronger relationships among AS
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patients were evident up to the first 3 generations.
Moreover, patients with IBD and patients with AS were
more closely related to each other, even after exclusion
of second-degree relatives (grandparents/grandchildren
or first cousins), than were population controls.

DISCUSSION

Many previous epidemiologic studies have dem-
onstrated the involvement of genetic components in the

Table 2. Risk ratio estimates of disease in spouses of affected
patients™®

No. of No. of Risk ratio
Discase patients  spouses (95% CI) P
AS 205 196 0 1.0
Crohn’s disease 261 196 0 1.0
Ulcerative colitis 1,091 196 1.1(0.0-43)  0.54
1BD 1,352 196 0.9 (0.0-3.9)  0.61
Crohn’s disease 261 232 21 (4.5-30) 0.003
Ulcerative colitis 1,091 232 0 1.0
IBD 1,352 232 35(09-82)  0.033
Ulcerative colitis 1,091 1,101 1.3(0.3-4.6) 035
1,352 1,101 1.1(0.3-41) 043
IBD 1,352 1,366 14(05-48) 022

* Risk estimates are the risk ratio (95% CI) for the estimated risk of
having the disease as a spouse of an affected patient, as compared with
that in the control population. See Table 1 for definitions.

F Significance of the risk ratio in spouses versus controls.
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Table 3. Kinship coefficients (KCs) for the risk of developing IBD and AS, separately and combined*

1BD AS AS vs. IBD
Exclusion for KC KC for controls Pvs. KC for controls Ps. KC for controls Ps.
calculation KC (95% CI) controls KC (95% CI) controls KC (95% CI) controls
No exclusions 14.5 11 (10-11) <0.00001  75.3 8.2 (6.0-11) <0.00001  12.9 11 (10-12) 0.00005
Exclusion
First-degree relatives 13.4 11 (10-11) <0.00001  44.2 8.0 (6.0-11) <0.00001 117 11 (9.8-12) 0.011
Second-degree relatives  11.6 10 (9.5-11) <0.00001  19.1 7.6 (5.8-9.7) <0.00001  11.2 10 (9.5-11) 0.0079
Third-degree relatives 10.2 9.4 (8.9-9.8) 0.00017  10.2 7.1(5.6-8.8) 0.00075  10.0 9.6 (9.0-10) 0.13
Fourth-degree relatives 9.1 8.5(8.1-8.9) 0.0038 7.0 6.2 (5.0-7.6) 0.12 9.2 8.8(8.2-9.3) 0.060
Fifth-degree relatives 7.7 7.4 (7.1-7.8) 0.079 6.5 5.3(4.3-6.3) 0.013 8.1 7.7(7.3-8.2) 0.059

* Values are the mean pairwise KC calculated for patients with IBD and patients with AS, as compared with the distribution of the mean KC in
100,000 groups of matched control subjects. The KC value is the probability that 2 randomly selected alleles at an autosomal locus, 1 from each
individual, are inherited from a common ancestor. See Table 1 for other definitions.

risk of IBD as well as in the risk of AS. Our results selected pairs of Icelanders, or that the risk of develop-
confirm these observations, and also show that herita- ing Crohn’s disease may be influenced by a common
bility in Iceland is much stronger in close relatives of environmental factor that is only observed later in life.
patients with AS than in close relatives of patients with However, the robustness of this finding is somewhat
IBD. Furthermore, we provide the first direct evidence undermined by the fact that the significance levels were
to support a common genetic component for IBD and critically dependent on a small sample size in which only
AS, which may be highly significant in view of the fact 2 spouses had Crohn’s disease of a total of 232 subjects,
that patients with AS frequently have a form of chronic and this was reflected by the wide confidence interval.
intestinal inflammation resembling that of classic IBD Although there is a possibility that selection bias could
(13-15). have affected these results, all patients with Crohn’s
The approach taken in the present study has disease in Iceland seek their medical care at the same
several methodologic advantages over those taken in medical centers, rendering selection bias less likely to
previous studies (7,35,37-39), since many prior studies occur.
were limited in size and assessed limited extended Another key new finding from this study is the
relationships. Our study was based on a nationwide, elevated cross-risk ratio between IBD and AS, which was
population-based sample containing all patients diag- demonstrated in both first- and second-degree relatives.
nosed as having IBD and/or AS over a relatively long, This finding further suggests that there are genetic
defined period, which reduces the potential for selection components shared by these complex diseases. Previous
bias. The Icelandic genealogy database uniquely permits ileocolonoscopy studies in patients with AS have shown
investigation of multiple levels of relationships among substantial similarities in the macro- and microscopic
patients and allows comparisons with a population- appearances of the terminal ileum as compared with that
based sample of controls. In this study, the risk ratio for in patients with Crohn’s disease (13-17), and other
disease in spouses of patients with ulcerative colitis and investigators have found a high prevalence of colitis
spouses of patients with AS who lived in the same among patients with AS. There is also the possibility of
environment did not differ from that of controls, indi- an association between Crohn’s disease and AS that is
cating that environmental factors did not substantially indicated by the fact that the 2 coexist in the same
affect the results in subjects in these disease categories. individual more often than do ulcerative colitis and AS.
Similarly, the demonstration of familial aggregation of Both twin studies and other genetic studies have shown
IBD and AS beyond the nuclear family (in which shared that there is a stronger genetic component in the risk of
environmental components may predominate) supports developing AS (40) and Crohn’s disease (6,41) than in
the role of genetic influences on the risk of these 2 the risk of developing ulcerative colitis. Similar relation-
diseases. ships are evident when subclinical disease markers are
In contrast, our results showed a higher rate of assessed in first-degree relatives of patients with these
Crohn’s disease in spouses of patients with Crohn’s disorders (12).
disease than in control subjects, suggesting that they may Thus, relatives of patients with AS and relatives
be more related to each other than are randomly of patients with Crohn’s disease may have a higher
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prevalence of increased intestinal permeability and sub-
clinical intestinal inflammation (12,25) than is observed
in relatives of patients with ulcerative colitis (42,43).
When taken together, the results of the present study
and those from previous studies suggest that there is a
strong and common genetic component to the risk of AS
and IBD. However, the nature of this genetic abnormal-
ity is speculative. There is, almost certainly, not an effect
from the IBD1 gene, since the at-risk variants in the
NOD2 gene are not found in Icelandic patients with
Crohn’s disease (12) and the prevalence of this genotype
is not increased in AS (44).

Our results provide strong evidence that a
molecular-genetic approach should be utilized in pa-
tients with these diseases, in order to identify the
putative common genetic abnormality in AS and IBD. If
the approach proves successful, this will open the possi-
bility of identifying a common early pathophysiologic
event in both AS and IBD that may be amenable to new
and selective treatments.
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