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ackground & Aims: It has been suggested that subclin-
cal intestinal inflammation plays a pathogenic role in
he spondylarthropathy of ankylosing spondylitis (AS).
e assessed the possible presence and inheritance

attern of subclinical intestinal inflammation in first-
egree relatives of patients with AS. The relationship
etween this inflammation and the subjects’ HLA-B27
enotype as well as computerized tomographic sacroil-
ac abnormalities was also assessed. Methods: A total of
24 of 213 (58%) available first-degree relatives of 47
atients with AS in Iceland underwent investigation for
ntestinal inflammation (fecal calprotectin concentra-
ion), HLA-B27 genotyping, and computerized tomogra-
hy of the sacroiliac joints. Results: A total of 41% of the
rst-degree relatives had subclinical intestinal inflam-
ation, whereas 15 of 17 spouses were normal. Vari-

nce components analyses suggest that the inheritance
attern of this inflammation is affected by a major
dditive gene. Some sacroiliac changes, suggestive of
arly AS, differed significantly between subjects with
nd without subclinical intestinal inflammation (mean
iameter of subchondral cysts [2.9 vs. 1.2 mm; P �
.026] and blurring of joint margins [9 of 44 (20%) vs. 1
f 41 (2%); P � 0.02]). Intestinal inflammation and
acroiliac changes did not relate to the subjects’ HLA-
27 status. Conclusions: Many first-degree relatives of
atients with AS appear to have an inherited abnormal-
ty that leads to subclinical intestinal inflammation. The
ssociation between the presence of this inflammation
nd the sacroiliac changes suggests that it may play a
athogenic role in the spondylarthropathy of AS.

n the past century, an interesting link has been found
between some intestinal diseases and arthritis.1 It is
ost obviously seen in the inflammatory bowel diseases

IBD) ulcerative colitis and Crohn’s disease (CD). These
re associated with 3 patterns of arthritis,2 one of which
s a spondylarthropathy. This spondylarthropathy (re-
uiring both clinical and radiologic features) is found in
%–6% of patients with classic IBD, whereas radiologic
acroiliitis is more common and evident in 18% of
atients with classic IBD3 and as many as 53% are
ffected when modern techniques are used.4 Clinically,
his spondylarthropathy is almost identical to that of
diopathic ankylosing spondylitis (AS). However, there is

difference in the prevalence of HLA-B27 in the 2
pondyloarthropathies; the prevalence in IBD, while still
igh, is significantly lower than in AS.5

Idiopathic AS usually occurs without overt signs of
ntestinal inflammation, but ileocolonoscopy studies6–9

how a high prevalence of asymptomatic intestinal in-
ammation. This usually involves the ileum, although
ome reports also show a microscopic colitis.10,11 There
eems to be a close relationship between this subclinical
ntestinal inflammation and the inflammation seen in
atients with CD. Hence, the prevalence (AS, 20%–
0%; CD, 35%–80%) and type of inflammation (pres-
nce of giant cells, granulomas, and fissures: AS, 7%–
9%; CD, 8%–17%) seen on ileal biopsy are almost
dentical in AS and CD.11 Furthermore, about 10% of
atients initially diagnosed with AS associated with this
ubclinical ileitis develop classic IBD when restudied
ome years later.12,13 These findings have led to 2 im-
ortant suggestions about the nature and importance of
he intestinal inflammation in AS.11 First, it is suggested
hat the intestinal inflammation in AS may represent
ubclinical CD, that is, it might share a pathogenic event
genetic or environmental) that does not usually by itself
rogress to the full phenotype of CD. Second, it is
uggested that the intestinal inflammation may play a
athogenic role in the arthropathy of AS. One proposed

Abbreviations used in this paper: AS, ankylosing spondylitis; CT,
omputerized tomography.

© 2003 by the American Gastroenterological Association
0016-5085/03/$30.00

doi:10.1053/j.gastro.2003.08.035
h

i
s
fl
s
s
i
p
8
e
1
i
p
s
s
p
t
t
s
(
p
s
p

c



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.11

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.14,15 Moreover, the prevalence of increased intestinal
permeability in first-degree relatives of patients with AS
(10%–60%) and CD (10%–54%) is similar.11,14,15 In the
case of relatives of patients with CD, it is suggested that
the intestinal permeability changes are consequent to
subclinical intestinal inflammation.16 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.16 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.17 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

cause or modify intestinal inflammation.18 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).18 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 AS19 as well as that due to NSAIDs20).
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).14,21 Low-dose
aspirin (�300 mg/day) was not an exclusion criteria (n � 5)
because, unlike conventional NSAIDs, aspirin does not cause
small bowel inflammation.11,14,21

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

Table 1. Demographic Details of Patients With AS Studied,
Their First-Degree Relatives, and Their Spouses

Patients with
AS

First-degree
relatives

Spouses of
patients
with AS

No. 47 124a 17
Sex (M/F) 37/10 51/73 3/14
Age, yr (mean � SD) 40 � 12 45 � 16 38 � 11

aA total of 213 first-degree relatives, which excludes those younger
than 16 and older than 80 years of age, were potentially available for
study.
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than 25 years and concerned about the radiation); therefore, 85
(32 men [38%] and 53 women [62%]) 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.22 After thawing, 5-g aliquots were processed
for quantitative measurements by a sensitive and specific en-
zyme-linked immunosorbent assay as previously described.21

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.24

Assessment of Inheritance

Variance component analysis was performed25 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

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 (sa), a dominance variance (sd), a polygenic variance
(sp), and a residual variance (s). The variance of a measurement
is the sum of these components, and the covariance between 2
individuals is k sa � z sd � p sp, where k 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.

H0 sa � sd � sp � 0 No genetic factor

Hp sa � sd � 0, sp � 0

No major gene but a polygenic factor

Ha sd � 0, sa � 0, sp � 0

A major additive gene and a polygenic factor

Hd sa � 0, sd � 0, sp � 0

A major dominance gene and a polygenic factor

Had sa � 0, sd � 0, sp � 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, H0 was tested against all the other hypoth-
eses. To establish that there is a major gene affecting the trait,
Hp was tested against Ha, Hd, and Had. Finally, to compare
how the major locus dominance and additive components fit
the data, Ha and Hd were tested against Had. Testing was
performed using a likelihood ratio test, assuming multivariate
normality. Note that the estimate of polygenic variance com-
ponent under Hp is an estimate of the heritability of log-
calprotectin levels.

CT Imaging

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 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).26 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 t 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 t test and, where appropriate, the Mann–Whitney
test and Fisher exact test. Kendall’s � 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

(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 0
(P � 2 � 10�15 when testing Hp against H0). 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
Ha against Hp). 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 Hd against Hp). 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 Had against Ha).

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.
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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

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.

Table 2. Results of Variance Components Analysis

Model df
Additive

component (%)
Dominance

component (%)
Polygenic

component (%) P vs. H0 P vs. Hp P vs. Had

Hp 1 57 2 � 10�15

Ha 2 73 0 2 � 10�16 0.002 1
Hd 2 42 55 8 � 10�15 0.4 0.003
Had 3 73 0 0 6 � 10�16 0.007

NOTE. Estimates of variance components are reported as percentages of the total variance. P values are for testing the given model against H0

and against Hp and for testing Had against the given model. The df of each model is given and in the first set of tests is compared with the 0
df of H0.

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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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-

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.7–9,11 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,16 perhaps involving defective
neutrophil function, and that the increased intestinal
permeability14 is consequent to this inflammation.16 In
the current study, we show that patients with AS have
significantly increased fecal concentrations of calprotec-
tin comparable to patients with CD.16,23 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.14 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.16 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.27 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

Table 3. Sacroiliac CT Changes, HLA-B27 Genotype, and Fecal Calprotectin

HLA-B27 positive
(n � 45)

HLA-B27 negative
(n � 36)

Increased fecal
calprotectin

concentration
(n � 44)

Normal fecal
calprotectin

concentration
(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

(95% confidence interval)
2.0 (1.1–2.5) 2.1 (1.3–3.0) 2.9 (1.7–4.2) 1.2a (0.4–2.0)

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

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.
aDiffers significantly (P � 0.026) from relatives with increased fecal calprotectin concentrations.
bDiffers significantly (P � 0.02) from relatives with increased fecal calprotectin concentrations.
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cumulative effects of additional genetic and/or possibly
environmental interactions under these circumstances.28

The clinical course and radiographic appearances of
the spondylarthropathy associated with IBD and idio-
pathic AS are often indistinguishable.2,29 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.9,11,19 This in-
testinal-spondylarthropathy interaction hypothesis is
strengthened experimentally by the finding that trans-
genic rats, which strongly express the human HLA-B27
and �2-microglobulin genes, develop colonic inflamma-
tion and arthritis.11,30 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 CD28 and modification
of the enteric bacterial flora is currently being exploited
for therapeutic purposes in CD and various other dis-
eases.31

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.32,33 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

keeping with there being a significant genetic suscepti-
bility to the severity of AS that is largely conferred by
complex genes other than HLA-B27.34,35 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 first-
degree relatives of patients with CD16 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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