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Objective: Inverse associations between systemic inflammation and cholesterol (‘the lipid paradox’) have been
reported in rheumatoid arthritis (RA) and, in established axial spondyloarthritis (axSpA), but little is known about
this relationship in early axSpA, which is the focus of the present study.

Method: In the Swedish part of the SPondyloArthritis Caught Early (SPACE) cohort (patients with chronic back pain
for >3 months, <2 years; age at onset <45 years), serum levels of total cholesterol (TC) and apolipoproteins ApoAl
and ApoB were measured at inclusion, together with parameters reflecting inflammatory disease activity [C-reactive
protein (CRP), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and sacroiliitis by magnetic resonance
imaging (MRI) following Assessment of SpondyloArthritis international Society (ASAS) criteria]. All patients
included in the analysis either had axSpA based on a high physician’s level of confidence or fulfilled the ASAS
criteria for axSpA. Associations between lipids/lipoproteins and inflammation were assessed using multivariable linear
regression models.

Results: In the 64 patients included, there were inverse associations for CRP with TC, ApoAl, and ApoB in age—sex-
adjusted models. The negative associations with CRP remained significant for TC and ApoB in multivariable models
adjusted for age, sex, BASDAI, and current smoking (p = 0.048). There were no significant associations for the lipid
parameters with BASDATI or inflammation on MRI of the sacroiliac joints.

Conclusion: Inverse associations between systemic inflammation and lipids, particularly TC and ApoB, are present in
early axSpA, similar to those shown for other inflammatory joint diseases. These patterns must be considered when
including lipids in the evaluation of cardiovascular disease risk.

Traditional risk factors for cardiovascular disease
(CVD), such as sex, age, smoking status, hypertension,
hyperlipidaemia, obesity, and diabetes mellitus, are
included in the assessment of CVD risk in the general
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population (1, 2). These risk factors are more prevalent
in inflammatory joint diseases, such as rheumatoid
arthritis (RA) (3), psoriatic arthritis (PsA) (4), and
axial spondyloarthritis (axSpA) (4), and are likely to
contribute to the increased risk of CVD events, by up
to 50%, found in these diseases (5).

In RA, it has long been known that disease activity is
inversely correlated with total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C), whereas associa-
tions with high-density lipoprotein cholesterol (HDL-C)
are less consistent (6, 7). Furthermore, retrospective
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analysis has demonstrated a significant decrease in TC and
LDL-C over the 5 years before RA diagnosis compared to
controls who did not develop RA, although this was not
confirmed in a Dutch cohort of subjects with seropositive
arthralgia who were later diagnosed with RA (8, 9). The
inverse association between TC and its subfractions
results in a U-shaped association between TC and CVD
risk in RA with intermediate/high disease activity (‘RA
lipid paradox’), where this group of RA patients has an
increased risk of CVD, despite low TC. This U-shaped
association is attenuated when lower disease activity is
achieved through effective disease-modifying anti-
rheumatic drug (DMARD) therapy (4, 7). Several
mechanisms in RA for this inverse association between
systemic inflammation and cholesterol levels have been
proposed, including elevated uptake through increased
expression of LDL-C receptors in the liver, an uptake
that is enhanced by production of local cytokines such as
interleukin-6 and tumour necrosis factor-o. (TNF-a) (7). In
addition, systemic inflammation may decrease LDL-C
through oxidation, resulting in a product that is more
easily internalized in atherosclerotic plaques, and by lead-
ing to the production of pro-inflammatory
HDL-C (7).

In axSpA, the association with CVD tends to be
slightly weaker than in RA (3), although axSpA has
been shown to be a risk factor for both subclinical
atherosclerosis (10) and CVD events (4). In addition,
subclinical atherosclerosis and abnormality in CVD
risk factors, including dyslipidaemia, has recently
been shown to be of a similar degree in RA and
ankylosing spondylitis [which corresponds to radio-
graphic axial spondyloarthritis (r-axSpA)] (11). There
is, however, only sparse information supporting the
presence of the ‘lipid paradox’ in established axSpA
(12) and a lack of knowledge with regard to earlier
phases of axSpA.

The aims of the present study were thus to assess the
associations between the degree of inflammation and
levels of TC, apolipoprotein Al (ApoAl, as a marker
of HDL-C), and apolipoprotein B (ApoB, as a marker of
LDL-C) in patients with early-diagnosed axSpA.
Inflammation was assessed biochemically, clinically,
and on magnetic resonance imaging (MRI) of the
sacroiliac joints (SIJ).

Method
Study population and covariates

For the purpose of the present analysis, the baseline
data from the Swedish part of the SPondyloArthritis
Caught Early (SPACE) cohort included until
June 2020 were used. The SPACE cohort is an
international,  observational cohort, recruiting
patients aged >16 years with chronic back pain of
a short duration (23 months, but <2 years), with an
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age at onset <45 years, seen in the outpatient clin-
ical care of 14 participating centres in four coun-
tries. Patients were not eligible for the study if they
had another painful condition not related to axSpA
that could interfere with the evaluation of the dis-
ease or an inability to comply with protocol require-
ments. In Sweden, eight centres have included 92
patients.

Patients were assessed according to a structured protocol
(13). The baseline evaluation included clinical and labora-
tory assessment, questionnaires with self-reported comor-
bidities (e.g. diabetes, hypertension), and MRI and X-rays
of the SIJ and spine. Non-fasting blood samples were
obtained, and laboratory tests, including serum level of
C-reactive protein (s-CRP) and blood lipids (TC, LDL-C,
HDL-C, ApoAl, and ApoB), were performed according to
standard procedures at each centre. Radiographs and MRI
images were independently scored by three trained central
readers, blinded to clinical data and to the results of other
modalities. Inflammation on the MRI of SIJ according to
the Assessment of SpondyloArthritis international Society
(ASAS) definition was assessed centrally, defined by agree-
ment between at least two out of three readers (14, 15).

Patients were included in the current analyses if they
had been given a diagnosis of axSpA by the examining
rheumatologist with a level of confidence 26 on a 0-10
scale, based on all the available information from the
baseline evaluation, including imaging, or if they ful-
filled the ASAS classification criteria for axSpA (16—
18). In addition, they should have available baseline
analysis of TC, ApoAl, and ApoB (only available in
64 out of 92 of the Swedish patients). In a proportion of
patients, HDL-C and LDL-C levels were also measured.
Relevant clinical variables reflecting disease activity
[Ankylosing Spondylitis Disease Activity Score
(ASDAS), Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI), s-CRP, ASDAS-CRP] and possi-
ble confounders, determined a priori [age, sex, body
mass index (BMI), hypertension, diabetes, current
smoking] were included in the analyses.

Ethics

The Swedish part of the SPACE study protocol was
approved by the regional research ethics committee in
Lund, Sweden (reference number 2010/653). All parti-
cipants provided written informed consent according to
the Declaration of Helsinki.

Statistical analysis

Descriptive data are expressed as mean = sd, median
(interquartile range), or number (percentage). In addi-
tion, categorical cut-offs were made for LDL-C accord-
ing to target values for patients at high (<2.6 mmol/L)
and moderate/low risk (<3.0 mmol/L) of CVD (19). In



Lipid paradox in early axSpA

line with this, categorical cut-offs were made for ApoB
according to levels for patients at high (0.8 g/L) and
low/moderate risk (1.0 g/L) of CVD (19). Initially, the
associations between blood lipids (TC, ApoAl, ApoB)
and CRP, clinical disease activity indices (BASDAI,
ASDAS-CRP), MRI inflammation on SIJ, and tradi-
tional risk factors for CVD (sex, age, BMI, smoking)
were assessed bivariately using Spearman’s rank corre-
lation. The association between blood lipids and CRP
was further assessed in a number of multivariable linear
regression models: (i) adjusting for age and sex; (ii)
adjusting for age, sex, and one other covariate at
a time (BMI, smoking, BASDAI, sacroiliitis on MRI
of SIJ); and (iii) adjusting simultaneously for a priori
determined possible confounders (age, sex, BASDAI,
current smoking). A p-value < 0.05 was considered
significant. The assumptions applying to linear regres-
sion models were checked and statistically tested, and
none was violated.

Results

Of the 92 patients included in the Swedish SPACE
cohort, 64 had available data on TC, ApoAl, and
ApoB. The mean * sd duration since onset of back
pain was 12.8 + 6.3 months and the mean age was
27.6 £ 6.7 years. Most patients were male (60%) and
human leucocyte antigen (HLA)-B27 positive (78%),
with varying occurrence of phenotypical features
known to be associated with axSpA (Table 1).

Of those with available LDL-C, 36% had levels that
were above the recommended level for patients with
low/moderate CVD risk, and in line with this, ApoB
was above the cut-off of 1.0 g/L in 23% (Table 1).

When the association between lipids and CRP, disease
activity, and traditional risk factors for CVD was
assessed, the serum levels of CRP correlated weakly
and inversely with TC (tho = -0.31, p = 0.02), with
a similar tendency for both ApoAl (rho = -0.23,
p=0.07) and ApoB (rho =—-0.21, p = 0.10). Correlations
were weaker with clinical disease activity (BASDAI) and
absent for inflammation of the SIJ on MRI (Table 2). In
the linear regression model adjusting for age and sex,
CRP levels were significantly and inversely associated
with both TC and ApoAl levels, with a tendency for
a similar association with ApoB (Table 3). Adjusting
for age, sex, and one other covariate at a time resulted
in overall similar estimates, with only slightly attenuated
p-levels, especially when adjusting for BASDAI and
inflammation on MRI of the SIJ according to the ASAS
definition (14) (Table 3).

In the multivariable model adjusting simultaneously
for age, sex, BASDAI, and smoking, CRP was, in
a similar fashion, inversely associated with TC and
ApoB (p = 0.048), with a similar tendency for ApoAl
(Table 3).

Excluding the few patients (n = 8) treated with con-
ventional synthetic DMARDs, TNF inhibitors, or glu-
cocorticoids resulted in similar estimates, with
significant (p = 0.048) inverse associations between
CRP and TC and ApoB in the multivariable model
(Supplementary Table 1).

Blood lipid and CRP levels were similar in subgroups
stratified by HLA-B27 status.

Comparison of the patients who were excluded from
the analyses (n = 28) because of missing values for
apolipoproteins and TC to those who were included
showed overall similar distributions for age, sex, and
other baseline characteristics (Supplementary Table 2).

Discussion

In the present study, we demonstrate an inverse associa-
tion in patients with early-diagnosed axSpA between
blood lipid levels and systemic inflammation, reflected
by the serum level of CRP. This finding appeared to be
independent of possible confounders and specifically
valid for biochemical systemic inflammation, whereas
no significant association was found between blood
lipids and BASDAI (largely based on patient-reported
outcome) or inflammation on the MRI of SIJ.

Our findings are in line with what has, in particular,
been shown previously for RA (7), but also, to some
extent, for patients with established axSpA (r-axSpA)
(12). Our findings support that the inverse correlation
between lipid status and systemic inflammation is
a general phenomenon in patients with rheumatic dis-
eases and not restricted to patients with RA.

It is important to consider that the patients in the
present study had, at baseline, already received treat-
ment in accordance with the Swedish and international
treatment recommendations, with the majority (80%)
being treated with non-steroidal anti-inflammatory
drugs and a proportion (13%) having already received
treatment with DMARDs or glucocorticosteroids. Our
analyses could not address the extent to which effective
DMARD treatment may ameliorate the associations
between systemic inflammation and blood lipids (as
seen in RA) in early axSpA (5, 6). On the other hand,
the fact that a moderate inverse association between
lipids and CRP was present in this young patient
group early in the disease course and a substantial pro-
portion had relatively high LDL-C levels (compared to
treatment targets for patients at moderate/low and high
risk for CVD) suggests that this may be of long-term
clinical relevance.

Some limitations should be acknowledged. First, our
sample size is modest and may not be completely repre-
sentative of patients seen in other settings, which may
hamper generalizability. On the other hand, there are no
previous publications on the subject in early axSpA.
Secondly, it would have been advantageous if we had
measured oxidized LDL-C and subtypes of HDL-C more

www.scandjrheumatol.se
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Table 1. Baseline characteristics of the 64 patients with early axial spondyloarthritis (axSpA)
from the Swedish part of the SPondyloArthritis Caught Early (SPACE) cohort included in the

present study.

Characteristic Value
Demographics
Male sex 38 (59)
Age (years) 276 + 6.7
Clinical characteristics
Duration of back pain (months) 12.8 + 6.3
HLA-B27 positive 50 (78)
Inflammatory back pain 61 (95)
Peripheral arthritis (history of) 10 (16)
Dactylitis (history of) 6 (9)
Heel enthesitis (history of) 15 (23)
Psoriasis (history of) 10 (16)
Uveitis (history of) 7(11)
IBD (history of) 3 (5)
Family history of axSpA, reactive arthritis, uveitis, psoriasis, or IBD 28 (44)
Response to NSAID 44 (69)
Elevated CRP (> 5 mg/L) 33 (52)
Blood lipids
TC (mmol/L) 43+10
HDL-C (mmol/L) 1.46 + 1.08
ApoAT1 g(/L) 1.41 £ 0.26
LDL-C (n = 44) 271 +£0.77
LDL-C < 2.6 mmol /L 18/44 (41)
LDL-C 2.6-2.99 mmol /L 10/44 (23)
LDL-C > 3.0 mmol /L 16/44 (36)
ApoB* (g/L) 0.84 + 0.22
ApoB < 0.8 g/L 30 (47)
ApoB 0.8-0.99 g/L 19 (30)
ApoB > 1.0 g/L 15 (23)
Traditional risk factors for CVD
BMI (kg/m?) 239 +35
BMI = 30 kg/m? 2 (3)
Current smoker 6 (9)
Hypertension* 3 (5)
Diabetes* 1(2)
Measures of disease activity
BASDAI 417 £ 2.28
CRP (mg/L) 3.25 (1.00, 7.60)
ASDAS-CRP 2.39 + 1.06
Imaging
Sacroiliitis on X-rays (NY criteria) 4/35 (11)
Sacroiliitis on MRI 24/47 (51)
Current treatment for axSpA
NSAID 51 (80)
Other anti-inflammatory treatment: 8 (13)
csDMARD/bDMARD 3 (5)
TNFi 5 (8)

Glucocorticosteroids

1(2)

Data are shown as n (%), mean + sd, or median (interquartile range).

*Based on self-reported diagnoses.

HLA, human leucocyte antigen; IBD, inflammatory bowel disease; NSAID, non-steroidal anti-
inflammatory drug; CRP, C-reactive protein; TC, total cholesterol; HDL-C, high-density lipopro-
tein cholesterol; ApoA1, apolipoprotein Al; LDL-C, low-density lipoprotein cholesterol; ApoB,
apolipoprotein B; BMI, body mass index; CVD, cardiovascular disease; BASDAI, Bath Ankylos-
ing Spondylitis Disease Activity Index; ASDAS, Ankylosing Spondylitis Disease Activity Score;
NY, New York; MRI, magnetic resonance imaging; csDMARD, conventional synthetic disease-
modifying anti-rheumatic drug; bDMARD, biological disease-modifying anti-rheumatic drug;

TNFi, tumour necrosis factor inhibitor.

specifically to better understand the mechanisms behind
our observations. Thirdly, our sample was too small to

evaluate any impact of effective anti-inflammatory treat-
ment on the reported associations.

www.scandjrheumatol.se
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Table 2. Associations between total cholesterol (TC), apolipoprotein A1 (ApoA1), and apolipoprotein
B (ApoB) and C-reactive protein (CRP) levels, clinical disease activity indices, and traditional risk
factors for cardiovascular disease, expressed as Spearman’s correlation coefficients.

TC ApoA1 ApoB
rho (p) rho (p) rho (p)
Sex (male = 1, female = 2) -0.02 (0.90) 0.46 (0.0002) -0.07 (0.57)
Age 0.36 (0.005) 0.12 (0.33) 0.20 (0.13)
BMI 0.02 (0.86) -0.09 (0.48) 0.19 (0.12)
Current smoker (yes = 1, no = 2) 0.13 (0.33) -0.008 (0.96) 0.28 (0.04)
BASDAI -0.22 (0.10) 0.01 (0.94) -0.05 (0.73)
ASDAS-CRP -0.31 (0.021) -0.05 (0.714) -0.12 (0.362)
CRP -0.31 (0.02) -0.23 (0.07) -0.21 (0.10)
Sacroiliitis on MRI (ASAS criteria) 0.003 (0.98) -0.06 (0.64) -0.02 (0.89)

BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ASDAS,
Ankylosing Spondylitis Disease Activity Score; MRI, magnetic resonance imaging; ASAS, Assess-
ment of SpondyloArthritis international Society.

Table 3. Multivariable linear regression models assessing the association between total cholesterol (TC), apolipoprotein A1
(ApoA1), and apolipoprotein B (ApoB) and C-reactive protein (CRP) after adjusting for relevant covariates.

TC ApoA1 ApoB
Covariate adjusted for: B (se) p B (se) p B (se) p
Age and sex -0.0351 (0.0157)  0.029  -0.0072 (0.0034) 0.026  -0.0064 (0.0031)  0.044
BMI* (per unit) -0.0354 (0.0161)  0.032  -0.0073 (0.0035) 0.039  -0.0066 (0.0031) 0.036
Present smoker* (yes vs no) -0.0393 (0.0170)  0.025 -0.0077 (0.0034) 0.028 -0.0071 (0.0032)  0.033
BASDAI* (per unit) -0.0296 (0.0166)  0.080  -0.0060 (0.0033) 0.075  -0.0059 (0.0035)  0.092
Sacroiliitis on MRI (ASAS criteria)* (yes vs no)  -0.0289 (0.0166)  0.088  -0.0082 (0.0034) 0.020  -0.0057 (0.0032) 0.078
BASDAI and current smokingt -0.0336 (0.0169)  0.048  -0.0065 (0.0034) 0.065 -0.0069 (0.0034) 0.048

*Adjusted for age and sex and the respective covariate.
tAdjusted for age, sex, BASDAI, and current smoking status.

BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ASDAS, Ankylosing Spondylitis Disease
Activity Score; MRI, magnetic resonance imaging; ASAS, Assessment of SpondyloArthritis international Society.

Conclusion

Our findings indicate that the ‘lipid paradox’, with an
inverse association between systemic inflammation and
cholesterol fractions, is present in early axSpA. These
patterns must be taken into account, as already stated in
the European Alliance of Associations for Rheumatol-
ogy (formerly the European League Against Rheuma-
tism) (EULAR) recommendations (5), when including
lipids in the evaluation of CVD risk. The extent to
which these associations are ameliorated with better
anti-inflammatory treatment needs to be examined in
longitudinal studies.
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