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Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disorder of unknown etiology affecting different
organ systems and showing a fluctuating disease course.
Several genetic factors appear to contribute to disease
susceptibility and disease expression. Immunologically, the
disease is characterized by a polyclonal B cell stimulation,
autoantibody production, and formation of immune

complexes. In addition, T cell dysfunctions have been char-
acterized. Regarding cytokine profiles, the disorder shows
the characteristics of a Th2–dominated immune response. A
characteristic feature of SLE is that the pattern of organ
involvement differs from one patient to another. This
suggests differences in pathogenic mechanisms in different
organs, a hypothesis supported by the differences in autoan-
tibody profiles correlating with involvement of different
organs.

In recent years, more than 60 clinical scoring systems
have been developed to assess disease activity. Currently in
most widespread use are the SLE Disease Activity Index,
the Systemic Lupus Activity Measure, the Lupus Activity
Index, the British Isles Lupus Assessment Group (BILAG)
index, and the European Consensus Lupus Activity
Measure1,2. We chose the BILAG because it gives an accu-
rate organ-specific measurement of disease activity3-5, as
this would allow correlation of immunoinflammatory
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ABSTRACT. Objective. To correlate various laboratory measures in systemic lupus erythematosus (SLE) with the
British Isles Lupus Assessment Group (BILAG) disease activity index, to search for organ-specific
laboratory patterns and to compare with a control population.
Methods. A cohort of 57 Caucasian outpatients fulfilling the American College of Rheumatology
criteria for SLE and a control population of 17 patients admitted for coronarography were examined.
Disease activity was assessed with BILAG index. Plasma samples were investigated for sCD44,
interleukin 6 (IL-6), IL-10, IL-12, tumor necrosis factor-α (TNF-α), soluble TNF receptor-55
(sTNFR-55), sTNFR-75, IL-1-receptor antagonist, soluble intercellular adhesion molecule
(sICAM), soluble vascular cell adhesion molecule (sVCAM), E-selectin, and neopterin as well as for
C3, C4, dsDNA, and other conventional indicators.
Results. Thirty-nine patients had inactive disease (total BILAG score ≤ 5), 18 patients had active
SLE. Surprisingly, except for C-reactive protein (p < 0.001), no statistically significant difference of
the laboratory indicators was found between patients with active and those with inactive SLE.
However, there was a significant difference between SLE patients and controls for sTNFR-75 (p <
0.008). We found significant correlations between laboratory markers and some BILAG organ
system scores, such as between IL-1ra and the musculoskeletal score (p < 0.003) and between
sTNFR-55/sTNFR-75 and renal BILAG (p < 0.001, p < 0.004, respectively). Significant nonpara-
metric correlations were revealed between C3 and C4 (p < 0.0001), and between sTNFR-75 and
dsDNA, neopterin, sVCAM, sICAM and sTNFR-55 concentrations (p < 0.0001 for all), and between
sTNFR-75 and IL-1ra (p < 0.006).
Conclusion. Patients with SLE in clinical remission show ongoing systemic immunoinflammatory
activity measured with a variety of cytokines, adhesion molecules, and other inflammatory markers.
This indicates that laboratory measures may provide qualitatively different additional information to
validated disease activity indexes such as the BILAG. Different laboratory markers correlate with
disease activity in different organ systems. This suggests differences in pathogenic mechanisms in
SLE depending on the organ system involved. (J Rheumatol 2003;30:2133–9)
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markers with disease activity in the different organs
involved.

In addition to the clinical evaluation, laboratory markers
may help to assess disease activity. The most frequently
used are the complement components and the double
stranded-DNA antibody titer. Further, it is known that the
C–reactive protein (CRP) parallels disease activity, although
to a much lesser degree than seen in other systemic
rheumatic diseases6,7. To date, no single test has proven to
be sufficiently sensitive and predictive to guide therapy8-14.

Among recently detected molecules that might qualify as
disease activity markers are cytokines and adhesion mole-
cules. Interleukin 6 (IL-6) is a pleiotropic cytokine with a
profound effect on the terminal differentiation of B lympho-
cytes into plasma cells15. As expected, high systemic levels
of this cytokine were found in patients with SLE16,17.
However, the initial finding of a positive correlation
between IL-6 and disease activity could not be confirmed by
other investigators18. IL-10, a typical Th2 cytokine, has also
been found at elevated concentrations in SLE, showing a
positive correlation to disease activity in cross-sectional
studies19,20. IL-12 counterbalances many of the effects of IL-
1021-23. It can be found systemically elevated in disorders
with a Th1-dominant immune response such as Behçet’s
disease24. In contrast to conflicting results about systemic
levels of tumor necrosis factor-α (TNF-α)25,26, several
studies have documented a positive correlation between
concentrations of soluble TNF receptors (sTNFR-55 and
sTNFR-75)25-29 as well as IL-1 receptor antagonist (IL-
1ra)30 and disease activity in SLE. Interestingly, IL-1ra
levels were increased in extrarenal SLE, but decreased in
renal lupus31. So far, this is the only study that might suggest
that cytokine levels and/or patterns could differ if different
organs are involved.

Recent studies have measured normal concentrations of
soluble intercellular adhesion molecule (sICAM) and
reduced concentrations of E-selectin in sera of SLE patients
in comparison to healthy controls32. As SLE is an indepen-
dent risk factor for coronary artery disease (CAD) and
sICAM levels have been found elevated in CAD, this
finding is surprising. In contrast to sICAM and E-selectin,
soluble vascular cell adhesion molecule (sVCAM) was
found to be elevated and showed a positive correlation with
disease activity33,34. CD30 is a surface marker of Th2
lymphocytes. As expected for a Th2-dominated disease, sera
of SLE patients contained elevated levels of soluble CD30,
and again a positive correlation to disease activity could be
calculated35. CD44 acts as an adhesion molecule, binds
hyaluronic acid, and is expressed by antigen-activated T
lymphocytes36. A soluble form has been found in sera of
patients with neoplastic diseases that correlates with tumor
burden37. In SLE, an increase in the numbers of CD44+ T
cells was described; however, systemic levels of its soluble
form have not been analyzed so far. Neopterin is considered

to be a marker of monocyte/macrophage activation. It is
very sensitive and has been found to correlate with activity
of a variety of immunoinflammatory conditions38.
Interestingly, neopterin was also found as a marker for
disease activity in urine of patients with SLE39.

In summary the aims of this study were (1) to investigate
whether immunoinflammatory variables might depict
“subclinical” disease activity; (2) to compare the different
variables with conventional activity measures and with the
BILAG score; and (3) to investigate whether different vari-
ables correlate with any type of organ involvement as
measured with the “sub-BILAG.”

MATERIALS AND METHODS
A convenience sample of German-speaking Caucasian Swiss patients with
SLE was recruited via local rheumatologists, nephrologists, dermatologists,
and general practitioners. In addition a letter was sent to each member of
the regional SLE patients’ organization asking for participation in the study.
To be eligible, patients had to fulfill the American College of
Rheumatology (ACR) classification criteria40. In total, 78 patients were
assessed. In 60 cases the criteria for SLE were fulfilled; in 8 patients SLE
was diagnosed, but without fulfilling the criteria. The remaining 10 patients
had other connective tissue diseases.

Disease activity was assessed by the BILAG index. This score system
measures SLE–related disease activity in 8 organ-based components
(general, mucocutaneous, neurological, musculoskeletal, cardiovascular/
respiratory, vasculitis, renal, and hematological) and is based upon the prin-
ciple of the physician’s intention to treat. To obtain a global score, BILAG
component scores can be assigned numerical values: A = 9 (most active
disease), B = 3 (intermediate activity), C = 1 (mild and stable disease
activity), D = 0 (inactive disease), and E = 0 (no activity ever), resulting in
a potential global score ranging from 0 to 72. This numerical score as well
as the total BILAG score have been shown to be valid3.

In addition to calculations of correlations between laboratory measures
and disease activity as assessed by the BILAG system, comparisons
between patient groups were performed. For this purpose SLE patients
were arbitrarily categorized into one group with active disease (BILAG
score > 5) and a second group with inactive disease (BILAG ≤ 5). A total
BILAG score > 5 usually consists of at least one organ score = 3 (which
signifies one organ system with a minor flare). According to recent reports,
authors have chosen 3, 5, or even 8 as a cutoff for active disease, thus a
score of 5 corresponds approximately to the mean of this range.

Blood was drawn at the time of clinical examination. Plasma was
aliquoted and stored immediately at –20°C until analysis. Routine hemato-
logical, biochemical, and immunological blood tests were performed in the
hospital laboratories (Kantonsspital, St. Gallen, Switzerland). They
included measurements of CRP, C3 and C4 serum levels, and quantification
of dsDNA antibody titers (using an enzyme immunoassay as well as the
Crithidia assay). IL-6 and TNF-α were quantified by an immunoassay
(Innogenetics NV, Gand, Belgium). Neopterin was measured with an
ELISA (IBL, Hamburg, Germany). sCD44, sVCAM-1, sICAM-1, sE-
selectin, IL-10, IL-1ra, and IL-12 were quantified with an immunoassay
(R&D Systems, Abingdon, UK). sCD30 was measured with an ELISA
(Dako, Glostrup, Denmark). Quantification of sTNFR-55 and sTNFR-75
was performed using an ELIBA (Hoffmann La-Roche, Basel, Switzerland).

Blood of the control patients was drawn at the time of coronarography
and plasma was stored at –20°C. The samples of the SLE cohort and
controls were analyzed together at the same time to avoid methodological
errors.

Statistics. Statistical analysis was performed with SPSS for Windows,
release 9.0, at the Department of Psychosocial Medicine, University
Hospital, Zürich, Switzerland. Correlations between laboratory measures
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and disease activity were assessed by Spearman rank correlations. To
account for the effect of multiple comparisons of this exploratory analysis,
only differences of p < 0.01 were considered significant3. Comparisons
between groups were performed with t tests and one-way analyses of vari-
ance followed by Scheffé tests.

RESULTS
Plasma samples of 57 of the 60 patients (fulfilling the
American Rheumatism Association, now ACR criteria)
were available for analysis. Of these 57 patients, 52 were
female, 5 male. The mean age at study entry was 45.7 years
(range 22–77) and mean disease duration was 10.5 years
(range 0–36). The mean age at onset of symptoms was 30.2
years in women and 37.9 in men. Thirty-nine patients were
treated with glucocorticoids at the time of the study, 19 with
azathioprine, 15 with antimalarials, 4 with cyclophos-
phamide, and 2 with methotrexate. Analysis of correlations
between drug use (glucocorticoids, azathioprine, antimalar-
ials) and clinical and laboratory measures did not yield
significant results, with the exception of a lipid-lowering
effect of antimalarials (whether used as a single drug or in
combination with glucocorticoids).

The control population consisted of 17 outpatients
admitted for coronarography; 9 were male and 8 female.
Their mean age was 61.8 years (range 50–78). In 5 cases no
coronary heart disease was found; 6 patients had stable and
6 unstable angina pectoris.

Clinical assessment. Table 1 shows organ system involve-
ment and disease activity as assessed by BILAG. It is note-
worthy that large variations in disease activity were found.
As in other studies41, more activity was registered in muco-
cutaneous, hematological, and musculoskeletal systems as
compared to neurological and cardiovascular systems. On
average, 32% of the cases showed no activity ever in at least
one of the organ systems (category E). 

Using the BILAG cutoff of > 5 to separate active from
inactive SLE, 39 patients were categorized as having inac-
tive and 18 as having active disease at the time of investiga-
tion.

Conventional laboratory measures. Percentages of patients
with elevated CRP and dsDNA antibody titers and levels of
C3 and C4 are shown in Table 2. As expected, CRP levels
were significantly different between inactive and active SLE
(p < 0.001). However, no difference was found between
patients with inactive SLE and the control population. This
latter finding is not surprising, as the control population

consisted of patients admitted for coronarography, with
12/17 of the cases with proven CAD. As expected, controls
did not have dsDNA autoantibodies in their sera. The
percentage of dsDNA positive patients was comparable in
the 2 SLE groups (56.4% versus 55.6%) No differences
were found for serum levels of the complement components
C3 and C4 in those with inactive versus active SLE.

Cytokines and other laboratory variables. Circulating
concentrations of the cytokines IL-6, IL-10, IL-12, and
TNF-α were measured. In contrast to others’ results, the
number of samples containing cytokines in quantities above
background level was low in our population. Only 18
samples of the active SLE group, 22 of the inactive SLE
group, and 7 of the control group showed elevated concen-
trations of one or several cytokines. Because of the small
number of findings of elevated IL-6, IL-10, IL-12, and TNF-
α it was not appropriate to perform any statistical analysis
on these variables. In contrast, sCD30, a surface marker of
Th2 lymphocytes, was elevated above the titration curve in
11 plasma samples. This precluded statistical analysis of this
variable.

Analysis of the 3 patient groups. The results for neopterin,
soluble adhesion molecules, IL-1ra, sCD44, sTNFR-55, and
sTNFR-75 are summarized in Table 3: sTNFR-75 was
significantly elevated in active SLE compared to control
patients. Because we corrected for multiple comparisons,
other correlations did not reach statistical significance.
However, levels of neopterin (p = 0.031), sICAM-1 (p =
0.022), sCD44 (p = 0.04), and sTNFR-55 (p = 0.029) were
also higher in active and inactive SLE compared to controls.
Remarkably, and in contrast to sTNFR, circulating levels of
IL-1ra were not statistically different between the patient
groups. Neopterin, sICAM-1, sCD44, sTNFR–55, and
sTNFR–75 were significantly different if we combined the
2 SLE groups and compared all SLE patients with the
control group (data not shown).

Because sex hormones may modulate immunological
processes and influence disease activity, female patients
with SLE were categorized as pre- or postmenopausal.
Statistical analysis showed no significant difference for any
of the variables analyzed, except for C3, which was higher
in postmenopausal patients. These findings argue against a
role of age and hormonal situation.

To address the question of subclinical activity of
immunoinflammatory processes, we compared the group of
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Table 1. Disease activity in various organ systems according to BILAG scores in 57 patients with SLE.

Disease Activity General Mucocutaneous Nervous System Musculoskeletal Cardiovascular/Respiratory Vasculitis Renal Hematological

Strong (A) 0 1 0 0 0 0 0 0
Moderate (B) 0 20 0 9 0 0 9 3
Low (C) 5 14 7 27 7 18 9 47
None presently (D) 31 18 9 21 20 16 13 6
None ever (E) 21 4 41 0 30 23 26 1
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patients with “inactive” SLE with the control population.
There were no statistically significant differences in the
variables shown in Table 3 between the inactive SLE group
and the control group. As mentioned, the cutoff of 5 to sepa-
rate active from inactive SLE is arbitrary, and other groups
have used 3, 5, or even 8 to split active from inactive
disease. Therefore, we were interested to know at which
cutoff score the differences would become statistically
significant. At a cutoff of > 7, significant differences were
found between inactive SLE and the control cohort for the
following variables: neopterin (p < 0.0001), sICAM-1 (p <
0.01), and sTNFR-75 (p < 0.002).

Correlations between immunoinflammatory markers and
the BILAG score. In addition to the comparison of the 3
patient groups, correlations were calculated for laboratory
variables and the BILAG score as a global index as well as
the different organ systems constituting the BILAG score.
Correlations between BILAG score as a global index and
laboratory measures are shown in Table 4. Nearly signifi-
cant correlations were found between BILAG and CRP
(Spearman rank correlation coefficient = 0.328, p = 0.014),
but not between BILAG and dsDNA titers or levels of the
complement components (C3 and C4). Interestingly,
sTNFR-55 showed a nearly positive correlation with the
total BILAG score as well (Spearman rank correlation coef-
ficient = 0.318, p = 0.016).

Calculations of correlations between serological markers

and disease activity of different BILAG organ systems gave
remarkable results. We chose the 3 organ systems where the
number of patients with a BILAG score > 3 was big enough
(n > 9) for a statistical determination (i.e., mucocutaneous,
musculoskeletal, and renal involvement). A positive correla-
tion was found between renal disease activity and the
sTNFR-55 and –75 (p < 0.001 and p < 0.004, respectively);
between IL-1ra and musculoskeletal disease activity (p <
0.003), however, no significant correlation was found for
mucocutaneous disease.

The Journal of Rheumatology 2003; 30:102136

Table 2. Laboratory measurements in 18 active SLE patients (total BILAG > 5), 39 inactive, and 17 controls
admitted for coronarography.

Laboratory Measurement Active SLE Inactive SLE Control

CRP, > 5 mg/l, % 61.1 15.8 17.6
dsDNA, > 1:40, % 56.4 55.6 0
C3, g/l, mean 0.876 0.815 ND
C4, g/l, mean 0.153 0.145 ND

ND: not done.

Table 3. Mean values of biological markers in 18 active SLE patients (total BILAG > 5), 39 inactive, and 17
controls.

Biological Marker Active SLE Inactive SLE Control p*

Neopterin, nmol/l 12.2 9.8 6.4 0.031
sVCAM-1, ng/ml 1008 1071 789 0.117
sE-selectin, ng/ml 49 57.6 37.9 0.432
sICAM1, ng/ml 447.7 368.6 313.1 0.022
IL-1ra, pg/ml 2073 1597 1414 0.112
sCD44, ng/ml 388.9 371.2 235.6 0.04
sTNFR-55, ng/ml 2.42 1.72 1.61 0.029
sTNFR-75, ng/ml 9.28 6.87 4.75 0.008

* p denotes the difference between active SLE patients and controls; p < 0.01 = statistically significant differ-
ence.

Table 4. Correlations between biological and biochemical markers and the
total BILAG score in 57 SLE patients.

Marker Correlation Coefficient p

Neopterin 0.234 0.08
sVCAM-1 –0.5 0.71
sE-selectin –0.09 0.95
sICAM-1 0.235 0.08
IL-1ra 0.202 0.14
sCD44 –0.62 0.65
sTNFR-55 0.318 0.016
sTNFR-75 0.204 0.128
CRP 0.328 0.014
dsDNA 0.01 0.942
C3 0 1
C4 –0.45 0.74

p < 0.01 = statistically significant difference.
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Correlations between different immunoinflammatory
markers. Finally, we investigated correlations between
conventional laboratory measures of disease activity such as
CRP concentrations, complement components, and dsDNA
antibody titers, and compared these with concentrations of
the other immunoinflammatory markers (Table 5).
Significant positive correlations were found between C3 and
C4. CRP correlated positively with IL-1ra and sTNFR-55.
Highly significant correlations were found between sTNFR-
75 and dsDNA, neopterin, sVCAM, sICAM, and sTNFR-55
levels (p < 0.0001 for all); moreover, sTNFR-75 was signif-
icantly correlated with IL-1ra, sCD44, and even antinuclear
antibodies (p < 0.006, p < 0.003, p < 0.001, respectively).
These results show an unexpectedly high interdependence
of different immunoinflammatory markers at the systemic
level. This contrasts with the discrete patterns of correla-
tions between some of these markers and active disease as
measured with the global BILAG score. On the other hand,
there were even more significant correlations between
immunoinflammatory measures and BILAG organ/system
scores, reinforcing previous findings3 that using only total
BILAG and neglecting organ/system BILAG scores leads to
a loss of important information.

DISCUSSION
With the measurements of a set of biological molecules such
as cytokines, cytokine inhibitors, adhesion molecules, and
soluble markers of immunocompetent cells in a well char-
acterized cohort of SLE patients, we addressed 3 questions:
Do some of these molecules qualify for detection of subclin-
ical disease activity? How are these markers correlated with
the more conventional markers used in clinical practice, and
what is their association to global disease activity? Can we
identify discrete patterns of biological molecules to corre-
late with disease activity in different organs?

Compared to several other cohorts, our SLE patients
showed a rather low overall disease activity. This may partly
be because we collected patients from private practice (not
merely referral centers). On the other hand, our cohort was
comparable in its disease activity to other samples known to

be representative of outpatients, such as the Bloomsbury
SLE patient cohort3 (mean of total BILAG index 4.8 and
5.2, respectively). Indeed, the distribution pattern of disease
activities in our study appeared ideal to address the first
question, namely, whether immunoinflammatory indicators
normalize in clinical remission. Patients with active and
with inactive SLE showed higher systemic levels of a
variety of biological molecules than controls, with a contin-
uous rise from the control population (lowest levels) to
active disease (highest levels). These findings are reinforced
by the fact that our control cohort consisted of patients
admitted for coronarography. Only 5 of 17 control patients
proved to be healthy — 6 had unstable angina pectoris, a
condition with well characterized inflammatory changes41.
Thus the difference between clinically inactive SLE and
healthy controls would likely have been even more
pronounced than in these results. It can be argued that sex
hormones might account for the differences found in the
patient and control populations42. However, statistical
analysis did not show significant differences except for C3,
which proved to be higher in postmenopausal women. Thus,
age and hormonal situation do not appear to have influenced
our results. Our findings suggest that sTNFR-75, sICAM-1,
and neopterin are candidates for monitoring subclinical
disease activity. Prospective studies are needed to confirm
this.

In contrast to the biological markers, classical laboratory
markers for disease activity in SLE such as C3, C4, and
dsDNA antibodies did not differentiate between active and
inactive disease in our cohort. It is noteworthy that the
values of the complement components did not correlate with
the BILAG scores. Of all the immunoinflammatory vari-
ables we investigated, CRP and sTNFR-55 correlated best
with disease activity measured with the total BILAG. This is
in agreement with other studies6,7.

Only a few plasma samples of our cohort contained
detectable amounts of TNF-α, IL-6, IL-10, or IL-12. This
contrasts with other publications, which found elevated
systemic concentrations for IL-6 and IL-10 and suggested
that these 2 cytokines might qualify as markers of disease
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Table 5. Significance of correlations of biological and biochemical markers measured in 57 SLE patients. 

Marker ANA dsDNA C4 Neopterin sVCAM-1 sICAM-1 sE-selectin IL-1ra sCD44 sTNFR-55

CRP 0.001 0.006
C3 0.0001
dsDNA 0.001 0.001 0.001 0.003
sCD44 0.0001 0.001 0.004
Neopterin 0.0001 0.001
sVCAM-1 0.001
IL-1ra
sTNFR-55 0.003 0.002 0.001 0.001 0.009
sTNFR-75 0.001 0.0001 0.0001 0.0001 0.0001 0.006 0.003 0.0001

p < 0.01 = statistically significant difference.
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activity16,17,19,20,43. That other biological markers were
detectable at expected values in the same plasma samples
argues against methodological problems. However, as
recently shown, different assays may produce rather
different results44,45. Further, our studies with other patient
populations and studies from other groups describe similar
findings in Behçet’s disease24.

The finding of elevated concentrations of sICAM-1 in
our cohort is of interest. First, it is noteworthy that sICAM-1
was higher in SLE patients than in the controls, although 2/3
of the control subjects had CAD, a disease with elevated
systemic levels of this adhesion molecule41. Second, it is
remarkable that sICAM-1 correlated strongly with the sTNF
receptors. Considering the current hypothesis of an inflam-
matory component in the pathogenesis of arteriosclerosis,
our results suggest a biological basis for the the recent
epidemiological finding that SLE is an independent risk
factor for CAD and that this risk increases with active
disease46.

The third question was whether involvement of different
organ systems was correlated with different patterns of
immunoinflammatory indicators. This might appear likely,
as it is well known that ds-DNA antibodies are correlated
with renal disease, but not with musculoskeletal involve-
ment. Further, SLE differs from several other systemic
autoimmune diseases because there is no typical and unique
pattern of organ involvement. There are patients with
predominant renal disease and other individuals with long-
lasting mucocutaneous and musculoskeletal problems.
Again, this indicates that different pathogenetic mechanisms
might be operative in different organ systems. As our cohort
did not show high disease activity in all 8 organ systems
according to BILAG, we performed statistical analysis for
renal, mucocutaneous, and musculoskeletal disease. We
found kidney disease was associated with systemic levels of
sTNFR-55 and sTNFR-75, and musculoskeletal involve-
ment was correlated with IL-1ra levels. As expected, ds-
DNA correlated with sTNFR but not with IL-1ra. These
findings support the hypothesis of different pathological
mechanisms in the different organ systems. In contrast to
renal and musculoskeletal disease, there was no significant
association between mucocutaneous disease activity and
any of the measured laboratory variables. We have obtained
similar results in a cohort of patients with Behçet’s disease
(unpublished data). It appears likely that in mucocutaneous
diseases locally produced cytokines and adhesion molecules
do not reach concentrations that are detectable systemically.

Our results indicate that several immunoinflammatory
markers may help to detect subclinical disease activity in
SLE. Thus these markers may add information to well estab-
lished disease activity assessements such as the BILAG
score. The difference in correlations between immunoin-
flammatory markers and organ involvement supports the
concept of different pathological mechanisms in SLE

according to the organ system involved. Further, the more
significant correlations between immunoinflammatory
markers and BILAG organ/system scores emphasizes that
using only total BILAG and neglecting organ/system
BILAG scores leads to a loss of important information.
Finally, the findings suggest a biological basis for the
epidemiological fact that SLE is an independent risk factor
for coronary artery disease and that this risk increases with
active disease.

ACKNOWLEDGMENT
We thank Prof. Monika Oestensen, Department of Rheumatology and
Clinical Immunology, University Hospital, Bern, Switzerland, for helpful
discussions and critical comments and Richard Klaghofer, University of
Zurich, Switzerland, for performing statistical analysis.

REFERENCES
1. Liang MH, Socher SA, Larson MG, Schur PH. Reliability and

validity of six systems for the clinical assessment of disease
activity in systemic lupus erythematosus. Arthritis Rheum
1989;32:1107–18.

2. Hay EM. Systemic lupus erythematosus. Baillieres Clin Rheumatol
1995;9:437–70.

3. Stoll T, Stucki G, Malik J, Pyke S, Isenberg DA. Further validation
of the BILAG disease activity index in patients with systemic lupus
erythematosus. Ann Rheum Dis 1996;55:756–60.

4. Buchi S, Villiger P, Kauer Y, Klaghofer R, Sensky T, Stoll T.
PRISM (Pictorial Representation of Illness and Self Measure) — a
novel visual method to assess the global burden of illness in
patients with systemic lupus erythematosus. Lupus 2000;9:368–73.

5. Stoll T, Kauer Y, Buchi S, Klaghofer R, Sensky T, Villiger PM.
Prediction of depression in systemic lupus erythematosus patients
using SF–36 Mental Health scores. Rheumatology 2001;40:695–8.

6. Morrow WJ, Isenberg DA, Parry HF, Snaith ML. C–reactive
protein in sera from patients with systemic lupus erythematosus. 
J Rheumatol 1981;8:599–604.

7. Zein N, Ganuza C, Kushner I. Significance of serum C–reactive
protein elevation in patients with systemic lupus erythematosus.
Arthritis Rheum 1979;22:7–12.

8. Morrow WJ, Isenberg DA, Todd-Pokropek A, Parry HF, Snaith ML.
Useful laboratory measures in the management of systemic lupus
erythematosus. QJM 1982;51:125–38.

9. Clough JD, Barna BP, Danao-Camara TC, Chang RK. Serological
detection of disease activity in SLE. Clin Biochem 1992;25:201–8.

10. Honig S, Goreciv P, Weissman G. C–reactive protein in systemic
lupus erythematosus. Arthritis Rheum 1977;20:1065–70.

11. ter Borg EJ, Horst G, Limburg PC, van Rijswijk MH, Kallenberg
CG. C–reactive protein levels during disease exacerbations and
infections in systemic lupus erythematosus: a prospective 
longitudinal study. J Rheumatol 1990;17:1642–8.

12. Swaak AJ, Aarden LA, Statius van Eps LW, Feltkamp TE.
Anti–dsDNA and complement profiles as prognostic guides in
systemic lupus erythematosus. Arthritis Rheum 1979;22:226–35.

13. Isenberg DA, Dudeney C, Williams W, Todd-Pokropek A, Stollar
BD. Disease activity in systemic lupus erythematosus related to a
range of antibodies binding DNA and synthetic polynucleotides.
Ann Rheum Dis 1988;47:717–24.

14. ter Borg EJ, Horst G, Hummel EJ, Limburg PC, Kallenberg CG.
Measurement of increases in anti–double stranded DNA antibody
levels as a predictor of disease exacerbation in systemic lupus
erythematosus. A long-term prospective study. Arthritis Rheum
1990;33:634–43.

The Journal of Rheumatology 2003; 30:102138

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


15. Villiger PM, Cronin MT, Amenomori T, Wachsman W, Lotz M.
IL-6 production by human T lymphocytes. Expression in 
HTLV-1-infected but not in normal T cells. J Immunol
1991;146:550–9.

16. Robak E, Sysa-Jedrzejowska A, Stepien H, Robak T. Circulating
interleukin–6 type cytokines in patients with systemic lupus 
erythematosus. Eur Cytokine Netw 1997;8:281–6.

17. Peterson E, Robertson AD, Emlen W. Serum and urinary 
interleukin–6 in systemic lupus erythematosus. Lupus
1996;5:571–5.

18. Stuart RA, Littlewood AJ, Maddison PJ, Hall ND. Elevated serum
interleukin–6 levels associated with active disease in systemic
connective tissue disorders. Clin Exp Rheumatol 1995;13:17–22.

19. Park YB, Lee SK, Kim DS, Lee J, Lee CH, Song CH. Elevated
interleukin-10 levels correlated with disease activity in systemic
lupus erythematosus. Clin Exp Rheumatol 1998;16:283–8.

20. Scudla V, Horak P, Faltynek L, Pospisil Z, Budikova M,
Hermanova Z. The importance of determination of interleukin–10
in the blood of patients with systemic lupus erythematosus. Cas
Lek Cesk 1998;137:44–7.

21. Horwitz DA, Gray JD, Behrendsen SC, et al. Decreased production
of interleukin-12 and other Th1-type cytokines in patients with
recent-onset systemic lupus erythematosus. Arthritis Rheum
1998;41:838–44.

22. Liu TF, Jones BM. Impaired production of IL-12 in systemic lupus
erythematosus. I. Excessive production of IL-10 suppresses 
production of IL-12 by monocytes. Cytokine 1998;10:140–7.

23. Liu TF, Jones BM. Impaired production of IL-12 in systemic lupus
erythematosus. II. IL-12 production in vitro is correlated negatively
with serum IL-10, positively with serum IFN-gamma and 
negatively with disease activity in SLE. Cytokine 1998;10:148–53.

24. Turan B, Gallati H, Erdi H, Gurler A, Michel BA, Villiger PM.
Systemic levels of the T cell regulatory cytokines IL-10 and IL-12
in Bechcet’s disease; soluble TNFR-75 as a biological marker of
disease activity. J Rheumatol 1997;24:128–32.

25. Gattorno M, Picco P, Barbano G, et al. Differences in tumor
necrosis factor-alpha soluble receptor serum concentrations
between patients with Henoch-Schonlein purpura and pediatric
systemic lupus erythematosus: pathogenetic implications. 
J Rheumatol 1998;25:361–5.

26. Gabay C, Cakir N, Moral F, et al. Circulating levels of tumor
necrosis factor soluble receptors in systemic lupus erythematosus
are significantly higher than in other rheumatic diseases and 
correlate with disease activity. J Rheumatol 1997;24:303–8.

27. Studnicka-Benke A, Steiner G, Petera P, Smolen JS. Tumor necrosis
factor alpha and its soluble receptors parallel clinical disease
autoimmune activity in systemic lupus erythematosus. Br J
Rheumatol 1996;35:1067–74.

28. Davas EM, Tsirogianni A, Kappou I, Karamitsos D, Economidou I,
Dantis PC. Serum IL-6, TNF alpha, p55srTNF alpha, p75srTNF
alpha, srIL-2 alpha levels and disease activity in systemic lupus
erythematosus. Clin Rheumatol 1999;18:17–22.

29. Aderka D, Wysenbeek A, Engelmann H, et al. Correlation between
serum levels of soluble tumor necrosis factor receptor and disease
activity in systemic lupus erythematosus. Arthritis Rheum
1993;36:1111–20.

30. Suzuki H, Takemura H, Kashiwagi H. Interleukin-1 receptor 
antagonist in patients with active systemic lupus erythematosus.
Enhanced production by monocytes and correlation with disease
activity. Arthritis Rheum 1995;38:1055–9.

31. Sturfelt G, Roux-Lombard P, Wollheim FA, Dayer JM. Low levels
of interleukin-1 receptor antagonist coincide with kidney 
involvement in systemic lupus erythematosus. Br J Rheumatol
1997;36:1283–9.

32. Spronk PE, Bootsma H, Huitema MG, Limburg PC, Kallenberg
GM. Levels of soluble VCAM-1, soluble ICAM-1 and soluble 
E-selectin during disease exacerbations in patients with systemic
lupus erythematosus; a long term prospective study. Clin Exp
Immunol 1994;97:439–44.

33. Skifakis PP, Charalambopoulos D, Vayiopoulos G, Oglesby R,
Sfikakis P, Tsokos GC. Increased levels of intercellular adhesion
molecule-1 in the serum of patients with systemic lupus 
erythematosus. Clin Exp Rheumatol 1994;12:5–9.

34. Tulek N, Aydintug O, Ozoran K, et al. Soluble intercellular 
adhesion molecule-1 in patients with systemic lupus erythematosus.
Clin Rheumatol 1996;15:47–50.

35. Caligaris-Cappio F, Bertero MT, Converso M, et al. Circulating
levels of soluble CD30, a marker of cells producing Th2-type
cytokines, are increased in patients with systemic lupus 
erythematosus and correlate with disease activity. Clin Exp
Rheumatol 1995;13:339–43.

36. Estess P, DeGrendele HC, Pascual V, Siegelmann MH. Functional
activation of lymphocyte CD44 in peripheral blood as a marker of
autoimmune disease activity. J Clin Invest 1998;102:1173–82.

37. Guo YJ, Liu G, Wang X, et al. Potential use of soluble CD44 in
serum as indicator of tumor burden and metastasis in patients with
gastric or colon cancer. Cancer Res 1994;54:422–6.

38. Samsonov MY, Tilz GP, Egorova O, et al. Serum soluble markers
of immune activation and disease activity in systemic lupus 
erythematosus. Lupus 1995;4:29–32.

39. Lim KL, Muir K, Powell RJ. Urine neopterin: a new parameter for
serial monitoring of disease activity in patients with systemic lupus
erythematosus. Ann Rheum Dis 1994;53:743-8.

40. Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the
classification of systemic lupus erythematosus. Arthritis Rheum
1982;25:1271–7.

41. Ridker PM, Hennekens CH, Roitman-Johnson B, Stampfer MJ,
Allen J. Plasma concentration of soluble intercellular adhesion
molecule 1 and risk of future myocardial infarction in apparently
healthy men. Lancet 1998;351:88–92.

42. Lahita RG. Sex hormones and systemic lupus erythematosus.
Rheum Dis Clin North Am 2000;26:951-68.

43. Spronk PE, Limburg PC, Kallenberg CG. Serological markers of
disease activity in systemic lupus erythematosus. Lupus
1995;4:86–94.

44. Bienvenu J, Coulon L, Doche C, Gutowski MC, Grau GE.
Analytical performances of commercial ELISA kits for IL-2, IL-6
and TNF-alpha. A WHO study. Eur Cytokine Netw 1993;4:447–51.

45. Roux Lombard P, Steiner G. Preliminary report on cytokine 
determination in human synovial fluids: a consensus study of the
European Workshop for Rheumatology Research. The Cytokine
Consensus Study Group of the European Workshop for
Rheumatology Research. Clin Exp Rheumatol 1992;10:515–20.

46. Manzi S, Wasko MC. Inflammation-mediated rheumatic diseases
and atherosclerosis. Ann Rheum Dis 2000;59:321–5.

Wais, et al: Subclinical disease activity in SLE 2139

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

