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ABSTRACT. Objective.In a longitudinal cohort study, we investigated whether clinical and serological manifesta-

tions at the time of classification of systemic lupus erythematosus (SLE) were predictive of subsequent
development of incident proteinuria as a biomarker of incident lupus nephritis.

Methods. Patients fulfilling SLE classification criteria but having no proteinuria prior to or at the time
of classification were included. Data on SLE manifestations, vital status, criteria-related autoanti-
bodies, and SLE-associated medications were collected during clinical visits and supplemented by
chart review. HR were calculated by Cox regression analyses.

Results. Out of 850 patients with SLE, 604 had not developed proteinuria at the time of SLE classi-
fication. Of these 604 patients, 184 (30%) developed incident proteinuria following SLE classification.
The patients had a median followup of 11 years and 7 months. Younger age and history of psychosis
at the time of classification were associated with development of incident proteinuria, just as were
lymphopenia (HR 1.49, 95% CI 1.08-2.06), anti-dsDNA (HR 1.38,95% CI 1.01-1.87), and a high
number of autoantibodies (HR 1.26, 95% CI 1.06—1.48).

Conclusion. The risk of incident proteinuria after onset of SLE was increased by the presence of
lymphopenia, anti-dsDNA antibodies, psychosis, younger age, and a high number of autoantibodies
at onset. (First Release April 15 2018; J Rheumatol 2018;45:934-41; doi:10.3899/jrheum.170933)
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Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease with diverse clinical manifestations and
a course of illness ranging from benign forms with limited
organ involvement to potentially fatal multiorgan involve-
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ment!. Lupus nephritis (LN) is a severe manifestation of SLE
associated with a risk of terminal renal failure and mortality?.
Increased knowledge of early risk factors for LN is therefore
desirable.

Several demographic factors such as male sex”-*, early
onset>0, and certain ethnicities such as Asian’, Mestizo®,
Hispanic, and African descent” have been associated with a
higher risk of developing LN. However, studies of early
SLE-related clinical and serological manifestations as
predictors for the development of LN among patients with
SLE are scarce. A recent study of predictors of incident
proteinuria among patients with SLE confirms the signifi-
cance of age and serological manifestations for the devel-
opment of incident proteinuria after SLE diagnosis!?. The
aim of our study was to corroborate and expand on these
findings with a focus on manifestations at the time of SLE
diagnosis; these manifestations may predict development of
subsequent incident proteinuria in nonrenal SLE.

34

MATERIALS AND METHODS

In this longitudinal study, data were collected on all inpatients and out-
patients with SLE seen at the Department of Rheumatology, Rigshospitalet,
in Copenhagen between 1995 and 2015. In addition, data on patients with
SLE seen between 1975 and 1995 were collected from several nationwide
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SLE specialized centers, as previously described!!. All patients included in
our study fulfilled established classification criteria for SLE'2!3 and the date
of diagnosis was defined as the time when the American College of
Rheumatology (ACR) classification criteria were first fulfilled.

SLE manifestations, vital status, criteria-related autoantibodies, and
SLE-associated medications were collected during clinical visits and supple-
mented by chart review. Our SLE cohort data reside in DANBIO, a
nationwide clinical quality database that provides data on the disease course
of patients with inflammatory rheumatic diseases, including SLE!'4. Data
were extracted from DANBIO, consolidated, and made available for
analysis.

Clinical definitions, outcomes, and exposure variables. Incident proteinuria,
the main outcome variable of our study, was defined as having = 2 measure-
ments of elevated urine protein (> 0.5 g/d) in the context of SLE. The
standard routine of the clinic was that a 24-h urine sample was collected and
analyzed for all SLE patients with a positive urine dipstick for proteins.
Patients with proteinuria close to 0.5 g/d underwent a repeated 24-h urine
collection. Because most patients seen in the clinic are referred from other
health institutions, a 24-h urine collection was repeated to verify any
proteinuria findings from the referring institution.

The SLE-related manifestations studied were all defined by the 1997 ACR
revised criteria for the classification of SLE, with the exception of the
false-positive syphilis test'3. The presence of a false-positive syphilis test
was excluded as an exposure variable because the test was not routinely used
for all patients in our cohort. In addition, alopecia and positive Coombs test,
as defined by the Systemic Lupus International Collaborating Clinics
criteria!®, were also examined. All manifestations occurring up to 1 month
following the time of classification were regarded as present at the time of
diagnosis to take into account any delays in ordered laboratory results or
clinical data reporting. The number of autoantibodies was defined as the sum
of any of the following positive laboratory findings: anti-dsDNA antibodies,
antinuclear antibodies (ANA), anti-Sm antibodies, lupus anticoagulant
(LAC), immunoglobulin (Ig-) G anticardiolipin (aCL), and IgM aCL
antibodies.

Autoantibodies were measured by routine methods used for the currently
applied clinical practice (i.e., ANA was typically determined by immuno-
fluorescence methods and the other autoantibodies by ELISA). LAC was
typically determined by a mixing test of patient plasma with normal pooled
plasma. The dilute Russell’s viper venom time was used to confirm diagnosis
in the case of presence of clotting inhibitor in the mixing test.

Other exposure variables studied were age, sex, prodromal time, hyper-
tension, and SLE-related medications taken prior to or at the time of
diagnosis. Prodromal time was defined as the time from the first occurrence
of any of the manifestations studied until time of diagnosis.

Date of hypertension was defined as the time of initiation of the first
antihypertensive drug treatment. SLE-related medications were glucocorti-
coids (oral, intravenous, subcutaneous, intramuscular), antimalarials
(hydroxychloroquine), and immunosuppressants (i.e., azathioprine, cyclo-
phosphamide, cyclosporine, methotrexate, rituximab, and mycophenolate
mofetil).

The cohort was followed through December 2016. Followup time was
defined as time from date of diagnosis (i.e., classification) until the last
hospital visit or death, whichever came first.

Statistical analysis. Statistical analyses using SPSS Statistics 22.0 software
(IBM) included Kaplan-Meier plotting and Cox proportional hazards
regression analyses. Cox regression analyses were used to analyze the risk
of developing incident proteinuria after diagnosis of nonrenal SLE, relative
to the previously explained exposure variables at the time of diagnosis. Cox
regression analyses were conducted using univariate analyses and combined
models adjusting for all variables statistically significant in the univariate
analyses. Two multivariate combined models were conducted, selecting
anti-dsDNA for model 1 and number of autoantibodies for model 2 because
of redundant information in these 2 serological variables. HR are presented
with their corresponding 95% CI. Plots of survival free of proteinuria were

generated based on Kaplan-Meier estimates. Differences and trends between
strata were analyzed by means of the log-rank test. Statistical significance
was defined as p < 0.05.

Ethics statement. DANBIO has previously been approved by the Danish
Data Registry (J. nr. 2007-58-0014 and J. nr 2007-58-0006) and the National
Board of Health (J. nr. 7-201-03-12/1).

RESULTS

The recruitment base for our study consisted of 850 patients.
Their characteristics are detailed in Table 1. There were 246
(29%) patients who had proteinuria prior to or at the time of
diagnosis. A flowchart illustrating the distribution of
proteinuria among the patients with SLE at the time of
diagnosis and during followup is shown in Figure 1.

There were 604 patients at risk of developing incident
proteinuria, and about 30% of these patients (184 patients)
developed proteinuria by the end of followup. Seventeen
(2.8%) patients had developed endstage renal disease and 112
had died by the end of followup (data not shown). Clinical
characteristics, demographics, and SLE-related medications
taken at the time of and/or prior to the time of SLE diagnosis
for the 604 included patients are presented in Table 1.

The associations between exposure variables at time of
diagnosis and subsequent incident proteinuria are shown as
HR in Table 2. Incident proteinuria during followup was
associated with lymphopenia (HR 1.49, 95% CI 1.08-2.06)
and anti-dsDNA (HR 1.38,95% CI 1.01-1.87). Because some
patients were receiving medications that could affect the
lymphocyte count, the use of SLE-related medications at the
time of diagnosis was adjusted for in a separate Cox
regression analysis. Medication usage at the time of diagnosis
in this separate analysis was defined as any SLE medication
prescribed during 6 months prior to and at the time of
diagnosis. In this same analysis, lymphopenia was still signifi-
cantly associated with incident proteinuria (data not shown).
Figure 2 shows that lymphopenia was associated with
survival free of incident proteinuria (p = 0.028 by log-rank
test). For each increase in number of autoantibodies at the time
of diagnosis, the risk of developing proteinuria was increased
by a factor of 1.26 (95% CI 1.06-1.48). Patients with = 4
autoantibodies at the time of diagnosis had 2.15-times (95%
CI: 1.09-4.21) increased risk of developing proteinuria
compared to patients with < 1 autoantibody present at the time
of diagnosis. Figure 3 shows how decreasing survival free of
proteinuria was associated with an increasing number of
autoantibodies at diagnosis (p = 0.017 by log-rank test).
Patients with SLE < 40 years old had about 3-times increased
risk of incident proteinuria compared to patients > 60 years at
the time of diagnosis. In a separate analysis, a 1-way ANOVA
test was conducted and showed no significant difference in
the mean followup time of the different age groups (data not
shown). Prodromal time was not associated with development
of incident proteinuria. A history of psychosis at the time of
diagnosis was also associated with development of incident
proteinuria, which mainly occurred during the first years of
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Table 1. Demographic and clinical characteristics of patients with SLE at the
time of diagnosis. Values are n (%) unless otherwise specified.

Characteristics All SLE Patients, SLE Patients at Risk
n=850  of Developing Proteinuria,
n =604
Sex
Male 104 (12) 56 (9.0)
Female 746 (88) 548 (91)
Age, yrs
Median 32 34
Range 3-81 3-81
Prodromal time, yrs
Median 1.5 1.8
Range 0-44 0-44
Followup time, yrs*
Median 10 12
Range 0-44 0-44
Clinical manifestations, cumulative
Malar rash 354 (42) 263 (44)
Discoid rash 83 (9.8) 74 (12)
Photosensitivity 252 (30) 219 (36)
Oral ulcers 83 (9.8) 67 (11)
Arthritis 516 (61) 397 (66)
Pericarditis 107 (13) 77 (13)
Pleurisy 198 (23) 143 (24)
Psychosis 20 (2.4) 18 (2.9)
Seizure 25(2.9) 15(2.5)
Leukopenia 184 (22) 130 (22)
Lymphopenia 252 (30) 168 (28)
Thrombocytopenia 196 (23) 127 (21)
Hemolysis 67 (7.9) 39 (6.5)
Anti-dsDNA 455 (54) 343 (57)
Anti-Sm 38 (4.5) 25(4.1)
IgG or IgM cardiolipin 186 (22) 126 (21)
LAC 29 (34) 19 (3.1)
ANA 796 (94) 565 (94)
Alopecia 100 (12) 72 (12)
Positive Coombs test 122 (14) 74 (12)
Hypertension 87 (10) 25(4.1)
SLE-related medication
Glucocorticoids 540 (64) 340 (56)
HCQ 333 (39) 276 (46)
Immunosuppressants 293 (35) 150 (25)
AZA 156 (18) 102 (17)
CYC 76 (8.9) 13(2.2)
CSA 12(1.4) 5(0.8)
MTX 50 (5.9) 44 (7.2)
MMF 56 (6.6) 14 (2.3)
RTX 8(0.9) 4(0.7)

* Followup time/SLE duration: time from date of diagnosis (i.e., fulfillment
of the ACR criteria) until last hospital visit or death, whichever came first.
SLE: systemic lupus erythematosus; ACR: American College of
Rheumatology; IgG: immunoglobulin G; LAC: lupus anticoagulant; ANA:
antinuclear antibodies; HCQ: hydroxychloroquine; AZA: azathioprine; CYC:
cyclophosphamide; CSA: cyclosporine; MTX: methotrexate; MMEF:
mycophenolate mofetil; RTX: rituximab.

disease (data not shown). A history of antimalarial treatment
prior to or at the time of diagnosis was associated with lower
risk of proteinuria only in the univariate analysis and not in
any of the combined models.

DISCUSSION

In our present study, anti-dsDNA antibodies, history of
psychosis and lymphopenia, younger age, and a high number
of autoantibodies at time of diagnosis were found to be
associated with the development of incident proteinuria in
patients with nonrenal onset of SLE. The findings on the
presence of anti-dsDNA and younger age inferring higher
risk of developing LN are in line with a recent study in the
United States!®. However, in that study, anti-Sm antibodies,
hypertension, and antimalarial drug treatment were also
found to be associated with LN. In our select group of
patients with SLE, we did not find such associations with
incident proteinuria. However, in that study!?, anti-Sm
antibodies, hypertension, and antimalarial drug treatment
were also found to be associated with LN. We did not find
such associations with incident proteinuria in our select group
of patients with SLE. Another previous US study concluded
that, in line with our findings, anti-dsDNA inferred a higher
risk of incident LN, and that anti-Sm was not associated with
LN'6, Interestingly, in another study of Bahraini patients, the
presence of anti-Sm was even inversely associated with
development of LN!7. These discrepant findings are not yet
explained, but differences in ethnicity could be a potential
source of variation. Further, we found that an increase in the
number of autoantibodies at the time of diagnosis inferred a
higher risk of developing proteinuria, probably reflecting a
composite risk of the above-studied autoantibodies or the
level of immunological activity. This trend is clearly demon-
strated in the survival plot in Figure 3. To our knowledge, no
other studies have investigated trends in the cumulative
number of autoantibodies as a specific risk factor for the
development of incident proteinuria. However, a previous
study from 2005 investigating the role of antibody clustering
in SLE found that patients with SLE who were seropositive
for LAC, anti-dsDNA, and aCL antibodies were at higher risk
of developing LN compared to patients with other serological
presentations 8.

A typical characteristic of LN is the deposition of intrarenal
immune complexes that cause complement activation,
inflammation, and subsequent damage to the kidneys?. Active
LN is, in particular, characterized by the presence of
anti-dsDNA IgG antibodies, participating either directly or
indirectly in renal damage'?29-2!. Our study indicates that
these processes are not only active around the onset of SLE
but may also occur during the course of disease in patients
with nonrenal onset SLE.

Although relatively many studies have investigated the role
of autoantibodies in SLE and subsequent LN, there are few
studies concerning lymphopenia and subsequent LN or
incident proteinuria. Previous studies have found associations
between lymphopenia with arthritis and neurological
involvement in patients with SLE?2. Lymphopenia has also
been found to be associated with neuropsychiatric manifes-
tations and disease activity in pediatric patients with SLE?3.
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incident proteinuria

after diagnosis

246 patients:
with present or prior
proteinuria at the time
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did not develop
proteinuria after
diagnosis during
follow-up

Figure 1. Flowchart illustrating the distribution of proteinuria among the included patients with SLE at the time of
diagnosis and during followup. SLE: systemic lupus erythematosus.

It is well known that the prevalence of lymphopenia among
patients with SLE differs with regard to age?*?. In our study,
lymphopenia was found to be associated with the devel-
opment of incident proteinuria after diagnosis of SLE. This
association was still present after adjusting for all significant
variables in the univariate analysis, including age, as well as
SLE-related medications that could possibly induce
lymphopenia. The survival plot (Figure 2) implies that this
increased risk is present in both early stages of SLE and
throughout the followup time. Our findings are in line with
an American study from 2006 that found associations
between lymphopenia and several clinical SLE manifesta-
tions, including LN26, In addition, several studies have
implied an association between increased neutro-
phil-to-lymphocyte ratio and LN?7-*8, which may in part be
explained by an effect of lymphopenia.

Exactly by which mechanisms lymphopenia is associated
with incident proteinuria is not overtly evident, but
lymphopenia in SLE is a result of reduced counts of both B
and T lymphocytes??, including CD28+ T cells?. A possible
explanation may be that T cell apoptosis is increased in
patients with SLE3132, particularly in those with LN. In
addition, a Chinese study from 2014 found higher prevalence
of LN among SLE patients with antilymphocyte antibodies,

which were also found to be associated with lymphopenia
and disease activity3. Lymphopenia has also been shown to
be associated with disease relapse?? and can precede flares
in SLE3. These and our study findings suggest that
lymphopenia could be of prognostic significance regarding
the development of incident proteinuria in SLE and thereby
potentially also LN.

A history of psychosis was found to be associated with the
development of incident proteinuria after SLE diagnosis, and
this was particularly pronounced during early years of SLE.
Although the observation is of interest, the low number of
patients with SLE having psychosis within the analyzed
cohort should prompt caution of a potentially spurious
finding.

Antimalarial usage was found to be protective against the
development of incident proteinuria in the univariate analysis
and almost significant in one of the multivariate analyses. A
review from 2011 assessing the role of antimalarial agents in
the treatment of SLE and LN concluded that antimalarial
usage could lead to reduced risk of LN among patients with
SLE as well as reduced risk of flares and certain histological
subsets of nephritis among patients with LN3%. Unfortunately,
the only available data regarding medication usage were the
dates of the first prescription. Information regarding cessation
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Table 2. Cox regression analyses of the association between demographic and clinical variables at the time of classification with subsequent development of
proteinuria of SLE patients (n = 604) with no prior or manifest proteinuria at the time of diagnosis.

Variables Univariate Model, p Combined Model 1%*, p Combined Model 2*, p
HR (95% CI) HR** (95% CI) HR** (95% CI)

Male sex 1.54 (0.98-2.43) 0.064 - - - -
Age, per decade 0.83 (0.75-0.93) 0.001 0.84 (0.75-0.94) 0.002 0.84 (0.75-0.93) 0.002
Age intervals, yrs

<20 2.90 (1.08-8.24) 0.046 - - - -

21-40 3.18 (1.17-8.70) 0.023 - - - -

41-60 1.86 (0.66-5.23) 0.24 - - - -

> 60, ref. 1 - - - - -
Malar rash 0.75 (0.56-1.01) 0.56 - - - -
Discoid rash 0.81 (0.51-1.29) 0.38 - - - -
Photosensitivity 0.83 (0.61-1.13) 0.24 - - - -
Oral ulcers 0.55 (0.31-0.99) 0.047 0.67 (0.37-1.21) 0.183 0.68 (0.37 - 1.22) 0.193
Arthritis 1.03 (0.76-1.41) 0.84 - - - -
Pericarditis 1.11 (0.74-1.67) 0.60 - - - -
Pleurisy 0.97 (0.69-138) 0.88 - - = =
Psychosis 1.94 (1.03-3.68) 0.041 2.15 (1.13-4.10) 0.020 2.23 (1.17-4.30) 0.015
Seizure 0.76 (0.28-2.05) 0.59 - - - -
Leukopenia 1.18 (0.84—1.68) 0.33 - - - -
Lymphopenia 1.45 (1.04-1.96) 0.029 1.50 (1.08-2.07) 0.015 1.49 (1.08-2.06) 0.015
Thrombocytopenia 1.33 (0.95-1.86) 0.092 - - - -
Hemolysis 1.37 (0.82-2.29) 0.23 - - - -
No. autoantibodies* 1.25 (1.06-1.46) 0.008 - - 1.26 (1.06-1.48) 0.007
No. autoantibodies, intervals

<1,ref. 1 - - - - -

2 1.22 (0.88-1.69) 0.23 - - - -

3 1.47 (0.89-2.45) 0.14 - - - -

>4 2.15 (1.09-4.21) 0.026 - - = =
Anti-dsDNA 1.36 (1.00-1.83) 0.047 1.38 (1.01-1.87) 0.042 - -
Anti-Sm 1.11 (0.49-2.50) 0.81 - - - -
IgG or IgM cardiolipin ~ 1.29 (0.92-1.81) 0.15 - - - -
LAC 1.62 (0.76-3.46) 0.21 - - - -
ANA 1.75 (0.88-3.45) 0.11 - - - -
Alopecia 1.10 (0.70-1.74) 0.68 - - - -
Positive Coombs test 1.13 (0.74-1.73) 0.56 - - - -
Hypertension 1.40 (0.69-2.83) 0.36 - - - -
Glucocorticoids 1.19 (0.88-1.59) 0.26 - - - -
HCQ 0.67 (0.50-0.90) 0.009 0.74 (0.55-1.00) 0.055 0.75 (0.58-1.02) 0.066
Immunosuppressants 1.31 (0.95-1.80) 0.06 - - - -

Values in bold face are statistically significant. * Adjusted for variables significantly associated in univariate analyses, selecting anti-dsDNA for model 1 and
number of autoantibodies for model 2 because of redundant information in these 2 serological variables. **ANA, anti-dsDNA antibodies, anti-Sm antibodies,
IgG and/or IgM cardiolipin antibodies and lupus anticoagulant. SLE: systemic lupus erythematosus; ANA: antinuclear antibodies; IgG: immunoglobulin G;
LAC: lupus anticoagulant; HCQ: hydroxychloroquine.

of medication, dosage, and overall compliance was not
available and it was thus not possible to examine antimalarial
usage as a function of exposure time.

One weakness of our study was that incident proteinuria
in the context of a patient with SLE was used as a surrogate
for LN because histological confirmation of LN was not
available for all patients with proteinuria. Although histo-
logical confirmation is internationally recommended, renal
biopsy is for various reasons typically performed in only half
of SLE patients with suspected renal disease®. Thus we
chose in our study to use incident proteinuria as a proxy for
LN. Moreover, the analyses of laboratory exposure variables
were based only on first-time occurrences and not adjusted

for any fluctuations over time, which could be of importance.
To study any potential biomarker role, further studies with
multiple measurements are warranted. Another potential
weakness, given the retrospective features of the study, is the
risk of confounding by indication regarding analysis of
medications as exposure variables. For the same reason, we
have not further explored the role of medications in our study.

The strengths of our study lie within its relatively large
cohort size, comprehensive data on the clinical phenotype of
the patients, and a long followup time, allowing the use of
survival analyses.

The presence of lymphopenia and psychosis, anti-dsDNA
antibodies, young age, and a high number of autoantibodies
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Figure 2. Kaplan-Meier plot of survival free of LN in 604 patients with SLE, with no prior or manifested proteinuria at the
time of diagnosis, by the presence or absence of lymphopenia at the time of diagnosis. LN: lupus nephritis; SLE: systemic

lupus erythematosus.

at the time of diagnosis were found to be associated with the
development of incident proteinuria after SLE diagnosis.
Although further replication and studies including multiple
measurements are warranted, our study implies that select
clinical and serological markers may serve as biomarkers for
incident proteinuria in patients with SLE.
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