Serum Albumin as a Marker for Disease Activity in
Patients with Systemic Lupus Erythematosus
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ABSTRACT. Objective. To determine whether serum albumin reflects disease activity in patients with systemic lupus
erythematosus (SLE) with and without nephritis (LN, LNN), and whether serum albumin could be a
surrogate marker of SLE disease activity overall. There is currently no clinical “gold standard” in the
assessment of disease activity in SLE.

Methods. Patients with = 3 clinic visits within a maximum followup period of 10 years were selected
from the University of Toronto Lupus Clinic database. Subjects were divided into 3 groups: LN-B,
those with nephritis defined by histological findings on renal biopsies; LN-L, those with nephritis
defined by laboratory abnormalities in the absence of biopsy; and LNN, those without nephritis. In a
subanalysis, the renal groups were further stratified by proteinuria status. The associations of
SLE-Disease Activity Index (SLEDAI-2K) with serum albumin and dsDNA were examined using the
mixed model regression analysis.

Results. A total of 1078 patients were studied: 89.1% female, 71.5% white, mean age 33.6 (SD
12.6) years, and with median baseline SLEDAI-2K of 8. Serum albumin was more significantly
associated with SLEDAI in LN-B and LN-L. The association was also present but weaker in the
LNN group. In all LN, the associations between serum albumin and SLEDAI-2K were stronger in
those with proteinuria.

Conclusion. In patients with SLE, higher SLEDAI was associated with lower serum albumin levels.
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BIOMARKER LUPUS NEPHRITIS  SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by the production of autoantibodies and the
presence of systemic inflammation. Although SLE can affect
virtually any tissue or organ, there is considerable variation in
presentation and organ involvement among patients.
Currently there is no universally accepted “clinical gold
standard” to measure disease activity, but the measurement
of serum levels of anti-double-stranded DNA antibodies
(dsDNA) is widely used as it has been shown to be a good
predictor of outcome in lupus nephritis (LN)!'. However,
the observation of persistently elevated dsDNA antibody
titers in a substantial number of patients with SLE inde-
pendent of changes in disease activity, as well as
dsDNA-negative titers in others, limits its value as a bio-
marker2. Other markers including products of complement
activation (e.g., C3 and C4), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and cytokines [e.g., inter-
leukin 10 (IL-10), IL-2/IL-2 receptor, and IL-6] have also
been used as indirect serological markers in SLE, but they
have had varying degrees of significance and generally do
not correlate well with disease activity?. Further, from a
cost-analysis perspective, tests measuring CRP, C3, C4,
and dsDNA antibody levels are very costly*. An inexpen-
sive and clinically reliable serological marker for disease
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activity would therefore be useful to guide therapy and
gauge responses to treatment.

Serum albumin is routinely measured in patients with SLE
as part of standard biochemical profiles. Lower than normal
levels have been frequently reported in SLE3%7. A low serum
albumin level may be a result of increased albumin catabolism
due to chronic inflammation and/or because of inadequate
protein and caloric intake in patients with SLE3. In addition,
nephritis, a common manifestation of SLE, may lead to
nephrotic range proteinuria, which in turn lowers serum albu-
min levels. This rationale has prompted clinicians to use
serum albumin to indirectly assess LN activity and direct its
therapy”. Serum albumin has been shown to predict the out-
come of individuals with rheumatoid arthritis, pneumonia,
acute ischemic stroke, and glomerulonephritis and patients on
dialysis as well as community-dwelling elderly persons and
patients undergoing surgery!®11:12.13.14 " The purpose of this
study was to determine whether serum albumin can be used as
a marker of disease activity in SLE.

MATERIALS AND METHODS

Patients were selected from the patient database at the University of Toronto
Lupus Clinic (UTLC). Since 1970, the UTLC has prospectively followed
patients who fulfilled at least 4 of the 1971 or 1982 American College of
Rheumatology (ACR) classification criteria'®, or 3 ACR criteria plus histo-
logical evidence of SLE on renal or skin biopsy. Analysis was restricted to
patients who had 3 or more clinic visits within a maximum followup period
of 10 years, and who were still alive at the time of the analysis. All patients
gave their informed consent and were followed according to a standard pro-
tocol. The protocol has had continuous approval from the University Health
Network Research Ethics Board.

Serum albumin (normal range 35-45 g/1), dsDNA (Farr assay,>7 U/ml =
abnormal), and SLE Disease Activity Index (SLEDAI-2K) score, a validated
measure of lupus disease activity!%, were obtained at baseline and at each fol-
lowup visit. A SLEDAI-2K score of 6 or more was considered clinically
active disease!”. Also for each clinic visit, a modified SLEDAI-2K was cal-
culated, removing the dsDNA item from the original SLEDAI-2K score,
which served to dissociate the anti-dsDNA antibody component from the
remainder of the SLEDAI-2K disease activity. The SLEDAI-2K was used for
comparisons between the performance of serum albumin and that of
anti-dsDNA antibody. We decided to remove the dsDNA component of the
SLEDAI-2K because we presumed the correlation analysis between dsDNA
and the intact SLEDAI could lead to a high correlation that would not be
informative about disease activity outside of the presence or absence of
dsDNA. But in fact the associations between complete SLEDAI and modified
SLEDALI and dsDNA were similar. Other data retrieved from the database
included age, body mass index (BMI), ethnicity, SLE duration, presence of
renal involvement, and laboratory variables including serum creatinine at
every visit (usually at mean intervals of 4 mo), 24-h urine protein, and pres-
ence of urinary casts when available. Since serum albumin levels have been
shown to decrease with renal involvement and advanced age'®!3:14, the
patient cohort was stratified for our purposes according to renal status and the
presence of proteinuria. Age was included in the mixed model statistical
analyses as a covariate. Patients were stratified by renal status into 3 groups:
LN defined by histological findings on renal biopsies (denoted LN-B), LN
defined by laboratory abnormalities in the absence of renal biopsy (LN-L;
proteinuria > 0.5 g/24 h and/or presence of urinary cellular casts ever), and no
renal abnormalities (LNN). In another analysis, the relationship between
serum albumin and SLEDAI-2K was examined in LN-B and LN-L patients
with and without proteinuria. Since 24-h urine protein or casts results were
not available for all patients or for all visits, patients were classified as hav-

ing proteinuria or urinary cellular casts if they ever had abnormal results dur-
ing their followup period.

Statistical analysis. Statistical analysis was performed using SPSS (SPSS
Inc., Chicago, IL, USA, 1983, version 12) and SAS (SAS Institute, Cary, NC,
USA, version 9.1). When comparing LN and LNN, the t-test and the
Wilcoxon rank-sum test were used for continuous variables, and the
chi-square test and Fisher’s exact test for categorical variables. The associa-
tions between SLEDAI-2K/modified SLEDAI-2K and serum albumin, as
well as with dsDNA, were examined using the mixed model analysis, which
accounted for multiple measures over time and within and between subject
variations. As a measure of these multivariate associations, the new R2 (RZB)
statistic proposed by Edwards, et al'® was used, where the Kenward-Roger F
and a random intercept covariance structure were considered. The square root
of R2B is denoted as r. Various covariance structures were considered, and the
final choice was based on the Akaike Information Criteria'®. For all tests and
CI, the significance level was set at 5%.

RESULTS

A total of 1441 patients were followed prospectively and
according to a standard protocol since January 1, 1970. Of
these, 1078 patients met the inclusion criteria for our study.
Baseline characteristics of subjects are reported in Table 1.
Women made up 89.1% (n = 961) of the cohort, and the
majority of subjects were white (71.5%) followed by African
Americans and Chinese. The mean followup duration was 6.1
(SD 3.4) years, and mean SLE duration at baseline was 3.9
(SD 5.7) years and at the end of the followup period 10.0 (SD
6.3) years. Patients had a mean BMI (kg/m?) of 24.4 + 6.0 at
baseline as well as a median of 14 (interquartile range
7.0-24.0) clinic visits during their followup period at the time
of data analyses.

Comparison between LN and LNN. In our cohort, 529 patients
were diagnosed with LN (290 LN-B + 239 LN-L) and 372
(70.3%) had proteinuria at some point during the course of
their followup. LN and LNN groups were similar with respect
to age distribution (Table 2). However, the LN group had sig-

Table 1. Baseline characteristics of study subjects.

Characteristics Cohort, n = 1078
Women, n (%) 961 (89)
Race, n (%)
White 737 (71)
African Americans 107 (10)
Chinese 100 (10)
Filipino 31 (3)
Other/missing 103 (6)
Age, yrs, (range) 33,6 +£12.6 (13.4-81.1)
Patients > 50 yrs, n (%) 124 (12)
SLE duration, yrs, (range) 39+5.7(0-51.8)
SLEDAI-2K, median (IQR) 8.0 (4.0-13.0)
Serum albumin, g/ (range) 39.0+7.1 (11-78)
Patients with lupus nephritis, n (%) 529 (49)
Biopsy-proven 290 (27)
By laboratory criteria 239 (22)

Anti-ds-DNA antibody by Farr assay,

U/ml, median (IQR) 17.0 (6.0-41.0)

SLEDAI-2K: SLE Disease Activity Index 2000.
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Table 2. Characteristics of patients with and without lupus nephritis (LN). Results are mean (SD) or percentage

unless stated otherwise.

LN, n =529 p
LN by Biopsy, LN by Laboratory ~ All LN, LNN, Between LN
n =290 Results, n = 239 n =529 n =549 and LNN

Age at baseline, yrs 30.6 £ 10.8 349 +128 325119 346+132 0.008
Patients age = 50 yrs, % 55 14.6 9.6 133 0.060
Women, % 87.6 80.4 84.3 93.8 0.0001
SLE duration at last visit, yrs 104+£54 109+£73 106 £6.3 94+63 0.0013
Followup, yrs 69+3.1 64+33 6.7+32 56+34 0.0001
Baseline SLEDAI, 10.0 8.0 9.0 6.0

median (IQR) (6.0, 16.0) (4.0,13.0) (6.0, 15.0) (4.0, 10.0) 0.0001
Baseline serum albumin, g/l 363+7.8 37674 369+7.6 41059 0.0001
Baseline ds-DNA, U/ml, 240 22.0 220 12.0

median (IQR) (10.0, 58.0) (6.0,51.0) (8.0,53.0) (4.0,34.0) 0.0001

nificantly more women, longer followup periods, longer SLE
duration, higher baseline SLEDAI-2K, and higher baseline
dsDNA levels compared to LNN (Table 2). Baseline serum
albumin was lower in LN compared to LNN (Table 2).
Further, patients with LN who had proteinuria had lower
serum albumin levels compared to those with LN without pro-
teinuria (35.2 = 7.6 vs 40.9 £ 6.1 g/l; p < 0.0001). LN-B and
LN-L groups were similar in duration of followup, SLE dura-
tion at last visit, baseline dsDNA, and baseline albumin.
However, the LN-B group was significantly younger and had
a higher baseline SLEDAI compared to the LN-L group.

Associations. Based on the mixed model approach, while
including age as a covariate, there were significant (p < 0.01)
associations between serum albumin and SLEDAI-2K in all
LN-B (r =-0.62) and all LN-L (r = -0.59) as well as in LN-B

Predicted SLEDAI Scaors
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(r =-0.62) and LN-L (r = -0.63) with proteinuria. Although
statistically significant, these associations were weaker in
LN-B (r =-0.43) and in LN-L (r = -0.41) without proteinuria,
and in those without LN (r = -0.30).

Figure 1 represents the mixed model output showing the
relationships between serum albumin and SLEDAI-2K in
LN-B, LN-L, and LNN, adjusted for age at each visit. Serum
albumin was significantly associated with SLEDAI-2K in
LN-B (B =-0.30, p < 0.0001) and LN-L (8 = -0.28, p = <
0.0001) and less so in LNN (B = -0.10, p < 0.0001). Our
results for the same association between serum albumin and
the modified SLEDAI-2K did not differ qualitatively or
markedly quantitatively (data not shown).

Figure 2 represents the mixed model output showing the
relationships between serum albumin and SLEDAI-2K in
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Figure 1. Relationship between serum albumin and SLEDAI-2K stratified by renal status.
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Figure 2. Relationship between serum albumin and SLEDAI-2K stratified by renal status and proteinuria.

LNN, LN-B, and LN-L with and without proteinuria, adjusted
for age at each visit. Within this analysis, serum albumin was
significantly associated with SLEDAI-2K in LN-B + protein-
uria (B =-0.32, p < 0.0001), LN-L + proteinuria (3 = —0.33,
p < 0.0001); LN-B without proteinuria (B = -0.17, p <
0.0001), LN-L without proteinuria (3 = -0.13, p < 0.0001),
and less so in LNN (8 = -0.10, p < 0.0001). Based on these
relationships, a suboptimal albumin level of 30 g/l would be
associated with a SLEDAI of 10 in LN+ proteinuria, 7 in
LN- proteinuria, and 6 in LNN. Given that SLEDAI-2K = 6
reflects active disease, we can appreciate that a serum albumin
level of 30 g/l would be expected to be associated with clini-
cally active SLE in patients with nephritis, but not necessari-
ly so in patients without nephritis.

With regard to dsDNA, there were also significant (p <
0.01) moderate associations at each visit between serum
dsDNA and SLEDAI-2K in LN-B (r = 0.62), LN-L (r =0.57),
and in LNN (r =043).

Figure 3 represents the mixed model output showing the
relationships between modified SLEDAI-2K and dsDNA, in
LN-B, LN-L, and LNN groups adjusted for age at each visit.
The mixed model analysis also showed that dsSDNA was sig-
nificantly associated with the modified SLEDAI-2K in LN-B
patients (8 = 0.06, p < 0.0001), LN-L (8 = 0.04, p < 0.0001),
and LNN patients (8 = 0.02, p < 0.0001). Using the complete
SLEDAI, there were also significant associations between
SLEDAI-2K and dsDNA in all 3 groups (data not shown).

DISCUSSION

We found a significant inverse association between serum
albumin and disease activity assessed by SLEDAI-2K, with
lower serum albumin levels associated with higher levels of
SLE disease activity. The clinical implications of these results

are that hypoalbuminemia alone will not be the ideal bio-
marker to identify disease activity in SLE. It may, however, be
a useful screening test and guide in patients with LN.
Hypoalbuminemia is common in patients with SLE>%7 and it
has been correlated to poorer prognoses in SLE and other dis-
eases such as ischemic heart disease, diabetes mellitus, and
hypertension’2?. The association between SLEDAI-2K and
serum albumin was strongest for subjects with SLE who had
LN compared to those without LN, and especially in LN with
proteinuria. Clinicians have traditionally based LN activity
and its therapy on the results of urinary protein excretion and
creatinine clearance®. A reliable measure of proteinuria such
as that derived from a 24-h urine collection was not routinely
done in every patient and therefore could not be used to dif-
ferentiate how much of the hypoalbuminemia was attributable
to the proteinuria and how much to the inflammatory disease.
Hence, the clinical utility of serum albumin as a marker for
disease activity in SLE-related nephritis has not been studied.
Our results suggest that serum albumin may be a good screen-
ing test that would prompt the ordering of a 24-h urine collec-
tion for proteinuria in patients with SLE.

Several factors may affect the serum albumin level. Serum
albumin has been reported to decline with advanced age and
is shown to be a reliable predictor of all-cause mortality in the
elderly'3-'4. Based on this, we included age as a covariate in
our mixed model analysis. Severe protein deficiency and ener-
gy-protein malnutrition can also contribute to a low serum
albumin level. However, in our study, all patients had a
Western diet and had a BMI > 18 and therefore a low serum
albumin level due to malnutrition was unlikely. Proteinuria is
another factor that can influence serum albumin level.
However, proteinuria is part of the SLE disease process and
reflects renal disease activity. It was our intention to deter-
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Figure 3. Relationship between anti-double-stranded DNA antibody and modified SLEDAI-2K (dsDNA excluded)

stratified by renal status.

mine whether serum albumin level correlates with proteinuria
and coincides with SLE disease activity. Our study in fact
showed a stronger inverse relationship between serum albu-
min and SLEDAI-2K in patients with LN who had
proteinuria.

Studies on the use of albumin in measuring SLE disease
activity have primarily focused on urinary albumin. However,
its validation as a biomarker has not been successful to date.
In one study that aimed to identify potential markers in active
pediatric LN, albuminuria was identified within the urinary
protein signature, but further assessment was limited due to
difficulties in protein extraction”. It has also been reported that
albumin excretion rates have failed to reflect renal histology
in patients with LN, and microalbuminuria was inadequate to
predict subsequent development of clinical LN in subjects
who initially did not have renal disease?!22-23, Finally, albu-
minuria appeared to be more costly and offered no advantage
over total proteinuria in diagnosing proteinuric renal flares in
SLE because protein-creatinine and microalbumin-creatinine
were highly correlated over the designated ranges for SLE
glomerulonephritis flares?3.

Our study has some limitations. Data on 24-h urine protein
were not available for every patient and/or at every clinic visit
and therefore the categorization of proteinuria was based on
the presence of abnormal 24-h urine protein ever during the
followup period, which may not truly reflect renal disease
activity at every visit. In addition, the graphical representa-
tions generated by the mixed model apply an average correla-
tion within each subgroup. This means that a serum reading

would only provide an estimate of SLE disease activity based
on a group average, but this should not override clinical judg-
ment in the interpretation of these results. Perhaps a change in
serum albumin would provide more useful information on dis-
ease activity rather than the absolute levels of serum albumin.
Further, the subjects for this study were selected from those
attending an academic hospital center and therefore these
results may not be generalizable to the entire SLE population,
such as those followed in community practices or in particu-
lar those seen in developing countries where protein-energy
malnutrition is a common problem. However, our clinic
includes patients from the community, as our center has been
the sole resource for a large urban area for almost 30 years.

In our study, we found weak but significant associations
between serum albumin and SLEDAI-2K in patients without
renal disease. Further, we observed a clear demarcation
between the 2 LN groups and the LNN group with mutual
exclusion of the respective CI of the regression coefficients.
Similarly, dsDNA was most significantly associated with dis-
ease activity in the LN groups. Using a modified SLEDAI-2K
excluding dsDNA or the original complete SLEDAI-2K did
not significantly alter the results of these association studies.
Currently, dsDNA is widely used as a marker for disease
activity in SLE, but it is expensive to measure and there is lit-
tle consensus on its value as a biomarker because of inconsis-
tent findings in its association with disease activity!'*. On the
other hand, serum albumin is routinely measured and is an
inexpensive test to perform?.

We demonstrated that serum albumin is inversely associat-
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