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ABSTRACT. Objective. To estimate the effect of corticosteroids (prednisone dose) on permanent organ damage
among persons with systemic lupus erythematosus (SLE).
Methods. We identified 525 patients with incident SLE in the Hopkins Lupus Cohort. At each visit,
clinical activity indices, laboratory data, and treatment were recorded. The study population was fol-
lowed from the month after the first visit until June 29, 2006, or attainment of irreversible organ dam-
age, death, loss to followup, or receipt of pulse methylprednisolone therapy. We estimated the effect
of cumulative average dose of prednisone on organ damage using a marginal structural model to
adjust for time-dependent confounding by indication due to SLE disease activity.
Results. Compared with non-prednisone use, the hazard ratio of organ damage for prednisone was
1.16 (95% C1 0.54, 2.50) for cumulative average doses > 0—180 mg/month, 1.50 (95% CI 0.58, 3.88)
for > 180-360 mg/month, 1.64 (95% CI 0.58, 4.69) for > 360-540 mg/month, and 2.51 (95% CI
0.87, 7.27) for > 540 mg/month. In contrast, standard Cox regression models estimated higher hazard
ratios at all dose levels.
Conclusion. Our results suggest that low doses of prednisone do not result in a substantially
increased risk of irreversible organ damage. (First Release Feb 1 2009; J Rheumatol 2009;36:560—4;

doi:10.3899/ jrheum.080828)
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Systemic lupus erythematosus (SLE) is a chronic systemic
autoimmune disease of unknown etiology that is character-
ized by a relapsing-remitting course!. In the past 40 years,
prognosis for patients with SLE has improved; the 10-year
survival is now approximately 90%!. Despite improved sur-
vival rates, organ damage occurs in 50% of all patients with-
in 5 years of the diagnosis of SLE?. Corticosteroids are the
mainstay of therapy for SLE, with the route of administration
and dosage schedule dependent on the severity and distribu-
tion of organ involvement. Corticosteroids have both anti-
inflammatory and immunosuppressive actions in SLE; how-
ever, numerous adverse effects result from corticosteroid use
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itself. Some complications associated with corticosteroid
therapy are reversible (e.g., obesity, diabetes, hypertension),
while others including avascular necrosis, osteoporotic frac-
tures, and cataracts represent irreversible damage.

Recent studies found an association between prednisone
therapy and permanent organ damage3-. However, because
high SLE disease activity leads independently to treatment
with corticosteroids and to organ damage®, the association
observed in these studies might be explained by uncon-
trolled confounding by indication rather than by a true effect
of prednisone use on organ damage. Further, because SLE
disease activity is affected by prior prednisone use and is on
the causal pathway between prednisone use and organ dam-
age, standard statistical methods may fail to appropriately
adjust for this confounding by indication even if disease
severity were perfectly measured’.

We estimated the effect of prednisone therapy on organ
damage in a study in which the indication for prednisone ther-
apy was carefully measured. We adjusted for confounding by
indication using inverse probability weighting of marginal
structural models, a statistical method that appropriately
adjusts for measured confounders affected by prior therapy?®.

MATERIALS AND METHODS

Data source. The Hopkins Lupus Cohort is a prospective longitudinal study
of lupus activity, organ damage, and quality of life in patients with SLE®
who have been evaluated and treated by one of us (MP) for 2 decades!0-11,
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At each visit, clinical activity indices, laboratory data, and treatment are
recorded. The cohort database is continually updated including sociodemo-
graphic information, medical and reproductive history, SLE complications,
and treatment. The information regarding corticosteroid use and organ
damage is recorded since the date of SLE diagnosis. The average daily dose
of prednisone is recorded for each patient.

Patient selection criteria and study design. We identified 525 patients with
incident SLE who were diagnosed within 6 months of their first visit with
MP. Each patient was followed from the month after the first visit (baseline)
until either June 29, 2006, irreversible organ damage (141), death (12), loss
to followup (defined as absence of visit for 1.5 yrs or more; n = 200), or
receipt of pulse methylprednisolone therapy, whichever occurred first.
(Pulsed-dose methylprednisone treatment is an infrequent form of pred-
nisone therapy, and therefore our analysis focuses on oral prednisone thera-
py only.) Only 31 patients were censored because of pulse methylpred-
nisolone therapy and including them in the analysis did not materially affect
our findings. The mean study followup time was 58 months (4.8 yrs) and the
maximum followup time was 227 months (18.9 yrs).

Study variables. The primary outcome of interest was a new diagnosis of
organ damage during followup. At each visit, irreversible organ damage
was measured using the Systemic Lupus International Collaborating
Clinics/American College of Rheumatology (SLICC/ACR) Damage Index
(SDI). The SDI has 41 items in 12 domains that measure irreversible organ
damage occurring since the onset of SLE!%13,

We defined cumulative average prednisone dose for a given patient at a
given month as the total number of milligrams of prednisone taken up to
that month divided by the number of months. For simplicity of presenta-
tion, we categorized cumulative prednisone dose as follows: 0 mg/month,
> 0-180 mg/month, > 180-360 mg/month, > 360-540 mg/month, and
> 540 mg/month.

The main potential confounder was SLE disease activity. At each visit,
SLE disease activity was measured as the average score from the SLE
Disease Activity Index (SLEDAI)!4. Missing dates of SLE diagnosis (8.7%
of cases) and organ damage (2.2% of cases) were assigned to baseline, and
missing months of organ damage (16% of cases) were assigned to June of
that year as in other studies?.

Statistical analysis. We estimated the effect of cumulative average log pred-
nisone dose on time to first organ damage by fitting a time-varying Cox
model. Because adding the time-varying confounders as covariates in the
model may introduce bias'>, we adjusted for confounding by indication by
weighting each subject in each risk set by the inverse of the estimated prob-
ability of having received his or her own treatment history. Unlike conven-
tional methods for confounding adjustment that add the time-dependent
confounders as covariates in the model, the weighted approach appropri-
ately adjusts for measured time-dependent confounders that are affected by
prior prednisone therapy (i.e., SLE disease activity). Our hazard ratio esti-
mate can be interpreted as the net effect of prednisone dose only under the
assumption of no unmeasured confounding at all times, as well as the con-
ditions of positivity, consistency, and no misspecification of both the
weighted Cox model and the models used to estimate the inverse probabil-
ity weights (see below). These assumptions are less restrictive than those of
conventional unweighted analyses, which require the absence of confound-
ing by time-dependent covariates affected by previous treatment. Under the
assumption listed above, the measures from the weighted Cox model equal
those of a marginal structural Cox model'®. The 95% confidence interval
(95% CI) around the hazard (rate) ratio was based on a robust variance
estimator (GEE).

The denominators of the inverse probability weights were estimated by
fitting 3 nested models: (1) a logistic regression model to estimate the prob-
ability of a visit in each month of followup; (2) a logistic regression model
to estimate the probability of receiving prednisone treatment among per-
son-months with a visit; and (3) a linear regression model to estimate each
patient’s density (assumed to be normal) of log prednisone dose among per-
son-months with a visit and with prednisone treatment. All models includ-

ed the baseline variables age at SLE diagnosis, sex, race/ethnicity, SLE dis-
ease activity at baseline, organ damage score at baseline (although the offi-
cial definition of SDI is damage since lupus diagnosis, we used organ dam-
age events prior to diagnosis as a baseline measure of severity of illness),
and prednisone dose at baseline; the time-varying covariate SLE disease
activity score; and months since last visit as well as product terms between
months since last visit and baseline variables. To adjust for potentially
informative censoring, we also estimated the censoring weights using the
predicted values from pooled logistic regression models. Both the pred-
nisone treatment and censoring weights were stabilized!”-'$, and their prod-
uct was used to fit the weighted regression model to estimate the risk of
organ damage. The mean weight was 0.99 with a range of 0.01-10.0.
Analyses were done with SAS (version 9.1).

RESULTS

Table 1 summarizes the characteristics of the 525 patients
included in our study. Ninety percent were women, 56%
were Caucasian, and 48% were not prescribed prednisone at
their first visit. Sixty-one percent had no organ damage at
their first visit, while the remaining 40% had 1 or more
organ damage events prior to lupus diagnosis. Almost half of
all patients (46%) had not been prescribed prednisone at 1

Table 1. Demographic and clinical characteristics of study population
(n = 525).

Characteristic n (%)
Sex
F 472 (89.9)
M 53 (10.1)
Race/ethnicity
Caucasian 294 (56.0)
African American 196 (37.3)
Other 35 6.7)
Age at SLE diagnosis, yrs
10 to 25 113 (21.5)
26 to 40 230 (43.8)
41to 76 182 (34.7)
Year of SLE diagnosis
Before 1990 64 (12.2)
1990 to 1999 236 (45.0)
2000 to 2006 225 (42.9)
Prednisone dose at first visit, mg/mo
0 254 (48.4)
> 0-180 62 (11.8)
> 180-360 48 9.1)
> 360-540 34 (6.5)
> 540 127 (24.2)
Lupus disease activity at first visit (SLEDAI score)
0 153 (29.1)
1to2 137 (26.1)
3to4 112 (21.3)
=5 123 (23.4)
Organ damage score at first visit (SDI index)
0 318 (60.6)
1 118 (22.5)
2 52 9.9)
>3 37 (7.0)

SLEDAL: Systemic Lupus Erythematosus Disease Activity Index; SDI:
Systemic Lupus International Collaborating Clinics/American College of
Rheumatology Damage Index.
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year after their first visit; by 10 years, only 15% had never
received prednisone (Table 2). Similarly, the proportion of
patients who received middle range doses (i.e., > 0—180 and
> 180-360 mg/mo) increases over time. However, the pro-
portion of patients receiving higher doses (especially a
cumulative dose > 540 mg/mo) decreases over time. No
patients survived for 10 or more years with a cumulative
prednisone dose of > 540 mg/mo (or a cumulative total dose
of > 64.8 g). The higher the mean SLE disease activity
score, the higher the average prednisone per month (Table 3)
that was prescribed.

Of the 525 patients, 141 had an organ damage event dur-
ing followup. Table 4 shows the distribution and hazard
ratios and 95% CI of organ damage for several levels of
cumulative average dose of prednisone compared with no
prednisone use. Both the weighted and unweighted (con-
ventionally-adjusted) models show that the risk of organ
damage increases with dose. However, the weighted model
that appropriately adjusts for measured confounders esti-
mated a lower risk at all dose levels. In the weighted

model, the hazard ratios ranged from 1.16 (95% CI 0.54,
2.50) for > 0-180 mg/month to 2.51 (95% CI 0.87, 7.27)
for > 540 mg/month (p for trend 0.05). In the unweighted
model, the hazard ratios ranged from 2.01 (95% CI 1.11,
3.63) for > 0-180 mg/month to 4.10 (95% CI 1.74, 9.65)
for > 540 mg/month.

Results in Table 4 did not materially change when we
added the 8 patients who died before any evidence of organ
damage as cases, when we used the most recent 3-month aver-
age of prednisone dose (vs the cumulative average from base-
line), or when we controlled for pulse methylprednisolone
therapy as a confounder (vs censoring patients; see Table 5 for
these results). Results were also similar when we assumed no
organ damage at baseline for all patients (as whatever damage
existed might not have been caused by lupus). Sensitivity
analyses using different dose categories and without a log
transformation of dose yielded similar results.

DISCUSSION
Our findings suggest that the risk of irreversible organ dam-

Table 2. Percentage of patients by cumulative prednisone dose by duration of SLE

Years After First Visit for SLE

Cumulative Prednisone

Dose (mg/mo) 1 3 5 10

0 45.7 (0) 30.6 (0) 28.1 (0) 15.4 (0)

> 0-180 15.1 (0-2.2) 34.7 (0-6.5) 40.4 (0-10.8) 57.7 (0-21.6)
> 180-360 17.8 (2.2-4.3) 19.4 (6.5-14.0) 21.1 (10.8-21.6) 23.1 (21.6-43.2)

> 360-540 8.9 (4.3-6.5) 9.9 (14.0-19.0) 8.8 (21.6-32.4) 3.9 (43.2-64.8)
> 540 12.6 (> 6.5) 54019 1.8 (>324) 0 (>64.8)
No. of patients 438 222 114 26

Data in parentheses indicate cumulative prednisone dose (g).

Table 3. Lupus disease activity and prescribed prednisone dose during the study period (n = 21,801 patient mos).

Mean SLE Activity (SLEDAI)

Prednisone Dose (mg/mo)

% of Patient-mos

0
1to2
3to4

> 5

95.5 42.6
120.9 253
194.0 17.5
317.6 14.6

SLEDALI: SLE Disease Activity Index.

Table 4. Hazard ratio of organ damage (n = 141) by cumulative average dose of prednisone.

Cumulative Average Prednisone Unadjusted Model Conventionally-Adjusted Model* Weighted Model*
Dose (mg/mo) % of Patient-mos  No. of Events HR 95% CI HR 95% CI HR 95% CI
0 359 34 Ref Ref Ref

> 0-180 37.0 49 1.58 1.00, 2.50 2.01 1.11, 3.63 1.16  0.54,2.50
> 180-360 14.9 29 2.10 1.24,3.55 2.46 1.17,5.16 1.50  0.58,3.88
> 360-540 6.7 18 3.04 1.67,5.53 3.54 1.55,8.12 1.64  0.58,4.69
> 540 5.5 21 4.19 2.35,7.47 4.10 1.74, 9.65 251 0.87,7.27

*Adjusted for age, sex, race/ethnicity, baseline prednisone dose, baseline SLE activity, baseline organ damage, and time-varying covariates. HR: hazard ratio.
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Table 5. Secondary analyses estimating hazard ratio (HR) of organ damage by cumulative prednisone dose.

Unadjusted Model Conventionally-adjusted Model Weighted Model
HR 95% CI HR 95% CI HR 95% CI

Cumulative average prednisone dose (outcome death or organ damage) (mg/mo)

0 dose Ref Ref Ref

> 0-180 1.44 0.92,2.24 1.78 1.00, 3.18 1.06 0.50, 2.26

> 180-360 2.13 1.29,3.51 2.39 1.17,4.87 1.53 0.60, 3.90

> 360-540 2.93 1.64,5.21 3.33 1.49,7.47 1.58 0.56, 4.45

> 540 4.22 2.43,7.32 4.08 1.78, 9.34 2.63 0.94, 7.36
Average 3-month prednisone dose (censoring at pulse methylprednisolone therapy)’ (mg/mo)

0 dose Ref Ref Ref

> 0-180 1.73 1.01, 2.95 1.45 0.81,2.59 1.14 0.57,2.28

> 180-360 2.28 1.22,4.25 1.83 0.95, 3.50 1.67 0.73, 3.85

> 360-540 1.57 0.64, 3.86 1.24 0.49, 3.16 0.91 0.31,2.67

> 540 3.02 1.44, 6.33 2.61 1.19,5.72 2.20 0.89, 5.43
Cumulative average prednisone dose (controlling for pulse methylprednisolone therapy)* (mg/mo)

0 dose Ref Ref Ref

> 0-180 1.44 0.93,2.24 1.78 1.01, 3.16 1.01 0.47,2.15

> 180-360 1.93 1.16, 3.22 2.24 1.09, 4.59 1.21 0.46, 3.15

> 360-540 2.87 1.61,5.11 3.49 1.56,7.78 1.51 0.54,4.21

> 540 4.24 2.44,17.35 4.36 1.90, 9.99 2.49 0.85,7.30

 Adjusted for previous cumulative prednisone dose up to last 3 months. * Total organ damage events = 150.

age might increase with prednisone dose. Compared with no
prednisone use, the increase in risk is small for a cumulative
average dose below 180 mg/month, and 2-fold for a cumu-
lative average dose greater than 540 mg/month, which is
equivalent to a cumulative total dose of 19 grams in 3 years,
32.4 grams in 5 years, or 64.8 grams in 10 years.

The increase in risk with higher prednisone doses might
be explained by unmeasured confounding by indication if
our measurements of severity were not able to fully identify
the indications for high prednisone doses. However, we
believe that the most important confounders were identified
from the clinical and laboratory information that is recorded
in the Hopkins Lupus Cohort database. Further, a better
measurement of confounding by indication would have
resulted in an even lower risk for low prednisone doses.

In an earlier analysis, Gladman, et al also examined the
pattern of accumulation of damage in an inception cohort of
patients with SLE followed yearly for at least 15 years, and
identified organ damage that might be related to cortico-
steroid therapy?. The authors concluded that a significant
proportion of the damage both early and late could be attrib-
uted to corticosteroid therapy, although the majority of dam-
age occurred at 15 years. Our results also suggest that since
organ damage varies widely depending on the dose of corti-
costeroids used and the extent of lupus disease3, cortico-
steroids might have important mechanisms of action apart
from antiinflammatory and immunosuppressive actions in
SLE. Therefore, effective treatment for patients with SLE
receiving higher prednisone doses (e.g., above a threshold of
approximately 540 mg/month) requires new corticosteroid-
sparing therapies that treat disease activity while minimizing
organ damage due to high cumulative prednisone exposure.

In contrast to our weighted estimates, standard models
show a much higher risk of organ damage for all levels of
prednisone dose. Previous studies®*%1! that were also ana-
lyzed using conventional methods had similar findings.
Relevant differences between the weighted and convention-
al estimates have also been found in other clinical areas!%-23,
and may be explained by the inability of standard methods
to appropriately adjust for time-dependent confounders that
are affected by prior treatment.

Due to the low number of organ damage events, we had
to aggregate all organ damage events. Future research to
determine the relative contribution of corticosteroids to the
pathogenesis of specific types of organ damage is warranted
because some studies have suggested that certain types of
organ damage might be more likely to be caused by pred-
nisone dose. Using standard methods, Zonana-Nacach, et al,
for example, found that cumulative prednisone dose was sig-
nificantly associated with the development of osteoporosis
fractures [risk ratio (RR) = 2.5, 95% CI 1.7, 3.7], sympto-
matic coronary artery disease (RR = 1.7, 95% CI 1.1, 2.5),
and cataracts (RR = 1.9, 95% CI 1.4, 2.5)3. Each additional
2-month exposure to high-dose prednisone was associated
with a 1.2-fold increase in the risk of both avascular necro-
sis (95% CI 1.1, 1.4) and stroke (95% CI 1.0, 1.5).

Our results suggest that low doses of prednisone do not
result in a substantially increased risk of irreversible organ
damage. Clinicians treating lupus patients might consider
either tapering prednisone or introducing other immunosup-
pressive therapies to “steroid-spare.” A better understanding
of the relationship between corticosteroid therapy, SLE dis-
ease activity, and organ damage will hopefully provide a
basis for improving current treatment guidelines for SLE,
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and highlight the urgent need to develop corticosteroid-spar-
ing therapies.
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