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Antimalarial Treatment May Have a Time-Dependent Effect
on Lupus Survival

Data From a Multinational Latin American Inception Cohort
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Objective. To evaluate the beneficial effect of
antimalarial treatment on lupus survival in a large,
multiethnic, international longitudinal inception co-
hort.

Methods. Socioeconomic and demographic char-
acteristics, clinical manifestations, classification crite-
ria, laboratory findings, and treatment variables were
examined in patients with systemic lupus erythematosus
(SLE) from the Grupo Latino Americano de Estudio del
Lupus Eritematoso (GLADEL) cohort. The diagnosis of
SLE, according to the American College of Rheumatol-
ogy criteria, was assessed within 2 years of cohort entry.
Cause of death was classified as active disease, infec-
tion, cardiovascular complications, thrombosis, malig-

nancy, or other cause. Patients were subdivided by
antimalarial use, grouped according to those who had
received antimalarial drugs for at least 6 consecutive
months (user) and those who had received antimalarial
drugs for <6 consecutive months or who had never
received antimalarial drugs (nonuser).

Results. Of the 1,480 patients included in the
GLADEL cohort, 1,141 (77%) were considered antima-
larial users, with a mean duration of drug exposure of
48.5 months (range 6–98 months). Death occurred in 89
patients (6.0%). A lower mortality rate was observed in
antimalarial users compared with nonusers (4.4% ver-
sus 11.5%; P< 0.001). Seventy patients (6.1%) had
received antimalarial drugs for 6–11 months, 146
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(12.8%) for 1–2 years, and 925 (81.1%) for >2 years.
Mortality rates among users by duration of antimalarial
treatment (per 1,000 person-months of followup) were
3.85 (95% confidence interval [95% CI] 1.41–8.37), 2.7
(95% CI 1.41–4.76), and 0.54 (95% CI 0.37–0.77), re-
spectively, while for nonusers, the mortality rate was
3.07 (95% CI 2.18–4.20) (P for trend < 0.001). After
adjustment for potential confounders in a Cox regres-
sion model, antimalarial use was associated with a 38%
reduction in the mortality rate (hazard ratio 0.62, 95%
CI 0.39–0.99).

Conclusion. Antimalarial drugs were shown to
have a protective effect, possibly in a time-dependent
manner, on SLE survival. These results suggest that the
use of antimalarial treatment should be recommended
for patients with lupus.

Systemic lupus erythematosus (SLE) is a complex
chronic autoimmune disorder that can be life-
threatening. Although life expectancy in SLE has in-
creased over the last few decades (1,2), mortality re-
mains higher than that in the general population (3–5).
Recent longitudinal studies have identified active dis-
ease, infection, atherosclerosis, and malignancies as
important causes of death in SLE (5–9). Better survival
in SLE, according to most investigators, has been attrib-
uted to 2 main factors: 1) diagnosis of milder cases, due
to the wider availability of specific tests, and 2) better
supportive treatment options (antibiotics, antihyperten-
sive drugs, dialysis, and renal transplantation).

Use of antimalarial drugs could account for the
improved survival of patients with lupus only since the
1990s, when the use of antimalarials became more
generalized. In fact, the seminal studies from the Cana-
dian Hydroxychloroquine Study Group demonstrated
that patients with stable disease in whom this compound
was discontinued were more likely to experience a flare
compared with those who remained on treatment (10). It
also has been demonstrated that treatment with hy-
droxychloroquine prevents damage overall, as well as
damage in specific domains of the Systemic Lupus
International Collaborating Clinics/American College of
Rheumatology (SLICC/ACR) Damage Index (11–13).

The beneficial effects of antimalarial drugs in
lupus, however, go beyond control of disease activity and
damage accrual. In fact, they seem to have a protective
effect on survival, as noted in a study from Spain
conducted in a homogeneous Caucasian population, in
which a reduction in mortality was evident. Of interest,
none of the patients treated with antimalarial drugs died
of cardiovascular complications, the most frequent cause
of death in untreated patients (14). Likewise, data from

the LUpus in MInorities, NAture versus nurture (LU-
MINA) study, involving a multiethnic cohort from the
US, reaffirmed the general protective effect of antima-
larial drugs on survival (15). However, the minimal
duration of drug exposure required to exert this effect
could not be derived from those data.

We therefore evaluated the possible beneficial
effect of at least 6 months of antimalarial drug expo-
sure on the survival of SLE patients. In addition, we
examined the causes of mortality in a large, multi-
ethnic, international inception cohort from the Grupo
Latino Americano de Estudio del Lupus Eritematoso
(GLADEL) study (see Appendix A for study group
members).

PATIENTS AND METHODS

Study design. The present study was designed as an
observational inception cohort study. The general characteris-
tics and composition of the GLADEL cohort have been
described in detail elsewhere (16). Briefly, the GLADEL study
was started in 1997 by the establishment of a common proto-
col, consensus definitions, and outcome measures in 34 centers
distributed among 9 Latin American countries. The local ethics
committee of each center approved the protocol, and informed
consent was obtained from all patients.

To achieve a balanced representation among the par-
ticipating centers, and despite the large numbers of SLE
patients being followed up at some of these institutions, each
center enrolled 20–30 randomly selected SLE patients with up
to 2 years of disease duration from the time of diagnosis. After
incorporating the initial 30 patients, each center continued to
incorporate 1 new patient per month into the ARTHROS
database (version 2.0 or, subsequently, the improved
ARTHROS version 6.0) over the next 2 years. Prior to each
patient’s inclusion into the cohort, all previously available
medical records were reviewed by the site investigator; these
data were validated during an interview in order to properly
capture the time at which each of the ACR criteria for the
classification of SLE had initially occurred. A physical exami-
nation and laboratory tests were performed at entry and at all
subsequent visits, which took place every 6 months thereafter;
however, data gathered during nonscheduled visits were also
recorded in the database.

ARTHROS version 6.0 is a user-friendly database
developed by Argentinean rheumatologists using a Windows
platform, Visual Basic language, and Microsoft Access (Micro-
soft, Redmond, WA). All data are submitted via the Internet
to the coordinating center, where data are reviewed to ensure
their quality. The diagnosis of SLE was done on the basis of
clinical and laboratory data and confirmed according to the
expertise of the investigator (a rheumatologist or qualified
internist with experience in diagnosing SLE). Fulfillment of 4
of the ACR 1982 classification criteria for SLE (17) at the time
of diagnosis was not mandatory. In addition, disease diagnosis
could be made subsequent to a patient accruing at least 4 of the
ACR criteria. The time at which each of the ACR criteria was
fulfilled as well as the time at which SLE was diagnosed (by a
rheumatologist) were identified.
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Studies were performed in the clinical laboratory of
each participating center. Each center defined the cause of
death as attributable to active disease, infection, cardiovascular
complications, thrombosis, malignancy, or other cause, either
alone or in combination, or designated as unknown. Patients
were subdivided according to use or nonuse of an antimalarial
agent (chloroquine and/or hydroxychloroquine) based on each
patient’s entire followup period during the study. Patients were
classified as an antimalarial “user” if they had received an
antimalarial agent for at least 6 consecutive months, whereas
“nonusers” comprised patients who had received antimalarial
drugs for �6 consecutive months or who had never received
them. This approach was taken to ensure a minimal period of
exposure to antimalarial drugs, given the known latency period
for their effects to occur.

Statistical analysis. Categorical variables were sum-
marized as frequencies and percentages, while continuous
variables were presented as the mean and SD or median and
interquartile range. Antimalarial users and nonusers were
compared using chi-square tests, t-tests, and Wilcoxon’s tests,
as appropriate (18). Mortality rates, grouped according to
duration of exposure to antimalarial drugs, were compared
using a generalized linear model, assuming Poisson distribu-
tion for number of deaths within each category of exposure
duration.

The effect of antimalarial use on survival was examined
using a Cox regression model, with time from diagnosis to
death or to last followup visit expressed in number of months
(19). Antimalarial use was considered a time-dependent pre-
dictor, i.e., at any given time during the followup, patients
receiving antimalarial drugs for �6 months were considered
users, while patients receiving them for �6 months or not
receiving them at all were considered nonusers. Thus, each
patient could potentially be classified in both categories, user
and nonuser, during her or his followup period in the cohort.
Variables considered for adjustment were selected from the
socioeconomic and demographic characteristics and clinical
manifestations present at or before diagnosis that were signif-
icantly different in the univariable analysis between those
patients who ultimately died and those who remained alive at
the time that these analyses were performed. In an alternative
model, variables that differed between antimalarial users and
nonusers were included in the regression model.

P values less than or equal to 0.05 were considered
significant in all cases. All statistical analyses were performed
with SAS software, version 9.1.3 (SAS Institute, Cary, NC).

RESULTS

At the time that these analyses were performed
(June 2005), 1,480 patients were included in the GL-
ADEL cohort. The patients in this cohort had a mean �
SD age at disease onset of 29.5 � 12.3 years, the median
time from entry to SLE diagnosis was 5.0 months (range
1–584 months), and the median duration of followup in
the entire cohort was 55 months (range 1–102 months).
Of the 1,480 patients, 1,141 (77%) were considered
antimalarial users, whereas 339 (23%) were nonusers.
The nonuser group included 267 patients who had never

received antimalarial drugs and 72 who had received
antimalarial drugs for �6 months. The mean antimalar-
ial exposure time for the users was 48.5 months (range
6–98 months). Seventy patients (6.1%) had received
antimalarial drugs for 6–11 months, 146 (12.8%) had
received them for 1–2 years, and 925 had received them
(81.1%) for �2 years. The mortality rates among the
users by treatment duration (per 1,000 person-months of
followup) were 3.85 (95% confidence interval [95% CI]
1.41–8.37), 2.70 (95% CI 1.41–4.76), and 0.54 (95% CI
0.37–0.77), respectively, while the mortality rate for the
nonuser group was 3.07 (95% CI 2.18–4.20) (P for
trend � 0.001). These data are shown in Table 1.

In the entire cohort, antimalarial use was associ-
ated with a lower mortality rate when compared with
nonuse (4.4% versus 11.5%; P � 0.001). The corre-
sponding Kaplan-Meier survival curve as a function of
antimalarial use for the entire cohort is shown in Figure 1.

The socioeconomic and demographic character-
istics of the antimalarial users and nonusers are shown in

Figure 1. Kaplan-Meier survival curves showing time-dependent sur-
vival rates according to duration of antimalarial use in the entire
cohort of patients with systemic lupus erythematosus.

Table 1. Mortality rates as a function of duration of exposure to
antimalarial drugs in the Grupo Latino Americano de Estudio del
Lupus Eritematoso cohort

Group,
exposure time

No. of
patients

Mortality rate
(95% CI)*

Nonuser 339 3.07 (2.18–4.20)
Never 267
�6 months 72

User 1,141
6–11 months 70 3.85 (1.41–8.37)
12–23 months 146 2.70 (1.41–4.76)
�24 months 925 0.54 (0.37–0.77)

* The mortality rate (95% confidence interval [95% CI]) is the rate per
1,000 person-months of followup. P for trend � 0.0001.
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Table 2. The duration of followup was significantly
longer in users compared with nonusers (P � 0.001), in
spite of the fact that patients in each group had a
comparable mean age at diagnosis (P � 0.10); likewise,
the delay in diagnosis was of comparable duration
between users and nonusers (P � 0.35). No differences
between users and nonusers were observed in terms of
sex distribution, ethnic group, socioeconomic status, and
education (P � 0.05). However, there were more pa-
tients with full coverage/private medical insurance
among the antimalarial users than among the nonusers
(P � 0.001).

The clinical features and type of therapy at or
before the time of diagnosis in the antimalarial users and
nonusers are shown in Table 3. Antimalarial users had
more cutaneous manifestations compared with nonusers
(85.5% versus 79.1%; P � 0.007) and had more articular
involvement compared with nonusers (76.8% versus
65.8%; P � 0.001). In contrast, renal disease was less
frequent among antimalarial users (28.4% versus 42.8%;
P � 0.001). However, the frequency of anti–double-
stranded DNA antibodies was comparable between the
user and nonuser groups (38.6% versus 42.5%; P �
0.21). Regarding type of antimalarial treatments, users
were less likely to have received azathioprine than were
nonusers (3.6% versus 7.1%; P � 0.01).

To assess the effect of the use of antimalarial
drugs on mortality, a Cox regression model was per-

Table 2. Socioeconomic and demographic characteristics of the patients with systemic lupus erythem-
atosus as a function of antimalarial use*

Characteristic

Antimalarial use

P
User

(n � 1,141)
Nonuser

(n � 339)

Age at diagnosis, mean (range) years 27 (7–86) 28 (6–77) 0.10
Delay in diagnosis, median (range) months 5 (�1–490) 6 (�1–301) 0.35
Duration of followup, median (range) months 60 (6–102) 31 (1–99) �0.001
Female sex 1,032 (90.5) 298 (87.9) 0.18
Ethnic group 0.53

White 464 (40.7) 142 (41.9)
Mestizo 494 (43.3) 151 (44.5)
African Latin American 146 (12.8) 40 (11.8)
Other 37 (3.2) 6 (1.8)

Socioeconomic status 0.28
Low 684 (60.2) 215 (63.6)
Medium/high 453 (39.8) 123 (36.4)

Education 0.08
�7 years 325 (29.5) 106 (34.0)
8–12 years 502 (45.6) 146 (46.8)
�13 years 274 (24.9) 60 (19.2)

Medical coverage �0.001
No coverage 168 (14.8) 82 (24.6)
Partial coverage 256 (22.6) 69 (20.7)
Full coverage/private 708 (62.5) 182 (54.7)

* Except where indicated otherwise, values are the numer (%) of patients. Antimalarial users were defined
as those receiving either chloroquine or hydroxychloroquine for �6 consecutive months.

Table 3. Cumulative clinical manifestations and therapy use at or
before diagnosis as a function of antimalarial use in patients with
systemic lupus erythematosus*

Antimalarial use

User
(n � 1,141)

Nonuser
(n � 339) P

Manifestation
Cutaneous 975 (85.5) 268 (79.1) 0.007
Articular 876 (76.8) 223 (65.8) �0.001
Serositis (pleuritis/pericarditis) 223 (19.5) 77 (22.7) 0.22
Pulmonary 30 (2.6) 10 (3.0) 0.71
Renal 324 (28.4) 145 (42.8) �0.001
Hematologic 599 (52.5) 200 (59.0) 0.04
Neurologic 151 (13.2) 56 (16.5) 0.13
Myositis 149 (13.1) 44 (13.0) 1.00
Any infection 94 (8.2) 29 (8.6) 0.85
Anti-dsDNA antibodies 440 (38.6) 144 (42.5) 0.21

Treatment
Glucocorticoid 760 (66.6) 211 (62.2) 0.15
Azathioprine 41 (3.6) 24 (7.1) 0.01
Cyclophosphamide 53 (4.7) 22 (6.5) 0.20

* Values are the number (%) of patients. The features were present at
diagnosis and study entry for the prevalent cases, and at diagnosis or
study entry for the incident cases. Antimalarial users were defined as
those receiving either chloroquine or hydroxychloroquine for �6
consecutive months. Anti-dsDNA � anti–double-stranded DNA.
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formed, in which all potential confounders (features that
differed between deceased and living patients at last
followup) were included (Table 4). However, renal
disease was not incorporated into the final model,
because it had no impact on the hazard ratio (HR) and
it would have made the estimates for the other variables
in the model less precise. After adjustment for all of
these variables, the use of antimalarial drugs for �6
months was associated with a 38% reduction in the
mortality rate (HR 0.62, 95% CI 0.39–0.99). In the
alternative model, in which only those clinical manifes-
tations and treatment types that differed between users
and nonusers were included (i.e., cutaneous involve-
ment, arthritis, renal manifestations, azathioprine use,
and the SLICC/ACR Damage Index), a quite compara-
ble HR (0.72) for the effect of antimalarial treatment on
survival was observed, but statistically significant differ-
ences between the 2 groups were not reached. The
nonsignificant interaction that was observed between
ethnic group and antimalarial use suggests that the

antimalarial effect is the same for all ethnic groups;
however, our sample size precluded a detailed examina-
tion of this.

As noted in Table 5, causes of death were simi-
larly distributed between users and nonusers. Specifi-
cally, no apparent protective effect of antimalarial drugs
was observed in terms of the frequency of deaths
attributed to either cardiovascular complications or
thrombotic events (each P � 0.11 for users versus
nonusers, by Fisher’s exact test).

DISCUSSION

In this study of patients from the GLADEL
cohort, we were able to demonstrate that antimalarial
use offers protection in terms of prolonged survival. This
finding corroborates the data from the Spanish study by
Ruiz-Irastorza et al (14) and the findings from the
LUMINA cohort (15). Furthermore, our analyses sug-
gest that there is a time-dependent effect of antimalarial
use, since patients in whom antimalarial use was longer
exhibited lower mortality than those who were treated
for shorter times with these compounds. It should be
noted, however, that the comparison of the mortality
rates according to the different exposure times did not
take into consideration any other variables that may act
as confounders. Furthermore, in the Cox regression, we
examined any use versus no use (as defined in Patients
and Methods), and therefore, this time-dependent effect
needs to be interpreted with some caution.

There is substantial evidence to indicate a sur-
vival benefit conferred by antimalarial drugs by 2 years
of treatment, and our test indicating a positive trend
would suggest that perhaps there is a time effect before
this interval that cannot be precisely identified in this
study. Nevertheless, our observations, coupled with the
other beneficial effects of antimalarial drugs that have

Table 4. Effect of antimalarial drugs on mortality in patients with systemic lupus erythematosus,
determined by Cox multivariable regression analysis*

Parameter Comparison Hazard ratio 95% CI

Antimalarial use User vs. nonuser 0.62 0.39–0.99
Age at diagnosis

�40 years One-year increase in age 0.95 0.92–0.98
�40 years One-year increase in age 1.07 1.04–1.11

Medical coverage
None None vs. full/private 2.19 1.32–3.63
Partial Partial vs. full/private 1.48 0.89–2.47
Full/private Referent – –

Neurologic disorder (at diagnosis) Yes vs. no 1.73 1.03–2.91

* Antimalarial users were defined as those receiving either chloroquine or hydroxychloroquine for �6
consecutive months. 95% CI � 95% confidence interval.

Table 5. Causes of death as a function of antimalarial use in patients
with systemic lupus erythematosus (SLE)*

Cause of death
Total

(n � 89)

Antimalarial use

User
(n � 50)

Nonuser
(n � 39)

SLE activity plus infection 37 (41.5) 23 (46.0) 14 (35.9)
SLE activity 18 (20.2) 5 (10.0) 13 (33.3)
Infection 15 (16.8) 9 (18.0) 6 (15.4)
Cardiovascular complications 7 (7.9) 4 (8.0) 3 (7.7)
Thrombosis 2 (2.3) 2 (4.0) 0
Malignancy 2 (2.3) 2 (4.0) 0
Other 3 (3.4) 1 (2.0) 2 (5.1)
Unknown 5 (5.6) 4 (8.0) 1 (2.6)

* Values are the number (%) of patients. P � 0.11 for the overall
comparison of distribution of causes of death, by Fisher’s exact test.
Antimalarial users were defined as those receiving either chloroquine
or hydroxychloroquine for �6 consecutive months.
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been reported in patients with lupus, as well as the
observations of flares recurring upon discontinuation of
the treatment and the retarding of damage accrual
overall and in specific domains of the SLICC/ACR
Damage Index (10–12,20–23), indicate that antimalarial
drugs should unquestionably be used as an anchor
treatment for patients with lupus, regardless of the
clinical manifestations present, degree of disease activity
and damage, disease duration, and other treatments
being administered.

The mechanisms underlying the beneficial effects
of antimalarial drugs are being sorted out. It has been
demonstrated, for example, that antimalarials interfere
with the formation of immune complexes and thus
inhibit the production of interferon by preventing the
incorporation of RNA and DNA fragments into Toll-
like receptors 7 and 9, respectively (24,25). In addition,
we and other investigators have demonstrated the lipid-
lowering effects of these compounds in lupus patients,
both in terms of glucocorticoid-enhanced lipoprotein
synthesis and triglyceride catabolism by interfering with
lipoprotein lipase activity (21,26,27). Benefits in terms of
glucose metabolism have also been demonstrated
(23,28).

Finally, the antithrombotic and vascular protec-
tive properties of antimalarial drugs have been demon-
strated in laboratory animals (29); the antithrombotic
effects have also been shown in patients with lupus from
both the Spanish cohort alluded to before (14) and in a
recent study from the US (30). Thus, by diminishing the
active inflammatory process, having favorable effects on
lipid and glucose metabolism, and preventing thrombo-
sis via favorable effects on the vascular endothelium,
antimalarials may contribute to diminished disease ac-
tivity, decreased damage accrual, and possibly fewer
vascular thrombotic events, and thus they may positively
affect patients’ survival. It should be noted, however,
that the antithrombotic effect as a possible mediator of
improved survival was observed by Ruiz-Irastorza et al
(14), and the diminishment of damage accrual was
observed in the LUMINA cohort (11,12). We could not
demonstrate the antithrombotic effect and had not
assessed damage accrual in our cohort.

The possibility that our observations regarding
the protective effect of antimalarial drugs in the survival
of lupus patients could be due to confounding by
indication has been addressed in the previously pub-
lished studies from Spain and the US (14,15). When
variables that could differentiate antimalarial users from
nonusers were added to the model, the HR remained
essentially unchanged, albeit statistical significance was

not reached. Thus, it does not appear likely that the
effect observed in patients from the GLADEL cohort is
merely due to the fact that patients with milder disease
were treated with antimalarials and those with more
severe disease were not.

The clear strengths of our study include its large
sample size (more than 1,000 patients), the multiethnic
and multinational composition of the cohort (Latin
Americans of European, Amerindian, African, and
mixed ancestry), and the fact that we were able to
examine the relationship between treatment duration
and the desired effect. Furthermore, �80% of the
patients who had been treated with antimalarial drugs
had received them for more than 2 years. The limitations
of our study are mainly related to our inability to
perform ethnic-specific regression analyses, due to the
small number of deaths by ethnic group; nevertheless,
the nonsignificant interaction between ethnic group and
antimalarial use suggests that the beneficial effect of
these compounds is the same for all ethnic groups in our
cohort. Likewise, our study was not powered to perform
subset analyses for the different categories of medical
insurance coverage.

Of note, relatively few deaths occurred in several
of the categories examined, and thus a clear protective
effect of antimalarial drugs on the risk of cardiovascular
complications, thrombotic events, and malignancies was
not observed. However, such events require longer
observation times before they might occur, and there-
fore differences may, in fact, be observed as follow up of
the cohort continues. Thus, the data presented herein,
considered in conjunction with the data from the pub-
lished literature, suggest that antimalarial treatment
should be used in all lupus patients, regardless of the
disease manifestations or duration of disease.
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Barile-Fabris, Silveira, Alarcón, Pons-Estel.

REFERENCES

1. Urowitz MB, Gladman DD. How to improve morbidity and
mortality in systemic lupus erythematosus. Rheumatology (Ox-
ford) 2000;39:238–44.

2. Gladman DD, Urowitz MB. Prognosis, mortality, and morbidity in
systemic lupus erythematosus. In: Wallace DJ, Hahn BH, editors.
Dubois’ lupus erythematosus. 6th ed. Philadelphia: Lippincott
Williams & Wilkins; 2002. p. 1255–73.

3. Stahl-Hallengren C, Jonsen A, Nived O, Sturfelt G. Incidence
studies of systemic lupus erythematosus in Southern Sweden:
increasing age, decreasing frequency of renal manifestations and
good prognosis. J Rheumatol 2000;27:685–91.

4. Bjornadal L, Yin L, Granath F, Klareskog L, Ekbom A. Cardio-
vascular disease a hazard despite improved prognosis in patients
with systemic lupus erythematosus: results from a Swedish popu-
lation based study 1964-95. J Rheumatol 2004;31:713–9.

5. Abu-Shakra M, Urowitz MB, Gladman DD, Gough J. Mortality
studies in systemic lupus erythematosus: results from a single
center. I. Causes of death. J Rheumatol 1995;22:1259–64.

6. Abu-Shakra M, Urowitz MB, Gladman DD, Gough J. Mortality
studies in systemic lupus erythematosus: results from a single
center. II. Predictor variables for mortality. J Rheumatol 1995;22:
1265–70.

7. Barr SG, Zonana-Nacach A, Magder LS, Petri M. Patterns of
disease activity in systemic lupus erythematosus. Arthritis Rheum
1999;42:2682–8.

8. Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla
P, et al, for the European Working Party on Systemic Lupus
Erythematosus. Morbidity and mortality in systemic lupus ery-
thematosus during a 5-year period: a multicenter prospective study
of 1,000 patients. Medicine (Baltimore) 1999;78:167–75.

9. Ward MM, Pyun E, Studenski S. Causes of death in systemic lupus
erythematosus: long-term followup of an inception cohort. Arthri-
tis Rheum 1995;38:1492–9.

10. The Canadian Hydroxychloroquine Study Group. A randomized
study of the effect of withdrawing hydroxychloroquine sulfate in
systemic lupus erythematosus. N Engl J Med 1991;324:150–4.

11. Fessler BJ, Alarcon GS, McGwin G Jr, Roseman J, Bastian HM,
Friedman AW, et al, for the LUMINA Study Group. Systemic
lupus erythematosus in three ethnic groups. XVI. Association of
hydroxychloroquine use with reduced risk of damage accrual.
Arthritis Rheum 2005;52:1473–80.

12. Pons-Estel GJ, Alarcon GS, McGwin G Jr, Danila MI, Zhang J,
Bastian HM, et al, for the LUMINA Study Group. Protective
effect of hydroxychloroquine on renal damage in patients with
lupus nephritis. LXV. Data from a multiethnic US cohort. Arthri-
tis Rheum 2009;61:830–9.

13. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz
M, et al. The development and initial validation of the Systemic
Lupus International Collaborating Clinics/American College of
Rheumatology Damage Index for systemic lupus erythematosus.
Arthritis Rheum 1996;39:363–9.

14. Ruiz-Irastorza G, Egurbide MV, Pijoan JI, Garmendia M, Villar I,
Martinez-Berriotxoa A, et al. Effect of antimalarials on thrombosis
and survival in patients with systemic lupus erythematosus. Lupus
2006;15:577–83.

15. Alarcon GS, McGwin G, Bertoli AM, Fessler BJ, Calvo-Alen J,
Bastian HM, et al. Effect of hydroxychloroquine on the survival of
patients with systemic lupus erythematosus: data from LUMINA,

a multiethnic US cohort (LUMINA L). Ann Rheum Dis 2007;66:
1168–72.

16. Pons-Estel BA, Catoggio LJ, Cardiel MH, Soriano ER, Gentiletti
S, Villa AR, et al. The GLADEL multinational Latin American
prospective inception cohort of 1,214 patients with systemic lupus
erythematosus: ethnic and disease heterogeneity among “Hispan-
ics.” Medicine (Baltimore) 2004;83:1–17.

17. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield
NF, et al. The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 1982;25:1271–7.

18. Armitage P, Berry G, Matthews JN. Statistical methods in medical
research. 4th ed. Malden (MA): Blackwell Science; 2002.

19. Collett D. Modelling survival data in medical research. 2nd ed.
Boca Raton (FL): Chapman & Hall/CRC; 2003.

20. Costedoat-Chalumeau N, Amoura Z, Hulot JS, Hammoud HA,
Aymard G, Cacoub P, et al. Low blood concentration of hydroxy-
chloroquine is a marker for and predictor of disease exacerbations
in patients with systemic lupus erythematosus. Arthritis Rheum
2006;54:3284–90.

21. Borba EF, Bonfa E. Longterm beneficial effect of chloroquine
diphosphate on lipoprotein profile in lupus patients with and
without steroid therapy. J Rheumatol 2001;28:780–5.

22. Selzer F, Sutton-Tyrrell K, Fitzgerald S, Tracy R, Kuller L, Manzi
S. Vascular stiffness in women with systemic lupus erythematosus.
Hypertension 2001;37:1075–82.

23. Petri M. Hydroxychloroquine use in the Baltimore Lupus Cohort:
effects on lipids, glucose and thrombosis. Lupus 1996;5 Suppl
1:S16–22.

24. Lund JM, Alexopoulou L, Sato A, Karow M, Adams NC, Gale
NW, et al. Recognition of single-stranded RNA viruses by Toll-
like receptor 7. Proc Natl Acad Sci U S A 2004;101:5598–603.

25. Rutz M, Metzger J, Gellert T, Luppa P, Lipford GB, Wagner H, et
al. Toll-like receptor 9 binds single-stranded CpG-DNA in a
sequence- and pH-dependent manner. Eur J Immunol 2004;34:
2541–50.

26. Sachet JC, Borba EF, Bonfa E, Vinagre CG, Silva VM, Maranhao
RC. Chloroquine increases low-density lipoprotein removal from
plasma in systemic lupus patients. Lupus 2007;16:273–8.

27. Tam LS, Gladman DD, Hallett DC, Rahman P, Urowitz MB.
Effect of antimalarial agents on the fasting lipid profile in systemic
lupus erythematosus. J Rheumatol 2000;27:2142–5.

28. Gerstein HC, Thorpe KE, Taylor DW, Haynes RB. The effective-
ness of hydroxychloroquine in patients with type 2 diabetes
mellitus who are refractory to sulfonylurease: a randomized trial.
Diabetes Res Clin Pract 2002;55:209–19.

29. Edwards MH, Pierangeli S, Liu X, Barker JH, Anderson G, Harris
EN. Hydroxychloroquine reverses thrombogenic properties of
antiphospholipid antibodies in mice. Circulation 1997;96:4380–4.

30. Kaiser R, Cleveland CM, Criswell LA. Risk and protective factors
for thrombosis in systemic lupus erythematosus: results from a
large, multi-ethnic cohort. Ann Rheum Dis 2009;68:238–41.

APPENDIX A. MEMBERS OF THE GLADEL
STUDY GROUP

In addition to the authors, the following individuals are
members of the GLADEL Study Group and have incorporated at least
20 patients into the database: from Argentina, Luis J. Catoggio,
Enrique R. Soriano, Maria Flavia Ceballos Recalde, and Edson
Velozo (Medical Clinic Service, Hospital Italiano and Fundación Dr.
Pedro M. Catoggio para el Progreso de la Reumatologı́a, Buenos
Aires), Jorge A. Manni, Sebastián Grimaudo, and Judith Sarano
(Instituto de Investigaciones Médicas “Alfredo Lanari,” Buenos
Aires), José A. Maldonado-Cocco, Maria S. Arriola, and Graciela
Gómez (Instituto de Rehabilitación Psicofı́sica, Buenos Aires), Mer-
cedes A. Garcı́a, Ana Inés Marcos, and Juan Carlos Marcos (Hospital
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Interzonal General de Agudos “General San Martı́n,” La Plata), Jorge
A. Lopez and Estela L. Motta (Hospital Interzonal General de Agudos
“Dr. Oscar Alende,” Mar del Plata), Cristina Drenkard, Susana
Gamron, and Laura Onetti (Hospital Nacional de Clı́nicas, Córdoba),
Alejandro Alvarellos and Verónica Saurit (Hospital Privado, Centro
Médico de Córdoba, Córdoba), Silvana Gentiletti, Norberto Quagli-
atto, Alberto A. Gentiletti, and Daniel Machado (Hospital Provincial
de Rosario, Rosario), Marcelo Abdala and Simón Palatnik (Univer-
sidad Nacional de Rosario, Hospital Provincial del Centenario, Rosa-
rio), and Carlos A. Battagliotti (Hospital Escuela “Eva Perón,”
Granadero Baigorria, Rosario); from Brazil, Alexandre Wagner S.
Souza (Universidade Federal de São Paulo), Lilian T. Lavras Costallat,
Manoel Barros Bertolo, and Ibsen Bellini Coimbra (Faculdade de
Ciências Médicas, Universidade Estadual de Campinas), Ricardo
Xavier and Tamara Mucenic (Hospital das Clinicas de Porto Alegre,
Universidade Federal do Rio Grande do Sul), Fernando de Souza
Cavalcanti, Ângela Luzia Branco Duarte, and Cláudia Diniz Lopes
Marques (Centro de Ciências da Saúde, Universidade Federal de
Pernambuco), and Nilzio Antonio da Silva, Ana Carolina de O. e Silva,
and Tatiana Ferracine Pacheco (Faculdade de Medicina, Universidade
Federal de Goiás, Goiânia); from Colombia, José Fernando Molina-
Restrepo (Hospital Pablo Tobon, Uribe), Javier Molina-López, Gloria
Vasquez, and Oscar Uribe (Universidad de Antioquia, Hospital Uni-
versitario “San Vicente de Paul,” Medellı́n), Antonio Iglesias-
Gamarra (Universidad Nacional de Colombia, Bogotá), Antonio
Iglesias-Rodrı́guez (Universidad del Bosque, Bogotá), Eduardo Egea-
Bermejo (Universidad del Norte, Barranquilla), and Renato A.

Guzmán-Moreno and José F. Restrepo-Suárez (Clı́nica Saludcoop 104
Jorge Piñeros Corpas and Hospital San Juan de Dios, Universidad
Nacional de Colombia, Bogotá); from Cuba, Marlene Guibert-
Toledano, Gil Alberto Reyes-Llerena, and Alfredo Hernández-
Martı́nez (Centro de Investigaciones Médico Quirúrgicas, Havana);
from Chile, Sergio Jacobelli (Escuela de Medicina, Pontificia Univer-
sidad Católica de Chile, Santiago) and Leonardo R. Guzmán (Hospital
del Salvador, Facultad de Medicina, Universidad de Chile, Santiago);
from Guatemala, Abraham Garcia-Kutzbach, Claudia Castellanos,
and Erwin Cajas (Hospital Universitario Esperanza, Ciudad de Gua-
temala); from Mexico, Mario H. Cardiel and Virginia Pascual-Ramos
(Instituto Nacional de Ciencias Médicas y Nutrición “Salvador Zubi-
rán,” México Distrito Federal), Mary-Carmen Amigo (Instituto Na-
cional de Cardiologı́a “Ignacio Chávez,” México Distrito Federal),
Gerardo Orozco-Barocio and Magali L. Estrada-Contreras (Hospital
General de Occidente de la Secretarı́a de Salud, Guadalajara, Jalisco),
Maria Josefina Sauza del Pozo, Laura E. Aranda Baca, and Adelfia
Urenda Quezada (Instituto Mexicano de Seguro Social, Hospital de
Especialidades no. 25, Monterrey, Nuevo León), and Guillermo F.
Huerta-Yáñez (Hospital de Especialidades Miguel Hidalgo, Aguas-
calientes); from Peru, José Luis Alfaro-Lozano and Jorge M. Cucho-
Venegas (Hospital Nacional “Guillermo Almenara Irigoyen,” Essalud,
Lima), and Maria Inés Segami, Cecilia P. Chung, and Magaly Alva-
Linares (Hospital Nacional “Edgardo Rebagliatti Martins,” Essalud,
Lima); from Venezuela, Isaac Abadi, Neriza Rangel, and Soham Al
Snih Al Snih (Hospital Universitario de Caracas), and Maria H.
Esteva-Spinetti and Jorge Vivas (Hospital Central de San Cristóbal).
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