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Atherosclerosis has been increasingly acknowledged as an
important cause of morbidity and mortality in systemic
lupus erythematosus (SLE)1-4. Moreover, it was recently
reported that coronary artery disease (CAD) risk is 50 times
greater in women with SLE5. Dyslipoproteinemia may be
one important risk factor in the development of the athero-
sclerotic process in this disease6,7. The surveillance of the
lipid profile is therefore important for the improvement of
lupus patients’ survival3, but surveillance is still not appro-
priately managed by rheumatologists8.

Although dyslipoproteinemias are usually found in
SLE3,6,7,9,10, establishing their accurate frequency is difficult
since it can be influenced by several disease and drug
related factors. Renal involvement, such as uremia and

nephrotic syndrome, is frequently observed in the course of
the disease, and these conditions are known to alter the lipid
profile11-13. Also to be considered is the concurrence of other
systemic disorders such as thyroid disease and diabetes
mellitus, which promote distinct changes in lipoprotein
metabolism14,15. Additionally, as patients live longer, lipid
abnormalities due to increasing age16 and menopause17 may
become relevant. Importantly and almost disregarded, as we
and others have demonstrated, SLE itself leads to a distinct
pattern of dyslipoproteinemia18,19 that is aggravated by
disease activity19.

It is noteworthy that a large number of drugs commonly
used in the treatment of SLE also induce undesirable effects
on lipids, particularly antihypertensives and steroids20. In
this regard, antimalarials assume a great importance as corti-
costeroid sparing agents in the treatment of disease mani-
festations21. Additionally, these drugs inhibit platelet
aggregation and adhesion, which may be useful in the
prevention of thrombosis22,23. Moreover, a beneficial effect
in diabetes control has been suggested for chloroquine by
the alteration of insulin resistance23.

Chloroquine has also been indicated to treat hypercho-
lesterolemia24-26. Indeed, it has been shown that antimalar-
ials such as quinacrine, chloroquine, and hydroxychloroquine
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have a lipid lowering effect26-28. This possible antihyperlipi-
demic property of antimalarials in SLE was first described
in a combined group of patients with rheumatoid arthritis
(RA) and SLE treated with hydroxychloroquine29.
Thereafter, studies that specifically addressed its effect on
lipoproteins in lupus patients had distinct results30-35, as
summarized in Table 1. A retrospective analysis33 and a
longitudinal cohort31 suggested that antimalarials were asso-
ciated with a lower serum cholesterol, although determina-
tions were not routinely made in the fasting state and
measurements of lipid subfractions were not performed. By
contrast, Hodis, et al failed to detect a significant reduction
in total cholesterol with the use of hydroxychloroquine,
whereas a preferential inhibition of very low density
lipoprotein (VLDL) metabolism was the main effect
observed in SLE patients taking this drug with corticos-
teroids30.

We performed a detailed analysis of all lipid fractions in
SLE patients with and without steroid therapy, with careful
control of other factors that could alter lipoprotein metabo-
lism, to determine the effect of chloroquine therapy on lipid
abnormalities.

MATERIALS AND METHODS
Study population. Sixty consecutive female patients with SLE were
selected at the Rheumatology Division of the University of São Paulo. All
patients were under 50 years old and fulfilled 4 or more of the revised
American College of Rheumatology criteria for the classification of SLE36.
Exclusion criteria were presence of clinical and/or biochemical evidence of
diabetes mellitus, coronary artery disease, liver and thyroid disease, and
history of alcohol use. No patient was taking any lipid-raising drugs such
as anticonvulsants, antihypertensives (beta blockers and diuretics),
estrogen and/or progesterone containing agents, immunosuppressive drugs,
or lipid lowering agents. All patients had serum creatinine levels < 1.5
mg/dl (0.8 ± 0.2 mg/dl) and proteinuria < 0.3 g/l/day (0.1 ± 0.2 g/l/day). No
patient was pregnant or menopausal. Clinical activity was measured
according to the SLE Disease Activity Index (SLEDAI)37 and inactive
disease was defined by SLEDAI scores ≤ 4. Thirty healthy female controls
were selected for comparison. The study was approved by the local ethics
committee and informed consent was obtained from all participants.

Patient groups. SLE patients were divided according to current therapy at
the time of evaluation. All patients without therapy had been in this
regimen for at least 3 months. Patients taking chloroquine diphosphate
(CDP) had been taking this drug for more than 1 year. Patients taking

steroids had been taking prednisone (Pred) for more than 1 year, with stable
doses for at least 1 month. SLE patients were classified into one of the
following groups: No therapy (inactive disease without therapy); CDP
(taking only CDP, 250 mg/day); Pred (taking only prednisone, < 15
mg/day); and Pred + CDP (prednisone < 15 mg daily plus CDP 250
mg/day). The control group consisted of 30 healthy donors. Control and No
Therapy groups have been described19.

Laboratory evaluation. All patients and controls were eating a normal diet
and fasted for at least 12 h prior to the time of study. Biochemical and
immunological analyses were performed in the same serum samples.

Lipid profiles. Plasma total cholesterol and triglycerides (TG) were
measured enzymatically (Boehringer Mannheim, Buenos Aires, Argentina,
and Merck, Darmstadt, Germany, respectively) by RA1000 analyzer
(Technicon Instruments Corp., Tarrytown, NY, USA)38,39. High density
lipoprotein cholesterol (HDL-c) was obtained after precipitation of very
low density lipoprotein cholesterol (VLDL-c) and low density lipoprotein
cholesterol (LDL-c) by phosphotungstic acid and magnesium chloride40.
VLDL-c and LDL-c were estimated since all subjects yielded triglyceride
levels < 4.5 mmol/l41. VLDL-c levels were calculated by multiplying
triglyceride level by 0.45 and LDL-c levels were estimated using the equa-
tion:

TC = HDL-c + TG/2.2 + LDL-c

Statistical analysis. Results are presented as the mean ± standard deviation
(SD). A logarithm transformation was performed on all lipid variables.
Data were analyzed by one-way analysis of variance. If a significant result
was obtained (p < 0.05), Tukey’s test was performed to evaluate differences
between groups. Disease duration and SLEDAI scores, expressed as
median, were compared by Kruskal-Wallis test and Dunn test. Comparison
of prednisone dose was by Mann-Whitney U test. Statistical significance
was p < 0.05.

RESULTS
The distribution of age, race, disease duration, SLEDAI, and
prednisone dose in each group studied is given in Table 2.
No significant difference was found between groups
concerning age and race (p = 0.37 and p = 0.22, respec-
tively). In addition, disease duration did not differ signifi-
cantly between SLE groups (p = 0.48). Patients in the No
therapy group showed a lower median SLEDAI score
compared to the other groups (p < 0.05). In contrast, no
significant difference was found in median SLEDAI scores
between the other SLE groups. Similarly, no significant
difference was observed in the median prednisone daily
dose between the 2 groups taking this drug (p = 0.23).

Chloroquine diphosphate influence on lipid profile of SLE.
The effect of CDP on the lipid profile of SLE was detected
by the comparison of the No therapy and CDP groups (Table
3) since both groups had minor disease activity. SLE
patients taking CDP continuously had significantly higher
levels of HDL-c compared to the No therapy patients (1.32
± 0.39 vs 1.04 ± 0.27 mmol/l; p < 0.05), which were similar
to the levels observed in controls. In addition, the No
therapy group presented lower HDL-c levels compared to
the control group (1.04 ± 0.27 vs 1.40 ± 0.37 mmol/l; p <
0.05). Low HDL-c levels (< 0.9 mmol/l) were detected in 5
patients in the No therapy group (29%) and in only one (7%)
in the CDP group (p < 0.05).

Plasma triglycerides and VLDL-c levels were signifi-

Table 1. Effects of antimalarials on SLE lipoprotein profile.

Author               Study                                      Lipid Effect

Wallace29 Retrospective Low TC, TG, LDL-c
Hodis30 Cross sectional Low TG, VLDL-c
Petri31 Longitudinal Low TC
Kavanaugh32 Double blind prospective Low TC
Rahman33 Retrospective Low TC
Tam34 Cross sectional No change
Tam35 Cross sectional Low TC, VLDL-c, LDL-c

TC: total cholesterol; TG: triglycerides; LDL-c: low density lipoprotein
cholesterol; VLDL-c: very low density lipoprotein cholesterol.
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cantly elevated in the No therapy group compared to
controls (1.30 ± 0.40 vs 0.75 ± 0.21 mmol/l and 0.56 ± 0.17
vs 0.32 ± 0.09 mmol/l, respectively; p < 0.05). In the same
manner, these levels were also significantly higher in the
CDP versus control groups (1.08 ± 0.36 vs 0.75 ± 0.21 and
0.49 ± 0.21 vs 0.32 ± 0.09 mmol/l; p < 0.05). The apparently
lower levels of triglyceride and VLDL-c detected in CDP
compared to No therapy did not reach statistical signifi-
cance. Similarly, lower levels of total and LDL cholesterol
detected in the CDP group were not statistically significant
compared to the other groups. Total and LDL cholesterol
above desirable levels (> 5.2 and > 3.4 mmol/l, respectively)
were found in 23% of the No therapy and in 7% of the CDP
group (p = NS).

Influence of chloroquine diphosphate in SLE patients taking
corticosteroids. To determine the effect of CDP on the lipid
profile of SLE patients taking steroids (Table 4), lipoprotein
levels of patients taking only prednisone (Pred) were
compared to those under the combined regimen (Pred +
CDP). Importantly, both groups had the same degree of
systemic activity and the same median daily dose of pred-
nisone (Table 2). Higher HDL-c levels were detected in Pred

+ CDP compared to Pred (1.35 ± 0.52 vs 1.04 ± 0.42
mmol/l; p < 0.05). Triglyceride and VLDL-c levels were
significantly lower in Pred + CDP compared to Pred (p <
0.05). No statistical difference was detected in levels of the
other lipoprotein fractions.

Plasma triglyceride and VLDL-c levels were signifi-
cantly elevated in Pred and Pred + CDP groups compared to
controls (p < 0.05). In contrast, similar HDL-c levels were
found in controls and Pred + CDP group (1.40 ± 0.37 and
1.35 ± 0.52 mmol/l; p = NS).

Low HDL-c levels (< 0.9 mmol/l) were detected in 5
patients in the Pred group (33%) and in only one (7%) in the
Pred + CDP group (p < 0.05). Moreover, triglyceride above
desirable levels (> 2.3 mmol/l) was also detected in 5
patients of the Pred group (33%) but in none of the Pred +
CDP group (p < 0.05). One-third of the Pred group and 14%
of Pred + CDP had total and LDL cholesterol above desir-
able levels (p = NS).

DISCUSSION
Our study recognizes a favorable effect of chloroquine
diphosphate (CDP) on the lipid profile. It resulted in raising

Table 2. Distribution of age, race, disease duration, SLEDAI, and prednisone dose in SLE groups and controls.

Group N Age, Caucasian, Disease SLEDAI Prednisone,
yrs % Duration, mg/day

yrs

No therapy 17 33.7 ± 7.3 82 7.0 0.0* 0
CDP 14 35.2 ± 5.4 57 9.0 2.0 0
Pred 15 34.6 ± 6.9 69 7.0 4.0 10.0
Pred + CDP 14 32.2 ± 10.7 57 8.5 1.0 12.5
Control 30 31.2 ± 5.5 80 — — —

Age expressed in mean ± SD; disease duration, SLEDAI score, and prednisone dose as median. *p < 0.05 vs
Pred.

Table 3. Comparison of lipoprotein levels between CDP, No therapy, and control groups. Values are mean ±
SD (range).

Variable CDP, No Therapy, Control,
n = 14 n = 17 n = 30

TC, mmol/l 3.99 ± 0.84 4.35 ± 0.80 4.41 ± 0.64
(1.94–5.51) (2.87 – 5.80) (3.15 – 6.32)

TG, mmol/l 1.08 ± 0.36* 1.30 ± 0.40* 0.75 ± 0.21
(0.60–1.91) (0.71–2.28) (0.36–1.13)

HDL-c, mmol/l 1.32 ± 0.39† 1.04 ± 0.27* 1.40 ± 0.37
(0.67–2.02) (0.57–1.47) (0.90–2.54)

LDL-c, mmol/l 2.19 ± 0.78 2.70 ± 0.70 2.67 ± 0.52
(1.01–3.83) (1.27–3.88) (1.73–4.01)

VLDL-c, mmol/l 0.49 ± 0.21* 0.56 ± 0.17* 0.32 ± 0.09
(0.26–0.85) (0.31–0.98) (0.15–0.49)

TC/HDL-c ratio 3.26 ± 1.25† 4.48 ± 1.52* 3.28 ± 0.69
(1.85–6.09) (2.60–7.70) (1.91–5.44)

†p < 0.05 vs No therapy.
*p < 0.05 vs control.

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


HDL-c levels, at which cholesterol is benign, not only in
SLE patients without therapy but also in those taking
steroids.

Our rigorous selection criteria eliminated the main
systemic diseases that promote specific alterations on lipid
metabolism11-15. As well, the progressive increase in total
and LDL cholesterol with aging16 and menopause17 were
avoided by our study design. Moreover, all patients were
inactive or had minor active disease since it is known that
activity can aggravate lupus dyslipoproteinemia19.

Also to be considered was the exclusion of all drugs that
could interfere in lipoprotein metabolism20. On the other
hand, the duration of use of a CDP and prednisone regimen
was also considered to identify their influence on the lipid
profile in the course of SLE. In this regard, it has been
shown that changes in lipoproteins were detected only after
3 months of chloroquine treatment and became stable after
12 months33,42. Additionally, a minimum of 3 months of
steroid regimen is required to accurately identify alterations
in lipid profile due to this drug43,44. Moreover, stable doses
of corticosteroid for at least one month prior to evaluation
was another important variable used to determine the dele-
terious effect of this drug on lipid metabolism43,44.

It is apparent from this study that CDP is very efficient in
reversing low levels of HDL-c induced by SLE. Disease
activity could not account for this beneficial effect; on the
contrary, we observed that disease flares induce a reduction
of HDL levels19. Our results are supported by the findings of
Munro, et al, who observed a rise in HDL-c levels after 6
months of exclusive use of hydroxychloroquine in patients
with RA, reaching a median of HDL-c increase of 15% after
12 months42. In contrast, a 3 month double blind random-
ized pilot study of hydroxychloroquine in SLE failed to
show a significant improvement of HDL-c levels32. The
short course therapeutic regimen may explain this discrep-

ancy since a time-dependent effect of chloroquine on lipid
profile has been observed33,42. On the other hand, elevated
levels of VLDL-c and triglycerides that also characterize the
pattern of dyslipoproteinemia observed in inactive SLE19

were not significantly reduced by chloroquine therapy.
Our data also extend present knowledge about the effects

of antimalarials on the lipid profile induced by steroid
therapy in SLE. It is noteworthy that chloroquine added to
corticosteroid therapy resulted in a significant increase of
HDL. It should be emphasized that a low level of this
lipoprotein is considered an independent risk factor in the
development of coronary artery disease45,46. This result was
not attributable to steroid dose or disease activity, since both
studied groups were similar regarding these variables.
Additionally, our study is consistent with the described
reduction of about 50% in VLDL-triglyceride, VLDL-c, and
total triglyceride levels in SLE patients taking hydroxy-
chloroquine plus prednisone30

Similarly to Hodis, et al30 and Tam, et al34 we did not
detect a significant difference in total and LDL cholesterol
levels in SLE groups with chloroquine, although a trend
towards reduction was observed. Taking into consideration
that all our patients were under prolonged therapy with this
drug, these results are predictable, since it is known that the
cholesterol lowering effect of antimalarials is not sustained
over time33 and is related to the concomitant steroid
dosage35.

The question arises of what mechanisms might explain
these effects. Steroid therapy is known to enhance lipopro-
tein synthesis leading to a preferential elevation of VLDL
levels47,48 with a consequent increase of triglycerides47-49

and a decrease of HDL levels47,48,50,51. Our findings suggest
that chloroquine promotes a selective reduction of VLDL in
SLE patients taking steroids, which is reinforced by the in
vitro evidence that chloroquine inhibited VLDL syn-

Table 4. Comparison of lipoprotein levels between Pred + CDP, Pred, and control groups. Values are mean ±
SD (range).

Variable Pred + CDP, Pred, Control,
n = 14 n = 15 n = 30

TC, mmol/l 4.41 ± 0.86 4.52 ± 1.40 4.41 ± 0.64
(2.82–5.93) (1.78–6.76) (3.15 – 6.32)

TG, mmol/l 1.19 ± 0.37*† 2.00 ± 0.96* 0.75 ± 0.21
(0.54–2.10) (0.77–3.70) (0.36–1.13)

HDL-c, mmol/l 1.35 ± 0.52† 1.04 ± 0.42* 1.40 ± 0.37
(0.67–2.59) (0.36–2.12) (0.90–2.54)

LDL-c, mmol/l 2.53 ± 0.74 2.64 ± 1.15 2.67 ± 0.52
(1.45–4.09) (1.06–4.25) (1.73–4.01)

VLDL-c, mmol/l 0.52 ± 0.16*† 0.87 ± 0.41* 0.32 ± 0.09
(0.23–0.90) (0.33–1.60) (0.15–0.49)

TC/HDL-c ratio 3.61 ± 1.18† 4.63 ± 1.27* 3.28 ± 0.69
(1.85–6.00) (2.76–7.00) (1.91–5.44)

†p < 0.05 vs Pred.
*p < 0.05 vs control.
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thesis52,53. Several mechanisms of action of this drug on
lipid metabolism have been identified24,54-56, and its role in
minimizing the deleterious steroid effect on the lipid profile
deserves further study.

On the other hand, we recently demonstrated a distinct
mechanism of elevation of triglyceride-rich lipoproteins in
SLE patients, which is an impairment of their catabolism
attributable to a dysfunction of lipoprotein lipase57. It is
therefore expected that this alternative mechanism would
not be affected by chloroquine since this drug preferentially
inhibits VLDL synthesis. Indeed, in patients with inactive
SLE (No therapy group), we did not observe a significant
reduction in VLDL-c and triglyceride levels, in contrast
with the efficacy of this drug in lowering serum lipids in
patients receiving steroids. Despite these findings, it should
be emphasized that lipid lowering drugs may be required to
reverse dyslipoproteinemias in SLE, as recently suggested58-

60. Moreover the antimalarial effect on lipids needs also to
be confirmed in other subsets of SLE, particularly in
patients with concomitant systemic disorders such as renal
disease.

Our findings reveal that known risk factors for coronary
artery disease and atherosclerosis such as low HDL and/or
high triglyceride levels (found not only in patients with
inactive SLE without therapy but also in those taking
steroids) could be minimized by the continuous use of
chloroquine diphosphate. Further studies are necessary to
determine whether these changes will lead to a significant
reduction in the development of ischemic heart disease.
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