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Abstract
Objective

To determine the effect of low (≤7.5 mg/day; LD-PRD group) or medium (>7.5 mg/day; MD-PRD group) doses of 
prednisone over the past 4 months on insulin levels and insulin resistance (IR) in SLE patients. 

Methods
SLE patients were categorised in prednisone non-users (No PRD) (n=41), LD-PRD (n=71) and MD-PRD (n=16) users. 

We compared insulin levels, presence of increased IR using homeostasis model assessment (HOMA index), metabolic 
syndrome (MetS), and other clinical, metabolic and inflammatory parameters in the 3 groups. A Spearman’s rho test was 

used to identify independent associations between daily prednisone dose, HOMA index and insulin levels and other 
parameters, after adjusting for confounders.

Results
No differences in increased IR, HOMA index and insulin between No PRD and LD-PRD were found. In contrast, the 

MD-PRD group was younger (p=0.001) and had higher insulin (p=0.015), higher HOMA index (p=0.019) and increased 
IR (OR 5.8, 95% CI (1.7-20), p=0.007) in comparison with the LD-PRD group. The HOMA index strongly correlated with 

body mass index (BMI) (rs=0.460, p<0.001) but not with clinical activity or inflammatory state after adjusting for 
confounders. Prednisone dose correlated with the HOMA index and insulin but not with inflammatory parameters 

(erythrocyte sedimentation rate p=0.075) after adjusting for confounders.

Conclusion
Daily medium-dose prednisone use (>7.5 mg/d) but not low-dose (≤7.5 mg/d) use increased insulin levels and IR in SLE, 

which may contribute to increased CV risk experienced by these patients.
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Introduction
Patients with systemic lupus erythema-
tosus (SLE) have an increased risk of 
atherosclerotic cardiovascular diseases 
(ASCVD) morbidity and mortality but 
the pathogenetic factors involved are 
not yet fully understood (1). The preva-
lence of metabolic syndrome (MetS), 
defined by the presence of central obes-
ity, glucose intolerance, hypertension 
(HTN), dyslipidaemia and insulin re-
sistance (IR) (2) has been found to be 
higher in SLE patients, (3-6) especially 
in those below the age of  40 years old 
(6). Moreover, a significant association 
between MetS and subclinical athero-
sclerosis burden in SLE patients has 
recently been recorded (7).
IR, estimated by homeostasis model 
assessment (HOMA), predicts incident 
symptomatic ASCVD in Caucasian 
subjects among the general popula-
tion (8), and therefore, it is important 
to know the factors which contribute 
to its development. No association has 
been found between the HOMA index 
and corticosteroids (CS) use in SLE pa-
tients (3, 4). In contrast, Posadas et al. 
found a positive association between 
prednisone dosage and insulin levels in 
paediatric patients with SLE (9). There-
fore, no conclusive data are available 
regarding this issue. 
On the one hand, CS may exert a bimo-
dal action on atherogenesis in SLE pa-
tients. Firstly, as a result of their anti-in-
flammatory properties, they may help to 
decrease atherosclerosis, which is con-
sidered an inflammatory vascular dis-
ease. In this way, lower prednisone use 
has been associated with a higher prev-
alence of carotid plaque in SLE patients 
(10). On the other hand, CS may have a 
pro-atherogenic effect because of their 
well-known adverse effects, including 
obesity, HTN and dyslipidaemia (11, 
12). Moreover, CS are known to induce 
glucose intolerance, hyperinsulinaemia 
and IR (13), which have been found to 
be more prevalent in SLE patients than 
in sex, age-matched healthy subjects (3, 
4, 9).  Therefore, it could be of interest 
to identify a cut-off dosage for corticos-
teroids in order to be able to balance the 
favourable and adverse effects. 
The purpose of this study was to evalu-
ate the effect of low (≤7.5 mg/d) and 

medium-dose (>7.5 mg/d) prednisone 
use in the preceding four months on the 
HOMA index and IR in a SLE cohort 
with a low-medium disease activity.

Materials and methods
Patients
We studied 128 patients with SLE who 
participated in a prior study on cardio-
vascular risk factors. Detailed charac-
teristics and inclusion and exclusion 
criteria were previously described (7). 
This study was approved by the local 
ethics committee and all participants 
provided written informed consent. 

Protocol and assessments
This was a cross-sectional study con-
duced over a 4-month period. Patients 
were evaluated using a standardised 
clinical interview, physical examina-
tion, laboratory test, and chart review. 
Participants were categorised in non-
users (No PRD), low-dose (LD-PRD) 
(≤7.5 mg/day) or medium-dose (MD-
PRD) (>7.5 mg/day) according to the 
received prednisone dose. All patients 
received prednisone at the time of in-
clusion and prednisone-equivalent cal-
culation was not required. The major-
ity of patients had been taking the same 
prednisone dose for the past 4 months 
at least. Only 5 patients were following 
a tapering regimen; for these subjects, 
the current prednisone dose was calcu-
lated as the mean daily prednisone dose 
during the past 4 months. 
Definitions for body mass index (BMI), 
obesity, HTN, type 2 diabetes mellitus 
(DM), dyslipidaemia, smoking habits, 
sedentary lifestyle, family history of 
ASCVD, HOMA index, increased IR 
and MetS defined by the NCEP criteria 
(NCEP-MetS) were previously shown 
(7). A patient was considered as hav-
ing MetS according to the WHO defini-
tion (WHO-MetS) when they fulfilled 
the following criteria: presence of DM 
or IR (in the present study defined as a 
HOMA index ≥2.51 that corresponded 
with the top quartile of SLE cohort) or 
impaired fasting glucose (≥110 mg/dl), 
plus at least any two of the following 
criteria: 1) waist-to-hip ratio >0.85 
and/or BMI  >30 kg/m2; 2) triglycerides 
(TG) ≥150 mg/dl and or high density 
lipoprotein (HDL) <40 mg/dl in men 



485

Prednisone use and insulin resistance in SLE / J.M. Sabio et al.

and <50 mg/dl in women; 3) systo-
lic blood pressure (SBP) ≥140 mmHg 
and/or diastolic blood pressure (DBP) 
≥90 mmHg; 4) urinary albumin excre-
tion >20μg/min (14). Disease activity 
and accumulated organ damage were 
measured with the use of the SLE Dis-
ease Activity Index (SLEDAI) (15) and 
the Systemic Lupus International Col-
laborating Clinics/ACR Damage Index 
(SDI) (16), respectively. The laboratory 
assessment was performed as described 
(7).  

Statistical analysis
Data was presented as the median (in-
terquartile range) for continuous vari-
ables and as a percentage (%) for cate-
gorical variables. Differences between 

continuous variables were tested for 
significance using the Mann-Whitney 
U-test or Student’s t-test as appropri-
ate. Categorical data were analysed 
using Pearson’s chi-square test and 
odds ratios (OR) and 95% confidence 
intervals (CI) were calculated. In the 
first step, we compared the main char-
acteristics of SLE patients categorised 
into 3 groups: No-PRD, LD-PRD and 
MD-PRD (Tables I and II). In the sec-
ond step, we used a linear regression 
analysis (Spearman’s rho test) in order 
to determine the adjusted relationship 
between the current prednisone dose 
(Table III) and HOMA index and in-
sulin levels (Table IV) with several 
parameters. All analyses used a two-
sided 5% significance level. Statistical 

analyses were carried out using SPSS 
software for Windows (version 15.0. 
SPSS Inc., Chicago, USA).

Results
One hundred and twenty-eight patients 
with SLE (88% women) with a median 
age of 40 (32-52) years were studied. 
Demographic and clinical characteris-
tics and therapies have been described 
in detail (7). The median SDI for the 
whole cohort was 1 (0-8) and the me-
dian SLEDAI value was 4 (0-18) indi-
cating that most patients had inactive 
or moderately active disease status. Of 
the 128 patients, 41 (32%) did not take 
prednisone, 71 (55%) received low-
dose prednisone (median 5 (2-5) mg), 
and 16 (12.5%) received medium-dose 

Table I. Demographic, clinical, and metabolic characteristics of SLE patients categorised according to prednisone dose. Values are             
expressed as the median (interquartile range) unless stated otherwise.

 No PRD LD-PRD MD-PRD p† p§ 
 n=41 n=71 n=16 
  
Age, yrs 46 (37-60) 42 (32-51)  27 (22-39) 0.034 0.001
Female gender, % 35 (85) 98 (88) 2 (88) NS NS
Duration of SLE, yrs 11 (6-17) 12 (7-18) 5 (1-12) NS 0.010
Age of SLE onset, yrs 29 (23-44) 29 (23-45) 21 (17-30) NS 0.010
Education level, yrs 8 (8-15) 10 (8-15) 14 (8-16) NS NS
Body mass index, kg/m2 27 (24-32) 25 (22-29) 24 (22-29) NS NS
Waist circumference, cm 88 (81-97) 82 (74-94) 85 (75-94) NS NS
Systolic blood pressure, mm Hg 121 (141-131) 116 (105-123) 120 (102-125) 0.028 NS
Diastolic blood pressure, mm Hg 76 (70-84) 75 (69-81) 72 (66-87) NS NS
Fasting glucose, mg/dl 84 (74-90) 81 (75-86) 82 (72-89) NS NS
Glycosylated haemoglobin, % 5.7 (5.3-6.0) 5.5 (5.1-5.8) 5.6 (5.4-5.9) NS NS
Triglycerides, mg/dl 88 (64-119) 103 (76-122) 119 (85-166) NS NS
Total cholesterol, mg/dl 194 (160-207) 188 (153-204) 209 (163-226) NS NS
HDL cholesterol,  mg/dl 55 (46-64) 59 (46-70) 60 (49-75) NS NS
LDL cholesterol, mg/dl 118 (91-136) 100 (82-123) 111 (96-134) 0.025 NS
Insulin, mU/l 8 (5-13) 8 (5-12) 13 (8-17) NS 0.015
C-peptide, ng/ml 2.2 (1.7-3.2) 2.4  (2.0-2.9) 3.9 (2.5-4.3) NS 0.004
HOMA index 1.7 (1.2-2.7) 1.5 (0.9-2.2) 2.5 (1.6-3.6) NS 0.019
Insulin resistance, %* 24  18  50  NS 0.007
Microalbuminuria, g/l 0.9 (0.2-1.6) 1.7 (0.7-6.4) 2.8 (0.7-7.7) <0.001 <0.001

Metabolic syndrome, %
   NCEP 27 19 25 NS NS
   WHO 17 10 19 NS 0.081

Other classic risk factors, %
   Hypertension 51 56 81 NS 0.090
   Dyslipidemia 76 72 81 NS NS
   Diabetes mellitus 7 3 6 NS NS 
   Obesity 34 23 19 NS NS 
   Sedentary lifestyle  63§ 59 19 NS 0.005

Treatment, %
   Antihypertensive 36§ 54 69 NS NS
   Statins 15§ 25 44 NS NS 
   Hypoglycemic agents    0 0 6 NS NS 

No PRD: prednisone nonusers; LD-PRD: low-dose prednisone group; MD-PRD: medium-dose prednisone group; NS: non-significant; HDL: high den-
sity lipoprotein; LDL: low density lipoprotein; HOMA: homeostasis model assessment; NCEP: National Cholesterol Education Program Adult Panel III        
definition; WHO: World Health Organisation definition. *HOMA index ≥ 2.51. †No PRD vs. LD-PRD groups; Student’s t-test for continuous variables.                   
§ LD-PRD vs. MD-PRD groups; Mann-Whitney’s test for continuous variables. Pearson’s chi-square test for categorical variables. 
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prednisone (median 10 (10-12.5) mg/
day) during the 4 months preceding the 
study.

Univariate analysis
Demogrphics and metabolic differ-
ences. No significant differences were 
found between the No PRD and LD-
PRD groups except for the fact that the 
first group was older, had higher levels 
of LDL-C, SBP and microalbumnuria. 
It is interesting of note that glucose, in-
sulin, C-peptide, HOMA index and the 
frequency of increased IR were similar 
in both groups. In contrast, the MD-
PRD group had significantly higher lev-
els of insulin and C-peptide, and a high-
er HOMA index than patients from the 
LD-PRD group. In particular, increased 
IR was found to be present almost 3-
fold more in the MD-PRD group than 
in the LD-PRD group (OR 5.8, 95% CI 
(1.7–20), p=0.007) (Fig. 1). Besides, 
the MD-PRD group was younger and 
the duration of disease and the age of 
SLE onset were lower than in the LD-
PRD group. Likewise, microalbuminu-
ria and creatinine levels were higher, 
probably as a result of the greater re-
nal involvement in this group (Table 
II). On the other hand, no differences 

were found in the frequency of NCEP-
MetS in the three groups. However, the 
prevalence of WHO-MetS tended to be 
higher in the MD-PRD group in rela-
tion to the LD-PRD group, but not high 
enough to reach statistical significance 
(19% vs. 10%, respectively; p=0.081) 
(Table I).
Treatments. Patients from the MD-PRD 
group received significantly more anti-
hypertensives and statins than non-
prednisone users, but not differences 
were found between the LD-PRD and 
MD-PRD groups (Table I). All patients 
who received medium-dose prednisone 
also took HCQ and immunosuppressive 

agents (8 azathioprine, median 100 mg/
day; 7 mycophenolate mofetil, median 
750 mg/day; 1 regular treatment with 
cyclophosphamide because of active 
lupus nephritis), in a greater proportion 
compared with patients from the other 
two groups (Table II).
Clinical and biological SLE-related 
factors. As expected, patients from the 
MD-PRD group had higher disease ac-
tivity in comparison with patients from 
the other 2 groups. Thus, the MD-PRD 
group had significantly higher SLEDAI 
(but not SDI), ESR (but not CRP or IL-
6 levels), platelet count, lower C3 and 
C4 serum levels, positive anti-DNA-

Table II. Renal involvement, inflammatory biomarkers, disease activity parameters and treatment in SLE patients categorised according to 
prednisone dose. Values are expressed as the median (interquartile range) unless stated otherwise.
 
 No PRD LD-PRD MD-PRD p† p§ 
 n=41 n=71 n=16 
 
Renal involvement, % 17  39  69  0.050 0.050
C reactive protein, mg/dl 0.2 (0.1-0.5) 0.2 (0.1-0.4) 0.2 (0.1-0.5) NS NS
Erythrocyte sedimentation rate, mm/h 26 (17-36) 22 (12-33) 31 (18-75) NS 0.049
Interleukin 6, pg/ml 2.5 (1-23) 2.3 (1-22) 4.2 (1.5-22) NS NS
Platelet count, (105/mm3) 2.2 (1.8-2.6) 2.1 (1.9-2.6) 3.3 (2.4-4.0) NS 0.001
Creatinine, mg/dl) 0.8 (0.7-0.9) 0.8 (0.7-1.0) 0.7 (0.6-0.8) NS 0.009
Albumin, g/dl 4.5 (4.3-4.6) 4.3 (4.1-4.6) 4.1 (3.8-4.5) 0.025 0,083
C3, mg/dl 100 (91-120) 96 (83-108) 88 (66-105) 0.004 0.049
C4, mg/dl 23 (18-28) 20 (14-25) 14 (9-22) 0.050 0.050
Homocysteine, μmol/l 13 (10-15) 13 (11-16) 13 (11-14) NS NS
Anti dsDNA +ve, % 32  35  81  NS 0.001
SDI 1 (0-2) 1 (0-2) 1 (0-2) NS NS
SLEDAI 2 (1-4) 4 (2-7) 6 (4-12) 0.001 0.039

Treatment, %
   NSAID 61  54  44  NS NS
   Hydroxychloroquine 56  79  100  0.017 0.063
   Immunosuppressive agents 5  37  100  0.010 0.005
   Current prednisone dose, mg/d 0  5 (2.5-5) 10 (10-12.5) - -

No PRD: prednisone nonusers; LD-PRD: low-dose prednisone group; MD-PRD: medium-dose prednisone group; Anti dsDNA +ve: double-stranded DNA 
positive; SDI: Systemic Lupus International Collaborating Clinics/ACR Damage Index; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; 
NSAID: non-steroidal anti-inflammatory drugs.
† No PRD vs. LD-PRD groups; Student’s t-test for continuous variables. § LD-PRD vs. MD-PRD groups; Mann-Whitney U-test for continuous variables. 
Pearson’s chi-square test for categorical variables. 

Table III. Linear regression analysis (Spearman’s rho test) of prednisone dose and HOMA 
index, insulin, C-peptide and inflammatory markers in SLE patients (n=128) after adjust-
ment for sex, age, BMI, ESR, SLEDAI, renal involvement and immunosuppressive agents 
use. 

                                                                                                      rs p
HOMA index 0.242 0.009
Insulin 0.238 0.010
C-peptide 0.404 <0.001
Erythrocyte sedimentation rate* 0.162 0.075
C-reactive protein -0.030 NS
Interleukin-6 -0.136 NS

HOMA: homeostasis model assessment; BMI: body mass index; ESR: Erythrocyte sedimentation      
rate; SLEDAI: Systemic Lupus erythematosus Disease Activity Index.
*Adjusting for ESR was excluded.
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antibodies and tended to have a lower 
albuminemia (p=0.083) than the LD-
PRD group. 

Linear regression analysis
Daily prednisone dose correlated with 
the HOMA index, insulin and C-pep-
tide levels even after simultaneous ad-
justment for sex, age, BMI, SLEDAI, 
ESR, renal involvement and the use 
of immunosuppressive agents. Con-
versely, prednisone did not correlate 
with ESR, CPR or IL-6 (Table III). On 
the other hand, SLEDAI or activity 
markers (ESR, C4, platelet count and 
anti-dsDNA antibodies) did not corre-
late with insulin or the HOMA index 
after adjusting for sex, age, BMI, and 
prednisone dose (Table IV). However, 
C3 significantly correlated with insulin 
and HOMA index not only after adjust-
ment for the previous confounders (Ta-
ble IV), but also after additional adjust-
ment for ESR (p=0.001).
 
Discussion
The main finding of this study was that 
patients with SLE who were exposed 
daily to a prednisone dose >7.5 mg 
(median 10 mg/day) during the past 4 
months, had greater IR and higher in-
sulin levels than those patients who did 
not take prednisone or received low 
doses (≤7.5 mg/day; median 5 mg/day). 
Moreover, levels of insulin and IR from 
non-prednisone users were similar to 
those patients taking low-dose pred-
nisone, which suggests that at this dose, 
CS may not have an impact on IR in 
these patients.
Increased insulin levels and IR has 
been previously demonstrated in SLE 
patients (3, 4, 9). In addition, the pres-
ence of MetS (in which an insulin-re-
sistant state exists) has been associated 
with arterial stiffness in SLE patients 
(7) and IR has been related to CAC 
in patients with rheumatoid arthritis 
(17). There are several mechanisms by 
which SLE could contribute to the im-
paired insulin sensibility in theses pa-
tients. These include obesity, systemic 
inflammation and medications used to 
control the disease activity.
Long-term CS use has been associated 
with weight gain and central obesity 
(18), which is considered to be an im-

portant source of pro-atherogenic in-
flammatory cytokines. (19). In SLE pa-
tients, obesity has been independently 
associated with inflammation markers 
such as CPR and IL-6, contributing sig-
nificantly to the overall inflammation 
burden in these patients (20). Recently, 
it has been found that BMI is the ma-
jor contributing factor to IR in patients 
with SLE (17). In our study, we also 
found a strong association between the 
HOMA index and BMI even after ad-
justment for sex, age, SLEDAI and cur-
rent prednisone use (rs=0.460, p<0.001) 
(data not shown). Likewise, increased 
IR was associated with obesity OR 
3.6, 95% CI 1.5–8.7, p=0.007) (data 
not shown). However, the increase in 
IR and hyperinsulinaemia found in the 
MD-PRD group in relation to the other 

two groups cannot be attributed to obes-
ity since BMI, waist circumference and 
frequency of obesity were similar in all 
groups, probably because these pred-
nisone doses were not high enough to 
cause a significant impact on weight 
and BMI (11, 12). 
On the other hand, several studies have 
showed that inflammatory mediators 
are independently related to IR (21, 22). 
Recently, we found increased levels of 
CRP, IL-6 and fibrinogen in SLE pa-
tients with MetS compared with those 
without (7). In addition, Chung et al. 
found that the HOMA index positively 
correlated in a significant way with 
IL-6, TNF-α and ESR in RA patients, 
but only ESR showed this correlation 
in SLE patients (17). As expected, the 
MD-PRD group had more SLEDAI and 

Table IV. Comparison (Spearman’s rho test) between HOMA index or insulin with SLEDAI 
and other activity markers in SLE patients after adjustment for sex, age, BMI, and current 
prednisone dose. 

 HOMA index Insulin levels
 
 rs p rs p

SLEDAI -0.143 NS -0.142 NS
ESR 0.008 NS 0.038 NS
C3 0.188 0.041 0.297 0.002
C4 -0.063 NS 0.017 NS
Anti-dsDNA +ve 0.002 NS 0.023 NS
Platelet count -0.116 NS -0.055 NS

HOMA: homeostasis model assessment; BMI: body mass index; SLEDAI: Systemic Lupus erythema-
tosus Disease Activity Index; ESR: Erythrocyte sedimentation rate; Anti-dsDNA +ve: positivity for 
anti double-stranded DNA antibodies.

Fig. 1. Percentage of SLE patients with increased insulin resistance (IR) according to prednisone dose.
No PRD: prednisone nonusers. LD-PRD: low-dose prednisone group; MD-PRD: medium-dose pred-
nisone group.
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activity markers and received more im-
munosuppressive agents than the other 
two groups (Table II). However, no 
correlation was found between insulin 
levels or the HOMA index and disease 
activity (SLEDAI) or inflammation 
state (including ESR – in contrast with 
the findings of Chung et al. (17), anti-
dsDNA antibodies, C4, platelet count) 
after adjusting for sex, age and BMI 
(Table IV). Only C3 remained signifi-
cantly associated even after adjusting 
for inflammatory or disease activity 
confounders. Moreover, although pred-
nisone dose positively correlated with 
the HOMA index and insulin levels, 
no correlation were observed with in-
flammatory markers after adjusting for 
sex, age, BMI, SLEDAI, ESR renal 
involvement and immunosuppressive 
agents use (Table III). Finally, no dif-
ferences were found between patients 
with SLEDAI <4 and SLEDAI ≥4 
(median SLEDAI =4) in insulin levels, 
HOMA index and frequency of IR (data 
not shown). Considering all these find-
ings it is unlikely that, in the context 
of low disease activity, increased IR, a 
higher HOMA index and higher insulin 
levels found in the MD-PRD group are 
fundamentally due to inflammation.  
On the other hand, in keeping with 
Posadas et al. (9) we found a significant 
independent association between the 
HOMA index and insulin levels and the 
prednisone dose. This relationship was 
still evident after adjustment for sex, 
age, BMI, SLEDAI and ESR. In con-
trast, El-Magadmi et al. (3) only found 
a weak association between insulin sen-
sitivity and current steroid dose or ster-
oid dose intake in the past 6 months; 
however, this study only included 44 
SLE patients and perhaps it was not sta-
tistically powerful enough.
Interestingly, patients taking a medium 
dose of prednisone had increased IR and 
insulin levels compared with the other 
two groups; however increased IR was 
not associated with a higher prednisone 
dose or with current use of prednisone. 
A possible explanation for this apparent 
contradiction is that, since the pathogen-
esis of IR in SLE is multifactorial, the 
importance of CS in comparison with 
other factors such as obesity is probably 
relatively low and the potential effect of 

CS on insulin sensitivity may be over-
shadowed. In contrast, when patients 
were categorised according to their 
prednisone exposure, confounding fac-
tors like obesity are counterbalanced, 
prevailing the effect of CS. Hence, in 
the present study, SLE patients with in-
creased IR had a higher BMI than SLE 
patients without (28 (24-32) vs. 25 (22-
29), p=0.014).Conversely, as stated, 
BMI was similar in the No-PRD, LD-
PRD and MD-PRD groups (Table I). 
Therefore, in this setting, CS could be a 
significant contributing factor for IR in 
the MD-PRD group in comparison with 
the other two groups.
With regard to the role of other therapies 
as the cause of possible bias, patients 
from the MD-PRD group received more 
HCQ and inmmunosuppressive agents 
than those from the other two groups. 
On the one hand, it has been reported 
that anti-malarials could reduce IR by 
increasing the half-life of the active 
insulin-receptor complex (23). On the 
other hand, since inflammation contrib-
utes to IR, the anti-inflammatory effect 
of immunosuppressive agents also may 
lead to lower IR. Therefore, the effect 
of both therapies, if any, would have 
been improving IR, and despite this, it 
was greater in the MD-PRD group.  
With respect to the clinical significance 
of these results, it is noteworthy that 
in the general population, modest in-
creases of insulin around 110 pmol/l 
(15 mU/l), similar to those observed in 
the MD-PRD group (median 13 mU/l), 
have been found to impair endothelium 
function, probably by increasing oxi-
dant stress (24), which may constitute a 
potential link between hyperinsulinae-
mia and atherosclerosis in humans. 
Some major limitations of our study 
should be considered. Firstly, the number 
of patients included was relatively low 
(specially patients taking >7.5 mg/d of 
prednisone), which reduces the statisti-
cal power of the study. Secondly, we did 
not include a healthy control group and 
neither the impact of the SLE itself on 
IR nor the true prevalence of IR in SLE 
patients could be assessed. Thirdly, we 
did not consider the presence of anti-
insulin antibodies, which have been 
found to be more prevalent in SLE (25), 
and could contribute to increase insulin 

levels and IR in these patients. Finally, 
given the cross-sectional design of the 
study, it is impossible to establish a true 
association between prednisone use and 
IR.
In conclusion, our study provides evi-
dence that in patients with SLE, an av-
erage daily dose of prednisone >7.5 mg 
increased insulin levels and IR, where-
as the impact of a prednisone dose ≤7.5 
mg/d on these parameters was similar 
to that observed in non-prednisone us-
ers. These results may have clinical 
implications. We hypothesise that, with 
a dose ≤7.5mg/day, the anti-inflamma-
tory action of prednisone could prevail 
over the proatherogenic effect, whereas 
at higher doses the opposite could oc-
cur. Thus, in a large, population-based 
study using a record linkage database, 
patients who received an average daily 
dose ≥7.5 mg of prednisone-equivalent 
were 2.5 times more likely to experi-
ence a cardiovascular event than pa-
tients who did not use CS, after adjust-
ment for known covariates. In contrast, 
patients who took an average daily dose 
of <7.5 mg of prednisone-equivalent 
had a similar risk of suffering a car-
diovascular event than non-users of CS 
(26). A large prospective study would 
be needed to confirm this hypothesis. 
Meanwhile, our results support the rec-
ommendation to keep the CS dose in 
SLE patients as low as clinically possi-
ble and withdraw it in all patients when 
this is feasible.
When higher doses are required, the ex-
tensive use of HCQ and the early addi-
tion of immunosuppressive agents like 
CS-sparing in order to a achieve pred-
nisone dose below 7.5 mg/d is strongly 
recommended. 
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