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Abstract 

Background: Childhood rheumatologic disorders are multisystem diseases characterized by in-
flammation, damage, and/or pain of the joints, and connective tissues. Aim: This study aimed to 
detect the presence of insulin resistance (IR) in pediatric patients with systemic lupus erythema-
tosus (SLE), and rheumatoid arthritis (RA) which can lead to the development of diabetes melli-
tus. Subjects and Methods: This case-control study was performed on 60 SLE, 60 RA patients, and 
60 healthy subjects as a control group. All subjects were subjected to detailed history taking, 
physical examination, and laboratory investigations including determination of fasting blood glu-
cose (FBG), total cholesterol, triglyceride (TG), HDL, LDL, and fasting insulin. Homeostatic model 
assessment of insulin resistance (HOMA IR) was calculated. Results: There was no significant dif-
ference in the age, and FBG in the three studied groups but there was a significant difference as 
regard platelets counts, hemoglobin, ESR, CRP, TG, HDL, fasting insulin levels, and HOMA IR. 
There is no significant difference between the SLE, and RA in disease duration, ESR, CRP, HDL, 
LDL, triglyceride, cholesterol, fasting blood glucose, fasting insulin levels, and HOMA IR. There 
were significant positive correlations between HOMA IR with patients’ BMI, ESR, CRP, TG, FBG, 
and fasting insulin levels in both SLE and RA groups. Conclusions: SLE, and RA patients had a 
higher insulin resistance than age-matched healthy controls which can lead to the development 
of type 2 diabetes mellitus. HOMA IR had positive correlations with BMI, TG, FBG, and fasting 
insulin levels in both SLE and RA groups. 
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Introduction 

Rheumatologic disorders comprise more 
than 100 different medical conditions with 
a broad array of clinical manifestations but 
are generally characterized by inflamma-
tion, damage and/or pain of the joints and 
connective tissues. They include common 
forms such as rheumatoid arthritis (RA), 

and less common forms such as systemic 
lupus erythematosus (SLE), dermatomyo-
sitis and scleroderma. They have a pro-
found negative impact on almost every as-
pect of a patient’s life as well as on the di-
rect environment and society as a whole. 
Patients are hampered in their daily activi-
ties by pain, physical disability and fa-
tigue(1). Insulin resistance (IR) is defined as 
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subnormal biological response to optimal 
concentration of insulin. It plays a main 
role in the pathophysiology of type 2 diabe-
tes mellitus; it is also associated with 
dyslipidemia and cardiovascular risk (sub-
jects with high IR had more than twice the 
elevated risk for incident cardiovascular 
events compared with those in the low IR). 
Moreover, it is the main component of the 
cluster of metabolic abnormalities that 
consist of metabolic syndrome(2). Several 
mechanisms could contribute to altered in-
sulin sensitivity in patients with RA or SLE 
including obesity, chronic inflammation 
and glucocorticoids which are commonly 
used in SLE and RA therapy(3). From this 
point of view, this study aimed to detect 
the presence of insulin resistance in pediat-
ric patients with rheumatologic disorders 
which can lead to the development of dia-
betes mellitus.  

Subjects and Methods 

This case–control study was performed on 
60 cases of systemic lupus erythematosus 
(SLE) who fulfilled the 1997 revised Ameri-
can College of Rheumatology criteria of 
SLE(4) and 60 cases of rheumatoid arthritis 
(RA) who fulfilled the International League 
of Associations for Rheumatology Classifi-
cation of Juvenile Idiopathic Arthritis(5). 
Those cases were attending the outpatient 
clinic and inpatient of pediatric and rheu-
matology departments and recruited con-
secutively from March 2016 to April 2017 
and 60 age, sex and body mass index (BMI) 
matched healthy children who attend out-
patient clinics for routine care or unrelated 
non-rheumatologic complains represent 
the control group were included in the 
study. Informed consents have been ob-
tained from the parents of the patients in-
volved in the study as suggested by our In-
stitutional Ethical Committee and in ac-
cordance with the Helsinki declaration af-
ter a full clarification of the nature of the 

study. Patients aged less than one year or 
older than 16 years, patients with diabetes, 
hypertension, and patients with concomi-
tant hepatic, cardiac, renal or endocrinal 
disorders were excluded from this study. 
All studied patients were subjected to the 
following: Detailed history taking laying 
stress on; Age, gender, history of infec-
tions or serious illness, history of medica-
tions or behavior change and family history 
of rheumatological diseases. A careful clin-
ical examination was done with stress on, 
weight, height, hepatosplenomegaly, lym-
phadenopathy, skin rash and arthritis. 

Laboratory investigations  
A- Routine investigations including; 1) Com-
plete blood pictures (CBC) were per-
formed on Sysmex-Kx-21 (Sysmex Corpora-
tion -Japan), fasting glucose level (FBG) 
and ESR which was measured manually; 2) 
Kidney function tests: blood urea nitrogen 
(BUN, mg/dl), creatinine (mg/dl) on Cobas 
8000 C 702, Roche, Germany; 3) C-reactive 
protein (CRP) was determined using the 
Tina-Quant C-Reactive protein Gen 3 assays 
(Roche Diagnostics, Indianapolis, IN) on 
Roche Modular P800 system; 4) Lipid pro-
file: plasma cholesterol level (by an enzy-
matic photometric test, cholesterol FS, Di-
agnostic Systems - Holzheim, Germany), 
plasma triglyceride (TG) level (assayed by 
the glucokinase peroxidase-peroxidase 
method on the BS100), high-density lipo-
protein (HDL) was assayed by direct 
method on the BS100 (Shenzhen Mindory 
bio-medical electronics), and low-density 
lipoprotein (LDL) was calculated from 
three primary measurements with the use 
of Friedewaldl’s equation(6). 

B- Special investigations  
1) Insulin hormone level by ELISA (Immuno-
spec Corporation, CA, USA); 2) Homeo-
static model assessment of insulin re-
sistance (HOMA IR= fasting insulin (µU/mL) 
x Fasting glucose (mg/dL)/405)(7); 3) Tests 
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needed to confirm rheumatologic disor-
ders like antinuclear antibodies (ANA) by 
immunofluorescence assays using Kalles-
tad® HEp-2 Kit (BIO-RAD, CA, USA); Auto-
antibodies to native double-stranded DNA 
(dsDNA) by immunofluorescence assays 
using Kallestad® Crithidia luciliae IFA Com-
plete Kits (BIO-RAD, CA, USA) and Rheu-
matoid Factor (RF). 

Disease activity  
This was assessed by modified SLE Disease 
Activity Index 2000 (SLEDAI-2K)(8) and Dis-
ease Activity Score-28 (DAS28)(9) for SLE 
and RA patients, respectively. Active SLE 
has considered if the SLEDAI-2K score was 
>4, and inactive if it was <4)  

Statistical Analysis 

The data were processed using the statisti-
cal package for social sciences version 23 
SPSS (Statistical Package for Social Sci-
ences, Chicago, IL, USA). Data were ex-
pressed as a mean± standard deviation for 
quantitative variables or number and per-
centage for categorical variables. Stu-
dent’s t test for continuous variables and 
χ2 test for categorical variables were used 
to compare mean values between two in-
dependent groups. Data were compared 
using ANOVA test for more than 2 groups. 
Correlation coefficient between HOMA IR 
and fasting insulin, FBG and TG was done 
by Pearson’s coefficient. p  value > 0.05 
was insignificant, p < 0.05 was significant 
and p < 0.001 was highly significant. 

Results 

Our study included 60 cases of SLE (M/F: 
22/38), 60 cases of rheumatoid arthritis 
(M/F: 20/40) and 60 healthy subjects as a 
control group (M/F: 24/36), there is a statis-
tically significant difference in both groups 
regarding the sex. There was no statisti-
cally significant difference between SLE 
and RA in disease duration (41.9±13.4 vs 

43.5±11.1 months, respectively) wit p-
value=0.7. There was a highly statistically 
significant difference in ESR, CRP, TG, HDL, 
fasting insulin level and HOMA IR between 
SLE, RA and controls but there was no sta-
tistically significant difference in age and 
BMI, FBG, LDL and cholesterol between 
the three groups as shown in (Table 1). In 
the present study, there is no significant 
difference between cases with RA and SLE 
in HDL, LDL, TG, total cholesterol, FBG and 
fasting insulin levels. There was a statisti-
cally significant positive correlation be-
tween HOMA IR with patients’ BMI, ESR, 
CRP, TG, FBG and fasting insulin level in 
both SLE and RA groups; otherwise, there 
was no statistically significant correlation 
between HOMA IR and other patients’ 
characteristics as shown in (Table 2 and fig-
ure1). HOMA IR was positively correlated 
with SLEDAI-2K and DAS28 in SLE and RA 
patients, respectively as shown in (Table 
2). 

Discussion 

Childhood rheumatologic disorders are 
multisystem, inflammatory, autoimmune 
diseases with a broad array of clinical man-
ifestations but are generally characterized 
by inflammation, damage and/or pain of 
the joints and connective tissues. In the 
present study, there is no significant differ-
ence in BMI between SLE, RA and controls. 
This agreed with the results of other inves-
tigators(10,11). Our study reported a higher 
prevalence of rheumatologic disorders in 
females than males of the same age group. 
This was the same finding of Lisnevskaia et 
al study(12), which can be explained as rheu-
matologic disorders are a part of autoim-
mune diseases that are common in fe-
males. In the current study, there was a sig-
nificant difference in hemoglobin levels 
and platelets between SLE, RA and con-
trols. This attributed to the hematological 
abnormalities of the inflammatory 
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rheumatic diseases as proved previ-
ously(13). Our results revealed that both  

SLE, RA patients have higher plasma TG 
and lower HDL levels than the control. 

 

Table 1: Demographic, metabolic and disease related features of the population 

Variables 
SLE (60) 

mean ± SD 
(Range) 

R.A (60) 
mean ± SD 

(Range) 

Controls (60) 
mean ± SD 

(Range) 
F p-value p-value 

Age (years) 
13.3±2.4 

(5-16) 
12.9±2.4 

(5-16) 
12.6±2.8 

(5-16) 
 

1.6 
 

0.1 
 

BMI (kg/m2) 
28.6±7.7 
(15-45) 

27.6±6.7 
(15-44) 

26.6±4.6 
(18-45) 

 
1.3 

 
0.1 

 

Hemoglobin (%) 
9.6±2.2 
(5.5-14) 

9.9±2.4 
(5.5-14) 

11.3±1.3 
(7.2-14) 

 
2.7 

 
0.02* 

0.921 
0.01*2 
0.02*3 

ESR (mm/h) 
41.1±11.2 
(1-109) 

37.1±8.6 
(4-75) 

5.2±1.5 
(2-12) 

4.9 0.001** 
0.11 

<0.001**2 
<0.001**3 

CRP (ug/ml) 
12.4±1.6 
(1-51.6) 

7.7±0.4 
(1-16) 

2.3±0.6 
(0.1-7) 

2.9 0.02* 
0.01*1 
0.03*2 
0.02*3 

Cholesterol (mg/dl) 
165.5±25.5 
(105-200) 

152.5±39.3 
(105.2-210) 

146.4±33 
(92-200) 

1.16 0.47  

HDL (mg/dl) 
52.6±10.1 

(33.2-82.8) 
54.5±11.8 
(30.3-72) 

65.6±10.9 
(41-91) 

2.2 0.03* 
0.651 

0.01*2 

0.02*3 

LDL (mg/dl) 
105.2±22.2 
(67.5-139) 

101.2±24.2 
(59.8-138) 

97.9±19.8 
(50-134) 

0.15 0.86  

TG (mg/dl) 
158.1±50.3 

(47-461) 
119.2±20.9 
(47-202) 

80.3±22 
(46.7-188) 

3.5 0.01* 
0.031*1 
0.014*2 
0.02*3 

FBG (mg/dl) 
92.8±3.8 
(74-119) 

84.2±4 
(70-101) 

86.6±14.7 
(68-107) 

1.4 0.25  

Fasting insulin 
(μIU/ml) 

 

11.4±1.6 
(2.2-19.0) 

10.7±1.5 
(3.6-17) 

3.9±1.7 
(0.9-9.1) 

2.7 0.015* 
0.091 

<0.001**2 
<0.001**3 

HOMA IR 
3.2±1.0 
(0.9-5) 

3.0±1.1 
(1.2-4.8) 

0.9±0.2 
(0.2-1.9) 

2.4 0.02* 
0.81 

<0.001**2 
<0.001**3 

F: ANOVA analysis of variance; **: p<0.001 (highly significant); *: p <0.05 (significant). 
p>0.05: Non-significant; p1: SLE vs RA; p2: SLE v.s control; p3: RA vs. control 

 
This finding was explained by the effects of 
cytokines which increase free fatty acids 
release from adipose tissue and increase 
hepatic synthesis of free fatty acids and TG. 

Moreover, the activity of lipoprotein lipase 
activity at the vascular endothelium, which 
is the principal catabolic enzyme for TG-
rich lipids, is reduced. High TG levels reduce 
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HDL by virtue of neutral lipid exchange (14). 
Chung et al.(15) and Dessein et al.(16) sup-
ported our results as regard plasma TG 
level in cases of rheumatoid arthritis and 
Sabio et al.(17) and Lozovoy et al.(11) found 
the same results in cases of SLE. In contrast 
to our study, Tso and Huang(18) found no 

significant difference in TG and HDL in SLE 
cases and controls. Also, Dessein et al.(16) 

found no significant difference between 
RA patients and controls in HDL level. In 
the present study, there is no significant 
difference in the levels of total cholesterol 
and LDL between all groups.  

 

Table 2: Correlation between HOMA IR with demographic and laboratory criteria of the 
systemic lupus erythematosus and rheumatoid arthritis groups 

HOMA IR 
Systemic Lupus Erythematosus 

(n=60) 
Rheumatoid Arthritis 

 (n=60) 

 r p r p 

− Age (years) -0.006 >0.05 -0.009 >0.05 

− Disease duration (mos) -0.06 >0.05 -0.08 >0.05 

− BMI(kg/m2) 0.3 0.04* 0.4 0.03* 

− Hb% -0.2 >0.05 -0.3 >0.05 

− ESR (mm/h) 0.69 <0.001** 0.72 <0.001** 

− CRP (ug/ml) 0.4 0.01* 0.45 0.01* 

− Cholesterol (mg/dl) 0.3 >0.05 0.4 >0.05 

− HDL (mg/dl) -0.1 >0.05 -0.16 >0.05 

− LDL (mg/dl) 0.3 >0.05 0.35 >0.05 

− TG (mg/dl) 0.4 0.04* 0.5 0.03* 

− FBG (mg/dl) 0.5 0.004* 0.6 0.002* 

− Fasting insulin (μIU/ml) 0.4 0.04* 0.54 0.032* 

− Disease Activity   

SLEDAI-2K   

DAS28 

 
0.72 

- 

 
<0.001** 

- 

 
- 

0.75 

 
- 

<0.001** 
r: Pearson correlation coefficient; **: p<0.001 (highly significant); *: p <0.05 (significant);  
p>0.05: Non-significant 

 
Our results are concordant with those of 
La Montagna.(19) on the RA cases and Tso 
and Huang(18) on the SLE cases who found 
no significant differences in total choles-
terol and LDL between case and control 
groups. In contrast, and Ormseth et al.(20) 
found that RA patients had higher LDL cho-
lesterol and Wierzbicki(21) found that lipid 
and lipoprotein profiles in SLE are often ab-
normal compared with those of the gen-
eral population. In our study, there is no 
statistically significant difference in FBG 
between SLE, RA and control groups. This 
was in agreement with Gazareen et al.(22) 
regarding SLE cases and in contrast to their 
study regarding RA cases which may 

conclude different degrees of IR between 
different types of rheumatologic disor-
ders. In the present study, RA patients had 
significantly higher fasting insulin and 
HOMA IR than controls. This is in agree-
ment with Chung et al.(23) who reported 
higher levels of IR among RA patients com-
pared with non-RA controls and founded 
that the major determinant of IR is fat 
mass, in particular visceral fat, with increas-
ing visceral fat mass, adipose and skeletal 
muscle uptake and utilization of glucose 
while the free fatty acid uptake and utiliza-
tion are impaired. Also, hepatic glycogen 
storage is reduced, and synthesis of TG-rich 
lipoproteins is increased concomitant with 
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a reduction in their clearance; common 
features of the metabolic syndrome that 
accompanies insulin resistance. Also, we 
found that SLE patients had significantly 
higher fasting insulin and HOMA IR than 
controls. This is similar to what is reported 
by previous studies(18,22). This can be ex-
plained by type B insulin resistance syn-
drome which an autoimmune phenome-
non is caused by polyclonal immune-

globulin G antibodies with antagonist ac-
tivity directed against the insulin recep-
tor(24). Other mechanisms that could con-
tribute to altered insulin sensitivity in pa-
tients with SLE are obesity, glucocorti-
coids, which are commonly used in SLE 
therapy. In contrast, Ormseth et al. found 
no statistically significant difference in 
HOMA IR between SLE patients and con-
trols(25).  

 
 

 
Figure 1: Scatter plot with line show a positive correlation between HOMA IR and TG in 

systemic lupus erythematosus patients 

 
 
There was statistically significant higher 
ESR and CRP in SLE and RA patients than in 
controls. Our observations are best ex-
plained by that rheumatologic disorders 
are a group of inflammatory diseases in 
which there is a release of pro-inflamma-
tory mediators that play a role in the mech-
anism of IR. Cytokines, particularly TNFα, 
can directly impede insulin-mediated glu-
cose uptake in skeletal muscles and reduc-
ing glucose transport by inhibition of the 
transcription of insulin receptor substrate 1 
(IRS-1) and glucose transporter (GLUT)-4 
genes. Moreover, TNFα and IL6 can stimu-
late adipocyte lipolysis, leading to in-
creased release of free fatty acids from pe-
ripheral tissues and the enhanced cycle of 
fatty acids between liver and adipose 

tissue. An increase in fatty acid fluxes has a 
significant role in the pathophysiology of 
IR(26). Our study revealed no statistically 
significant difference between the RA and 
SLE groups in FBG, fasting insulin level and 
HOMA IR levels. This might be due to the 
performance of this study on children and 
the absence of significant differences in 
age and disease duration. On the other 
hand, Chung et al.(15) and Gazareen et al.(22) 
performed a study on adult cases of RA 
and SLE, observed higher FBG, fasting insu-
lin and HOMA IR in RA than SLE patients. 
They explained that by some factors such 
as older age in RA patients than SLE and 
longer duration of disease in RA patients 
reflecting the burden of such disease. In 
the present study, there was a positive 
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correlation between HOMA IR and TG in 
both SLE and RA groups. This is in agree-
ment with the study by Chung et al.(27) who 
found that SLE patients with IR (HOMA IR 
>2.11) had higher TG levels than SLE pa-
tients without IR and other studied which 
revealed that RA patients with IR (HOMA 
IR >2.11) have significantly higher TG(26,28). 
There are three sources of higher TG ob-
served in individuals with IR as explained 
by Chung et al.(27). First, the lipolysis of TG 
from the adipose tissue leads to increased 
serum fatty acid levels. Second, decreased 
lipoprotein lipase levels causes inhibition 
of lipolysis of chylomicrons, VLDL and TG, 
which leads to elevations in TG-rich rem-
nants that ultimately are delivered to the 
liver. Third, IR cause increased hepatic de-
novo TG synthesis. The current study re-
vealed a statistically significant positive 
correlation between HOMA IR on one hand 
and ESR, CRP, FBG and fasting insulin level 
on the other hand in both SLE and RA 
groups as stated by Negron et al.(29) and 
Dessein et al.(16) on cases of SLE and RA re-
spectively. This is attributed to the ele-
vated level of IL6 as an inflammatory medi-
ator in rheumatologic disorders which is in-
criminated in both the condition of IR and 
elevation of acute-phase reactant levels. 
However, this does not agree with the 
study by Stagakis et al.(26) and Karimi et 
al.(30) who did not find a statistically signifi-
cant difference in ESR and CRP between 
RA patients with and without IR. Our study 
revealed a positive correlation between IR 
and SLEDAI-2K in SLE patients that agree 
with Sabio et al.(17) and Gazareen et al.(22) 

who concluded an association of meta-
bolic syndrome with higher disease activity 
but did not agree with Chung et al.(27) who 
did not find any association of metabolic 
syndrome with lupus disease activity. Also, 
there were significant correlations of IR 
with DAS28 which support the role of sys-
temic inflammation in the pathogenesis of 
IR in RA. This was also supported by Sattar 

et al.(31) who reported that RA is a disease 
characterized by an increased level of cir-
culating pro-inflammatory cytokines that 
induce IR through direct interfering with 
insulin signaling and by Escárcega et al.(32) 

who found that IR promotes further in-
flammation by an increase in free fatty acid 
fluxes and interference with the anti-in-
flammatory effects of insulin. Our study 
has other limitations. First, the sample size 
was relatively small and did not have 
enough statistical power to generalize 
these results. Second, the patients were re-
cruited only from our university hospitals, 
and not from other areas in Egypt. Third, 
ethnic differences may be an important 
factor.  

Conclusion 

SLE and RA patients had a higher insulin re-
sistance than age-matched healthy con-
trols which can lead to the development of 
type 2 diabetes mellitus. HOMA IR had a 
positive correlation with BMI, TG, FBG, and 
fasting insulin level in both groups. 

Acknowledgements 
The authors thank the staff of our univer-
sity children’s hospital for their collabora-
tion as well as the parents of children’s 
who accepted to participate in the study. 

Declaration of conflicting interests 
The authors declared no conflicts of inter-
est with respect to the research, author-
ship, and/or publication of this article. 

Funding 
The authors received no financial support 
for the research, authorship, and/or publi-
cation of this article. 

Abbreviations 
Rheumatoid arthritis (RA), systemic lupus ery-
thematosus (SLE), Insulin resistance (IR), tri-
glyceride (TG), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), Homeostatic 



Talat MA. et al. 199 
 

 
model assessment of insulin resistance (HOMA 
IR), fasting blood sugar (FBG). 

References 

1. Stebbings S and Treharne GJ. Fatigue 
in rheumatic disease: an overview. Int J 
Clin Rheumatol 2010; 5:487-502. 

2. Reilly MP, Wolfe ML, Rhodes T, Girman 
C, Mehta N, Rader DJ. Measures of in-
sulin resistance add incremental value 
to the clinical diagnosis of metabolic 
syndrome in association with coronary 
atherosclerosis. Circulation 2004; 110: 
803-809. 

3. Dessein PH, Joffe BI, Stanwix AE. In-
flammation, insulin resistance, and ab-
errant lipid metabolism as cardiovascu-
lar risk factors in rheumatoid arthritis. 
J Rheumatol 2004; 30:1403–1405. 

4. Hochberg MC. Updating the American 
College of Rheumatology revised crite-
ria the classification of systemic lupus 
erythematosus. Arthritis Rheum 1997; 
40(9):1725. 

5. Petty RE, Southwood TR, Manners P, 
et al. International League of Associa-
tions for Rheumatology classification 
of juvenile idiopathic arthritis: second 
revision, Edmonton, 2001. J Rheu-
matol. 2004 Feb;31(2):390-2. 

6. Friedewald WT, Levy RI, Fredrickson 
DS. Estimation of the concentration of 
low-density lipoprotein cholesterol in 
plasma without use of the preparative 
ultracentrifuge. Clin Chem 1972; 
18(6):499-502. 

7. Matthews DR, Hosker JP, Rudenski AS, 
Naylor BA, Treacher DF, Turner RC. Ho-
meostasis model assessment: insulin 
resistance and b-cell function from 
fasting plasma glucose and insulin con-
centrations in man. Diabetologia 1985; 
28(7):412-419. 

8. Gladman DD, Iban˜ ez D, Urowitz MB. 
Systemic lupus erythematosus disease 
activity index 2000. J Rheumatol 2002; 
29: 288–291. 

9. Prevoo ML, van ’t Hof MA, Kuper HH, 
van Leeuwen MA, van de Putte LB, van 
Riel PL. Modified disease activity 

scores that include twenty-eight–joint 
counts: development and validation in 
a prospective longitudinal study of pa-
tients with rheumatoid arthritis. Arthri-
tis Rheum 1995; 38:44–8. 

10. Gremese E, Salaffi F, Bosello SL, et al. 
Very early rheumatoid arthritis as a pre-
dictor of remission: a multicentre real 
life prospective study. Ann Rheum Dis 
2013; 72(6):858-862. 

11. Lozovoy MAB, Simão ANC, Hohmann 
MSN, et al. Inflammatory biomarkers 
and oxidative stress measurements in 
patients with systemic lupus erythema-
tosus with or without metabolic syn-
drome. Lupus 2011; 20(13):1356-1364. 

12. Lisnevskaia L, Murphy G and Isenberg 
D. Systemic lupus erythematosus. Lan-
cet 2014; 384:1878-1888.  

13. Richert-Boe KE. Hematologic complica-
tions of rheumatic disease. Hematol 
Oncol Clin North Am 1987; 1(2):301-320. 

14. Lee YH, Choi SJ, Ji JD, Seo HS, Song GG. 
Lipoprotein (a) and lipids in relation to 
inflammation in rheumatoid arthritis. 
Clin Rheumatol 2000; 19 (4): 324-325. 

15. Chung CP, Oeser A, Solus JF, et al. Prev-
alence of the metabolic syndrome is in-
creased in rheumatoid arthritis and is 
associated with coronary atherosclero-
sis. Atherosclerosis 2008; 196(2):756-
763. 

16. Dessein PH, Joffe BI, Stanwix A, Botha 
AS, Moomal Z. The acute phase re-
sponse does not fully predict the pres-
ence of insulin resistance and 
dyslipidemia in inflammatory arthritis. 
J Rheumatol 2002; 29:462-466. 

17. Sabio JM, Zamora-Pasadas M, Jimenez 
JJ, et al. Metabolic syndrome in sys-
temic lupus erythematosus from 
Southern Spain. Lupus 2008; 17(9):849-
859. 

18. Tso TK and Huang WN. Elevation of 
fasting insulin and its association with 
cardiovascular disease risk in women 
with systemic lupus erythematosus. 
Rheumatol Int 2009; 29:735-742. 

19. La Montagna G, Cacciapuoti F, Buono 
R, et al. Insulin resistance is an inde-
pendent risk factor for atherosclerosis 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Richert-Boe%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=3115957
https://www.ncbi.nlm.nih.gov/pubmed/3115957
https://www.ncbi.nlm.nih.gov/pubmed/3115957
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=10941819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=10941819


200 Insulin Resistance in Pediatric SLE and RA 

 

in rheumatoid arthritis. Diab Vasc Dis 
Res 2007; 4:130–135. 

20. Ormseth MJ, Swift LL, Fazio S, et al. 
Free fatty acids are associated with in-
sulin resistance but not coronary artery 
atherosclerosis in rheumatoid arthritis. 
Atherosclerosis 2011; 219(2):869-874. 

21. Wierzbicki AS. Lipids, cardiovascular 
disease and atherosclerosis in systemic 
lupus erythematosus. Lupus 2000; 
9:194–201. 

22. Gazareen S, Fayez D, El-Najjar M, 
Dawood A, Essa E, El-Zorkany K. Study 
of insulin resistance in patients with 
systemic lupus erythematosus and 
rheumatoid arthritis. Menoufia Med J 
2014; 27: 215-225. 

23. Chung CP, Giles JT, Kronmal RA, et al. 
Progression of coronary artery athero-
sclerosis in rheumatoid arthritis: com-
parison with participants from the 
Multi-Ethnic Study of Atherosclerosis. 
Arthritis Res Ther 2013; 15(5): R134.  

24. Arioglu E, Andewelt A, Diabo C, Bell M, 
Taylor SI, Gorden P. Clinical course of 
the syndrome of autoantibodies to the 
insulin receptor (type B insulin re-
sistance): a 28-year perspective. Medi-
cine (Baltimore) 2002; 81(2):87-100. 

25. Ormseth MJ, Swift LL, Fazio S, et al. 
Free fatty acids are associated with 
metabolic syndrome and insulin re-
sistance, but not inflammation in SLE 
patients. Lupus 2013; 22(1):26-33. 

26. Stagakis I, Bertsias G, Karvounaris S, et 
al. Anti-tumor necrosis factor therapy 
improves insulin resistance, beta cell 
function and insulin signaling in active 
rheumatoid arthritis patients with high 
insulin resistance. Arthritis Res Ther 
2012;14(3): R141.  

27. Chung CP, Avalos I, Oeser A, et al. High 
prevalence of the metabolic syndrome 
in patients with systemic lupus erythe-
matosus: association with disease 
characteristics and cardiovascular risk 
factors. Ann Rheum Dis 2007;66 
(2):208-214. 

28. Steiner G, Urowitz MB. Lipid profiles in 
patients with rheumatoid arthritis: 
mechanisms and the impact of 

treatment. Semin Arthritis Rheum 
2009; 38(5):372-381. 

29. Negrón A, Molina M, Mayor A, Rodri-
guez V, Vilá L. Factors associated with 
metabolic syndrome in patients with 
systemic lupus erythematosus from 
Puerto Rico. Lupus 2008; 17(4):348-
354. 

30. Karimi M, Mazloomzadeh S, Kafan S, 
Amirmoghadami H. The frequency of 
metabolic syndrome in women with 
rheumatoid arthritis and in controls. 
Int J Rheum Dis 2011; 14(3):248-254. 

31. Sattar N, McCarey DW, Capell H, McIn-
nes IB. Explaining how ‘high grade’ sys-
temic inflammation accelerates vascu-
lar risk in rheumatoid arthritis. Circula-
tion 2003; 108:2957–2963. 

32. Escárcega RO, García-Carrasco M, 
Fuentes-Alexandro S, et al. Insulin re-
sistance, chronic inflammatory state 
and the link with systemic lupus ery-
thematosus-related coronary disease. 
Autoimmun Rev 2006; 6(1):48-53. 

 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11889410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=11889410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorden%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11889410

