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ABSTRACT

Background: rheumatoid arthritis (RA) is a chronic inflammatory arthropathic with multiorgan
involvement. Increased prevalence of insulin resistance (IR) has been observed in patients with RA. High-
grade systemic inflammation is implicated in the development of IR in these patients. Tumor necrosis factor-
alpha (TNF-a) is a potent proinflammatory cytokine that plays a role in initiation and progression of
inflammation and the mechanisms associated with accelerated atherosclerosis in RA. Aim of the work: this
study aimed to investigate the relation between TNF-o and IR in RA patients and its relation to disease
activity. Patients and methods: 40 RA patients were included as the patient group and 40 healthy subjects
as the control group. Both groups were subjected to full history, clinical examination including body mass
index (BMI) and lab investigation, fasting blood glucose, fasting insulin and TNF-o. Results: the sex
distribution was the same in patients and the control groups, 82.5% females and 17.5% males. The disease
activity (DAS score) was 4.57 £ 1.35. TNF-a median was 240 with IQR 190-510. RA patients had
significantly higher serum TNF-o than controls (p value = 0.001). BMI and Waist Circumference among RA
patients and controls showed no significant difference. TNF-a has significantly positive correlations with
fasting serum insulin, HOMA-IR and disease activity in RA patient group (p value < 0.001).

Conclusion: serum TNF-a level was significantly higher in RA patients than the control groups with

positive correlation in fasting serum insulin, HOMA score and disease activity.
Keywords: rheumatoid arthritis (RA), TNF-a, HOMA-IR, insulin resistance (IR).

INTRODUCTION

RA is chronic inflammatory, immune
mediated disease with prevalence of 0.5-1% in the
developed countries. In RA, chronic synovial
inflammation and hyperplasia drive articular
destruction and bone erosion, leading to functional
decline and disability ®. Disease hallmarks are
synovial inflammation, progressive bone erosion,
joint destruction and subsequent weakness of
surrounding tissues and muscles.  Systemic
manifestations also occur. Presentations ranged
from mild to severe, although the typical patient
had a progressive course leading to functional
limitations ®.TNF is a pleiotropic cytokine that is
transcriptionally activated in response to a variety
of stimuli during inflammation, infection and
stress. Excessive TNF activity contributes to the
complex pathogenesis of RA, associated with pro-
inflammatory cascade that includes production of
IL-1 and IL-6 and drives tissue destruction ©.
Increased prevalence of IR has been observed in
patients with RA. High-grade  systemic
inflammation was implicated in the development of
IR in these patients”. This study aimed to
investigate the relation between TNF-a and IR in
RA patients and its relation to disease activity.

PATIENTS AND METHODS
This study was a cross sectional patient
control study; it involved 40 RA patients
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following ACR 1987 revised criteria © as the
patient group and 40 healthy subjects as the
control group. Patients were selected from
outpatient clinic and inpatient Rheumatology
Department of Ain Shams University Hospitals
and informed written consent taken from all
subjects approved by ethical committee of Ain
Shams University. Both groups were subjected to
full history taking, clinical examination included
body mass index (BMI) and lab investigation;
fasting blood glucose (FBG), fasting serum insulin
and TNF-a. RA patients only were subjected to
full rheumatological examination, assessment of
disease activity using Disease Activity Score 28,
erythrocyte sedimentation rate (DAS28-ESR) ©
and other lab investigations (Complete blood
count (CBC), ESR, serum C-reactive protein
(CRP), rheumatoid factor (RF), aspartate
transaminase (AST), alanine transaminase (ALT)
and serum creatinine). CBC performed on 5 parts
differential automated cell counter; Sysmex
Hematology  Autoanalyzer (©2012 Sysmex
America, Inc.), CRP level using dimension clinical
chemistry  system (Siemens Health Care
Diagnostic Products GmbH, Malburg, Germany)
based on particle enhanced turbidimetric
immunoassay technique (Cut off value 3.0 mg/L),
ESR by using Westergren’s method. AST, ALT,
FBG and S-creatinine were done using AU 680
chemistry autoanalyzer, (Beckman Instruments.,
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Inc., Fullerton, California USA). RF was
quantitatively determined by Roche/Hitachi Cobas
C311 Analyzer based on latex bound immune
turbidimetric assay. A positive result was defined
as a level of >14.0 U/mL. Measurement of fasting
plasma insulin level by Enzyme-Linked
Immunosorbent Assay (ELISA) kit (Chemux-Bio-
Science, Inc, USA) according to manufacturer’s
instructions with the following ranges: 0.7- 9.0
IU/ml for normal adult and 0.7 — 25.0 1U/ml for
diabetic (Type II). IR was evaluated using the
Homeostasis Model Assessment of insulin
resistance (HOMA). HOMA-IR was calculated
using the following formula: HOMA-IR (mg/dL X
pU/ml) = [fasting blood sugar (mg/dL) x fasting
serum insulin (uU/ml)] /405",

Serum TNF-alpha was assayed by ELISA
technique, using ELISA kit (PELO-BIOTECH,
GmBH- Am Klopferspitz 19, Germany). It is used
according to the manufacturer’s instructions with
the assay range of 3-900 ng/L.

Statistical analysis: the present data were
analyzed using SPSS (version 20) statistical
software package under Windows 7 operating
system for IBM compatible PC. Data were
presented and suitable statistical tests were done
according to the type of data obtained for each
parameter. The level of significance was at p value
<0.05.

RESULTS

This study was a cross sectional patient
control study; it was involved 40 RA patients
following ACR 1987 revised criteria as the patient
group and 40 healthy subjects as the control group.
The sex distribution was the same in both patient
and control groups, 33 (82.50%) females and 7
(17.5%) males. The control group age mean = SD
was 33.90 £ 11.14 years and the age mean + SD of
RA patients was 36.50 +11.62 years. On
comparing the patient and control groups
regarding age, sex and other anthropometric
measures (Height, weight, BMI and Waist
Circumference), there was no statistically
significant difference between both groups.

In RA patients, the mean disease duration *
SD was 4.56 + 3.47 years, while mean disease
activity (DAS28-ESR score)x SD was 4.57
1.35.Three patients (7.5%) were in remission
(DAS28-ESR Score was < 2.6), two patients (5%)
had low disease activity (DAS28-ESR Score was
(> 2.6 - <3.2), 18 patients were (45%) in moderate
activity (DAS28-ESR Score was > 3.2 - < 5.1) and
17 patients (42.5%) had high disease activity
(DAS28-ESR Score was > 5.1). As regard
treatment, 35 of RA patients used corticosteroids
and hydroxychloroquine, meanwhile 26, 21and 15
of RA patients were on methotrexate (MTX),
NSAIDS and leflunomide respectively.

Table 1: description of the laboratory results among the patient group
Patients
Mean/ Median SD/ IQR
RBCs (1076/cmm) 441 0.40
Hb (g/dl) 12.10 1.19
MCV (fl) 81.64 4.95
CBC Hct (pg) 35.62 7.93
WBCs (10”3/cmm) 8.00 2.75
PNL (%) 64.00 9.94
Lymph (%) 28.13 8.94
PLT (10"3/cmm) 289.18 65.72
ESR (mm/hr) 50.00 23-63
CRP- titre (mg/L) 12.00 0-26
AST (U/L) 18.00 16 - 25
ALT (U/L) 23.50 15-32
S.Cr. (mg/dl) 0.80 0.6-0.9
RF (1U/ml) 22.00 0-40
TNF-a (ng/L) 240 190-510
Fasting serum sugar (mg/dl) 98.78 7.80
Fasting serum insulin (1U/ml) 17 8-38

CBC = complete blood count, RBCs = red blood cells, Hb = hemoglobin, MCV = mean corpuscular volume, Hct =
hematocrit, WBCs = white blood cells, PNL = polymorphonuclear leukocytes, Lymph = lymphocytes, PLT = platelet
count, ESR = Erythrocyte Sedimentation rate, CRP- titre = C-reactive protein titre, AST = Aspartate
aminotransferase, ALT = Alanine aminotransferase, S.Cr. = Serum Creatinine, RF = rheumatoid factor, TNF-a =

tumor necrosis factor alpha.

RF of RA patients was positive in 28 pts (70%) and its median was 22 and IQR was (0-40).
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Table 2: comparison between patients and controls regarding fasting blood sugar, fasting serum
insulin, TNF-aand HOMA score.

. T: ttest
Controls Patients Mann Whitney test
Mean / SD/ Mean / .
Median IQR | Median SD/IQR | pvalue S19-
Fasting Blood Sugar (mg/dl) 76.93 | 1111 | 98.78 7.80 <0.001t" HS
Fasting Serum Insulin (1U/ml) 13 12-18 17 8-38 0.063™ NS
TNF-a 140 [110-189 | 240 | 100510 |<0.001™ | HS
(ng/L)
HOMA Score 306 M | 38 18892 |0078™ | Ns
No IR . ;
(HOMA score <1.9) 6 15.0% 1 27:5%
Early IR
IR (HOMA score >1.9 - 11 27.5% 5 125% | 0.154™ NS
<2.9)
Significant IR 0 0
(HOMA score >2.9) 23 57.5% 24 60.0%

There was a statistically high significant difference between RA patients and the controls as regard
fasting blood sugar and TNF-a(p value <0.001). While, there were relatively higher fasting serum insulin
and HOMA score in RA patients than the control, but without statistically significant difference (p value >
0.05) as shown in table 2. Since the number of patients who were in remission and those with low disease
activity were very low, they were added together and considered as one group.

Five (12.5%) patients had remission and low disease activity (DAS28 < 3.1), 18 patients (45.0%) had
moderate activity (DAS28 > 3.2 - <5.1) and 17 patients (42.5%) had high disease activity (DAS28 > 5.1).

Table 3: comparative study between RA patients with different disease activities as regard fasting
blood sugar, fasting serum insulin, serum TNF-a and IR.

DAS28-ESR score “Disease activity” ANOVA
Remission & . K:
low Moderate High Kruskql
Wallis
Mean/| SD/ | Mean/ SD/ | Mean/ SD/ value sig
Median | IQR [Median IQR | Median IQR '
TNF-a._(ng/L) 210.00 [5-240 | 200.00 [170-345 | 540.00 | 480-900 | <0.001™ |HS
F. blood sugar (mg/dl) 88.40 | 7.23 | 99.50 7.19 | 101.06 6.36 | 0.003"”) [HS
F. serum insulin (1U/ml) 8.00 | 7-11| 1050 [7.5-275| 25.00| 22-42(0.030% |[s
159 | 1.56-| 273| 1.83- 7.16| 5.27- K
HOMA score 531 219 10.04 0.015% |'s
IR No IR 3| 60% 6| 33.3% 2| 11.8%
(HOMA score <1.9)
Early IR 1] 20% 41 22.2% 0 0%
(HOMA score >1.9 - 0.0204 | s
<2.9)
Significant IR 1| 20% 8| 445% 15| 88.2%
(HOMA score >2.9)

There was a high statistically significant difference between the three groups regarding fasting blood
sugar and TNF-a level as they were higher in those who had high disease activity more than moderate
disease activity, more than remission and low disease activity (p value < 0.001).

Also, there was a statistically significant difference as regard fasting serum insulin and HOMA score in
RA patients being higher in those who had high disease activity more than moderate disease activity, more
than remission and low disease activity group (p value < 0.05) as shown in table 3.
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Table 4: comparison between IR regarding (TNF-a, DAS, BMI, WC) among RA patients

Patient A: ANOVA
Early IR - K:
No IR Significant IR
(HOMA'score <1.9) | (HOMA Szcg)r €>1.9 [HOMA score > 2.9) ngri‘;st‘;";‘l
Mean / SD/| Mean/ SD | Mean/ SD/| pvalue sig.
Median IQR | Median /IQR | Median I0R
TNF-a (ng/L) 165.00 | 135-175 | 240.00 | 210-270 | 442.50 p10-662.5 | 0.001® HS
DAS28-ESR 3.75 1.27 4.50 1.18 5.13 1.13 | 0.010%W S
Score
BMI 25.87 1.02 25.40 0.25 26.33 1.15 | 0.157%W NS
. . 85.91 10.77 94.20 11.58 90.92 9.78
Waist Circum.
(cm) 0.262® | NS

There was a highly statistically significant increase in TNF-a (p value = 0.001) which was higher in those
had significantly IR and a statistically significant increase in disease activity DAS28-ESR (p value = 0.010)
which was higher in those had significant IR group. However, there were no statistically significant
differences as regard BMI and waist circumference (p value > 0.05) as shown in table 4.

TNF-a had a highly statistically significant positive correlation with DAS28-ESR in RA patients (p value <
0.001). There was also a significant positive correlation with fasting serum insulin and IR in RA patients and
the control group (p value >0.001). There was no statistically significant correlation as regard other
parameters (p value > 0.05) as shown in table 5.

Table 5: correlation between TNF-a and BMI, waist circumference, fasting blood sugar, fasting
insulin, HOMA-score and DAS-ESR28 score in the different patients

TNF-a.

Patients Control
R P | Sig. R P | Sig.
BMI (kg/m?) -0.020 0.905| NS -0.048 0.770 | NS
Waist circum. (cm) -0.186 0.251 | NS -0.045 0.783 | NS
F. blood sugar (mg/dl) 0.172 0.288 | NS 0.217 0.178 | NS
F. serum insulin (1U/ml) 0.420 0.007 S 0.512 0.008 S
IR (HOMA score) 0.380 0.016 S 0.410 0.020 S

DAS28—ESR 0.539 | <0.001| HS

ROC curves were constructed to determine sensitivity and specificity of TNF-a in predicting IR in RA
patients. The curves showed that at cut point of TNF-a (>195 ng/L), early significant IR in RA patients
sample was detected with sensitivity 93.7% and specificity 85.1%. And, at cut point of TNF-o (>88 ng/L),
early and significant insulin resistance among the control sample with sensitivity 100% and specificity 100%
was detected as shown in figures 1 and 2.
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Fig. 1: ROC curve of TNF to predict early and significant insulin resistance among the patients.
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Figure 2 : ROC curve of TNF to predict early and significant insulin resistance among the controls

DISCUSSION

RA is a common chronic autoimmune
systemic inflammatory disease and it leads to the
development of synovitis, joint damage and
structural bone damage. A number of extra
articular manifestations and comorbidities were
present in patients with RA, which resulted in
increased mortality ®. Increased prevalence of IR
in patients with RA had been potentially correlated
with the degree of RA disease activity ©. TNF-a is
an adipocytokine involved in  systemic
inflammation, stimulates the acute phase reaction
and involved in the pathogenesis of IR. It plays an

important role in the induction and perpetuation of
the chronic inflammatory processes in rheumatoid
joints as well as in the systemic manifestations of
this disease “%.This study was designed to
investigate the relation between TNF-a and IR in
RA patients and its relation to disease activity.
Among the 40 RA patients sex distribution
was 33 (82.50%) females and 7 (17.50%) males.
Therefore, the ratio of female to male was 4:1 ; it
is nearly agreed with results of Kavanaugh®®
which showed that RA was significantly more
common in females than in males (about 3:1
female: male ratio).The RA patients age ranged
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from 20 to 59 vyears with the mean *SD
(36.50+11.62). Majithia and Greraci “? study
showed similar data concerning age of the
patients; RA onset was most frequent between the
ages of 40 and 50, but people of any age can be
affected.

As regard treatment of RA patients, 35
(87.5%) patients were on corticosteroids and
hydroxychloroquine, 26 (65.5%) patients had
MTX therapy, 21 (52.5%) patients had NSAIDS
and 15 (37.5%) patients had leflunomide.

MTX therapy had been a major advance in the
treatment of RA and it is now the cornerstone of
therapy;it is the most popular drug worldwide for the
treatment of RA. Low-dose, weekly MTX (10 to 25
mg/wk) used as either monotherapy or in combination
with other drugs has a superior efficacy ™.

In their study on 12526 RA patients, Roberts et
al. ™ found that the most commonly prescribed
cDMARD was methotrexate (76% patients).Also,
Rannio et al. ®® found that at baseline, 68% of
their studied RA patients used methotrexate-based
combination therapy.

In our study, RF of RA patients was positive
in 28 pts (70%) and its mean £ SD was 49.82 +
59.27. This was strongly agreed with results of
Aletaha et al. “© which showed that RF could be
found in up to 75 % of RA patients. Hakal et al.
@ studied 95 RA patients and they found that
75% of the patients were RF positive. And their
results were slightly agreed with those of
Humphreys et al. “® who mentioned that
approximately 80% of adult RA patients test
positive for RF.

IR is defined as impaired ability of insulin to
stimulate glucose utilization and it is a major
characteristic of diabetic patients. ¥

In RA patients, fasting blood sugar mean + SD
was 98.78 + 7.80, fasting serum insulin mean *
SD 17.70 £ 16.31 and consequently HOMA score
calculation mean + SD was 3.96 + 3.14. By
comparing fasting blood sugar, fasting serum
insulin and HOMA score between RA and the
control group there was only highly significant
difference between them as regard fasting blood
sugar but no significantly difference as regard
fasting serum insulin and HOMA score, even they
were higher in RA patient than in the control (P
value = 0.667, P value = 0.083).

The results obtained in this study agreed with
those of Bilecik et al. @ they showed that there
was no significant difference between the RA
patients and the control group patients regarding
fasting serum insulin. The serum insulin levels and
IR as calculated by HOMA-IR of the RA patients
were higher than for the control group values,

however the difference was not significant (P =
0.103, P = 0.132).However, our result didn’t agree
with those of Giles et al. ©, since they found that
mean HOMA-IR levels were significantly higher
in the RA patients group compared to the control
group. This difference could be explained by the
different demographic features of their studied
subjects since, they had more number of subjects
(393 vs 80), higher age range (45-84 vs 18-60)
years and different BMI index (up to 35 vs < 30)
kg/m?.

TNF-o is a pleiotropic cytokine that is
transcriptionally activated in response to a variety
of stimuli during inflammation, infection and
stress @),

As regard serum TNF-a level, its median was
240 and IQR was 190-510 which was higher in
RA patients than control (median 140 and IQR
110-189). Serum TNF-a level was significantly
higher in RA patients than in the control.

Hadinedoushan et al. ® study demonstrated
that the serum level of TNF-o was 5.21 + 1.69
Pg/mL in the control group and 62.4 + 27.1 Pg/mL
in the RA group (P value< 0.0001). There was a
significant difference in terms of serum TNF-a
level in RA group (p < 0.05).In addition, Wei et
al. @ studied 890 patients with RA and 441
healthy people as the control and they mentioned
that serum TNF-a level of RA patients was
significantly higher than in the control (P value <
0.001).And also, Gheita et al. ®¥ study concluded
that serum TNF-a levels was higher in RA patients
than in controls (P value = 0.036) and it might be
predicted by disease activity.

We used DAS28-ESR score to assess disease
activity in RA patients. We further classified RA
patients according to disease activity, where 3
patients (7.5%) were in remission, 2 patients
(5.0%) had low disease activity group, 18 patients
(45.0%) had moderate disease activity group and
17 patients (42.5%) had high disease activity.

And by comparing them according to fasting
blood sugar, fasting serum insulin and HOMA
score we found that there was a high statistically
significant difference between the 3 groups
regarding fasting blood sugar being higher in the
high disease activity group (p value < 0.001). And
a there was statistically significant difference as
regard fasting serum insulin and HOMA score in
RA patients which being higher in the high disease
activity group (P value < 0.05). This result agreed
with those of Muller et al. ® who studied 92 RA
patients to assess relation between IR and RA
disease activity, they found that IR developed in
the early stage of the disease and associated with
RA disease activity. Also, Stagakis et al. ®
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studied 61 patients with RA, they found that
elevation HOMA score was accompanied with
elevated fasting blood sugar, fasting serum insulin
level and disease activity. They cleared strong link
between degree of inflammation and IR among
RA patients.

In this study, TNF-a level showed that there
was a high statistically significant difference
between the three groups. TNF-a was higher in the
high disease activity group (P value < 0.001). This
result agreed with those of Costa et al. @” they
showed that patients with RA had significantly
increased TNF-a and it was associated with
increasing disease activity. This is different from
results of Chung et al. ® who studied 124
patients with RA. Compared TNF-a in the
different disease activity groups, they found no
significant difference. Yet, after eight weeks of
medical treatment in patients with high disease
activity, a decrease in DAS28-ESR was associated
with a significant decrease in the serum TNF-a.

We further subdivided our RA patients
according to the degree of IR into 3 groups:11
patients (27.5%) had no IR (HOMA score <1.9), 5
patients (12.5%) had early IR(HOMA score >1.9 -
<2.9) and 24 patients (60.0%) had significant IR
(HOMA score >2.9).

In RA patients comparative study between the
3 groups revealed high significant increase in
TNF-o in the significant IR group (P value =
0.001) and significantly high disease activity in
those patients with significant IR also (P value =
0.010), however there was no significant
difference as regard BMI and waist circumference
(P value > 0.05).This result agrees with those of
Muller et al.*® who found increased IR which
was associated with increased RA disease activity
and a highly statistically significant increase in
TNF-o level with increasing IR. Sahin et al. @
also found that HOMA-IR was positively
significant correlated with TNF-a and RA disease
activity.

In addition, Castillo-Hernandez et al.
found that insulin resistance was significantly
higher in rheumatoid with normal weight than in
overweight. As expected, levels of TNF-a, IL6
and IL1B were significantly higher in RA patients.
Also, Costa et al. ®” evaluated the involvement of
TNF-o and insulin resistance (IR) in the
inflammatory process, oxidative stress and disease
activity in patients with rheumatoid arthritis (RA).
The presence of insulin resistance was strongly
associated with both oxidative stress and TNF-a
level. This also agreed with results of Gonzalez-
Gay et al. ® who explained that TNF-o had a role
in the pathogenesis of IR in RA patients

(30)

independent of the contribution of age, race, sex
and BMI in RA patients. Those results had also
proved by the presence of highly statistically
significant positive correlation between TNF-a
and DAS28-ESR. Also, positive significant
correlation had been found between TNF-a,
fasting serum insulin and HOMA-IR in RA
patients. Our results agree with those of
Gwozdziewiczova et al. ®? they showed a positive
significant correlation between TNF-o and IR in
RA patients and concluded that TNF-a plays an
important role in the development of IR in men
and women with early symptoms of IR in a
different way. Chung et al. “® study mentioned
that HOMA index was also significantly positively
correlated with TNF-a(P value = 0.05) in RA
patients and TNF-a plays a role in the
development of IR. Also, Giles et al. © proved
that TNF-o. was positively correlated with the
HOMA-IR and serum insulin independently of
BMI in RA patients.

We also found that among the control group,
there was a highly significant increase in serum
TNF-a especially in significant IR group (p value
< 0.001). There was no statistical significance as
regard BMI and waist circumference (p value >
0.05).We also found that serum TNF-a level
among the control group was significantly positive
correlated with  HOMA-IR and fasting serum
insulin independently of BMI. Our result agrees
with those Agarwal et al. ®® study that showed
positive significant correlation between TNF-a
and HOMA-IR in normal population (male and
female) and also with those of Rajarajeswari et
al. ® who studied 100 RA patients and control as
regard serum level of TNF-a, fasting blood sugar
and fasting serum insulin; they found that serum
level of TNF-a had strong correlation with fasting
blood sugar and fasting serum insulin in RA
patients and control groups.

Using ROC curve this study showed that
among RA patients, TNF-a. >195 ng/L there was
early significant IR with sensitivity 93.7% and
specificity 85.1%. And the cut off value of TNF-a
>88 ng/L among control group showed early
significant IR with sensitivity 100% and
specificity 100%. Lee et al. ®® study concluded
that serum cutoff value of TNF-a among subjects
was 4.52 Pg/ml (sensitivity 67%; specificity
79%).And Chen et al. ®® study showed that by
the ROC curve among RA patients the optimal
cutoff value of TNF-a was 1.27 (AUC of 0.791,
sensitivity of 94.2%).
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CONCLUSION

TNF-a plays a role in development of IR in
rheumatoid arthritis patients or normal control.
Higher disease activity was associated with
increased IR, one of the pathogenic mechanism
may be due to higher level of TNF-a in those
patients.
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