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ABSTRACT 
 

Aim: Metabolic syndrome (MetS) and all its components are independently characterized by the 
presence of low-grade chronic inflammation. The study aimed at controlling inflammation using 
sulfasalazine 500mg, once a day treatment in comparison to placebo in MetS patients.  
Study Design:  Double blind, randomized, placebo controlled study. 
Place and Duration of Study:  Sadbhavna Medical and Heart Institute, Patiala; and, Department 
of Pharmaceutical Sciences and Drug Research, Punjabi University, Patiala, Punjab, between 
January-November 2014. 
Methodology:  50 eligible subjects (Male / Female = 45/5, n=25/group), fulfilling the National 
Cholesterol education Program-Adult Treatment Panel (NCEP-ATP III) diagnostic criteria of MetS, 
were randomly assigned to once daily drug or placebo tablets for 20 weeks. Blood pressure, serum 
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high sensitivity C-reactive protein (hsCRP), tumor necrosis factor–alpha (TNF-α), lipid profile, 
fasting plasma glucose and insulin levels, homeostatic model assessment-insulin resistance 
(HOMA-IR), endothelial-dependent flow-mediated dilation (FMD) of brachial artery, right common 
carotid artery’s intima-media thickness (IMT) and artery stiffness indices [(Young elastic modulus 
(YEM), stiffness index (SI) and carotid arterial compliance (CAC)] by Doppler Ultrasound were 
assessed at baseline and after 20 weeks treatment. Tolerability of drug was also measured using 
hematological and biochemical analysis. Statistical significance was accepted at p ≤.05. 
Results:  FMD improved as 25.66±6.47% versus 12.41±3.22%, p<0.01; and insulin resistance 
(HOMA-IR) decreased as 7.05±3.48 versus 11.32±6.08, p<0.01, from baseline in drug group as 
compared to placebo group, whereas endothelium-independent vasodilatation (p=0.23) and 
baseline brachial artery diameter (p=0.95) remained unchanged in both the groups. Serum 
triglycerides (p=0.04), hsCRP (p<0.01) and TNF-α (p<0.01) levels were considerably altered, but 
there was no effect on carotid IMT, YEM, CAC and SI (all p≥0.05). Biochemical and hematological 
safety variables were significantly altered, but were still found with-in the normal limits.    
Conclusion:  Thus, sulfasalazine may prevent cardiovascular disease risk in MetS patients by 
reducing insulin resistance and endothelial dysfunction via halting inflammatory process. Moreover, 
it was found tolerable. 
 

 
Keywords: Metabolic syndrome; inflammation; insulin resistance; flow mediated dilatation; endothelial 

dysfunction. 
 

1. INTRODUCTION  

  
The term “cardio-metabolic risk” delineates the 
increased threat of both cardiovascular and 
metabolic morbidity resulting from a cluster of 
risk factors, jointly manifested in the form of 
Metabolic Syndrome (MetS) [1]. The global 
prevalence of MetS varies from 8% in India to 
24% worldwide [2]. The risk of atherosclerotic 
cardiovascular disease (CVD) accompanying the 
MetS is double than the general population [3]. 
Metabolic syndrome and all of its inherent 
components are independently characterized by 
the presence of low-grade chronic inflammation 
and an imbalance between pro-inflammatory and 
anti-inflammatory cytokines [4]. Pro-inflammatory 
cytokines induces endothelial dysfunction and 
accelerate atherosclerosis process by stimulating 
neutrophil chemotaxis, macrophage activation 
and superoxide production [5]. Sulfasalazine, an 
anti-cytokine drug, has been recently explored in 
established coronary artery disease patients 
based on its potential nuclear factor kappa B 
(NF-kB) and tumour necrosis factor-alpha (TNF-
α) inhibitory activity [6]. The concept of immunity 
- inflammation - insulin resistance - endothelial 
dysfunction link has been now well grown. 
However, potential of none of the anti-cytokine 
drugs has been evaluated in metabolic syndrome 
patients. The study aimed at exploring anti-
inflammatory potential of the Sulfasalazine 
500mg, once a day, in comparison to placebo 
treatment in metabolic syndrome patients. 
 

2. MATERIALS AND METHODS  
 
A double-blind, placebo controlled, randomized 
controlled study was carried out at Sadbhavna 
Medical and Heart Institute, Patiala, India. 50 
eligible subjects [M/F = 45/5], age ≥ 18 years and 
fulfilling the National Cholesterol Education 
Program-Adult Treatment Panel (NCEP-ATP III) 
diagnostic criteria of metabolic syndrome, were 
recruited [7]. Presence of low grade systemic 
inflammation, as measured by serum high 
sensitivity C-reactive protein (hsCRP) level ≥ 1.0 
but ≤ 10.0 mg/dl was also considered as a 
primary requisite for inclusion in the study. 
Eligible patients were randomized into two 
groups (n=25/per group), group A and B, and 
were allocated treatment as sulfasalazine and 
matched placebo tablets (500mg once a day, for 
20 weeks) to their on-going therapeutic regimen, 
respectively. 1:1 randomization was carried out 
to expose patients equally to drug or placebo 
using computer assisted random number table. 
Patients were excluded who, at screening time, 
were on medications like antioxidants, multi-
vitamins, non steroidal anti-inflammatory drugs or 
oral steroids, insulin sensitizers, disease 
modifying anti-rheumatic drugs (DMARDs), 
nitroglycerine or other vasodilators; have known 
or suspected allergy to the investigational 
medication; a history of chronic inflammatory 
diseases; pregnant or lactating women; currently 
taking another investigational study medication 
or had taken investigational study medication 
within 30 days prior to screening randomization. 
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Assessment of efficacy and tolerability was 
carried out at baseline (0 day) and after 20 
weeks of treatment. The study protocol was 
approved (approval number- ICEC/45/2012) by 
the Institutional Ethics Committee (IEC) of 
Punjabi University, Patiala, and was conducted in 
accordance with “Ethical guidelines for 
biomedical research on human participants” 
issued by Indian Council of Medical Research 
(ICMR) and was performed in accordance with 
the declaration of Helsinki and the code of Good 
Clinical Practice. 
 
2.1 Laboratory Measurements  
 
Overnight fasting blood samples were withdrawn; 
serum and plasma were separated out and 
stored at -40ºC until analysis. Quantitative 
estimation of lipid profile [triglycerides (TG), high 
density lipoprotein (HDL) cholesterol and total 
cholesterol (TC)], fasting plasma glucose (FPG), 
serum creatinine, serum glutamate oxaloacetate 
transaminase (SGOT) and serum glutamate 
pyruvate transaminase (SGPT) were estimated 
using commercial kits [Agapee Diagnostics Pvt. 

Ltd., India; Erba® Mannheim, Transasia 
Biomedical Ltd., India], according to 
manufacturer’s recommended protocol. 
Complete blood count (CBC) was measured 
using fully automated hematology analyzer 
(Sysmex XP-100). Inflammatory markers hsCRP 
and TNF-α were estimated by ELISA technique. 
Fasting plasma insulin (FPI) was estimated by 
immuno-turbidimetric assay. Insulin resistance 
(IR) was calculated using the homeostatic model 
assessment (HOMA), as the product of the FPI 
(µU/ml) and FPG (mg/dl) levels, and divided           
by 405.  
 
2.2 Evaluation of Brachial and Carotid 

Artery Atherosclerosis  
 
Assessment of endothelial-dependent flow 
mediated dilatation (FMD) of the brachial artery 
was carried out by two cardiologists, who was 
blinded to the treatment protocol, in accordance 
with the guidelines detailed by Corretti et al. [8]. 
FMD was calculated as FMD (%) = 100 × {(post-
hyperemic diameter – basal diameter) / basal 
diameter}. 

 

 
 

Fig. 1. Design and conduct of study 
 

 

Assessed for eligibility (n= 61) 

Excluded (n=11) 
♦   Not meeting inclusion criteria (n= 7) 
♦   Declined to participate (n= 4) 
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Follow-up completed (n= 25) 

Allocated to intervention Sulfasalazine (n=25) 

Follow-up completed (n= 25) 
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Enrollment 
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Intima-media thickness (IMT) of common carotid 
artery was measured using carotid 
ultrasonography. Diastolic (Dd) and systolic (Ds) 
diameter (D) of common carotid artery and, 
concomitant brachial blood pressure 
measurements (SBP and DBP) were measured 
to derive three parameters of arterial stiffness, 
i.e. Young’s Elastic Modulus (YEM), carotid 
arterial compliance (CAC) and stiffness index 
(SI) as described by Cipolli et al. [9]. 
 
2.3 Statistical Analysis 
 
The sample size was estimated by considering 
the insulin resistance as a primary response 
variable. To find out 25% decrease in insulin 
resistance (beta= 0.2, alpha= 0.05) with a 
standard deviation (SD) of 1.2, a sample size of 
total 49 patients was required [10].  
 
Descriptive and inferential statistical analyses 
were performed with Sigma Stat version 3.5. 
Continuous variables were expressed as mean ± 
standard error mean and discrete variables were 
presented as frequencies and percentages. 
Statistically significance was accepted at                 
p≤ 0.05. Results were compared between two 
groups using an unpaired t-test for normally 
distributed data, Mann Whitney-U test for skewed 
distributed data, and chi-square test for 
distribution free data. Pearson correlation 
followed by multiple linear regression analysis 
was applied to find independent predictors. Intra- 
and Inter-observer variability for cardiovascular 
Doppler profiling was 2.10% and 2.80% for 
brachial artery and 2.45% and 3.25% of the 
carotid artery, respectively. 
 

3. RESULTS  
 
The biochemical and clinical characteristics of 
the both groups at baseline and after treatment 
are presented in table 1. All patients [(n=50, 
Male/Female=45/5)] of MetS included were in the 
age range of 38-55 year. 55-64% and 8-16% of 
patients in both the groups had presence of 4 
and 5 components of MetS, respectively. 
Impaired glucose tolerance/diabetes, high TG 
and hypertension were common in all the 
patients. Only 8-15% patients had low HDL 
levels. Patients were stable from past three 
weeks on drugs such as angiotensin converting 
enzyme (ACE) inhibitors (45%)/ or angiotensin 
receptor blockers (ARBs) (55%), metformin 
(75%) with/ or without glimepride/glipizide (45%) 
and fenofibrates (75%)/or statins (15%). 
Metformin itself has week anti-inflammatory 

action that may synergise action of sulfasalazine. 
Fidan et al. [11] had reported that metformin 
treatment resulted in significant improvement in 
metabolic parameters as well as decrease in 
inflammatory markers hsCRP, TNF-α and IL-6 
levels. So, patients in two groups, (group A- 40% 
versus group B- 35%) were compared with 
regard to metformin treatment, but were not 
found significantly different (p= 0.55).  
 
In comparison, no statistical significant difference 
(p≥ .05) was found for any of the variables 
between the two treatment groups at baseline 
level. TC, TG, FPI, HOMA-IR, hsCRP, TNF-α, 
post-hyperemic BAD and FMD were significantly 
changed after sulfasalazine treatment. There 
was no effect on carotid artery’s IMT and 
stiffness indices. Obesity and hyperglycemia 
independently increase risk of CVD associated 
with endothelial dysfunction [12,13]. In the 
present study, endothelial dysfunction measured 
as FMD was found co-related to MetS 
components, dyslipidemia [{(TG), r= -.33, p=.01; 
(HDL), r= .28, p= .05}] only, but not with central 
obesity (r= -.07, p= .69), hyperglycemia (r= -.06, 
p= .64), and hypertension (SBP: r= -0.13,                   
p= .34). No inter-correlation was found between 
FMD, HOMA-IR, IMT, stiffness indices (YEM, SI 
and CAC), and any other variables. Multiple 
linear regression analysis revealed TG (p= .01) 
and HDL (p=.03) as independent predictors for 
FMD (FMD= -16.673 - (0.103 × TG) + (0.199 × 
HDL). Present findings of no inter-correlation 
between markers of endothelial dysfunction 
(FMD), insulin resistance (HOMA-IR), 
hypertension (SBP), dyslipidemia (TG, HDL) and 
central obesity (Cobs) may support the fact that 
insulin resistance mediates all the metabolic risk 
factors of the metabolic syndrome but, whether it 
per se elicits dyslipidemia, hypertension and 
consequently endothelial dysfunction is                    
not  clear [3].  
 
None of the patient had levels out of range at 
baseline for any of the safety parameter, viz., Hb, 
TLC, DLC, creatinine, SGOT and SGPT. There 
were no drop-outs due to adverse effects or any 
other reason. Serum levels of safety variables 
SGOT, SGPT, TLC and Cr were changed 
significantly (p<.05) after sulfasalazine treatment, 
but were still found with-in normal range. 
Patients’ self reported adverse effects                     
were mainly nausea (4 versus 3) and,                 
itching of skin (7 versus 4) in drug and               
placebo group, respectively. Levocetrizine              
5 mg OD was prescribed for itching of skin for            
2 weeks. 
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Table 1. Patients’ clinical profile (at baseline an d after treatment) 
 

Characteristics Group A  
sulfasalazine  
(500 mg) tab 

Group B  
placebo tab 

P  Group A  
sulfasalazine 
(500 mg) tab 

Group B  
placebo tab  

P  value 
 

At baseline  After 20 week treatment  
Age, years 42.40±4.79 43.32±4.73 0.47 - - - 
Sex (Male/Female), number 23/3 22/3  - - - 
Body weight, kg 90.63±7.72 91.12±7.83 0.81 - -  
Number  of MetS components (%  of patients) 4 (64%) 

5 (8%) 
4 (56%) 
5 (16%)                      

0.31 
0.12 

   

Systolic blood pressure (SBP), mm Hg 132.68±12.24 132.48±8.96 0.45 128.52±8.96 129.72±8.53 0.23 
Diastolic blood pressure (DBP), mm Hg 87.16±5.69 87.00±3.75 0.86 84.80±3.32 85.48±3.75 0.50 

Metabolic and inflammatory variables  
Body mass index (BMI), kg/m2 32.75±3.73 32.25±2.82 0.59 32.24±3.51 32.05±2.76 0 .83 
Waist Circumference, inches 44.48±2.46 43.48±1.76 0.10 43.72±2.24 43.20±1.53 0.34 
Total cholesterol (TC), mg/dl 228.76±17.05 230.28±17.18 0.76 206.88±14.78 223.88±18.34  <0.01 
Triglycerides (TG), mg/dl 162.48±10.99 164.12±12.41 0.62 148.92±15.44 156.72±11.51 0.04 
High density lipoprotein (HDL), mg/dl 51.36±5.66 51.68±4.34 0.82 50.76±5.11 51.48±4.27 0.59 
Fasting plasma glucose, mg/dl 144.68±28.37 138.68±26.49 0.44 125.23±15.80 136.28±25.59 0.08 
Fasting plasma insulin,  µU/ml 35.56±14.40 33.00±13.21 0.51 22.08±8.48 31.68±12.71 0.002 
HOMA-IR 13.54±7.55 12.03±6.61 0.58 7.05±3.48 11.32±6.08 0.008 
hsCRP,  mg/l 5.16±1.34 5.00±1.25 0.74  2.04±0.64  4.39±0.97 <0.01 
Tumor Necrosis Factor-α, pg/ml 19.08±4.33 19.16±4.53 0.91 11.40±2.72 17.64±3.26 <0.01 

Brachial artery variables 
Brachial artery diameter (BAD), mm 4.52±0.39 4.54±0.38 0.85 4.51±0.38 4.51±0.39  0.95 
Post hyperemic BAD, mm 5.01±0.43 4.98±0.42 0.81 5.66±0.40 5.06±0.42 <0.001 
Nitroglycerine induced BAD, mm 5.35±0.46 5.34±0.48 0.75 4.89±0.15 5.26±0.40 0.32 
Flow Mediated Dilation (FMD), % 11.04±4.03 09.54±2.54 0.12 25.66±6.47 12.41±3.22  <0.01 
Nitroglycerine Mediated dilation, % 18.51±5.00 16.97±4.66 0.26 18.57±5.31 17.02±5.50  0.23 
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Characteristics Group A  
sulfasalazine  
(500 mg) tab 

Group B  
placebo tab 

P  Group A  
sulfasalazine 
(500 mg) tab 

Group B  
placebo tab  

P  value 
 

At baseline After 20 week treatment 
Carotid artery variables 

Intima-Media Thickness, mm 0.76±0.08 0.74±0.07 0.63 0.75±0.08  0.74±0.68 0.79 
Systolic diameter, mm 6.46±0.63 6.33±0.38 0.81 6.45±0.67 6.33±0.41 0.68 
Diastolic diameter, mm 5.56±0.59 5.49±0.39 0.99 5.55±0.57 5.54±0.41 0.52 
Young’s Elastic Modulus, mm Hg.mm 222.82±73.87 231.94±31.65 0.68 214.94±74.71 242.00±84.90  0.23 
Stiffness Index (SI) 9.89±2.99 10.38±3.02 0.30  9.87±3.07  11.08±3.27 0.08 
Arterial Compliance, % per 10 mm Hg 3.67±0.97 3.45±0.83 0.39 3.81±1.00 3.37±0.94  0.12 

Safety variables  
Hemoglobin (Hb), gm 11.94±1.39 12.04±1.14 0.78 11.68±1.32 11.86±1.07 0.59 
Total Leukocyte count (TLC), mm3  8836.00±1491.88 9072±1208.13 0.93 8312.0±1167.73 7268.0±1043.83 0.03 
Creatinine, mg% 1.01±0.17 0.99±0.24 0.82 0.9±0.33 1.12±0.33 0.02 
SGOT, U/L 25.77±8.13 24.81±8.41 0.68 38.36±5.13 29.52±7.21 <0 .001 
SGPT, U/L 28.20±8.74 29.67±5.78 0.89 35.08±9.28 43.72±4.97 <0 .001 
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4. DISCUSSION 
 
Present study results have demonstrated that 
inflammation is the inherent part of disease 
process and controlling inflammation induced 
endothelial dysfunction and arterial remodeling 
with sulfasalazine may help in improving 
therapeutic outcome of the disease.  
 
NF-kB (nuclear factor kappa B), a transcription 
factor involved in expression of inflammatory 
genes, processes the transcriptional activation of 
pro-inflammatory cytokines [14]. TNF-α is a well-
established mediator of activation of endothelial 
cells, which results in impaired vaso-reactivity by 
blocking activation of endothelial nitric oxide 
synthase (eNOS) or degradation of eNOS 
mRNA, and by activating apoptotic signaling 
cascade in endothelial cells [15]. CRP is also 
involved in decreasing eNOS activity [16]. 
Findings of reduced levels of hsCRP and TNF-α 
has proved the hypothesis that sulfasalazine 
plays role in halting the progression of 
inflammatory damage in MetS patients. This had 
been reflected also in improvement of insulin 
resistance as well as endothelial function.  
 
Endothelial dysfunction and carotid intima-media 
thickness [17], both independently predict 
cardiovascular mortality [18,19]. Present results 
are in accordance with studies reporting 
improvement in FMD with sulfasalzine in RA [20] 
and CAD patients [21]. Increase in the FMD 
response but not the NTG response proposed 
that there was increased NO bioavailability but 
not the sensitivity of vascular smooth muscle to 
NO [22].  
 
CCA-IMT has been successfully positioned as a 
good marker for prediction of coronary heart 
disease risk in the Atherosclerosis Risk in 
Communities (ARIC) study [23]. Arterial 
remodelling proceeds to preserve levels of 
endothelial shear stress [17]. At present no data 
is reported for effect of DMARDs and/or 
biological anti-TNF agents on carotid artery 
remodelling in MetS patients. We had found no 
improvement in IMT and stiffness indices.  
 
Hyper-insulinemia is being considered as the 
common preceding factor of hypertension, low 
high density lipoprotein (HDL) cholesterol, hyper-
triglyceridemia, abdominal obesity, and altered 
glucose tolerance [24]. Treatment with 
sulfasalazine had lead to significantly decrease 
in insulin levels as well corresponding decrease 

in insulin resistance. It did not adversely affect 
lipid profile as had been reported by Berstein et 
al. [25] with use of etanercpt in MetS patients on 
HDL levels. We found a significant decrease in 
triglycerides level, but, this effect could be 
attributed to use of fenofibrates in more than 
70% patients.     
 
The anti-inflammatory mechanism of sulfa-
salazine and its role in improving insulin 
resistance and endothelial dysfunction is yet not 
established and understood. Although 
sulfasalazine is widely explored in rheumatic 
diseases, but how these mechanisms correlate 
with metabolic and cardiovascular effects and 
benefits is still need to be established. Prolonged 
presence of low grade systemic inflammation 
induces structural changes in arteries and 
vascular endothelium, over production of ROS, 
non-regulated synthesis and release of NO, 
impaired immune cells signalling, cytokines 
cascade and their interplay all impart crucial 
contribution for metabolic and cardio-vascular 
damage. Thus, overall halting inflammatory 
process at various levels by multiple 
mechanisms is the core playing component for 
proving efficacy of Sulfasalazine. Moreover, the 
drug was well tolerable for all the patients.  
 
5. LIMITATIONS 
 
Present study had several limitations. 
Mechanism of action of sulfasalazine for altering 
cardio-metabolic profile and NF Kappa regulated 
gene expression linked to insulin resistance and 
endothelial dysfunction was not explored. 
Moreover, evaluation only at one dose level in 
small number of subjects was carried out due to 
lack of funding, time and other institutional 
constraints.  
 
6. CONCLUSION 
 
Sulfasalazine was found effective in reducing 
insulin resistance and endothelial dysfunction by 
halting inflammatory process. It may prevent 
CVD risk in MetS patients. But, efficacy and 
safety must be further established in large 
randomized trials of long duration. Overall, it was 
found tolerable. 
 
Finally, the study implies that addition of 
sulfasalazine to therapeutic regimen of metabolic 
syndrome may help in better control of sign and 
symptoms, and may prevent MetS induced 
cardio-vascular damage.  
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