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ABSTRACT 
Background 
Numerous studies have shown an association of metabolic syndrome (MS) and insulin resistance with inflammation. 
The prevalence of MS as defined by the National Cholesterol Education Programme, Adult Treatment Panel III (NCEP, 
ATP), and other criteria indicates ranges from 11% to 41% in India. Neutrophil-lymphocyte ratio, which is calculated 
from a routine complete blood count with a widely used marker of inflammation. 
 
Aims and objectives 
The aim of the present study was to evaluate the neutrophil-lymphocyte ratio in patients with MS and to correlate 
the same with the severity of MS based on the categories of MS. 
 
Materials and Methodology 
In this cross-sectional study, 210 patients with and without MS were included after detailed history and examination. 
Patients were considered as cases based on the NCEP, ATP III criteria for MS. Both groups of patients were subjected 
to routine investigations which included complete blood counts, total white blood counts, neutrophil and lymphocyte 
levels, HbA1c levels, serum glucose levels, fasting lipid profile, and electrocardiography. Logistic regression analysis 
was done to look for the association of neutrophil-lymphocyte ratio with MS. P < 0.05 was considered as statistically 
significant.  
 
Results 
It was seen that the neutrophil-lymphocyte ratio in participants without MS was found to be 1.57 ± 0.728 and the ratio 
in participants with MS fulfilling 3 out of the 5 criteria, 4 out of 5 and 5 out of 5 criteria were, respectively, 2.65 ± 1.003, 
3.59 ± 1.258, and 4.79 ± 2.143. This association was statistically significant with a P = 0.00.  
 
Conclusion 
Participants with MS had increased neutrophil-lymphocyte ratio when compared to participants without MS. 
Participants fulfilling higher criteria of MS had higher neutrophil-lymphocyte ratio suggesting increasing 
inflammatory state.  
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       INTRODUCTION 
The prevalence of the metabolic syndrome 
(MS) varies from place to place around the 
world, due to the difference in the age and 
ethnicity of the populations studied and the 
diagnostic criteria applied. [1] The prevalence 
as defined by the National Cholesterol 
Education Program, Adult Treatment Panel III 
(NCEP, ATP) ranges from 11% to 41% in India. 
[2] Numerous studies have shown an 
association of MS and insulin resistance (IR) 
with inflammation. Two hypotheses have 
been proposed to explain the relationship of 
MS with inflammation. The first states that 
low-grade inflammation going on for a long 
time leads to metabolic disturbances, which in 
turn leads to IR. [3] The second suggests that 
change in the glucose and lipid metabolism 
causes inflammation which results in IR. [4]The 
relationship of systemic inflammatory 
markers high-sensitivity C-reactive protein 
(hs-CRP) with MS and IR has been shown in 
several studies. [5] Prediabetic participants 
who were insulin resistant had comparatively 
higher levels of markers of inflammation (hs-
CRP). Therefore, a pro-inflammatory state can 
contribute to the atherogenic risk profile in 
prediabetic patients with increased IR. [6] 
However, most of these markers are time-
consuming and expensive. Recently, it has 
been shown that there is a strong relationship 
between the ratio of  Neutrophil-Lymphocyte 
ratio (NLR) and several metabolic diseases, 
such as diabetes and cardiovascular diseases 5 
(CVD).[7] NLR has been shown to be a more 
valuable marker for CVD than white blood cell 
(WBC), as it is less likely to be influenced by 
physiological conditions.[8] NLR, which is 
calculated from complete blood count with 
differential, is an inexpensive, easy to obtain, 
widely available marker of inflammation, 
which can aid in the risk stratification of 
patients with various CVD in addition to the 
traditionally used markers.[ 9] 

 
Materials and Methodology: 
A cross-sectional study was conducted on 210 
participants seen on the outpatient basis at 
Narayana medical college hospitals attached 
to India. Out of the 210 participants, 105 
participants were with MS and 105 age- and 
gender-matched controls were without MS. 
The study period was between June 2023 and 
December 2023.  

The inclusion criteria included patients of age 
≥18 years, participants fulfilling the NCEP: 
ATP III modified criteria of MS and patients 
with normal cardiovascular system, 
respiratory system, per abdomen and central 
nervous system examinations. MS was 
diagnosed according to the NCEP ATP 3. [ 7] 
Those criteria require the presence of 3 or 
more of the following: 
 1. Abdominal obesity (waist circumference 
[WC] >102 cm in men and >88 cm in women);  
2. A high triglyceride (TG) level >1.7 mmol/L 
(>150 mg/dL); 
3. A low high-density lipoprotein (HDL) 
cholesterol level <1.0 mmol/L for men and <1.3 
mmol/L for women (<40 mg/dL for men 
and<50 mg/dl for women); 
4. A high blood pressure (BP) (systolic BP >130 
mm Hg; and/or diastolic BP >85 mm Hg) and 
5. A high fasting blood glucose concentration 
>5.6 mmol/L (>110 mg/dL).  
While the exclusion criteria included patients 
on any medications (except oral hypoglycemic 
agents and lipid-lowering agents) that may 
have affected the results of the study and 
inflammation parameters, patients with a 
history of smoking/alcohol, patients on 
immunosuppressive drugs, and patients with 
known coronary artery disease. 
 Detailed history included a history of risk 
factors, if any, physical examinations and 
baseline investigations such as complete 
blood counts, HbA1c levels, serum glucose 
levels, fasting lipid profile, and 
electrocardiography. Patients were classified 
into three groups based on the number of MS 
criteria: Group 1 (patients with 3 MS criteria), 
Group 2 (patients with 4 MS criteria), and 
Group 3 (patients with 5 MS criteria). Height, 
weight, and WC were measured while fasting 
and standing up with the standard measuring 
tools. The narrowest diameter between the 
costal arch and anterior superior iliac spine 
was measured for WC. The BP was measured 
after at least a 10 min rest in the sitting 
position. The mean of all three measurements 
with a 2-min interval was considered BP. Data 
were analyzed using simple statistical 
methods and represented categorically 
in Tables 1-4 
 
Results 
Our study consisted of 102 females and 108 
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males. Among the cases, there were 50 
females (48.54%) and 53 males (51.46%). 
While among the controls, there were 50 

females (46.73%) and 57 males (53. 27%) 
details were explained in table-1.  

 
Table 1: Gender-wise classification of the participants 

Gender  Frequency (%) 

Females  102 (48.6) 

Males  108 (51.4) 

Total  210 (100.0) 

 
The mean age in our study was found to be 57 
± 9.545 years with minimum being 35 years 
and maximum being 80 years. In our study, the 
majority of 210 participants, i.e., 146 (69.5%) 
participants were between the age group of 

46–65 years and 32 (15.2%) were of the 
younger age between 35 and 45 years and 32 
(15.2%) participants were above 65 years of 
age, details about study sample were 
discussed in table-2.  

 
Table 2: Mean age distribution of the participants 

 N Minimum Maximum Mean±SD 

Age   210 35 80 57.32±9.545 

 
In table-3 showing results of the study sample, 
out of the 210 participants in our study, 103 
participants had MS and 107 were without MS. 
The neutrophil-lymphocyte ratio in 
participants without MS was found to be 1.57 

± 0.728 and the ratio in subjects with MS 
fulfilling 3 out of the 5 criteria, 4 out of 5 and 5 
out of 5 criteria were respectively 2.65 ± 1.003, 
3.59 ± 1.258, and 4.79 ± 2.143.  

 
Table 3: Comparison of the mean N/L ratio between the groups using the Mann-Whitney test 

 N Minimum Maximum Mean±SD U  Mean 
difference 

P 

Metabolic  103 1 8 3.66±1.769 1401.50 2.09 0.00* 

Non-
metabolic  

107 1 5 1.57±0.728 
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The overall neutrophil-lymphocyte ratio in 
participants with MS was 3. 66 ± 1.769, details 

were explained in table-4 

 
Table 4: Comparison of the mean N/L ration among the groups using Kruskal-Wallis 

 N Minimum Maximum Mean±SD Kruskal-
Wallis 

P 

Non-
metabolic  

107 1 5 1.57±0.728  
 
 
101.72 

 
 
 
0.00* Metabolic 

3/5 
35  1 7 2.63±1.003 

Metabolic 
4/5 

34  1 6 3.59±1.258 

Metabolic 
5/5 

34 1 8 4.79±2.143 

 
Discussion 
MS refers to a group of metabolic 
abnormalities related to a state of IR which is 
frequently associated with a high-risk 
overweight/obesity phenotype. The major 
characteristics of MS include IR, abdominal 
obesity, high BP, and lipid abnormality (i.e., 
increased levels of TGs and low levels of HDL 
cholesterol). [2] The co-occurrence of these 
disorders seems to be more frequent than 
would be expected by chance, and their 
collection seems to add essential 
cardiovascular risk above and beyond that of 
the individual risk factors. Moreover, there are 
several inklings in favor of a common 
pathophysiological background for the 
syndrome, at the center of which lies IR. [10] In 
obese conditions in humans and animals, 
inflammation contributes to the pathogenesis 
of diabetes through IR. Therefore, anti-
inflammation therapy may be proposed as a 
strategy for the improvement of IR. High-dose 
salicylates directly suppress inflammation by 
targeting nuclear factor kappa B, which 
improves insulin sensitivity and reduces blood 
glucose in patients with diabetes. [11] 

Consistent with the literature, the present 
study showed that the number of neutrophils 
increased in MS. The study also showed that 
the participants with all the five criteria of MS 
had higher neutrophil-to-lymphocyte ratio 
when compared to participants with 4 or 3 
criteria signifying that as severity of MS 
increases, neutrophil-to-lymphocyte ratio also 

increases. Leukocyte activation occurs during 
an inflammatory reaction. Leukocytes were 
detected to have a role in atherogenesis. 
Along with a high number of leukocytes, there 
is a significant relationship between 
neutrophil–lymphocyte ratio (NLR) and 
severity and prognosis of CVD. Previous 
studies demonstrated that WBC, leukocyte 
subtype, and NLR predicted systemic 
inflammation. Number of neutrophils is 
considered to be associated with the 
formation, complexity, and activation of 
atheromatous plaque. [12] In a study by 
Buyukkaya et al. who performed a neutrophil-
to-lymphocyte ratio on participants attending 
the cardiology outpatient clinic in Turkey 
found similar results with neutrophil-to-
lymphocyte ratio. Participants meeting 5 MS 
criteria had higher NLR than those meeting 3 
and 4 criteria, whereas there was no difference 
between the patients meeting 3 and 4 MS 
criteria. Participants with NLR above 1.84 had 
higher hs-CRP levels which in turn predicted 
inflammation. [12] There are some limitations 
that should be noted meanwhile. First, the 
number of observed events is to some extent 
small which limits the statistical power of this 
explorative study. However, the sample size of 
this research is sufficient to draw a conclusion. 
Second, the neutrophil-lymphocyte  ratio was 
not compared with a known inflammatory 
marker.  
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Conclusion 
 In our study, NLR above approximately 1.57 
predicted significant inflammation. 
Neutrophil-to-lymphocyte ratio is calculated 
from complete blood count with differential, is 
an economical, easy to obtain, affordable, 
accessible marker of inflammation, which can 
help in the risk stratification of patients with  
 

 
various CVD in addition to the traditionally 
used markers. 
 
Future implications 
Further prospective studies of larger numbers 
are required to confirm the findings of the 
present study and the optimal cutoff value of 
NLR in inflammation. 
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