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1. Introduction 
Polycystic ovary syndrome (PCOS) is a metabolic and 
ovulatory disorder; which becomes manifest in adolescence 

(1) and continues throughout the reproductive ages, causing 
infertility in most patients (2). 

The major factor involved in the pathogenesis of both 
clinical and biochemical features of PCOS is the metabolic 
disorder caused by increased quantities of adipose tissue as 
observed in most cases. The emerging evidence points out the 
fact that metabolic changes such as hyperandrogenism, type 2 
diabetes, insulin resistance, and cardiovascular disease 
occurring during the course of PCOS in the long term may be 
associated with low-grade chronic inflammatory environment 
(3-6). Studies have shown that a significant increase occurs in 
circulating inflammatory marker levels in PCOS and that 

proinflammation is an important component of PCOS (7, 8).  
It is known that inflammation affects many complex 
mechanisms and that detection of an increase in immune cells 
may indicate inflammation. In clinical terms, studies have 
shown that an increase in inflammatory biomarker levels in 
the complete blood count may be an indicator of 
inflammation (6, 9, 10). A literature review reveals that; of 
the hematological biomarkers, the neutrophil-to-lymphocyte 
ratio (NLR) may have prognostic significance in many 
cancers and conditions affecting the metabolic and cardiac 
systems (11-14). Studies examining the significance of 
hematological inflammatory biomarkers in different clinical 
phenotypes of PCOS found out that the levels of some 
biomarkers including the counts of white blood cells, 
neutrophils, leukocytes, and the mean platelet volume 
increased in the PCOS group (15-17). However, the results in 
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Abstract 
Necrotizing fasciitis (NF) is often fatal, characterized by extensive necrosis of the subcutaneous tissues and fascia. The present study was aimed 
to validate the Laboratory Risk Indicator for Necrotising Fasciitis (LRINEC) score as a tool to predict/diagnose NF and to differentiate it from 
other soft tissue infections depending on the score. A Prospective Observational study was conducted in ESICMC PGI MSR, Medical College 
Hospital, Rajajinagar, Bengaluru, from Jan 2019 to June 2020. Patients ≥18 years of age with severe soft tissue infections were included in the 
study. Based on the LRINEC score, the patients were categorised as low (≤5), moderate (6-7) and high risk (≥8) for the prediction of onset or 
diagnosis of NF. Data analysis was performed using SPSS version 21.0. A total of 55 patients were included in the study. A significant 
association was observed with age (p=0.042), LRINEC score (p=0.0001), C Reactive Protein (CRP; p=0.0001), haemoglobin (p=0.008), serum 
sodium levels (p=0.004), serum creatinine (0.001), and amputation (p=0.004). Amputation was done in 5 cases. Only 1 mortality was observed 
in LRINEC high risk group with NSSTI. To conclude, LRINEC scoring system showed a better positive predictive value in identifying the 
onset of NF and risk strategizing of the patients with severe soft tissue infections. This study has aimed to contribute to the literature by 
investigating the value of inflammatory biomarkers of polycystic ovary syndrome (PCOS) that can be tested via a complete blood count. This 
retrospectively designed case-control study included 197 women in early reproductive age; who were in the age range of 18-24 years and who 
were admitted to the gynecology outpatient clinic. A total of 111 PCOS patients; in whom the diagnosis of PCOS was made based on 
Rotterdam criteria, were included in the study. A control group was formed by including 86 healthy women. All measurements of inflammatory 
biomarkers were obtained from the complete blood count test results. Of the inflammatory markers; the neutrophil count and the 
neutrophil/lymphocyte ratio were statistically significantly higher in the PCOS group compared to the control group (p=0.016 and p=0.002, 
respectively); however, the measured values of other parameters were similar between two groups. To evaluate whether or not the neutrophil 
count and neutrophil/lymphocyte ratio could be used as a screening tool to exclude PCOS, we constructed a receiver-operating characteristic 
curve (ROC). The ROC curve for the neutrophil count was 0.60 (p=0.016) and NLR was 0.627 (p=0.002). The neutrophil count and NLR were 
higher in the PCOS cases compared to the age-matched individuals in the control group. This finding confirms the presence of inflammation in 
PCOS cases of early reproductive age. However, it has been demonstrated that the diagnostic values of these markers are not strong in 
distinguishing PCOS patients from healthy individuals. 
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the literature are controversial (18). Therefore; this study has 
aimed to contribute to the literature by investigating the value 
of inflammatory biomarkers that can be tested via a complete 
blood count but having no established diagnostic significance, 
yet. 

2. Materials and methods 
2.1. Study design and patient selection 
This retrospectively designed case-control study included 197 
women in early reproductive age; who were in the age range 
of 18-24 years and who were admitted to the gynecology 
outpatient clinic of Recep Tayyip Erdoğan University School 
of Medicine's Training and Research Hospital in the period 
between January 2016 and December 2019.  

In accordance with the World Medical Association's 
2008-revised version of the 1975-version of the Declaration 
of Helsinki, the study commenced after obtaining approval 
from the Ethics Committee of Recep Tayyip Erdoğan 
University (Approval No:2020/48). 

Data; including the medical history, habits, and 
anthropometric parameters of participants in the PCOS and 
healthy control groups were obtained from hospital records. 
Our study excluded participants with the following 
conditions; including hyperandrogenism-related diseases such 
as androgen-secreting tumors, congenital adrenal hyperplasia, 
Cushing's syndrome, hyperprolactinemia, and thyroid 
diseases; liver and kidney dysfunction, cardiovascular 
diseases, diabetes mellitus, chronic inflammatory disease, 
malignancy, pregnancy, acquired immune deficiency 
syndrome, and nicotine and alcohol consumption. Participants 
using drugs with potential effects on the inflammatory state 
such as oral contraceptives, steroid hormones, insulin-
sensitizing drugs, antibiotics, or anti-inflammatory drugs were 
excluded, too.  

A total of 111 PCOS patients; in whom the diagnosis of 
PCOS was made based on Rotterdam criteria, were included 
in the study.  According to the Rotterdam criteria, making a 
diagnosis of PCOS requires the presence of at least two of the 
following three symptoms: [1] 
oligomenorrhea/polymenorrhea; [2] biochemical 
hyperandrogenis (Ferriman-Gallwey scores (FCS) of ≥8) (19) 
or the presence of clinical hyperandrogenism; [3] detection of 
polycystic ovaries in an ultrasonographic examination (20).  

Blood pressure values, waist and hip circumferences, and 
the height and weight of participants were retrieved from 
hospital records. Body mass index (BMI) was calculated 
using the following formula: BMI=weight (kg)/height (m)2. 
Complete blood counts and hormonal and biochemical tests 
were performed using the serum samples taken in the early 
follicular phase of the menstrual cycle. The results were 
retrieved from hospital records. All measurements including 
the counts of total white blood cells, neutrophils, monocytes, 
platelets, and lymphocytes, and all calculated ratios were 

obtained from the complete blood count test results. 

The homeostatic model assessment-insulin resistance 
(HOMA-IR) values were calculated using the following 
formula: HOMA-IR = The fasting blood glucose level x the 
fasting insulin level / 22.5 (21).  

2.2. Statistical analysis 
Data were analyzed using the Statistical Package for the 
Social Sciences software version 23.0 (SPSS IBM, Armonk, 
NY, USA). Descriptive data were expressed as mean ± 
standard deviation. The chi-square test was used in the 
analysis of categorical variables. The normal distribution of 
the variables was tested by Kolmogorov-Smirnov test. The 
nonparametric distribution of the variables was tested by the 
Mann-Whitney U test. The optimal cut-off points for 
inflammatory parameters in distinguishing the PCOS patients 
were further evaluated by receiver operating characteristic 
curve (ROC) analyses. A probability level of p<.005 was 
considered statistically significant. 

3. Results 
Of the participants included in the study, 111 patients were 
included in the PCOS group and 86 participants were 
included in the control group. The anthropometric properties 
and hormonal and metabolic profiles of the PCOS and control 
groups are listed in Table 1. The age distribution was 
statistically found to be similar between the PCOS and 
control groups (p= 0.104). The waist circumference and BMI 
were statistically significantly higher in the PCOS group 
compared to the control group (p=0.001, p=0.001, 
respectively); however, the hip circumference was similar 
between the two groups (p=0.082). Compared to healthy 
women; FGS values, as an indicator of clinical hirsutism, 
were higher in PCOS patients (p<0.001). 

Glucose and insulin values and HOMA-IR scores were 
not significantly different between the PCOS and control 
groups. As for the lipid profiles; triglyceride levels were 
statistically significantly higher in the PCOS group (p=0.007) 
but the levels of high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), and total 
cholesterol (TC) were not different between the groups. 
Women with PCOS had significantly higher levels of 
luteinizing hormone (LH), total testosterone (tT), and free 
testosterone (fT) compared to the control group (p=0.031, 
p=0.004, and p=0.001; respectively). The levels of 17-
hydroxyprogesterone (17-OH PG), dehydroepiandrosterone 
sulfate (DHEA-S), prolactin, and thyroid-stimulating 
hormone (TSH) were not significantly different between the 
groups. 

Of the inflammatory markers; the neutrophil count and the 
NLR were statistically significantly higher in the PCOS group 
compared to the control group (p=0.016 and p=0.002, 
respectively); however, the measured values of other 
parameters were similar between the two groups. To evaluate 
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whether or not the neutrophil count and NLR could be used as 
a screening tool to exclude PCOS, we constructed a receiver-
operating characteristic (ROC) curve (Fig. 1). Using a cut-off 
value of 4.955, the neutrophil count in the serum had a 
likelihood of excluding PCOS with a sensitivity of 0.39% and 
a specificity of 0.81%. Using a cut-off value of 1.755, NLR in 

the serum had a likelihood of excluding PCOS with a 
sensitivity of 0.64 % and a specificity of 0.62% (Fig.1). The 
area under the ROC curve for the neutrophil count was 0.60 
(95% CI: 0.512-0.680, p=0.016). The area under the curve for 
NLR was 0.627 (95% CI: 0.549-0.706, p=0.002) (Fig.1). 

Table 1. The anthropometric and biochemical findings in the polycystic ovary syndrome and control groups 
Parameters PCO (n=111) Control (n=86) p-value 
Age (year) 21.13 ± 2.60 21.72 ± 2.43 0.104 
WC (cm) 77.72 ± 10.22 73.36 ± 9.62 0.001* 

HC (cm) 101.30 ± 9.27 98.85 ± 9.22 0.082 
BMI (kg/m2) 23.78 ± 4.88 21.69 ± 3.49 0.001* 
FGS 7.77 ± 3.5 1.85 ± 2.69 <0.001* 
Glucose (mg/dl)                     90.14 ± 7.01 91.73 ± 10.53 0.454 
Insulin (mIU/ml) 10.62 ± 7.46 9.39 ± 5.26 0.350 
HOMA-IR                      2.36 ± 1.84 2.04 ± 1.27 0.238 
Triglyceride (mg/dl) 82.50 ± 36.41 68.44 ± 31.19 0.007* 
TC (mg/dl) 181.04 ±28.85 199.15 ± 184.07 0.153 
HDL-C (mg/dl) 60.47 ± 13.32 62.72 ± 13.67 0.339 
LDL-C (mg/dl) 102.47 ±28.79 99.72 ± 31.72 0.149 
LH (mIU/ml) 5.7 ± 5.22 5.7 ± 5.22 0.031* 
tT (ng/ml) 44.67 ± 16.43 38.78 ± 11.49 0.004* 
fT (ng/ml) 2.50 ± 1.09 2.06 ± 1.02 0.001* 
17 OH P (ng/ml) 1.16 ± 0.46 2.27 ± 10.89 0.264 
DHEA-S (mcg/dl)  275.01±110.02 257.06 ± 134.84 0.370 
TSH (microIU/ml) 1.68 ± 0.81 1.73 ± 0.82 0.772 
Prolactin (ng/ml) 20.40 ± 14.69 22.74 ± 35.81 0.375 

BMI, body mass index; DHEAS, dehydroepiandrosterone sulfate; FGS, Ferriman-Gallwey Score; fT, free testosterone; HC, hip circumference; 
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipoprotein 
cholesterol; LH, luteinizing hormone; TC, total cholesterol; TSH, thyroid-stimulating hormone; tT, total testosterone; 17 OH P, 17-
hydroxyprogesterone; WC, waist circumference A p-value of <0.05 was accepted as statistically significant 

4. Discussion 
In our study, we found that; of the inflammatory biomarkers 
in the complete blood count, the neutrophil count and NLR 
were statistically higher in PCOS patients compared to the 
control group. In addition, we found that the neutrophil count 
and NLR values are poorly sensitive biomarkers to be used to 
distinguish PCOS patients from individuals in the control 
group. PCOS is a complex disease accompanied by metabolic 
and ovulatory dysfunction, obesity, and inflammation (7). 

Levels of circulating inflammatory markers have been 
investigated in PCOS. Studies in the literature have reported 
that levels of proinflammatory cytokines such as IL-1α, IL-
1β, TNF-alpha, IL-6, IL-18, and CRP increase in the systemic 
circulation. This finding has been recognized as evidence of 
chronic inflammation in PCOS (22-24). However, the search 
for an inexpensive and easily accessible new marker to be 
used in making a diagnosis of PCOS is still a matter of 
interest for researchers. 

   Table 2. The levels of the measured blood parameters in the polycystic ovary syndrome and control groups 
Parameters PCO (n=111) Control (n=86) p 

White blood cell count (10³/uL) 7.88 ± 2.54 7.31 ± 2.19 0.094 
Monocyte count (10³/uL) 0.64 ± 0.79 0.66 ± 0.96 0.401 

Lymphocyte count (10³/uL) 2.24 ± 0.79 2.39 ± 0.79 0.362 
Neutrophil count (10³/uL) 4.89 ± 2.31 4.13 ± 1.67 0.016* 
Platelet count (x10³/mm³)  258.41 ± 73.14 257.10 ± 81.24 0.722 
Red cell distribution width (fl) 41.70 ± 3.68 42.70 ± 6.56 0.697 
Mean platelet volume (fL)  9.64 ± 1.62 9.41 ± 1.54 0.210 
Neutrophil/lymphocyte ratio  2.62 ± 2.53 1.84 ± 0.83 0.002* 
Platelet/lymphocyte ratio  130.13 ± 63.34 112.94 ± 36.17 0.149 
Monocyte /lymphocyte ratio 0.31 ± 0.31 0.28 ± 0.38 0.049 
Mean platelet volume/ lymphocyte ratio (fl/10³/uL) 5.03 ± 2.76 4.31 ± 1.51 0.103 

  p-value of <0.05 was accepted as statistically significant.
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Fig. 1. The receiver-operating characteristic (ROC) curve to evaluate 
whether the neutrophil count and NLR can be used as diagnostic 
markers to exclude PCOS 

Inflammatory marker levels derived from complete blood 
count tests and the ratios of such marker levels to each other 
are evaluated in most medical conditions as inexpensive and 
easily accessible methods to be used both in the diagnosis and 
the follow-up of the disease course. Being a parameter 
obtained from complete blood count tests as the ratio of the 
neutrophil count to the lymphocyte count; in the literature, 
NLR is correlated with the activation of diseases 
accompanied by chronic systemic inflammation including 
systemic hypertension, atherosclerosis, chronic obstructive 
pulmonary disease, and systemic lupus erythematosus (25-
28). There are studies, too, emphasizing that the complete 
blood count parameters can be used in the diagnosis of PCOS, 
in the pathophysiology of which low-grade chronic 
inflammation is thought to have a role similar to the 
abovementioned diseases (29, 30). Studies have shown that; 
of the complete blood count parameters, especially both the 
WBC count and the neutrophil count occur at statistically 
higher levels in the PCOS group compared to the control 
group (10, 31, 32). In their study, Pergialiotis et al. found out 
that both the platelet-to-lymphocyte ratio (PLR) and NLR 
were correlated with some hormonal and metabolic indicators 
in PCOS cases (16). In another study, Yılmaz et al. found that 
neutrophil and basophil counts, NLR, and mean platelet 
volumes as the inflammatory biomolecules obtained from 
complete blood count tests were higher in the PCOS group 
compared to the control group (33). In another study by 
Rudnicka et al., PCOS cases were compared with healthy 
individuals in similar groups in terms of age and BMI. That 
study reported high WBC counts and CRP levels indicating 
the presence of low-grade inflammation (30). In our study; 
similar to the information in the literature, the neutrophil 
count and NLR were higher in PCOS cases of early 

reproductive age compared to the control group. However; 
levels of other parameters, including WBC counts, were not 
significantly different in the PCOS group. A review of the 
literature reveals studies suggesting that NLR can be an 
independent prognostic factor in many conditions under the 
influence of chronic inflammation and that NLR is an 
important marker to determine the severity of inflammation 
(25, 34). Different from the previous studies in the literature, 
our study may have provided evidence that only a high 
neutrophil count and a high NLR may play a more important 
role as biomarkers showing the impact of inflammation in 
PCOS compared to all other parameters of a complete blood 
count test. It can be thought that; compared to the other 
parameters in a complete blood count test, the neutrophil 
count and NLR may perform better as diagnostic criteria 
indicating the degree of inflammation severity and chronic 
effects of inflammation in patients with PCOS. In addition, it 
was determined in our study that both the neutrophil count 
and NLR have poor diagnostic values in differentiating PCOS 
cases from healthy individuals. However, this finding 
suggests that the diagnostic precision of these markers, which 
are accepted as inflammation indicators, is debatable. 
Inflammation in PCOS can be manifest at different levels of 
severity depending on the phenotype. We think that the 
diagnostic value of the neutrophil count and NLR may have 
been affected by the heterogeneity of the phenotypic 
distribution of the included cases in our study. 

Our study had some limitations. The major limitation is 
the retrospective inclusion of PCOS patients in our study. The 
retrospective inclusion of the patients might cause failures in 
excluding some diseases with the potential to invoke 
inflammation. Another limitation is the small sample size 
resulting in the analysis of the results obtained from a small 
number of patients. In addition, inflammatory markers were 
examined without phenotypic grouping of PCOS cases. This 
prevented us to understand the effects of different phenotypes 
on the neutrophil count and NLR. Finally; because the PCOS 
cases included in our study were not grouped according to 
whether they had obesity or not, it was not possible to 
evaluate the effect of BMI on inflammatory parameters. 

The neutrophil count and NLR were higher in the PCOS 
cases compared to the age-matched individuals in the control 
group. This finding confirms the presence of inflammation in 
PCOS cases of early reproductive age. However, it has been 
demonstrated that the diagnostic values of these markers are 
not strong in distinguishing PCOS patients from healthy 
individuals. 
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