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Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrinopathies in women of reproductive age, with 
a prevalence of 7-10% [1]. It is a complex, multifactorial 
metabolic disorder characterized by oligoanovulation, hyper-
androgenism, and polycystic ovaries [2]. However, its specific 
causes are still unknown [3]. Some evidence indicates that 
low-grade inflammation is a potential risk factor for PCOS 
and plays an essential role in the development of insulin re-
sistance, type 2 diabetes mellitus, and atherosclerosis [4]. In 
PCOS patients, proinflammatory cytokines such as tumor ne-
crosis factor (TNF)-α, interleukin (IL)-6, IL-8, and IL-18 [5]; C-
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reactive protein (CRP); and homocysteine levels are high [5,6]. 
The level of leptin, which induces interferon-gamma and IL-6 
expression and mostly originates from the adipose tissue, 
also increases in PCOS patients [7].                               

Hatziagelaki et al. [8] found body mass index (BMI)-inde-
pendent correlations among chemokines, sex steroids, and 
pituitary hormones in PCOS patients. These data revealed a 
crucial link between PCOS and chronic inflammation. How-
ever, analyzing these molecules is difficult, including calcula-
tion of the exact threshold value and high costs during rou-
tine clinical practice [9]. Nevertheless, inflammatory markers 
from routine complete blood count (CBC) are simple, readily 
available, and cost-effective and have been investigated in 
many diseases, including PCOS. Some of the studied markers 
include neutrophil/lymphocyte ratio (NLR), platelet/lympho-
cyte ratio (PLR), and white blood cell (WBC) count [10,11].

In recent years, delta neutrophil index (DNI), which reflects 
the ratio of circulating immature granulocytes (IG) to the 
total neutrophil count and can be detected by automatic he-
matology analyzers through the latest technological develop-
ments, has become a marker of infection and inflammation 
[12]. IG describe the myelocytes, promyelocytes, and meta-
myelocytes (neutrophil precursors) found in the bone marrow 
after the neonatal period. These immature neutrophils enter 
the circulation during infection, and DNI may have predictive 
and prognostic value in many different infectious conditions, 
such as acute appendicitis, bacterial peritonitis, and sepsis 
[13-16].      

Additionally, DNI was identified as a prognostic marker for 
cardiac arrest and pulmonary embolism. In conclusion, DNI 
has prognostic importance in infectious diseases and diseases 
associated with systemic and sterile inflammation [17,18]. 
Here, we investigated the importance of DNI in the diagnosis 
of PCOS, in which inflammation is an important etiology. Dis-
covering new simple and inexpensive inflammatory biomark-
ers for diagnosing PCOS in a clinical setting may contribute 
to disease follow-up. In addition, in PCOS patients, early 
detection and prevention of the inflammatory state may be 
beneficial for avoiding long-term risks such as diabetes and 
atherosclerosis [4]. Although the increased inflammatory 
response in patients with PCOS has been evaluated for vari-
ous markers in the literature, the relationship between DNI, a 
new inflammatory marker, and PCOS has not been studied. 

Materials and methods

The presented retrospective clinical study was carried out 
between October 2019 and July 2022 at Afyonkarahisar 
Health Sciences University, Faculty of Medicine, Department 
of Obstetrics and Gynecology. The study was approved by 
Afyonkarahisar Health Sciences University Clinical Research 
Ethics Committee Medical Ethics Committee (2021/508). 

Medical records of 227 patients were reviewed retro-
spectively, and clinical and laboratory data were obtained. 
According to the PCOS-rotterdam diagnostic criteria recom-
mended by the European Society of Human Reproduction 
and Embryology, 72 patients diagnosed with PCOS who met 
at least two of the following criteria were included in the 
study: oligo and/or anovulation, clinical and/or biochemical 
findings of hyperandrogenism, and polycystic appearance 
[2]. Patients with hyperandrogenemia or other etiologies of 
ovulatory dysfunction (congenital adrenal hyperplasia, 21-hy-
droxylase deficiency, androgen-secreting tumors, Cushing’s 
syndrome, thyroid disease, and hyperprolactinemia) were ex-
cluded. Individuals with a known history of active infection in 
the last month or any autoimmune, inflammatory, metabolic, 
cardiovascular, hepatorenal, or malignant disease; meno-
pausal patients; those with a deficiency in CBC parameters; 
and those who were pregnant were excluded from the study. 
Altogether, 155 non-pregnant white women, age-matched 
patients, aged 18-45 years with regular menstrual cycles and 
ovaries and a normal appearance on ultrasonography com-
prised the control group. The total blood count parameters 
obtained from peripheral venous blood sample taken in the 
morning on the third day of the menstrual cycle from all 
participants were scanned and recorded using the hospital’s 
patient data system. DNI parameters were analyzed using a 
Sysmex XE-2100 hematology analyzer (Sysmex Corporation, 
Kobe, Japan). This system is a flow cytometry-based hema-
tological analyzer that uses two independent WBC counting 
methods: a myeloperoxidase (MPO) channel and a lobularity/
nuclear density channel. DNI was determined using the fol-
lowing formula: DNI (leukocyte subfraction assayed in the 
MPO channel by cytochemical reaction)-(leukocyte subfrac-
tion assayed using the nuclear lobularity channel by reflected 
light beam measurements) [15]. 

The reference range for the DNI (IG: 103/µL) value mea-
sured in the automatic CBC measuring device (Sysmex XE-
2100 hematology analyzer, Sysmex Corporation) used in the 
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biochemistry laboratory of our university was 0-0.06×103/µL).
The primary outcome of this study was to examine the 

presence of a difference in the DNI between the PCOS and 
control groups, and the secondary outcome was to analyze 
the sensitivity and specificity of the DNI for PCOS.

1. Statistical analysis
Continuous variables are presented as means and standard 
deviations (SDs). Continuous variables between groups were 
compared using Student’s t-test or Mann-Whitney U-test, 
depending on the normality of the distribution. A receiver 
operating characteristic (ROC) curve analysis was performed 
to determine the appropriate cut-off points for individual 
indicators and to calculate sensitivity and specificity. The opti-
mal significance cut-off value was calculated using Youden’s 
index. 

Results

This study included 72 PCOS patients and 155 healthy 
controls (n=227). No significant difference in mean age 
was observed between the two groups (mean±SD, pa-
tient: 27.46±7.66, control: 26.64±6.01; P=0.425). DNI and 
WBC count were significantly higher in the PCOS group 
than in the control (C) group, and  red blood cell distribu- 
tion width (RDW) was lower in the PCOS group than in 
the control group (DNI, patient: 0.0336±0.032, control: 

0.0245±0.022; P=0.028; WBC, patient: 8.51±3.10, control: 
7.46±2.08; P=0.011; RDW, patient: 23.05±13.73, control: 
34.31±44.97; P=0.005). No significant differences in terms 
of other complete blood count parameters (neutrophils, 
lymphocytes, platelets, NLR, mean platelet volume [MPV]) 
and BMI (P>0.05) were observed between the two groups 
(Table 1). In order to understand the effect of obesity, obese 
(O) (BMI ≥25 kg/m2) and non-obese (NO) (BMI <25 kg/m2)  
and PCOS and C groups were compared. The number of 
neutrophils was significantly higher in the obese-PCOS  
(O-PCOS) group than in the obese-control (OC) group 
(P=0.016). Between the non-obese-PCOS (NO-PCOS) and 
non-obese-control (NO-C) groups, DNI and WBC were sig-
nificantly higher in NO-PCOS patients, whereas RDW was 
significantly lower (P=0.018, 0.041, 0.001; respectively) 
(Table 2). The cut-off values were 0.015 for DNI, area under 
the curve (AUC)=0.588, significant (P=0.034; 95% confi-
dence interval [CI], 0.509-0.667; sensitivity, 78%; specificity, 
35%; Youden’s index=0.133); 9.35 for WBC, AUC=0.594, 
significant (P=0.022; 95% CI, 0.515-0.674; sensitivity, 32%; 
specificity, 86%; Youden’s index=0.171) for WBC; and 5.38 
for neutrophils, AUC=0.628 was significant (P=0.002; 95% 
CI, 0.550-0.706; sensitivity, 39%; specificity, 81%; Youden’s 
index=0.202) (Table 3, Fig. 1). The ROC analysis for RDW was 
not significant (AUC=0.524; P=0.563). To our knowledge, 
no other studies on the association between PCOS and DNI 
have been reported in the literature.

Table 1. Comparison of inflammatory markers between the PCOS and control groups

 PCOS patients (n=72) Control group (n=155) P

DNI (IG: 103/µL) 0.0336±0.032 0.0245±0.022 0.028a)

WBC (103/µL) 8.51±3.10 7.46±2.08 0.011b)

Neutrophil (103/µL) 5.42±2.73 4.46±3.39 0.037b)

RDW 23.05±13.73 34.31±44.97 0.005b)

Lymphocyte (103/µL) 2.33±0.69 2.18±0.67 0.127b)

NLR 2.52±1.85 2.33±2.55 0.586b)

Platelets (103/µL) 280.56±67.50 286.94±69.47 0.516b)

MPV (fL) 10.37±0.88 10.43±0.93 0.659b)

Age (yr) 27.46±7.66 26.64±6.01 0.425b)

BMI (kg/m2) 25.29±2.79 25.47±3.10 0.947a)

PCOS, polycystic ovary syndrome; DNI, delta neutrophil index; IG, immature granulocytes; WBC, white blood cell; RDW, red blood cell distribu-
tion width; NLR, neutrophil-to-lymphocyte ratio; MPV, mean platelet volume; BMI, body mass index.
a)Mann-Whitney U-test.
b)Student’s t-test.
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Discussion

In our study, the DNI was higher in the PCOS group than in 
the control group (P<0.05). In addition, when O-PCOS and 
NO-PCOS patients were considered separately, similar re-
sults were observed in the NO-PCOS group, whereas in the 
O-PCOS group, no significant difference with the controls 
was observed, suggesting that the inflammation detected 
in PCOS may be caused by the disorder itself rather than by 
obesity. Although the sensitivity and specificity were not at 
the desired levels for the DNI in the ROC analysis, the result 
was significant at a cut-off value of 0.015 (sensitivity, 78%; 
specificity, 35%; P=0.034). Our study is the first to show an 
increased DNI in patients with PCOS.

Although many mechanisms have been suggested for the 
development of PCOS, a single determinant and definitive 

Table 2. Comparison of inflammatory markers between the PCOS and control groups

 O-PCOS (n=31) O-control (n=68) P-value NO-PCOS (n=41) NO-control (n=87) P-value

DNI (IG: 103/µL) 0.029±0.024 0.027±0.029 0.719a) 0.037±0.03 0.022±0.015 0.018a)

WBC (103/µL) 8.43±3.45 7.34± 2.01 0.124b) 8.57±2.84 7.52±2.14 0.041b)

Neutrophil (103/µL) 5.37±3.18 4.12±1.84 0.016b) 5.45±2.36 4.72±4.21 0.306b)

RDW 26.91±15.84 28.13±39.7 0.870b) 20.13±11.23 39.15±48.4 0.001b)

Lymphocyte (103/µL) 2.31±0.84 2.08±0.63 0.132b) 2.34±0.57 2.25±0.69 0.504b)

NLR 2.70±2.60 2.43±2.80 0.650b) 2.38±0.99 2.26±2.36 0.755b)

Platelets (103/µL) 273.71±67.07 282.18±71.43 0.577b) 285.73±68.2 290.7±68.09 0.703b)

MPV (fL) 10.45±0.98 10.38±0.83 0.742b) 10.46±1.0 10.31±0.80 0.402b)

Age (yr) 29.10±8.23 26.5±6.65 0.123b) 26.2±7.04 26.8±5.5 0.624b)

BMI (kg/m2) 27.53±2.77 28.4±2.2 0.120a) 23.61±1.16 23.23±1.36 0.121a)

PCOS, polycystic ovary syndrome; O, obese; NO, non-obese; DNI, delta neutrophil index; IG, immature granulocytes; WBC, white blood cell; 
RDW, red blood cell distribution width; NLR, neutrophil-to-lymphocyte ratio; MPV, mean platelet volume; BMI, body mass index.
a)Mann-Whitney U-test.
b)Student’s t-test.

Table 3. Comparison of the ROC analyses of markers (DNI, WBC, and neutrophil) for prediction of PCOS

Marker AUC 
Sensitivity 

(%)
Specificity 

(%)
Cut-off

95% CI
Youden‘s index P-valuea)

Lower bound Upper bound

DNI 0.588 78.0 35.0 0.015 0.509 0.667 0.133 0.034

WBC 0.594 32.0 86.0 9.35 0.515 0.674 0.171 0.022

Neutrophil 0.628 39.0 81.0 5.38 0.550 0.706 0.202 0.002

RDW 0.524 0.563

ROC, receiver operating characteristic; DNI, delta neutrophil index; WBC, white blood cell; PCOS, polycystic ovary syndrome; AUC, area under 
the curve; CI, confidenceinterval; RDW, red blood cell distribution width. 
a)P<0.05; significant.

Fig. 1. ROC analyses of DNI, leukocytes, and neutrophils for pre-
diction of PCOS. ROC, receiver operating characteristic; DNI, delta 
neutrophil index; PCOS, polycystic ovary syndrome.
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treatment approach have not been revealed. However, re-
cent studies have reported that the concentrations of many 
inflammatory markers are increased in PCOS patients. Some 
of these include intercellular adhesion molecule-1, TNF-α, 
and monocyte chemoattractant protein-1. Additionally, 
serum IL-6 levels are higher in women with PCOS than in 
controls [19]. Despite being studied in the bloodstream, the 
analysis of these molecules is difficult in routine clinical prac-
tice owing to precise threshold calculations and high costs 
[9]. However, the DNI, which was significant in our study, 
was obtained from a complete blood count. Neutrophils 
play a role in innate immunity and have more functions than 
antimicrobial responses in various tissues under pathological 
conditions [20].

Systemic inflammation leads to the destruction of circu-
lating mature neutrophils and loss of active neutrophils. To 
compensate for this situation, the number of immature neu-
trophils (metamyelocytes, myelocytes, and promyelocytes) 
in the circulation increases, and a left shift occurs where the 
immature/total granulocyte ratio increases, which is an indi-
cator of sepsis and inflammation [21]. Therefore, the DNI has 
been studied as a marker for many inflammatory and infec-
tious diseases [15,16,22]. In addition to being reported as 
a diagnostic tool that better predicts mortality during sepsis 
than CRP [15], it was shown that it could predict perfora-
tion in patients with appendicitis [23]. The DNI has also been 
studied in obstetric patients. Serum DNI values were higher 
in women with severe preeclampsia than in women with 
normal pregnancies or mild preeclampsia [24]. In another 
study, DNI was identified as a predictive marker of histologi-
cal chorioamnionitis in patients with preterm premature rup-
ture of membranes [25]. In other studies, a higher DNI has 
been reported as a prognostic marker of conditions such as 
cardiac arrest and pulmonary embolism. Based on these stud-
ies, DNI values may reflect the severity of the infection and 
the severity of diseases associated with systemic and sterile 
inflammation in the absence of infection [17,18]. Since PCOS 
is known to be associated with an inflammatory response 
and DNI is increased during inflammation, DNI was signifi-
cantly higher in both the PCOS and NO-PCOS patients in our 
study. No significant differences were observed according to 
OC in O-PCOS patients. Yilmaz et al. [26] have also reported 
significantly higher levels of NLR and MPV in PCOS patients; 
however, no significant difference was observed in O-PCOS 
patient. In another study, the PLR was significantly higher in 

NO-PCOS patients than in O-PCOS and NO-C patients [10]. 
Consistent with these studies, our results support obesity-
independent inflammation in PCOS patients.

Yilmaz et al. [26] have reported higher levels of neutrophils, 
basophils, NLR, and MPV in lean patients with PCOS than in 
controls despite similar CRP levels, and these new markers 
may be more predictive of PCOS than CRP. By contrast, no 
significant difference in the NLR and MPV in PCOS patients 
in our study; however, we revealed DNI as a new marker for 
PCOS, although we could not compare it with CRP levels. 
In another study, an increased leukocyte count was ac-
companied by neutrophilia in PCOS, independent of BMI, 
consistent with our study, and this supported the presence 
of inflammation in PCOS [27]. Dasanu et al. [28] have also 
reported that thrombocytosis was not correlated with CRP in 
the complete blood count of PCOS patients. In our study, no 
significant difference was observed in the platelet counts of 
PCOS patients. Kabil Kucur et al. [29] have reported higher 
MPV levels in patients with PCOS and observed a significant 
decrease in MPV levels after treatment with ethyl estradiol/
cyproterone acetate or metformin, suggesting that the un-
derlying inflammation is important in PCOS and that anti-
inflammatory treatment regimens can be beneficial. The DNI 
may show promise as a more sensitive parameter than these 
markers. However, further studies are required to understand 
the effects of treatment regimens on DNI.

Several studies have reported increased leukocyte counts in 
patients with PCOS [27,30-34]. However, the results on this 
subject are contradictory. A meta-analysis concluded that the 
increase in WBC and CRP levels in PCOS is independent of 
obesity [9]. Several studies have emphasized that increased 
leukocyte levels in PCOS were associated with increased 
neutrophil levels [27,35]. Several other studies have observed 
no difference in WBC counts between BMI-matched PCOS 
patients and controls [11,36,37]. In our study, significant 
neutrophilia and leukocytosis were observed in the O-PCOS 
and NO-PCOS groups, respectively.

Some organs such as the liver and adipose tissue contain 
few neutrophils under normal homeostatic conditions. How-
ever, neutrophil counts increased, and a metabolic imbal-
ance occurred in the inflammatory environment caused by 
experimental obesity. Neutrophils secrete elastase from the 
azurophilic granules. This enzyme can destroy insulin recep-
tor substrate 1 in adipocytes and hepatocytes, inducing in-
sulin resistance and lipogenesis [38]. This neutrophil subtype 
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and altered levels of elastase or its inhibitor (α1-antitrypsin) 
levels are associated with the onset of metabolic syndrome 
and diabetes [39]. In our study, the neutrophil levels were 
significantly higher in O-PCOS patients than those with O-C, 
supporting the function of neutrophils (P=0.016). In addi-
tion, stimulation of the proliferation and differentiation of 
hematopoietic cells, including T cells, as a result of increased 
leptin concentration and leptin resistance in women with 
obesity may contribute to neutrophilia [40,41]. In our study, 
patients with NO-PCOS also had increased leukocytosis. This 
may occur in NO-PCOS patients because of the contribution 
of hyperandrogenism to inflammation [42]. The difference in 
results between studies may be because central and simple 
obesity do not always coexist, and most studies simply used 
BMI rather than waist circumference measurements [43].

The hypothesis that increased inflammatory activity in 
PCOS is attributed to PCOS itself, independent of adiposity, 
awaits clarification [44]. As the amount of data supporting 
this situation increases, preventive treatment strategies may 
come to the fore. 

The study’s results support the role of inflammatory status 
in PCOS, which remains controversial. The DNI can also be 
used as a cost-effective new indicator in patients who cannot 
be definitively diagnosed using the Rotterdam criteria. Fur-
ther well-designed prospective studies are required to deter-
mine whether the DNI plays a role in evaluating the severity 
of inflammation in PCOS.

This study has some limitations. First, it was a retrospective 
study conducted at a single center. The DNI was calculated 
for each patient from a single blood sample; therefore, we 
did not determine the changes over time. In our clinic, au-
tomatic IG count parameters were obtained after 2018, and 
the number of patients was relatively limited as some pa-
tients’ BMI measurements were not recorded in their patient 
files. A comparison was not possible because inflammatory 
parameters such as CRP level were not routinely checked in 
this patient group. No waist or hip measurements indicated 
visceral obesity. Moreover, confirming that there were no 
chronic inflammatory conditions in the control group was dif-
ficult, with the leukocyte and neutrophil values in the com-
plete blood count data within the normal reference range 
and the definition of the healthy control group.

The first investigation of DNI in patients with PCOS was a 
strength of this study.

PCOS is one of the most common endocrinopathies in 

women of reproductive age. Inflammation plays an impor-
tant role in the etiology of PCOS. DNI values may reflect both 
the severity of the infection and the severity of diseases asso-
ciated with systemic and sterile inflammation in the absence 
of infection. Therefore, DNI can also be used as a parameter 
that supports inflammation in PCOS and as a cost-effective 
marker.
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