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Aims: The current study aimed to explore the correlation between leukocytes and platelets indices with
adipocytokines (leptin and adiponectin) and MetS components.
Methods: A total of 100 healthy subjects and 200 patients diagnosed with different MetS components
were enrolled in the study. Eligible patients were allocated into four groups (50 patients). Group1 include
patients with 2 criteria of MetS components, group 2 with 3 criteria, group 3 with 4 criteria and group 4
had patients with 5 criteria.
Results: Regarding white blood cell indices, data showed that total leukocyte and neutrophil count as
well as neutrophil/lymphocyte (N/L) ratio were significantly increased in all groups of MetS patients
when compared to the healthy group. Additionally, platelets count, platelet distribution width (PDW),
and main platelet volume (MPV) levels and platelets/lymphocyte (P/L) ratio were significantly higher in
all patients with MetS as compared to the healthy subjects. Serum leptin concentration and leptin-to-
adiponectin ratio (LAR) were elevated significantly, while adiponectin level was significantly dimin-
ished in all MetS groups when compared to the control.
Conclusion: leukocytes and platelets indices were associated with hyperleptinemia and hypo-
adiponectinemia as well as MetS components. The study also suggested the necessary role of leukocytes,
platelet indices, and LAR as markers in early diagnoses of individuals with MetS components.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Metabolic syndrome (MetS) is a developing health care concern
worldwide as a consequence of urbanization, overnutrition,
obesity, and sedentary lifestyles [1]. Since the prevalence of MetS is
growing rapidly and it is correlated with an increased risk of insulin
resistance, diabetes mellitus, cardiovascular disease (CVD), and
total mortality [2], thus, the identification for biomarkers of MetS is
of critical significance. Hematological parameters including platelet
(PLT) count, hematocrit level (HCT) increased with increasing
numbers of MetS components [3]. Also, a number of studies have
assessed the relationship between the white blood cell (WBC)
count and tissue damage and inflammation [4], with components
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of MetS. Henceforward, numerous studies had elucidated that
leukocytes count was correlated with the severity of type 2 dia-
betes (T2DM) and MetS [5]. Meanwhile, it is important to report
that the elevated number of leukocytes is correlated with MetS and
diabetes even in the normal range of WBCs [6]. Along with eleva-
tion number of leukocytes, there is a significant relationship be-
tween neutrophilelymphocyte (N/L) ratio and the severity and
prognosis of CVD [7].

PLT count is a basic and economic marker of hemostasis in
clinical practice. However, elevated PLT count had been correlated
with increased prevalence and risk of MetS in both genders [8].
There are numerous evidences reported on the increase in PLT
count of patients with MetS and insulin resistance [9]. Moreover,
the relation between inflammation and thrombosis can provide a
potential mechanism bind PLT count with MetS. Mean platelet
volume (MPV), a widely used measure of PLT size, shows a close
association with CVD risk factors, such as diabetes mellitus, hy-
pertension, obesity, MetS [10]. Increased WBC and PLT count may
serve as markers of a prothrombotic and proinflammatory
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condition that may be leading to MetS and arthero-
thromboembolic complications [11]. It is important to mention
that leukocytes play a necessary role in both atherogenesis and
thrombus formation.

Leptin and adiponectin have awide spectrum of functions in the
modulation of metabolism and are a central link between obesity
and MetS. Adiponectin has been detected as a key modulator with
anti-inflammatory action and its deficiencymay lead to the event of
metabolic disorders [12]. The antiatherogenic adipokine, adipo-
nectin, has been implicated in obesity, insulin resistance, CVD, and
theMetS [13]. The relationship betweenMetS and leptin has been a
widely accepted concept in recent years, and numerous studies
have been conducted in different populations worldwide [14].

The relationship between hematological parameters with lep-
tin, adiponectin, and LAR in MetS patients remains controversial
and has not been discussed extensively. We, therefore, conducted
to explore the association between leukocytes, platelet indices with
adipocytokines (leptin and adiponectin) as well as components of
MetS in Egyptian patients.
2. Patients and methods

2.1. Patients

According to WHO (1999) and NCEP ATP III guidelines [15], the
subject is said to have MetS if he/she achieves 3 criteria from the
following 5 criteria: waist circumference >102 cm in male and
>88 cm in female and/or obesity (body mass index> 30 kg/m2),
serum triglycerides >150mg/dL (1.7mmol/l) or patients receiving
treatment for hypertriglyceridemia, serum high-density lipopro-
tein cholesterol (HDL-C)< 40mg/dL (1.03mmol/l) in men
or< 50mg/dL (1.29mmol/l) in women or a previously treated
dyslipidemia, arterial blood pressure >130/85mmHg in two
different determinations or if the patients were receiving treatment
with drugs, and fasting glucose�110mg/dL. The study protocol was
performed as per the announcement of Helsinki and good clinical
practice guidelines. After written agreements were obtained from
all patients before participation in the experiment, the study was
approved by the ethical committee of the Institute of Endocri-
nology and Diabetes.

A total of 100 healthy subjects and 200 patients diagnosed with
MetS components who visited the Institute of Nutrition, Ministry of
Health, Cairo,were enrolled in this study from Jul 2016 toMarch2018.
Eligible MetS patients aged 20e70 years were divided into 4 groups
(50 patients). Group1; included patients who had 2 criteria
(dyslipidemia;hypertriglyceridemiaand lowHDL);Group2; included
patients with 3 criteria (dyslipidemia þ obesity); Group 3; included
patients had 4 criteria (dyslipidemia þ obesity þ hypertension)
and Group 4; included patients with 5 criteria
Table 1
Demographics and characteristics of healthy subjects and different groups of MetS comp

Group Characteristic Healthy group 0 criteria Group 1* 2 criteria G

Age 32.68± 7.76a 46.10± 8.10b 46
Gendern (%) F 18 (36) 24 (48) 31

M 32 (64) 26 (52) 19
BMI 25.35± 3.39a 28.48± 4.46b 34
Atherogenic Index 2.09± 0.50a 4.86± 2.63b 4.
SBP 116.80± 6.61a 123.60± 8.66b 11
DBP 75.70± 5.63ab 77.10± 10.03b 73
HbA1c 5.42± 0.47a 5.69± 0.54a 5.
HOMO-IR 2.47± 0.37a 2.72± 0.35ab 2.

Data are expressed as mean ± SD. Values which share the same superscript symbol are not
dyslipidemia and obesity, Group 3: Subjects with dyslipidemia, obesity and hypertension
mass index, SBP; Systolic blood pressure, DBP; Diastolic blood pressure. HbA1c; Glycosy
(dyslipidemia þ obesity þ hypertension þ hyperglycemia). The pa-
tients of group 2e4 are considered asMetS patients because they had
3 criteria of MetS components or more according to the modified
NCEP ATP III guidelines. However, patients with hematological dis-
orders, thyroid diseases, infectious diseases, autoimmune disorders,
cerebrovascular diseases, allergies, kidney failure, liver dysfunction,
and alcohol abuse were excluded from the study.

2.2. Laboratory assays

Plasma glucose and serum cholesterol, high density lipoprotein
(HDL), low density lipoprotein (LDL)-cholesterol and triglycerides
concentrations were determined using reagent kits purchased from
Bio-Diagnostic. Insulin concentration was determined using re-
agent kits purchased from Biovendor, while serum leptin and adi-
ponectin levels were estimated by using ELISA Kit purchased from
My Bio-source according to the manufacturer's protocol. On the
other hand, total WBCs, neutrophils, lymphocytes, monocytes and
PLT counts and MPV, PDW values were determined using a MICROS
ABX autoanalyzer according to the manufacturer's protocol. In
addition, N/L, P/L, M/L, L/M, and dN/L ratios were determined by
calculation.

2.3. Statistical analysis

The Statistical Package for the Social Sciences (IBM SPSS for
WINDOWS 7, version 20; SPSS Inc, Chicago) was used in our anal-
ysis. Comparative analysis was conducted by using the general
linear model's procedure (IBM SPSS) and a simple linear correlation
analysis was processed by Pearson's method to measure the degree
of dependency between variables (IBM SPSS). Values of P< 0.05
were considered statistically significant and the data were pre-
sented as Mean± SD.

3. Results

The recorded values in Table 1 showed that the body mass index
(BMI) and the atherogenic index were higher significant (P< 0.001)
in all MetS components groups as compared to the healthy group.
However, the systolic blood pressure (SBP) and diastolic blood
pressure (DBP) observed significant increases in group 3 and 4 only
when compared to the healthy control subjects. Patients of group 4
showed a significant increase in glycated hemoglobin (HbA1c),
however, HOMA-IR percentage was significant in MetS patients
groups (groups; 2, 3, 4) as compared to the healthy group.

Regarding white cell indices, the data showed that both total
WBCs and neutrophils counts were significantly increased in all
MetS component groups, however, lymphocytes count was signif-
icantly lowered in group 3 and 4 when compared to the control
onents.

roup 2* 3 criteria Group 3* 4 criteria Group 4* 5 criteria p

.24± 10.12 b 46.16± 10.11b 49.24± 5.95 b <0.001
(62) 24 (48) 28 (56) 0.104
(38) 26 (52) 22 (44)
.05± 4.89c 33.71± 4.00c 36.77± 6.94d <0.001
70± 2.28b 5.10± 2.53b 4.93± 2.17b <0.001
8.44± 8.80a 142.06± 11.78c 147.42± 11.78d <0.001
.76± 6.89a 89.40± 5.51c 92.72± 6.91d <0.001
58± 0.60a 5.71± 0.51a 7.85± 1.60b 0.001
94± 0.29b 2.96± 0.26b 4.87± 1.60c <0.001

significantly different. *Group 1: Subjects with dyslipidemia, Group 2: Subjects with
Group 4: Subjects with dyslipidemia, obesity, hypertension and diabetes. BMI; body
lated hemoglobin. HOMA-IR; Homeostatic model assessment for insulin resistance.
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group. The recorded values of monocytes and monocytes/lym-
phocytes (M/L) ratio showed a significant increase in both group 3
and 4 as compared to the healthy group. In addition, the neutrophil/
lymphocyte (N/L) ratio was elevated significantly in MetS patients
groups, however, the platelet/lymphocyte (P/L) ratio was signifi-
cantly increased in all MetS component groups as compared to the
control. On the other hand, lymphocyte/monocytes (L/M) ratio
showed a significant decrease in group 3 and 4, while the derived
neutrophil/lymphocyte (dN/L) ratio revealed a significant increase
in all MetS components patients as compared to healthy subjects
(Table 2).

Concerning PLT indices, the PLT count was significantly higher in
MetS patients groups, while PDW value was significantly increased
in all MetS components patients than that of control.Moreover, the
MPV value showed a significant increase in groups; 1, 3 and 4 when
compared to the control group. On the other hand, the recorded
data showed that leptin concentration and leptin/adiponectin ratio
(LAR) were elevated significantly inMetS groups, while adiponectin
concentration was significantly decreased in all MetS component
groups as compared to the healthy subjects (Table 2 and Fig. 1).

Among dyslipidemic and obesity subjects (group 2),WBCs count
showed a positive correlation with HOMA-IR (r 0.187; P< 0.062),
atherogenic index (r 0.290; P< 0.003), BMI (r 0.379; P< 0.001) and
LAR (r 0.418; P< 0.001) (Fig. 2). Also, N/L ratio recorded a positive
correlation with each of HOMA-IR (r 0.194; P 0.053), atherogenic
index (r 0.194; P 0.054), BMI (r 0.363; P< 0.001), and LAR (r 0.366;
P< 0.001) (Fig. 3). Otherwise, regarding patients of group 4 (5
criteria), P/L ratio correlated positively with HOMA-IR (r 0.526;
P< 0.001), atherogenic index (r 0.551; P< 0.001), BMI (r 0.408;
P< 0.001) and LAR (r 0.582; P< 0.001) (Fig. 4).
4. Discussion

Although the etiopathogenesis of MetS has not been actually
understood yet, previous studies support the multifactorial prop-
erties of the disease, whereas, oxidative stress, insulin resistance,
and low-grade inflammation display a central role [16]. In addition,
the core mechanism of MetS may be related to increased adiposity
and insulin resistance [17], leptin [14], low-grade systemic
inflammation [4], and endothelial dysfunction [5]. The current
study revealed that leptin concentration and LAR were elevated
significantly in all MetS components groups, while adiponectin
level was diminished significantly in MetS groups as compared to
the control. In consistent with our results, Zhuo et al. mention that
elevated leptin concentration and low adiponectin level were
associated with a range of variables of MetS [18]. In addition, leptin
and adiponectin had opposite actions on subclinical inflammation
and insulin resistance, it was found that the combining use of those
Table 2
Total WBCs count, WBCs subtypes, platelets indices and adipocytokines in healthy subje

Group Parameters Healthy group 0 criteria Group 1* 2 criteria Gro

WBCs 5.63± 1.22a 6.75± 1.76 b 7.07
Neutrophil 2.88± 0.69a 3.66± 1.08 b 3.97
Lymphocyte 2.73± 0.64c 2.60± 0.65 bc 2.52
Monocyte 0.43± 0.13a 0.48± 0.24a 0.49
M/L 0.195± 0.04a 0.190± 0.08a 0.20
L/M 5.45± 1.55 b 5.77± 2.51 b 5.75
dN/L 1.05± 0.15a 1.19± 0.22 b 1.31
PLT 252.02± 41.62a 244.12± 60.83a 279
MPV 9.13± 0.52a 9.80± 1.17c 9.37
Leptin 2.86± 0.41a 14.59± 4.63b 16.1
Adiponectin 9.98± 1.06 d 4.92± 1.83c 4.77

Data are expressed as mean± SD. Values which share the same superscript symbol are no
L/M; Lymphocyte to monocyte ratio, dN/L; derived neutrophil to lymphocyte ratio, PLT;
two adipokines, leptin-to-adiponectin ratio (LAR), may function as
a superior biomarker in the identification of MetS. Otherwise, Patel
et al. reported that leptinmight be a pivotal link in the pathogenesis
of hypertension and heart disease induced by obesity and MetS.
Furthermore, numerous studies had been speculated that leptin
resistance can accelerate insulin resistance and induce abnormal
accumulation of lipids in the liver, cardiac and skeletal muscle,
reducing fatty acid oxidation that consequently leading to obesity
and MetS [19]. Obese subjects observed an increase in leptin level
and a decrease in adiponectin level, which suggests leptin resis-
tance and adiponectin deficiency. In such cases, high leptin levels
may likewise upregulate proinflammatory cytokines such as TNF-a
and IL-6 that contribute to insulin resistance and MetS [20].

Regarding white blood cell indices, our data showed that WBCs
and neutrophil counts, dN/L ratio and N/L ratio were increased
significantly in all MetS component groups as compared to the
control. Additionally, WBCs count showed a positive correlation
with HOMA-IR (a marker of insulin resistance), atherogenic index
(a marker of dyslipidemia), BMI (a marker of obesity) and LAR (a
marker of hyperleptinemia and hypoadiponectinemia). The present
findings are in parallel with previous investigations concerning the
significant relationship between leukocytes count and platelets
indices with MetS and its individual components [7,8]. Several
epidemiological studies have suggested the association between
some components of MetS and leukocyte subtypes [7]. Further-
more, Jesri et al. [11] reported that subjects with MetS had higher
PLT and WBCs counts than control and these two parameters
increased linearly with an increase in the number of MetS com-
ponents. Total and subtype WBCs counts were directly and signif-
icantly associated with the incidence of MetS components like,
hypertriglyceridemia, low HDL-C and hyperglycemia and the acti-
vation of the inflammatory signaling network involved in the
pathogenesis of insulin resistance and atherogenic dyslipidemia,
the main metabolic disorders underlying MetS [21] which are
compatible with our outcome.

Body mass index (BMI) is one of the widely commonly used
markers in general practice for adiposity. Hsieh et al. [22] reported
that higher level of WBCs count was associated with higher BMI
values in both genders. Adipose tissue inflammation causes major
events of immune responses, such as the early participation of
neutrophils, the following procurement of diverse lymphocyte
types, and final procurement of both macrophage and mast cell
polarization [23]. Likewise, recent studies have elucidated that
elevated neutrophils and total WBCs count are potentially associ-
ated with obesity-induced dys-metabolism [24]. In addition, the
increased WBCs count, often observed in obese people, would be
mediated by the increase in leptin concentration [25]. Moreover,
high plasma leptin levels associated with obesity and MetS could
cts and groups of. MetS components.

up 2* 3 criteria Group 3* 4 criteria Group 4* 5 criteria p

± 1.21 b 7.92± 1.42c 8.20± 1.76c <0.001
± 0.85 b 4.46± 0.74c 4.83± 1.20 d <0.001
± 0.57 abc 2.35± 0.64 ab 2.28± 3.96a 0.002
± 0.17a 0.60± 0.17 b 0.62± 0.18 b <0.001
7± 0.08a 0.273± 0.10 b 0.296± 0.14 b <0.001
± 2.57 b 4.15± 1.56a 4.01± 1.63a <0.001
± 0.34c 1.34± 0.31c 1.45± 0.27 d <0.001
.12± 52.75b 288.18± 69.83 b 314.46± 59.56c <0.001
± 0.59 ab 9.56± 0.74 bc 10.67± 1.26 d <0.001
1± 2.13c 17.45± 3.38d 19.04± 2.68e <0.001
± 1.12c 4.13± 1.41 b 3.29± 1.07a <0.001

t significantly different. WBCs; white blood cell, M/L; Monocyte to lymphocyte ratio,
Platelets MPV; Mean platelet volume.



Fig. 1. A) PDW in healthy and metabolic syndrome groups, B) N/L in healthy and metabolic syndrome groups, C) P/L in healthy and metabolic syndrome groups, D) LAR in healthy
and metabolic syndrome groups.
PDW; Platelets distribution width, N/L; Neutrophil/lymphocyte ratio, P/L; Platelet/lymphocyte ratio, LAR; Leptin/adiponectin ratio.

Fig. 2. The correlation between WBCs with HOMA-IR, Atherogenic index, BMI, LAR in group 2.
WBCs; white blood cells, BMI; Body mass index, HOMA-IR; Homeostatic model assessment for insulin resistance, LAR; Leptin/adiponectin ratio.
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Fig. 3. The correlation between N/L ratio with HOMA-IR, Atherogenic index, BMI, LAR in group 2.

Fig. 4. The correlation between P/L ratio with HOMA-IR, Atherogenic index, BMI, LAR in group 4.
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participate in the differentiation of granulocytes from hemopoietic
progenitors [26]. Moreover, leptin increments with body fat mass,
has mainly pro-inflammatory effects, and was shown to influence
neutrophil functions such as chemotaxis, apoptosis, and seems to
be a survival cytokine for neutrophils [27].
However, some systemic investigations have studied the asso-

ciation between MetS and differential leukocyte counts. In the
present study, a positive correlation was observed between N/L
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ratio and each of HOMA-IR, atherogenic index, BMI, and LAR. A
study in the urban Chinese population demonstrated an association
between total leukocytes, neutrophil, and lymphocyte counts with
the prevalence of MetS [28]. Also, this relationship has also been
reported for total leukocyte counts and neutrophils, lymphocytes,
monocytes, basophils and eosinophil's counts in a cross-sectional
study of Korean individuals [29]. Recently, neutrophil to lympho-
cyte ratio (N/L), derived neutrophil to lymphocyte ratio (dN/L),
platelet to lymphocyte ratio (P/L) and lymphocyte to monocyte
ratio (L/M) were promising biomarkers used to predict diagnosis
and prognosis in various inflammatory responses diseases [30]. The
N/L, starting to find a place in the literature, was found to be
correlated with the occurrence and the severity MetS and also
considered a powerful indicator of some diseases, including obesity
[31], and MetS [32],

Metabolic syndrome (MetS), as an enormously growing global
public health problem, is comprised of heterogeneous cardio-
metabolic risk factors and all-cause mortality [33]. Our data
revealed that PLT count, PDW and MPV levels, and P/L ratio were
significantly higher in MetS patients as compared to the control. In
accordance with the current results, Jesri et al. demonstrated that
PLT was positively correlated to the number of MetS risk factors
[11]. Additionally, Lim et al. reported that higher PLT counts were
associated with insulin resistance and increased prevalence and
risk of MetS [34]. Otherwise, some investigators have noted that
vascular endothelial cells are activated by the presence of athero-
sclerotic risk factors, such as hypertension, hyperlipidemia, and
hyperglycemia, thus, accelerated the increased production and
release of pro-inflammatory cytokines that could lead to chronic
low-grade inflammation which influence in PLT counts [35]. An
increased pro-inflammatory state is then thought to further
enhance activation of WBCs and endothelial cells, thereby pro-
moting PLT aggregation and thrombus formation [36]. Adipokines
regulate glucose homeostasis, insulin sensitivity, lipidsmetabolism,
as well as endothelial and PLT function. Elbatarny and Maurice,
mention that leptin accelerates PLT activation by induced PLT ag-
gregation and adhesion and provides a mechanistic basis for the
prothrombotic effect of this adipocytokine [37]. However, Shoji
et al. stated that hypoadiponectinemia could be a potential regu-
lator of PLT activation [38]. Moreover, adiponectin has anti-
atherosclerotic, anti-inflammatory, and anti-oxidative properties
beyond its insulin-sensitizing effects [39]. Thus, Leptin/adiponectin
ratio (LAR) has been considered as a novel marker for atheroscle-
rotic plaque formation as well as tissue insulin sensitivity in obese
patients [40].

Mean platelet volume (MPV), the most ordinarily used measure
of PLT size, is a potential marker of PLT reactivity. Larger PLT consist
of more granules and produce large amounts of vasoactive and
prothrombotic factors. PLT aggregate more rapidly under the
stimulus of agonists and finally, they express a greater number of
adhesion molecules [41], leading to greater hemostatic efficiency.
Although several studies have concluded that there is a close
relationship betweenMPV and obesity, MetS, and body fat [42], the
interaction between MPV, obesity and MetS had not been affirmed.
Meanwhile, MPV was increased in the presence of MetS and it was
significantly correlated with a number of components of MetS
(blood pressure, BMI, and fasting plasma glucose) that in parallel
with the data of our outcome. Recently, P/L ratio has been intro-
duced as a novel indirect inflammatory marker. In accordance with
our finding, P/L ratio was significantly higher among patients with
MetS and also there was a close relationship between P/L and the
MetS components [43]. The authors added that several reports
claimed that higher P/L ratio can be used as a predictive marker for
both the presence and severity of MetS.
5. Conclusions

The overall outcome showed significant increases in leukocytes,
platelet indices and leptin in the patients with different MetS
components, while it showed a significant decrease in adiponectin
level. There were significant correlations between leukocytes,
platelet indices, with leptineto-adiponectin ratio and the MetS
markers. Therefore, our study provides additional evidence for the
use of leukocytes and platelet indices as well as LAR as newmarkers
for early detection of MetS components.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2018.12.016.
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