CHAPTER 7

ERYTHROCYTES, LEUKOCYTES, PLATELETS IN
OBESITY AND METABOLIC SYNDROME
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INTRODUCTION

Obesity is a health threatening clinical problem, because it has a great potential
to cause severe chronic diseases. Associated low-grade inflammatory state leads
the researchers to be focused on the studies examining the diagnostic efficacy of
immunologic parameters on obesity, and metabolic syndrome (MetS). (1, 2)

Hematologic parameters obtained from a complete blood cell count (CBC)
analysis give diagnostic information about the type and nature of anemia as well
as other hematologic diseases. Members of CBC analysis, and particularly the in-
dexes as well as some ratios may be useful from an inflammatory point of view.
(3,4)

Red blood cells (RBCs, erythrocytes), white blood cells (WBCs, leukocytes)
and platelets (PLTs, thrombocytes) are hematological parameters. Indices related
to these parameters are also components of CBC analysis. They are recently being
introduced as the indicators of proinflammatory states. They may be used as the
early and late indicators of gaining weight and are reported as the associates of
MetS. (5,6)

Inflammation contributes to pathogenesis of many diseases including obesity,
which in turn may lead to MetS. Within the scope of the complicated network
of inflammation, elements of CBC analysis should also be considered. Obesity
and MetS are not generally taken into account when evaluating a patient’s CBC.
However, some RBC, WBC and/or PLT-related indices have recently been intro-
duced as inflammatory markers during the evaluation of obesity and MetS states.
(6-11)

There are relatively few studies concerning some WBC subpopulations, RBC
indices, PLT indices and CBC-based inflammatory markers performed on chil-
dren, adolescents and adults with obesity and MetS. (5, 6, 12-14 )
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The studies performed on pediatric population are particularly important, be-
cause childhood obesity may be a preparatory stage for severe chronic diseases
during the adulthood period of the child. There are many studies examining the
differences between obese (OB) and normal body mass index (N-BMI) states.
However, it is also important to discriminate OB cases from morbid obese (MO)
and MO cases from those with MetS. (15-18)

The childhood obesity is a multisystem disease. Since it may be complicated by
severe health problems, this disease requires the attention of health professionals.
Obesity is one of the cardiovascular (CV) risks. In pediatric age group, obesity
may lead to hypertension, dyslipidemia, chronic inflammation, increasing ten-
dency to blood coagulation, endothelial dysfunction and hyperinsulinemia, all
of which may be considered as important risk factors for cardiovascular diseases
(CVDs) as in the case of adults. (17)

Subclinical inflammation is a central component of cardiometabolic disease
risk in obese subjects. White blood cells may be associated with early derange-
ments in metabolism and preclinical signs of cardiac damage and may be effective
tools during the evaluation of obese children. (19)

Hematological parameters and indices are greatly affected by gender. Due to
the possibility of causing significant differences, gender must be considered while
the clinical parameters are evaluated. There is not sufficient information related to
differences caused by obesity. Gender differences may cause alterations in inflam-
matory markers and affect the associations between some physiological events
and particularly WBCs and their subsets. (20-22)

The aim of this chapter is to evaluate hematological inflammatory parameters
in obesity and MetS. Alterations between genders in terms of WBCs and their
subpopulations, RBCs, PLTs and their indices among adult as well as pediatric
populations with obesity and MetS will also be considered.

ERYTHROCYTES AND INDICES

The relationship between adiposity and hematological profiles related to RBCs
and the indices was investigated in adults. Relatively low number of studies were
performed also in children and adolescents. Controversial results were report-
ed. Positive correlations between waist circumference and RBCs as well as he-
moglobin (HGB) were detected, while HGB was negatively correlated to the sum
of skinfold. Hemoglobin concentrations did not change with MetS parameters.
However, in another study performed on MO children with MetS, HGB values
were found to be higher in boys than in girls. (5, 9, 13,14, 23-25)
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Hematocrit (HTC) is an important hemorheological parameter that provides
the estimate of RBC proportion in a volume of blood. This measurement depends
on the number as well as the size of RBCs. Both HTC and obesity are strongly cor-
related with CVDs. Hematocrit and mean corpuscular hemoglobin concentration
(MCHC) play very important roles in the evaluation of CVDs and anemia. (6, 26)

Some studies were introduced to explore the association of HTC as well as
MCHC and obesity in pediatric populations. Significantly lower MCHC values
in overweight (OW) children were found than those detected for N-BMI cases.
Decrease in MO children was even much greater. (13, 27, 28)

Obese patients displayed increased HTC percentages. Elevated HTC levels
may be positively associated with CV risk factors and combined evaluation of
HTC values and CV risk factors may enable early diagnosis of CVDs. Within the
normal range, somewhat higher levels of HTC were associated with an increased
risk of developing heart failure. Statistically higher levels were observed in MO
children than those with N-BMI. (28-31)

These findings may point out the onset of inflammatory processes in obese
individuals from early life as the indicators of cardio-metabolic factors.(28)

Red blood cell distribution width (RDW), a measure of the variation in the
size of circulating RBCs, is available in the standard CBC analysis. It serves as a
quantitative measure of an isocytosis. (32)

This index is related to both anemia and inflammatory status. This parameter
is closely associated with iron deficiency. High levels indicate iron deficiency sta-
tus. Lower HGB, lower mean corpuscular volume (MCV), lower MCHC, higher
RDW are associated with higher prevalence of microcytic anemia. (33)

Its relation with inflammatory processes has also been declared. As obesity
is related to increased inflammatory pattern, RDW was also analyzed within this
context. Besides its traditional use in the differential diagnosis of anemias, RDW
values reflect abnormalities in erythropoiesis and RBC metabolism related to ag-
ing, sex, ethnicity, inflammation, and oxidative stress. Thus, higher RDW values
are common findings in several acute clinical conditions and chronic diseases.
(33-38)

Red blood cell distribution width is also associated with mortality and adverse
outcome in selected populations with CVDs and inflammation. Since higher
RDW is related to erythrocyte deformability and delayed RBC clearance, it has
been shown to predict CV mortality and morbidity. Increasing evidence suggests
a prognostic role of higher RDW levels in many CVDs. In a similar manner, high-
er RDW levels in patients with acute heart failure suggest that this parameter,
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which is the most important mortality predictor, is independently associated with
systemic inflammation in these patients. (27, 35, 39-44)

Red blood cell distribution width may be a biomarker reflecting multiple
physiological impairments related to atherosclerosis and coronary artery disease
(CAD). High RDW is a strong prognostic factor in patients with CVDs and asso-
ciated with increased incidence of fatal coronary events. The patients with heart
failure exhibiting higher RDW levels may have poorer prognosis than those with
lower RDW and are associated with increased risk of mortality. (45-47)

This easy and quick measurable index can predict early-stage renal function
damage and may be used as an early marker of CV risk in rheumatoid arthritis.
(27,48)

Association of RDW with MetS was also reported. The strong correlation of
RDW and chronic inflammation suggests that this parameter may be defined as a
chronic disease prognostic marker. (36,49)

This standard, clinically relevant hematological variable may also be related
to the underlying pathophysiological changes associated with obesity and Type 2
diabetes (T2D). (28, 50)

Higher RDW was found in OW children and OB adolescents than N-BMI
group. This index can be considered as a surrogate marker of inflammation and,
consequently, CV risk in OB individuals. (28, 51)

In a study performed on adults, RDW was higher while MCHC was lower in
MO patients than the cases with N-BMI. In another study, increased RDW along
with decreased MCHC were prominent during the early phases of obesity. (28, 38)

The relationship between obesity and erythrocyte indices still needs further in-
vestigation, however, elevated RDW, elevated HTC and reduced MCHC in obese
children may be of significance to link obesity and CVDs. (28)

Concerning the pathophysiology of these relationships, some reports have
suggested that inflammation affects the hepatic production of the iron regulatory
peptide hormone hepcidin. Increased hepcidin expression leads to obesity-relat-
ed inhibition of iron absorption. This may cause abnormal iron absorption, there-
by affecting RDW. (34, 52)

LEUKOCYTES AND SUBSETS

The components of CBC analysis including WBCs may exhibit alterations in
many diseases including obesity and MetS. Aside from the consideration of WBC
counts, lymphocytes (L), neutrophils (N) and eosinophils (EO) are the most com-
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monly investigated subsets in this field. Gender differences were noted in throm-
bogenic profile associated to coronary obstruction. Gender differences have also
drawn interest concerning various inflammatory markers. However, studies ex-
amining gender differences for hematological parameters as well as indices in
obesity and MetS are relatively few. (10, 19, 21, 53-57)

So far, WBCs have been widely investigated in adults as well as pediatric popu-
lations.There are some relations between WBCs and MetS components. Increased
WBC count is an independent risk factor for CVDs. Abdominal fat accumulation
was associated with atherosclerosis and trombogenic profile during which, eleva-
tions in WBC count were detected. In a study, increased WBC, EO and segmented
N counts were reported in adolescents with excess body fat. Inflammation and
thrombogenesis were introduced as potential causes of CVDs in patients with
MetS. (2, 58)

Eosinophils are found in blood circulation in extremely low levels. Endothelial
cells lining cardiac cavities are mainly the same as those lining blood vessels.
Therefore, mechanisms account for damages and dysfunctions detected in these
cells are similar. Eosinophils damage endothelial cells and activate coagulation
pathway. These cells directly affect various factors participating in coagulation and
increase tendency to thrombus formation in hypereosinophilia. Cytotoxic and
procoagulant features of eosinophils cause cardiovascular complications in most
of the hypereosinophilic patients. These patients also develop venous thrombosis.
(59)

Endothelial cell damage and thrombosis may progress faster in eosinophilic
inflammation areas. Cardiovascular complications mediated by eosinophils are
major determinants of hypereosinophilia associated morbidity and mortality. In
these patients, thrombosis may develop relatively early. Eosinophils may contrib-
ute to thrombus development in acute coronary syndrome and thrombus patho-
genesis in myocardial infarction (MI). (59-61)

The evaluation of hematological parameters from the gender point of view in
morbid obesity and MetS is under investigation. In adults with MetS, EO counts
in men were reported statistically higher than those in women. Gender differenc-
es in terms of CBCs as well as their indices were also considered in children with
MetS. Significantly elevated EO values were found in boys compared to those in
girls for MO children with MetS. Elevated EO associated with the development of
CVDs observed in boys was introduced as an early indicator of cardiometabolic
complications, which may be met in the future years in this gender. (2, 25, 57)

Obese adolescents exhibit higher WBC counts than adolescents with N-BMI.

-87 -



General Internal Medicine I1

This is the indicator of a chronic proinflammatory stage in OB children. A posi-
tive correlation between this parameter and adiposity and a negative correlation
with cardiorespiratory health were reported in male children. (62)

Increased WBC count as well as N and L percentages were observed in adult
male patients with MetS. These parameters were in accordance with the num-
ber of MetS components. Increased WBC count confined to male gender during
obesity and MetS may be related to the vascular protective effects of estrogens.
In general, morbidity and mortality caused by CVDs are much higher in males
than in females. This may be due to estrogens playing protective roles in women
against atherosclerosis by decreasing inflammatory cell adhesion. In some studies,
significant correlations were found between CVDs and N as well as EO counts.
(2,63, 64)

These findings have pointed out the importance of gender to be considered in
clinical studies. Male and female children may exhibit different WBC trafficking
profiles during inflammatory states as in the case of morbid obesity. (57)

Gender exhibits significant effects on alterations in N percentages. In the late
stages of obesity, female children had higher circulating N than male children
as the indicator of more depressed immune system. Heart disease is generally
thought of as a “man’s disease”, however, recent data informs that around the
same number of men and women lose their lives due to heart diseases each year.
Women with diabetes exhibit much higher CVDs mortality when compared with
diabetic men. Women suffered from heart crisis have been detected to exhibit
higher mortality than men of the same age. Based upon the recent reports, CVDs
affect not only men but also affect women. Since the disease differs in its pres-
entation, progression or in its clinical consequences in different genders, disease
is less undrestandable in women than in men. Therefore, diagnosis or treatment
options may be insufficient. This may be more risky particularly in low — and mid-
dle-income countries compared to that in developed countries due to less access
to effective health care services. Within this context, women represented 49.7 % of
deaths from CVDs in 2013 based on the 2016 year statistics. (65-68)

In a study, which reports no significant difference between the genders in
terms of hsCRP concentrations, differences in N percentages as well as N-to-L
ratios becomes more valuable. In this study, the importance of the association
between gender and N recruitment was emphasized. (58)

In a study, elevated N percentages were observed in MO female children. Data,
which are being recorded against female gender in recent years, can be evaluat-
ed as the extrapolation of this finding detected in childhood period. Women are
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associated with much less physical activity, higher total cholesterol, triglycerides,
low density lipoprotein cholesterol concentrations than men. Smoking rates have
already been equalized in both genders. Due to all of these factors as well as sev-
eral others the risk observed in both genders has already been balanced. This risk
may increase among women in future years. Supporting findings were detected
among pediatric population in this study. Increased risks related to CVDs were
observed starting from the early periods of life. (58)

PLATELETS AND INDICES

Platelet count is an important hematologic parameter to predict MetS in chil-
dren, adolescents and adults. This parameter has been introduced as a link be-
tween insulin resistance (IR) and MetS. Higher PLT count was associated with
increased prevalence and risk of MetS in children and adolescents. Platelet count
was associated with MetS with gender effects. Most of the MetS components were
independent factors for increasing PLT count. The risk for MetS development was
observed above 223 x 10(3)/ul in elderly women. In another study, PLT counts are
higher in boys in comparison with girls. (25, 69-72)

Elevations in PLT count are important, because PLTs are the major parameter
contributing hypercoagulation. In adults, after bariatric surgery, significant de-
creases in PLT count mediated by weight loss were observed. (12)

Platelet count and some related indices gained significant importance. Platelet
indices may have prognostic and predictive value in numerous conditions. These
indices are markers of platelet activation. Platelet activation and aggregation play
roles in the pathophysiology of CVDs. (58, 73-77)

The association of IR with some hematological parameters including PLTs was
reported. Insulin resistance accompany various metabolic disorders such as obe-
sity, MetS, T2D and leads to endothelial and PLT dysfunctions, which may be
involved in vascular complications and may be associated with PLT reactivity,
which is associated with elevated PLT count. (71, 78-86)

The most frequently evaluated parameters are mean platelet volume (MPV),
platelet distribution width (PDW), plateletcrit (PCT) and platelet larger cell ratio
(P-LCR). The values of platelet indices were increased or decreased in patients
suffering from T2D, obesity, MI, cancer or acute surgical conditions. (77, 87)

Mean platelet volume, the most commonly investigated platelet parameter,
signifies the average size of platelets in the blood. Increased PLT activity is ob-
served in patients with MetS and these patients are more liable to CVDs. In a
study, in which higher MPV was reported in MetS patients compared to normal
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individuals, a correlation between this parameter and waist circumference were
noted among the adults with abdominal obesity. (88)

Mean platelet volume is a marker of PLT activation. It is an inflammatory mark-
er. In some studies, children with MetS had higher levels of PLT and lower lev-
els of MPV. Platelet count was positively whereas MPV was negatively associated
with the risk of developing MetS. Mean platelet volume was found to be negatively
correlated with PLT count. In T2D, MPV was found higher. It was reported that
as MPV level is becoming lower, the PLT aggregation function becomes weaker.
Therefore, more PLTs are produced to support metabolism. Platelet lifespan ap-
pears to be shorter in individuals with IR. This increases PLT count. (13, 71, 72,
78,82-86, 89, 90)

Platelet distribution width (PDW) is a marker of PLT anisocytosis, which de-

scribes the size distribution of PLT. Negative correlations were obtained between
PLT and MPV as well as PLT and PDW in MO children. (87)

Mean platelet volume and PDW levels showing platelet activation increase
significantly in the presence of MetS in patients with mild psoriasis vulgaris, a
common inflammatory skin disease. (91)

Platelet count, PDW, and MPV levels were significantly higher in patients with
MetS compared to healthy individuals. (92)

Plateletcrit (PCT) measures total PLT mass as a percentage of volume occu-
pied in the blood. It was suggested as a useful marker for the determination of
increased thrombotic state and inflammatory response in morbid obesity. Both
PLT and PCT were associated with body fat. Since PCT is mainly influenced by
PLT, these associations suggest that PLT quantity is more closely related to body
fat mass and fat distribution. (93, 94)

In a study, which was designed to find the missing link between IR and plate-
let activation, PLT and PCT were pointed out to be related to IR during morbid
obesity. (87)

CONCLUSION

Upon evaluation of the CBC analysis parameters including RBC, WBC, PLT
counts and the associated indices in both adults and children, interesting increas-
ing or decreasing trends were noted caused by varying degrees of obesity and the
presence of MetS components.

Several CBC analysis parameters are subjected to variations in such diseas-
es. These alterations gain even more importance during childhood period of
life. Great variations were confirmed depending on different age intervals of the

-90 -



General Internal Medicine I1

individuals. In a similar manner, the influence of the above disease states upon
the magnitutes of the concentrations confined to these hematologic parameters
should also be taken into consideration. It may be suggested that reference in-
tervals of CBC constituents may be revised based upon the view that obese indi-
viduals should have their own normal values. Obese patients may have an altered
hematology and should be handled accordingly.

The differences based upon gender observed in HGB, MCHC concentrations,
WBC count, N, L, EO percentages, and PLT count emphasize the need for the
establishment of different reference intervals confined to males as well as females
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