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Background: Obesity is a critical public health issue, marked by an accumulation of adipose tissue that presents numerous health
hazards, with recent focus on the link between obesity and inflammation, especially in the context of inflammatory biomarkers as
indicators of metabolic abnormalities related to obesity.

Objective: This study aimed to investigate the correlation between inflammatory biomarkers such as C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and hematological indicators of inflammation with anthropometric obesity measures in obese
and non-obese healthy adults.

Methods: The study employed a case control design involving both obese and non-obese healthy adults. The research evaluated
anthropometric indicators. Blood samples were collected from participants to measure complete blood count (CBC), CRP and ESR.
Platelet /Lymphocyte ratio (PLR), Neutrophil/Lymphocyte ratio (NLR), Monocyte/Lymphocyte ratio (MLR), and the systemic
immune-inflammation index (SII) were calculated.

Results: A significant association exists between familial obesity, lack of physical activity, and constipation persistence in obese
individuals compared to non-obese individuals. In the obese cohort, mean values of white blood cells (TWBCs), neutrophils,
monocytes, platelet count, NLR, PLR, MLR, and SII were elevated compared to the non-obese group. Statistically significant
differences in ESR and CRP were noted between the two populations. A positive correlation exists between TWBCs and WHR,
whereas lymphocytes correlate positively with WHR and negatively with body fat percentage. Eosinophils exhibited negative
associations with obesity metrics, while ESR and CRP had significant positive correlations with obesity indicators like BMI and
body fat percentage; PLR showed a negative relationship with WHR and a positive one with body fat percentage, lacking significant
correlations with BMI, WC, HC, or abdominal obesity.

Conclusion: The research indicates significant elevations in hematological biomarkers among obese individuals, highlighting
a probable link between obesity and inflammation, with specific inflammatory markers potentially serving as predictors of obesity-
related health risks.
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Introduction

Obesity, a chronic disease marked by excessive white adipose tissue accumulation, is a complex condition with
considerable health implications, currently affecting over 6 million Canadians and 22% of adolescents in the US.'
Obesity is more prevalent in developed countries, but developing nations are also experiencing rising rates, often
alongside malnutrition. Since 1975, global obesity rates have surged nearly threefold, with 1.9 billion adults identified
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as overweight and 650 million as obese in 2016, and projections indicate that by 2025, 3 billion adults will be classified
as overweight, with over 1 billion categorized as obese.*

Adipose tissue plays a vital role in energy homeostasis and interacts with the brain and other organs; the excessive fat
accumulation in obesity markedly increases morbidity and mortality risks, constituting a growing health crisis that
detrimentally influences both physical and mental health, with implications for global healthcare costs, while obesity is
a notable risk factor for various cancers, contributing to 4-8% of cases, and is linked to cardiovascular diseases, type 2
diabetes, and hypertension, driven primarily by energy imbalances and socioeconomic barriers to nutritious food and
physical activity.>’ The obesity induces an expansion of adipose tissue infiltrated by immune cells, predominantly
macrophages, which secrete pro-inflammatory cytokines like TNF-a, IL-6, and MCP-1, thereby exacerbating systemic
inflammation and correlating with increased CRP levels, as evidenced by studies on North Indian and Korean populations
demonstrating higher CRP in obese individuals relative to non-obese counterparts.®’

Systemic inflammation can be assessed using various biochemical markers from routine blood tests, offering a cost-
effective alternative to traditional inflammation assessments. These markers facilitate the establishment of ratios for
enhanced stability and predictability in measuring inflammation and immune status.'’

NLR and PLR are established biomarkers for evaluating inflammatory processes in obesity, with research demon-
strating notable correlations between these ratios and obesity, thereby suggesting their utility as indicators of subclinical
inflammation in this population.'"'?

Therefore, this study aimed to evaluate hematological inflammatory markers, CRP and ESR in both healthy
individuals with and without obesity, alongside their correlation with potential risk factors.

Materials and Methods

Subjects and Methods

Study Design and Settings

This case-control study, conducted from November 2022 to April 2023, involved sixty-nine healthy obese and sixty-nine
non-obese individuals aged 19 to 45 years within the Department of Medical Microbiology and Immunology at Sana’a
University, Yemen.

Inclusion and Exclusion Criteria

Individuals eligible for inclusion in the study consist of those aged 19 years or older, non-smokers, and non-pregnant
females. Conversely, individuals excluded from the study are those who have undergone bariatric or significant surgical
procedures in the preceding three months, those classified as underweight, individuals currently experiencing any form of
infection or inflammatory condition, as well as participants with endocrine, hepatic, renal, cardiac, or autoimmune
pathologies, those administered weight-modulating pharmacological agents such as corticosteroids, and minors with
genetic disorders or syndromes associated with obesity.

Sample Size

Sample size was calculated using Open Epi, with a confidence level of 95%, a margin of error of 5%, 80% power, and
a 1:1 ratio of unexposed to exposed, based on a 56.5% prevalence, yielding 69 participants for both obese and non-obese
cohorts.'?

Socio-Demographic Characteristics
Socio-demographic and lifestyle information (eg, age, gender, educational attainment, etc.) was obtained through a self-
administered questionnaire.

Anthropometric Measurements

Anthropometric markers were quantified, including bodyweight, height, waist, hip, neck, and wrist circumferences using
standardized methodologies. Body weight and height were assessed while participants wore light clothing and no
footwear, followed by BMI calculation. Waist circumference was measured horizontally to the nearest millimeter at
the midpoint between the costal margin and iliac crest during normal expiration, with the subject standing. Hip
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circumference was determined at the level of the greater trochanters, with the legs positioned closely together. The WHR
was computed as an indicator of central obesity by dividing waist circumference by hip circumference. Neck circum-
ference was measured horizontally just below the larynx, ensuring perpendicular alignment to the neck’s long axis. Wrist
circumference was assessed bilaterally at the wrist crease distal to the styloid processes, and an average was derived. All
circumferences were measured in a fasting state with subjects in an upright position and relaxed shoulders. The
measuring tape was applied firmly against the skin without causing compression. Circumference measurements were
recorded to the nearest 0.1 cm. The analysis utilized the average of the two measurements obtained."*

Participants were categorized into two distinct cohorts: individuals with a normal BMI (non-obese) and those with an
abnormal BMI (obese). The classification of normal BMI is established as a BMI ranging from 18.5 to 29.9 kg/m?; and
the designation of obesity is attributed to a BMI of 30 kg/m? or greater.'”

Sample Collection

Venipuncture was executed to procure 10 mL of venous blood. Three milliliters were gathered in a lavender EDTA tube
for CBC assessment utilizing the auto analyzer Diamond DF55 (Dymind, China), which was conducted within two hours
post-collection. An additional three milliliters were collected in a lavender EDTA tube for ESR analysis. Furthermore,
2 mL was transferred into plain gel tubes for centrifugation, which was subsequently employed in the CRP assay.

Hematological Inflammatory Markers

The NLR was derived by calculating the neutrophil count divided by the lymphocyte count, while the PLR was obtained
by dividing the platelet count by the lymphocyte count. The MLR was determined by dividing the monocyte count by the
lymphocyte count. The SII was defined as the product of the total count of neutrophils and platelets, divided by the

lymphocyte count.'®!!

Qualitative and Semi-Quantitative CRP Assay

The CRP latex agglutination assay represents a qualitative and semi-quantitative diagnostic methodology. The latex
particles employed in the CRP latex agglutination assay are functionalized with anti-human CRP antibodies that exhibit
agglutination upon interaction with patient serum that contains CRP.'®

Statistical Analysis

Statistical analysis entailed the verification, coding, and data entry into SPSS Version 26 (IBM Corporation, New York,
NY, USA). The statistical evaluation encompassed descriptive statistics, including frequency, percentage, mean, median,
and standard deviation (SD), as well as components of inferential statistics. The Chi-square test and the Fisher exact test
were implemented to evaluate the relationship between qualitative variables. The means were compared by #-test. Linear
correlation was estimated using Pearson’s correlation coefficient. The predetermined significance thresholds for the
p-values were established at 0.05 and 0.01.

Ethics Approval

This study was approved by the Research Ethics Committee of the Faculty of Medicine and Health Sciences at Sana’a
University, Yemen, adhering to the principles of the Helsinki Declaration, whereby participants were fully informed,
provided written informed consent.

Results

Socio-Demographic Characteristics

Table 1 illustrates the socio-demographic characteristics of the populations under examination. Among the 138 partici-
pants in this research, 69 were identified as obese. Of this cohort, 26.1% were male while 73.9% were female, with the
predominant age bracket being 28-36 years, comprising 40.6% of the cases. Conversely, the control group consisted of
69 non-obese individuals. Within this group, 60.9% were male and 39.1% were female, with a significant majority
(72.5%) falling within the age range of 19-27 years. Regarding residential locality, 69.6% of the obese participants and
60.9% of the non-obese participants resided in rural areas, while 30.4% and 39.1% lived in urban areas, respectively.
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Table | Socio-Demographic Characteristics Among Obese and Non-Obese Study

Participants
Character Obese Cases Non-Obese Cases +]
No (%) No (%)

Gender <0.001
Male 18 (26.1) 42 (60.9)
Female 51(73.9) 27 (39.1)

Age (years) <0.001
19-27 23 (33.3) 50 (72.5)
28-36 28 (40.6) 18 (26.1)
37-45 18 (26.1) I (1.4)

Status <0.001
Single 22 (31.9) 37 (53.6)
Married 47 (68.1) 32 (46.4)

Area of Residence 0.284
Rural 48 (69.6) 42 (60.9)
Urban 21 (304) 27 (39.1)

Levels of education 0.566
No formal 2 (2.9) 2 (29)
Primary 15 (21.7) 13 (18.8)
Secondary 22 (31.9) 16 (23.2)
Graduated and post- graduated 30 (43.5) 38 (55.0)

Have a job 0.058
Yes 24 (34.8) 35 (50.7)
No 45 (65.2) 34 (49.3)

Type of job 0.854
Full-time 17 (24.6) 18 (26.1)
Part-time 52 (75.4) 51 (73.9)

Income 0.238
Low 15 (21.7) 9 (13)
Moderate 52 (75.4) 55 (79.7)
High 2 (2.9) 5(7.2)

Note: p is significant at value < 0.05.

A statistically significant disparity was observed among the groups (obese and non-obese) concerning age, gender and
marital status (p<0.05). Conversely, no statistically significant differences were noted between the groups regarding
residential area, educational attainment, employment type, and income (p>0.05). Table 1

Anthropometric and Body Composition Parameters of the Study Participants

In this study, the obese cohort exhibited significantly elevated mean values for all anthropometric measurements relative
to the control group. These parameters encompassed weight, body fat, BMI, wrist, WC, HC, WHR, and abdominal
obesity (P < 0.001). Table 2

Comparison of Risk Factors in Obese and Non-Obese Individuals

A considerable correlation was identified between familial obesity, inadequate physical activity, and the persistence of
constipation in individuals categorized as obese, in comparison to their non-obese participants (p<0.05). No significant
association was found between dietary habits, meal frequency, and food allergies in obese individuals compared to non-
obese individuals (p>0.05). Table 3
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Table 2 Comparative Analysis of Anthropometric and Body Composition Parameters
Between Obese and Non-Obese Participants

Anthropometry Parameters Obese Non-Obese | Independence T Test p
(n=69) (n=69)
Mean £SD | Mean £SD

Weight (kg) 86.03£12.36 | 57.03+7.92 —-16.14 <0.001
Height (mm) 157.54+8.44 | 164.12+9.24 4.37 <0.001
Body fat % 44.63£11.73 19.21£7.73 —-15.03 <0.001
BMI (kg\m?) 34.54+4.17 21.16+2.02 —23.97 <0.001
Wrist (cm) 16.06x1.24 14.94x1.34 -5.09 <0.001
WC (cm) 107.72£9.16 | 74.59+5.48 —25.79 <0.001
HC (cm) 116.70£8.32 | 90.33+6.87 —20.14 <0.001
WHR (cm) 0.92+0.069 0.83+0.044 -9.99 <0.001
Abdominal Obesity (cm) 107.25£9.20 | 77.28+7.52 —20.95 <0.001

Notes: p is significant at value < 0.05.

Abbreviations: BMI, Body mass index; WC, Waist Circumference; HC, Hip Circumference; WHR, Waist hip ratio.

Table 3 Comparative Analysis of Risk Factors in Obese versus Non-Obese Participants

Risk Factor Obese Cases | Non-Obese Cases p
No (%) No (%)

Family history of obesity <0.001
Yes 49 (71) 7 (10.1)
No 20 (29) 62 (89.9)

Physical activity <0.001
Low 27 (39.1) 5(7.2)
Moderate 8 (11.6) 16 (23.2)
High 34 (49.3) 48 (69.6)

Food Habit 0.409
Qat chewing 22 (31.9) 23 (33.3)
Pepsi drinking 7 (10.1) 9 (13.0)
Qat and Pepsi 26 (37.7) 30 (43.5)
Nothing 14 (20.3) 7 (10.1)

No. of meals daily 0.120
| I (1.4) 7 (10.1)
2 20 (29.0) 15 (21.7)
3 48 (69.6) 45(65.2)
4 0 (0.0) I (1.4)
5 0 (0.0) I (1.4)

Food allergy 0.060
Yes 19 (27.5) 10 (14.5)
No 50 (72.5) 59 (85.5)

Persistent of diarrhea or constipation <0.001
Diarrhea 8 (11.6) 4 (5.8)
Constipation 40 (58.0) 22 (31.9)
Nothing 21(30.4) 43 (62.3)

Notes: p is significant at value < 0.05.

Comparison of Hematological Inflammatory Markers in Obese and Non-Obese

Individuals

The mean values of TWBCs, neutrophils, monocytes, platelet count, NLR, PLR, MLR, and SII were elevated in the
obese population compared to the non-obese cohort, yet no statistically significant differences were observed (p>0.05).

There were statistically significant differences in ESR and CRP between obese and non-obese groups (p<0.05). Table 4
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Table 4 Comparative Analysis of Inflammatory Markers in Obese versus

Non-Obese Participants

Inflammatory Markers | Obese Cases | Non-Obese Cases p
N=69 N=69
Mean £SD Mean £SD

Total WBCs (10°/L) 5.72+1.65 5.54+1.58 0.512
Neutrophil (x103/uL) 3.041.14 2.99£1.10 0.774
Lymphocyte (x10%/uL) 2.26+0.64 2.3240.69 0.601
Monocyte (x10%/uL) 0.18+0.36 0.12+0.31 0.303
Platelets count (10°/1) 315.64+56.17 300.51+54.64 0.1
NLR 1.47+0.69 1.39+ 0.61 0.491
PLR 151.56 +£50.67 142.3£ 51.92 0.293
MLR 0.086+ 0.19 0.061£0.17 0.428
Sl 462.53£232.75 419.60£192.66 0.240
ESR (mm/hour) 14.0+10.08 6.65+5.64 <0.001
CRP

Positive n (%) 18 (26.1) 2 (29

Negative n (%) 51 (73.9) 67 (97.1) <0.001

Notes: p is significant at value < 0.05.

Abbreviations: T WBCs, Total White Blood Cells; NLR, Neutrophil/Lymphocyte ratio; PLR,
Platelets /Lymphocyte ratio; MLR, Monocyte/Lymphocyte ratio; SlI, systemic immune-
inflammation index; ESR, Erythrocyte Sedimentation Rate.
Correlation Between Inflammatory Biomarkers and Anthropometric Metrics
A positive significant correlation was observed between TWBCs and WHR (r = 0.266, P = 0.002), whereas no
correlations were found between TWBCs and other anthropometric parameters. A significant positive correlation was
observed between lymphocytes and WHR (r = 0.249, P = 0.003), whereas a significant negative correlation was noted
between lymphocytes and body fat (r = —0.197, P = 0.021), with no significant correlations found between lymphocytes
and other anthropometric parameters. Table 5
The study found significant negative correlations between eosinophils and various obesity metrics, including BMI,
body fat, HC, and abdominal obesity (r =—0.178, P =0.037; r =-0.206, P =0.015; r =—-0.183, P=0.031; r=—-0.197, P =

0.020), respectively. Table 5

Table 5 Correlation Between Inflammatory Biomarkers and Anthropometric Metrices

Inflammatory Parameters Pearson BMI WHR % Body Fat WC (cm) HC (cm) Abdominal
Correlation Obesity (cm)

TWABCs (10°/L) r 0.035 0.266 —0.042 0.128 0.010 0.034

P 0.685 0.002%* 0.627 0.135 0.910 0.694
Lymphocytes (x10%/pL) r —0.053 0.249 —-0.197 0.019 —-0.129 —0.072

P 0.537 0.003* 0.021* 0.827 0.132 0.398
Eosinophils (x103/uL) r —0.178 —0.034 —0.206 —0.146 —0.183 —0197

P 0.037%* 0.691 0.015% 0.088 0.031* 0.020%*
ESR (mm/hour) r 0.497 0.015 0.583 0.343 0.480 0.373

P <0.001 ** 0.862 <0.001 ** <0.001 ** <0.001 ** <0.001 **
CRP r 0.445 0.166 0.450 0.342 0.368 0.360

P <0.001 ** 0.052 <0.001 ** <0.001 ** <0.001 ** <0.001 **
PLR r 0.060 —0.195 0.244 —0.001 0.125 0.114

P 0.485 0.022% 0.004** 0.995 0.146 0.148

Notes: *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level.
Abbreviations: T WBCs, Total White Blood Cells; PLR, Platelets /Lymphocyte ratio.
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This study identified significant positive correlations between ESR and obesity metrics, such as BMI, body fat, WC,
HC, and abdominal obesity. This research also revealed significant positive correlations between CRP and obesity
indicators, including BMI, body fat, WC, HC, and abdominal obesity, as shown in Table 5.

PLR exhibited a significant negative correlation with WHR (r = —0.195, P = 0.022) and a positive correlation with
body fat (r = 0.244, P = 0.004), whereas no significant correlations were observed with BMI, WC, HC, and abdominal
obesity, as illustrated in Table 5.

No significant correlations were found between NLR, MLR, SII, neutrophils, monocytes, and platelet counts with
anthropometric parameters. (Data not shown)

Discussion

This research identifies a significant gender disparity in obesity among 69 participants, with 26.1% male and 73.9%
female, predominantly within the 28-36 age range (40.6%). Such findings corroborate existing literature illustrating
a higher prevalence of obesity in females, as demonstrated by studies indicating increased mean BMI and obesity rates
among women compared to men.'”'® Obesity is notably prevalent among adults aged 28-36, aligning with research
indicating elevated obesity rates in middle-aged individuals, especially those below 65, while younger adults with
obstructive sleep apnea exhibit a higher propensity for obesity compared to their older counterparts, further corroborated
by findings from China highlighting significant obesity rates in adults aged 40—69 linked to specific lifestyle choices.'*°
This demographic distribution underscores significant trends in obesity research, emphasizing the pivotal influence of
gender and age on obesity prevalence.

The current study revealed no significant differences in residential area, educational attainment, employment type, or
income between obese and non-obese individuals. In contrast to this study, previous studies have indicated varying health
statuses linked to residential regions and a notable relationship between obesity and educational performance, as well as
income disparities favoring non-obese individuals.>'*** These discrepancies highlight the complexity of obesity’s
relationship with socioeconomic factors and suggest that further research is needed to understand these dynamics fully.

The present investigation establishes that individuals with obesity exhibit markedly elevated anthropometric indices,
including BMI, WC, and HC, which correlate with heightened susceptibility to metabolic and cardiovascular pathologies.
Recent literature confirms that such anthropometric factors, particularly BMI, WC and HC, are pivotal indicators of
visceral fat accumulation, a notable risk determinant for metabolic disorders and cardiovascular health.”* ** Although
emphasis is frequently placed on elevated metrics in individuals with obesity, it is essential to acknowledge that
anthropometric variables can significantly vary due to factors such as age, sex, and ethnicity, with females typically
displaying greater body fat percentages than males, thereby influencing evaluations of obesity-related health risks.*>°
The link between these measurements and health outcomes varies among populations, highlighting the need for
customized obesity management strategies.

The current research identifies a notable link between familial obesity, low physical activity, and persistent constipa-
tion in obese individuals compared to non-obese individuals. A recent study found that familial obesity history adversely
affects physical activity levels, with children from such backgrounds displaying reduced activity and heightened
sedentary behavior; however, role models promoting physical activity can mitigate these negative outcomes and
encourage healthier habits.”® Physical activity levels in obese individuals, both children and adults, are markedly
lower than in their non-obese counterparts, leading to increased sedentary lifestyles.>® Environmental and psychological
impediments, including lack of motivation and inadequate familial support, aggravate this inactivity. The significance of
physical activity in reducing genetic obesity risk is particularly relevant for those with a familial background of obesity.
Consequently, advocating for physical activity as a preventive measure against obesity requires focused interventions that
tackle both individual and environmental obstacles.>'* Recent studies demonstrate that familial obesity is often linked to
shared lifestyle choices, including dietary practices and physical activity, which may result in both obesity and
constipation, with genetic predispositions further exacerbating these issues.’’** Additionally, a recent study suggests
that physical inactivity is prevalent among obese individuals, leading to increased constipation rates, thus highlighting the
necessity of addressing dietary habits, psychological stressors, and socioeconomic factors in comprehensive obesity
prevention strategies.>* Familial obesity and inadequate physical activity are closely linked to obesity; nonetheless, it is
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essential to assess dietary patterns, psychological stressors, and socioeconomic factors, as these elements significantly
influence obesity outcomes and should be integrated into comprehensive obesity prevention and intervention strategies.

The present investigation indicates that mean TWBC, neutrophil, monocyte, and platelet counts were elevated in the
obese cohort compared to their non-obese counterparts, although these differences did not achieve statistical significance;
this aligns with prior findings that associate obesity with heightened inflammatory markers such as leukocytes and
neutrophils, as well as increased monocyte levels, thereby underscoring obesity’s inflammatory pathology.*>*® Higher
platelet levels in obese cohorts may be associated with elevated inflammatory cytokines such as IL-6, though the lack of
statistical significance in these variations likely results from individual variability and the overlap in hematological
parameters between obese and non-obese subjects, with subclinical inflammation in obesity indicating that trends in
inflammatory markers often lack significance; thus, individual differences, comorbidities, and biomarker sensitivity affect
outcomes, highlighting the need for more accurate biomarkers for effective evaluation.*>>°

The study indicates a significant positive association between TWBCs and WHR. The research also found
a significant positive association between lymphocyte levels and WHR. Obesity, particularly central adiposity measured
by WHR, is associated with low-grade systemic inflammation as indicated by elevated TWBC counts; however, research
reveals inconsistent reliability of WHR as an inflammation marker across different populations.*® Other recent studies
identified no significant relationship between WHR and inflammatory markers such as NLR in obese women, challenging
WHR’s role as a consistent inflammation indicator), while additional findings suggest a negative yet non-significant
correlation between WHR and TWBCs, highlighting methodological and population-based variability.*'*** Lymphocytes
are integral to numerous health conditions, including sepsis and rheumatoid arthritis, where they are associated with
inflammation and disease progression.“’44 While current literature identifies a link between TWBCs, lymphocytes, and
WHR in obesity, it highlights the complex involvement of lymphocytes in obesity-related inflammation, warranting
deeper exploration to clarify their relationship and health ramifications for effective intervention strategies.

This study delineated a significant negative correlation between eosinophil counts and several obesity metrics, such as
BMI, body fat percentage, HC, and abdominal obesity, alongside notable positive correlations between ESR and diverse
obesity indicators, including BMI, body fat, WC, HC, and abdominal obesity. A Study by Sunadome et al, 2020;
indicates a notable inverse relationship between eosinophil counts and obesity metrics, with higher eosinophil levels
correlating to lower BMI in certain populations.*> Furthermore, eosinophils are implicated in metabolic homeostasis, as
evidenced by their role in regulating inflammation and glucose metabolism, potentially alleviating obesity-related
dysfunctions.*® Higher BMI in certain populations correlates with elevated eosinophil levels, indicating potential
influences from inflammation or genetic factors.*’ A comprehensive analysis of medical records revealed a significant
association between BMI and ESR, especially in individuals with a BMI of 40 kg/m? or higher, indicating that elevated
BMI correlates with increased systemic inflammation.*® WC is a common measure of abdominal obesity and has been
linked to various health outcomes. It is a significant predictor of metabolic disorders, which are often accompanied by
inflammation, potentially affecting ESR levels.* Although HC is less commonly examined regarding inflammation, it is
typically analyzed alongside WC to derive the WHR, a significant metric for assessing fat distribution linked to
metabolic disorders that may affect inflammatory markers such as ESR.>° Abdominal obesity is associated with
heightened inflammatory markers that may elevate ESR.”" The relationship between eosinophils and obesity metrics is
modulated by environmental factors like diet and lifestyle, potentially impacting eosinophil functionality and adipose
tissue distribution; thus, the documented link between ESR and specific obesity indicators, alongside the interplay of
obesity, inflammation, and health outcomes, suggests that abdominal obesity might influence ESR through systemic
inflammation, necessitating deeper exploration of this connection.

This study identified significant positive correlations between CRP levels and various obesity metrics, such as BMI,
body fat, WC, HC, and abdominal obesity. A recent study indicates a robust positive association between BMI and CRP
levels, with evidence showing that an increase in BMI correlates with rise in elevated CRP risk among adult women, and
other research within a North Indian cohort demonstrated that individuals with a BMI exceeding 23 kg/m? exhibited
significantly elevated CRP levels compared to those with lower BMI.>>>* Body fat percentage positively correlates with
CRP levels, especially in obese women, with a nonlinear relationship evident beyond 30% body fat. While WC correlates
positively with CRP, this association is weaker than that of BMI, and although HC and WHR show some positive
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correlations with CRP among obese populations, these relationships exhibit variability across different studies.”* >

Despite these findings, some studies suggest that while CRP is a reliable marker of inflammation, other factors such as
lifestyle and genetic predispositions may also play critical roles in the inflammatory response associated with obesity.
This highlights the complexity of obesity-related inflammation beyond mere metrics.

In this study, the mean values of NLR, PLR, MLR, and SII were higher in obese individuals than in non-obese ones,
although no statistically significant differences were noted. A comprehensive analysis indicated no significant disparity in
NLR between obese and non-obese Egyptian subjects, despite elevated levels of CRP and PLR in the former, which
reflect subclinical inflammation.”® Similarly, in pediatric populations, NLR appeared non-discriminatory between obese
and non-obese children, notwithstanding increased leukocyte counts in the former, suggesting its limited utility in
gauging pediatric inflammatory status.’” Conversely, in adults, NLR was elevated in those with metabolic syndrome,
underscoring its potential relevance in assessing metabolic syndrome severity in individuals with obesity.”” The obesity-
inflammation nexus is intricate, influenced by adipokines and metabolic dyslipidemia, affecting PLR variably across
demographics.®® Variability in PLR significance between obese and non-obese cohorts may stem from differences in
study design, demographics, and sample sizes.>® The absence of significant differences in some studies may reflect the
multifactorial nature of obesity-related inflammation, influenced by lifestyle and genetic factors.®

Research demonstrates that the MLR reveals no significant disparities between obese and non-obese groups.®* As
a relevant biomarker for inflammation, the MLR has been examined in various contexts, such as obesity and related
conditions like cardiovascular diseases.’’ In obesity, the MLR is typically increased, yet studies have not consistently
demonstrated statistically significant discrepancies between obese and non-obese individuals.®*

The present study revealed that PLR demonstrates a notable negative relationship with WHR and a positive
association with adiposity. A recent study identified the inverse correlation between PLR and WHR suggests that
heightened inflammation, indicated by higher PLR, may correlate with a reduced WHR, potentially due to divergent
fat distribution patterns or metabolic conditions that variably affect these indicators.®> Other investigation observed that
the correlation between PLR and adiposity indicates that rising body fat correlates with heightened systemic inflamma-
tion, corroborated by research connecting increased adiposity to elevated inflammatory markers.®* Furthermore, WHR
quantifies fat distribution, with elevated ratios signaling increased abdominal fat, a precursor to metabolic diseases.®> The
interplay between PLR, WHR, and adiposity elucidates the relationship between inflammation and body composition, yet
it is essential to account for additional factors such as genetic predispositions, lifestyle choices, and comorbidities,
alongside the influence of various inflammatory markers on metabolic health for a thorough comprehension of these
interrelations.®®-%’

A comprehensive analysis of NHANES data from 2017-2020 revealed a significant correlation between SII and
metrics such as BMI, WC, and obesity rates, while acknowledging the potential moderating effect of physical activity on
this relationship.®® Another study highlighted the crucial involvement of inflammation in obesity by analyzing the SII as
a potential inflammatory marker, revealing a non-significant associative trend, while in pediatric populations, the SII
showed a relationship with BMI, suggesting a correlation between inflammation and body weight in younger individuals,
though with differing levels of significance.*>®® This complexity is reflected in the diverse findings across different
studies, emphasizing the importance of considering multiple factors when evaluating inflammatory markers in obesity.

Limitations of the Study

The study design restricts our ability to investigate causal and temporal relationships among the variables, compounded
by a limited sample size and the exclusion of inflammatory cytokines; thus, further research with larger cohorts
incorporating inflammatory processes is warranted.

Conclusions

The study indicates significant increases in hematological biomarkers among obese individuals, highlighting a potential
link between obesity and inflammation. It identifies specific inflammatory markers such as TWBCs, Lymphocytes,
Eosinophils and, PLR associated with various obesity parameters, suggesting that these markers could serve as predictors
for health risks related to obesity.
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