Pre prints.org

Article Not peer-reviewed version

Distinct Cardiometabolic Profiles for
Overweight/Obese People with Different
Haptoglobin Phenotypes: A Cross-
Sectional Study

Moezalislam E. Faris " , Rasha E. Hassan , Naglaa M. Sherif , Samir Awadallah , Dana N. Abdelrahim,
Mohammed R. A. Elhag , Omar Hammouda , Asma Almansoori, Jalal Taneera , Mohamed |. Madkour

Posted Date: 25 March 2026
doi: 10.20944/preprints202603.2069.v1

Keywords: haptoglobin polymorphism; obesity; inflammation; CD163; lipid profile; precision nutrition;
personalized nutrition; genomic nutrition; genomic medicine

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/648999
https://sciprofiles.com/profile/2541997
https://sciprofiles.com/profile/3883661
https://sciprofiles.com/profile/5037892
https://sciprofiles.com/profile/896851
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2026 d0i:10.20944/preprints202603.2069.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Distinct Cardiometabolic Profiles for
Overweight/Obese People with Different
Haptoglobin Phenotypes: A Cross-Sectional Study

Moezalislam E. Faris ¥, Rasha E. Hassan 2, Naglaa M. Sherif 2, Samir Awadallah 3,
Dana N. Abdelrahim 4, Mohammed R. A. Elhag 5, Omar Hammouda 67, Asma Almansoori 8,
Jalal Taneera ¢ and Mohamed I. Madkour 48

1 Department of Clinical Nutrition and Dietetics, Faculty of Allied Medical Sciences, Applied Science Private
University, Amman, Jordan

2 Biochemistry Department, Faculty of Science, Ain Shams University, Cairo, Egypt

3 Department of Medical Laboratories, College of Allied Medical Sciences, Zarqa University, Zarqa, Jordan

4 Research Institute of Medical and Health Sciences (RIMHS), University of Sharjah, Sharjah, United Arab
Emirates

5 Leicester School of Allied Health Sciences, Faculty of Health and Life Sciences, DeMontfort University,
Leicester, United Kingdom

¢ Interdisciplinary Laboratory in Neurosciences, Physiology, and Psychology: Physical Activity, Health, and
Learning-LINP2, UFR STAPS, Paris Nanterre University, France

7 Research Laboratory, Molecular Bases of Human Pathology, LR19ES13, Faculty of Medicine, University of
Sfax, Tunisia

8 Department of Medical Laboratory Sciences, College of Health Sciences, University of Sharjah, Sharjah,
United Arab Emirates

Correspondence: moezalislam@gmail.com or m_faris@asu.edu.jo

Abstract

Background: Haptoglobin (Hp) is an acute-phase protein crucial for neutralizing oxidative damage
and eliminating free hemoglobin. However, the effect of Hp polymorphism on the modulation of
anthropometric, metabolic, and inflammatory aspects of obesity remains poorly elucidated.
Methods: Hp genotypes, glucometabolic and cardiometabolic markers, serum CD163, and pro-
inflammatory and anti-inflammatory markers were assessed in conveniently recruited participants
with overweight and obesity of the same racial and ethnic backgrounds. Results: A total of 114
participants (75 males, 39 females; mean age 37.32 + 11.8 years) with overweight or obesity (BMI =
3041 + 5.09 kg/m2) were recruited. Participants with Hp2-1 and Hp2-2 genotypes showed
significantly higher (P < 0.05) levels of insulin resistance, total cholesterol, LDL-C, and triglycerides
than those with the Hpl-1 genotype. In contrast, participants with the Hpl-1 genotype had
substantially higher (P < 0.05) serum Hp levels than those with the Hp2-2 genotype. Furthermore,
participants with the Hp2-1 genotype expressed significantly higher (P < 0.05) levels of IL-6 and IL-
10 than their counterparts with the Hp2-2 genotype. No significant differences were found in
anthropometric measures, IGF-1, insulin sensitivity, HDL-C, CD163, and TNF-a. Conclusion: Hp
polymorphism is remarkably associated with distinct metabolic and glucoregulatory aspects in
individuals with overweight and obesity, with Hp2-1 and Hp2-2 genotypes associated with higher
glucometabolic and cardiometabolic risks. The Hp genotype might serve as a predictive marker for
diabetes and cardiovascular diseases. Further research is warranted on the clinical implications of Hp

genotyping.

Keywords: haptoglobin polymorphism; obesity; inflammation; CD163; lipid profile; precision
nutrition; personalized nutrition; genomic nutrition; genomic medicine

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2069.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2026 d0i:10.20944/preprints202603.2069.v1

2 of 13

Introduction

Obesity is an epidemic metabolic disease that represents a causal factor for the most prevalent
chronic diseases worldwide [1]. Recent evidence highlights the complex relationship between obesity
and cardiometabolic complications, emphasizing that excess adiposity significantly increases the risk
of conditions such as type 2 diabetes, hypertension, and cardiovascular diseases [2—4]. Genetic
polymorphisms play a crucial role in determining an individual’s susceptibility to these
complications by influencing metabolic pathways, inflammatory responses, and fat distribution [5,6].
For instance, variations in genes related to adipogenesis and insulin signaling can modulate how
body fat impacts metabolic health, leading to differing degrees of risk among individuals with obesity
[7,8]. Moreover, certain genetic markers, such as those associated with haptoglobin (Hp) and other
inflammatory mediators, have been linked to worsened insulin resistance and dyslipidemia in obese
populations [9,10]. Thus, understanding these genetic influences not only aids in identifying
individuals at higher risk for cardiometabolic disorders but also paves the way for personalized
treatment strategies, enhancing the management of obesity and its associated complications. As
research continues to elucidate the interplay between genetics and environmental factors in obesity,
it becomes increasingly clear that a multifaceted approach is essential for effectively addressing the
cardiometabolic risks associated with obesity.

Haptoglobin (Hp) is a polymorphic plasma protein that exists in three genotypes: Hp1-1, Hp2-
1, and Hp2-2. The best-known function of Hp is binding free hemoglobin (Hb) in circulation, thereby
preventing iron loss and kidney damage [11]. In circulation, free Hb is a potent redox-active
compound that can participate in the Fenton reaction, generating reactive oxygen species (ROS) and
causing tissue damage [12]. Free Hb, however, is immediately captured by Hp, forming a stable
hemoglobin-haptoglobin (Hb-Hp) complex that is rapidly cleared from circulation by binding with
CD163 receptors on the surface of macrophages and monocytes [13]. The three main Hp genotypes
in humans (Hp1-1, Hp2-1, and Hp2-2) are derived from two alleles: Hp1l and Hp2. Several studies
have reported that the Hp genotype has a crucial role in the antioxidant and anti-inflammatory
response. Hp1-1 genotype individuals were found to be more resistant to oxidative stress (OS) than
Hp2-1 and Hp2-2 genotype individuals [14].

The Hpl-1 genotype enhances the stability of the Hp-Hb complex, thereby preventing Hb
oxidation and the formation of reactive oxygen species. In contrast, the Hp2 allele (Hp2-1 and Hp2-
2) shows lower stability of the Hp-Hb complex, which is associated with higher OS and a pro-
inflammatory response. HP2-2 is also considered a risk factor for inflammatory disease [15].
Therefore, Hp1-1 promotes the expression of anti-inflammatory cytokines, whereas the Hp2 allele
increases the production of pro-inflammatory cytokines [14,16,17]. Individuals with the Hp2-2
genotype have a higher expression of macrophage activation compared with Hp1-1 individuals [18],
which may be because Hp2-2 enhances the inflammatory response and angiogenic activity [19].

Both OS and inflammatory response are implicated in the pathophysiology of obesity [20].
Impaired antioxidant activity and anti-inflammatory macrophage signaling in Hp2-2, compared with
other Hp genotypes, may explain the association between the Hp genotype and increased risk of
obesity and metabolic disorders. The high economic and societal burden of obesity is attributable to
the high cost of medical management of obesity-related comorbidities, such as diabetes,
cardiovascular diseases, and cancers. This makes obesity a challenging disease [21].

Based on prior insights, we hypothesized that individuals who were overweight/obese and
possessed different HP genotypes would exhibit distinct anthropometric, glucometabolic, and
inflammatory profiles. Consequently, this study was designed to elucidate how these genetic
variations are reflected in anthropometric measurements, metabolic biomarkers, and inflammatory
responses associated with these conditions.
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Methods

This cross-sectional observational study, conducted in accordance with the STROBE statement
[22], recruited 114 Arab participants from the Arabian Gulf, Iraq, and the Levant at University
Hospital Sharjah (UHS), UAE, using convenience sampling. The study, approved by the UHS
Research Ethics Committee (Reference no: REC-16-05-11-01) and following the Declaration of
Helsinki, involved participants who were either a healthy weight or overweight/obese (BMI > 25
kg/m?)[23]. Recruitment was conducted through personal contact, social media, and institutional
email. After providing signed informed consent, participants underwent screening and
investigations at UHS. Data, including medical history and demographics, were collected through
face-to-face interviews using a self-report questionnaire administered by a trained research assistant.
Exclusion criteria included non-Caucasians, diabetes, cardiovascular disease, regular medication use,
weight-reducing diets, bariatric surgery within the past nine months, and pregnancy/perimenopause.

Anthropometric and Blood Pressure Assessment

Anthropometric measurements were taken using segmental multi-frequency bioelectrical
impedance analysis (DSM-BIA; TANITA, MC-980, Tokyo/Japan). These measurements included
body weight (kg), body mass index (BMIL; kg/m?2), body fat percentage (BFP; %), fat mass (FM; kg),
muscle mass (MM; kg), fat-free mass (FFM; kg), visceral fat area (VFA; cm?), total body water (TBW;
kg), waist circumference (WC; cm), hip circumference (HC; cm), and total body water (TBW, kg). The
DSM-BIA machine measured the visceral fat rating (0-100), and this value was converted to visceral
fat surface area by multiplying it by 10, in accordance with the manufacturer’s instructions. Waist
circumference, categorized as high or normal based on sex, was an independent variable. Systolic
and diastolic blood pressure (SBP, DBP, respectively) were measured using an electronic monitor
(General Electric, USA) after a 10-minute rest.

Blood Sampling

Following an 8-hour fast, 10 ml of blood was collected from each participant between 11 am and
1 pm to standardize fasting duration and minimize the influence of time and diet on biochemical
parameters. Within one hour of collection, blood samples were centrifuged at 2500 rpm for 15 min.
The serum was then aliquoted, coded, and stored at -80 °C until biochemical analysis. A separate
sodium fluoride tube was used for glucose measurements.

Chemiluminescence Immunoassay (CLIA)

Fasting glucose, total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides were
quantified using chemiluminescence immunoassay (CLIA) on a fully automated clinical chemistry
analyzer (Adaltis, Pchem]l, Italy). Insulin resistance was calculated using the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) formula: (fasting glucose x fasting insulin)/405.
Insulin sensitivity was evaluated using the Quantitative Insulin Sensitivity Check Index (QUICKI)
and the reciprocal of HOMA-IR (1/HOMA-IR). Blood pressure was measured before blood sampling
using a digital monitor (GE, USA) after a 5-minute rest period, with participants seated and upright.
Serum insulin-like growth factor-1 (IGF-1), fasting insulin, and CD163 were measured by ELISA
(Elabscience, USA) according to the manufacturer’s protocol. Briefly, standards and samples (in
duplicate) were added to wells, followed by incubation. After washing, biotinylated detection
antibody and avidin-HRP conjugate were added sequentially, with washes in between. A substrate
reagent was added, and after further incubation, a stop solution was added. Optical density (OD)
was measured at 450 nm using a microplate reader. A four-parameter logistic curve was generated
to determine concentrations, accounting for any dilutions.
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Multiplex Assay

Pro- and anti-inflammatory cytokines (IL-6, IL-10, TNF-a) were measured using a multiplex
assay (Luminex, Bio-Plex Pro™, Human Cytokine Plex Assay). This assay uses capture antibodies
coupled to beads that bind to target biomarkers in the sample. After washing, a biotinylated detection
antibody and streptavidin-phycoerythrin (SA-PE) conjugate are added to form a detection complex,
with phycoerythrin acting as the fluorescent reporter. A Luminex 200 with xPONENT® software was
used for analysis. The Luminex 200 was calibrated using the xPONENT® 3.1 compatible calibration
kit (EMD Millipore Catalog #40-275) and verified with the performance verification kit (EMD
Millipore Catalog #40-276) for magnetic bead assays.

Haptoglobin phenotyping was performed as described previously by Madkour et al. [24],
utilizing G-vertical polyacrylamide gel electrophoresis [25].

Statistical Analyses

Statistical analyses were performed using Stata version 13.1 (Stata Corp. USA). Normality tests
were conducted, and all variables were found to be normally distributed. Data are presented as mean
+ SD. Independent-samples t-tests were used to compare men and women. One- and two-way
ANOVAs were also employed, with results visualized using GraphPad Prism version 5 (GraphPad
Software). Haptoglobin genotypes served as dependent variables, while demographic,
anthropometric, metabolic, and inflammatory markers were independent variables. Statistical
significance was defined as p < 0.05.

Results

Sex-Based Demographic, Anthropometric, and Blood Pressure Characteristics

As shown in Table 1, a total of 114 participants (75 males, 39 females, aged 37.32+11.8 years) with
overweight or obesity (BMI=30.41+5.09 kg/m?) were recruited. The results indicated significant
differences between males and females for several key parameters. Males exhibited a significantly
(P<0.001) higher average weight (about 93 kg) compared to females (81.3 kg). Notable differences
were reported in FM and BFP, where males had lower FM at 25.6 kg than females at 29.5 kg and a
BFP of 27.0% compared to 35.7% for females (P<0.001). Furthermore, FFM and MM were significantly
higher in males, indicating greater muscle mass compared to females. Regarding total body water
(TBW), males averaged 47.8 kg while females averaged 36.2 kg, again highlighting significant
differences (P<0.001). Visceral fat area and waist circumference also showed substantial disparities,
with males having greater VFA and WC (114.6 cm? and 99.7 cm, respectively) than their female
counterparts (65.6 cm? and 91.4 cm). Blood pressure readings revealed that males had higher SBP
(125.8 mmHg) than females (118.7 mmHg), and DBP also differed significantly, with males at 74.2
mmHg and females at 66.9 mmHg. The parameters of age and BMI did not reveal any significant
differences between the two sexes.
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Table 1. Demographic, anthropometric, and blood pressure characteristics of the study participants and sex

differences.

Parameter All participants (n=114) Males (n=75) Females (n=39) P-value
Age (year) 37.32+11.8 38.77 £ 11.75 34.53 +11.64 NS
Weight (kg) 88.99 +15.51 92.96 +12.44 81.34+17.98 o
BMI (kg/m?) 30.41+ 5.09 303+3.9 305+5.5 NS

M (kg) 26.94 +£9.46 25.61+79 29.52 +11.56 *
BFP (%) 29.98 +7.02 27.01+5.2 35.69 + 6.50 o
FFM (kg) 61.41+10.52 67.09 +6.15 50.47 +8.29 >
MM (kg) 58.34 +£10.02 63.76 £ 5.87 47.92 +7.88 o
TBW (kg) 43.82+7.42 47.79 + 4.45 36.2 £5.88 >
VFA (cm?) 97.85 +48.0 114.6 +43.71 65.64 +38.91 o
WC (cm) 96.84 +13.48 99.68 +11.05 91.38 +16.0 **
HC (cm) 108.0 £10.14 107.56 +8.13 109 +13.27 NS
SBP (mmHg) 123.43+11.65 125.8 +10.63 118.7+12.18 o
DBP (mmHg) 71.73 +9.57 74.23 +£9.03 66.92 + 8.82 *

P-value: Difference between males and females. *P<0.05, significant difference. **P<0.001, highly significant

difference. NS, an insignificant difference.

Sex-Based Glucoregulatory and Lipid Profile Markers

No significant differences were observed in fasting insulin, insulin resistance (HOMA-IR),

insulin sensitivity expressed as reciprocal of HOMA-IR (1/HOMA-IR), QUICKI insulin sensitivity,
and IGF-1 between males and females. Furthermore, higher levels of serum FBG, TC, and TG were
reported in males than in females, whereas no such significance was observed for serum LDL-C and
HDL-C levels (Table 2).

Table 2. Glucoregulatory and lipid profile parameters for the study of male and female participants and sex

differences.

Parameter All participants (n=114) Males (n=75) Females (n=39)  P-value

FBG (mg/dl) 97.97 £20.93 102.3 £22.3 89.5+14.72 **

Fasting insulin (ng/ml) 14.45+14.17 15.85+17.0 1221 +7.64 NS

HOMA-IR 1.24 £1.08 1.40£1.29 0.98 +0.54 NS

Insulin sensitivity (1/HOMA-IR) 2.26 +2.02 2.0+1.62 2.68 £2.51 NS

QUICKI Insulin sensitivity 0.35 +0.06 0.34 +0.06 0.36 +0.06 NS

IGF-1 (ng/ml) 1.08 £0.79 1.18 +0.86 0.91 +0.66 NS

Total cholesterol (mg/dl) 180.6 +£37.6 186.1 £39.3 169.9 £31.9 *

TG (mg/dl) 102.3 + 60.4 114.8 +62.6 78.5+48.3 *

LDL-C (mg/dl) 115.1+£31.7 114.9+32.6 115.2+29.8 NS

HDL-C (mg/dl) 451+7.73 453 +7.67 446 +7.93 NS

P-value: Difference between males and females. *P<0.05, significant difference. **P<0.001, highly significant
difference. NS, an insignificant difference. QUICKI, quantitative insulin sensitivity check index; TG,
Triacylglycerol; LDL-C, Low-density lipoprotein cholesterol; HOMA-IR, HDL-C; High-density lipoprotein
cholesterol; homeostasis model assessment of insulin resistance; 1/HOMA-IR, reciprocal index of homeostasis

model assessment of insulin resistance.

Hp Genotype-Based Anthropometric and Blood Pressure Measures

No significant differences were observed among the three Hp phenotypes in body mass index
(BMI), body fat percentage (BFP), fat mass (FM), fat-free mass (FFM), or muscle mass (MM).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Additionally, systolic and diastolic blood pressure, total body water, and visceral fat area did not
vary significantly between the Hp genotypes. Furthermore, the results indicated slightly lower waist
and hip circumferences in participants with the Hp1-1, Hp2-1, and Hp2-2 genotypes, respectively
(Figure 1).
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Figure 1. Hp genotype-based anthropometric and blood pressure variables.

Hp Genotype-Based Glucoregulatory and Lipid Profile Parameters

Glucoregulatory markers based on the Hp genotype are shown in Figures 2 and 3. Participants
with the Hp 2-1 genotype had higher insulin resistance (HOMA-IR) than those with the Hp 2-2
genotype (P < 0.014). However, no such significance was observed in fasting blood glucose, fasting
insulin, insulin sensitivity (1/HOMA-IR), QUICKI insulin sensitivity, and IGF-1. Serum lipid profile
parameters varied across polymorphisms, with participants with the Hp2-1 genotype showing higher
TC and TG levels than those with the Hpl-1 and Hp2-2 genotypes, and those with the Hp2-2
genotype showing higher TC and TG levels than those with the Hp1-1 genotype. On the other hand,
serum LDL-C levels were significantly higher in Hp2-1 and Hp2-2 participants than in Hp1l-1
participants. At the same time, HDL levels didn’t show any significant differences across the Hp
polymorphism.
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Figure 2. Hp genotype-based glucose regulatory parameters for all participants. *Significant difference at
P<0.05.
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Figure 3. Hp genotype-based serum fasting glucose and lipid profile parameters of the obese participants.
*Significant difference at P<0.05.

Hp Genotype-Based Serum CD163, Haptoglobin, and Inflammatory Markers

The serum levels of Hp, sCD163, and inflammatory cytokines were measured in obese and
overweight participants by Hp genotype, as shown in Figure 4. Participants with Hp 1-1 and Hp 2-1
genotypes had higher serum Hp levels than those with the Hp 2-2 genotype. Further, in the same
direction but without significance, participants with Hp 1-1 showed higher serum sCD163 levels than
those with the corresponding Hp 2-1 and Hp 2-2 genotypes. Additionally, obese individuals with the
Hp2-1 and Hp2-2 genotypes expressed significantly higher IL6 levels than those with the Hpl-1
genotype. Also, Hp2-1 participants show a higher significance of IL-6 to the Hp2-2 genotype.
Moreover, levels of IL-10 in participants with the Hp2-1 genotype were significantly higher than
levels in Hp1-1 and Hp2-2 individuals (Figure 4).
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Figure 4. Hp genotype-based (A) serum Hp and CD163, and (B) inflammatory cytokines. *Significant difference
at P<0.05.

Discussion

The current work was designed to examine how these genetic variations are reflected in
anthropometric measurements, metabolic biomarkers, and inflammatory responses associated with
these conditions. It is well established that Hp polymorphism is a genetic factor that affects
cardiometabolic c risk factors such as blood cholesterol level [26-28]. Our findings were consistent
with a previous study that showed a significant association between lower serum Hp in Hp2-2
individuals and higher concentrations of TC, non-HDL-cholesterol, and LDL-cholesterol compared
with Hp1-1 individuals [29,30]. Our study found significantly higher TC levels in Hp2-2 than in Hp2-
1 and Hp1-1. In addition, we found that LDL cholesterol was substantially higher in Hp2-2 than in
Hp2-1 and Hp1-1. Moreover, TG was higher in Hp2-1 than in Hp1-1, but the difference was not
significant.

Overall, anthropometric findings underscore the distinct anthropometric profiles present in
overweight and obese individuals, influenced by sex, which may have implications for managing
and understanding health risks associated with varying haptoglobin genotypes. Our findings were
also consistent with studies demonstrating relationships among serum Hp, genotype, and HDL,
supporting the hypothesis that HDL is associated with higher concentrations of the Hp-Hb complex
[31]. In Hp2-2 patients with diabetes, a lack of CD163 uptake of the Hp-Hb complex was associated
with increased binding of the Hp-Hb complex to HDL. The amount of Hp-Hb complex in Hp1-1
individuals was significantly lower than that in Hp2-2 (in both in vitro and in vivo investigations),
and the Hb amount associated with Hp2-2 was two-fold higher than in Hp1-1 among patients with
diabetes [32]. These findings may explain the cardiovascular risk associated with high HDL
cholesterol levels. Our results showed a similar trend toward increased HDL in Hp2-2 and Hp2-1
compared with Hp1-1, although the differences were not significant. However, it is important to note
that the study populations differed.

Our study showed a significant change in insulin resistance between Hp1-1 and Hp2-2 and an
insignificant change in insulin sensitivity (1/HOMA-IR), which supports the above findings. In
addition, we demonstrated that QUICKI insulin sensitivity showed slight but insignificant
modifications. Moreover, IGF-1 was higher in Hp1-1 compared with Hp2-1 and Hp2-2, although
these differences were not significant.

Serum levels of Hp have been shown to have an independent association with the level of insulin
resistance, as quantified by HOMA-IR, which suggests that Hp is a novel marker of
hyperinsulinemia; specifically, insulin may directly stimulate Hp production [33]. Similarly, our
study showed a positive association between insulin concentration and Hp serum levels, as insulin
levels were higher in Hp1-1 individuals than in Hp2-1 and Hp2-2 individuals.

Obesity is associated with glucoregulatory factors such as insulin resistance, insulin sensitivity,
and a higher incidence of cardiovascular diseases. It is also associated with higher Hp serum levels,
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which are related to the development of arterial hypertension and a higher rate of stroke and
myocardial infarction [34-36]. Therefore, our hypothesis that Hp serum levels and HP genotype play
crucial roles in obesity was supported, suggesting they may serve as novel markers and links between
obesity and various comorbidities.

On the other hand, the present study found no significant associations between different Hp
genotypes and anthropometric parameters. Similar to previous studies [37-39]. Essential
demographic and anthropometric characteristics measured showed no significant changes in BMI,
body fat percentage, fat mass, fat-free mass, or muscle mass across Hp polymorphism. In addition,
diastolic and systolic blood pressure, total body water, and visceral fat area showed no significant
differences between the Hp genotypes. Our results showed a decrease in waist and hip circumference
from Hp1-1 to Hp2-1 to Hp2-2; however, these differences were not statistically significant.

Numerous studies have reported that waist circumference and BMI are strongly positively
associated with Hp. [33,40-42]. As previously explained, the positive correlation between Hp and
waist circumference highlights the role of visceral adiposity in initiating an inflammation response
[43,44]. Moreover, given the pro-inflammatory effects of IL-6 and TNF-a and the anti-inflammatory
properties of IL-10, our results showed that IL-6 was significantly higher in Hp2-1 and Hp2-2
individuals than in Hp1-1 individuals. Similarly, a previous study involving 276 people with obesity
indicated that Hp2-2 was associated with elevated IL-6 and TNF-a compared with Hp2-1 and Hp1-
1. [45]. Our study revealed that TNF-a levels were higher in Hp2-1 than in Hpl-1, although this
difference was not statistically significant. We also found that IL-10 was significantly lower in Hp2-2
compared with Hp2-1, and a non-significant decrease in Hp1-1 was observed.

Our study demonstrated that the Hp2-2 genotype was associated with elevated TNF-a and IL-6
levels in participants with obesity and lower waist circumference. This finding strongly supports the
hypothesis that Hp2-2 recruits macrophages in WAT, thereby enhancing the production of pro-
inflammatory cytokines (IL-6 and TNF-a). Similar findings were reported in previous studies, which
also showed that greater monocyte recruitment to WAT in individuals with obesity and an Hp2-2
genotype was associated with higher levels of IL-6 and TNF-a. [45,46].

However, Hp may function as an antioxidant and is also regarded as an acute-phase reactant
[47]. Hp is associated with pro-inflammatory activity, with higher levels of Hp associated with a
higher risk for obesity, type 2 diabetes, and cardiovascular diseases [29,48,49]. Hp is known to be
expressed in adipocytes and is also considered to be a marker of adiposity because of the elevated
levels of serum Hp associated with higher body weight [40]. In addition, an elevated serum Hp
concentration has been positively associated with childhood obesity [50]. Circulating Hp levels are
also a predictor of the progression of diabetes, kidney diseases, and macroangiopathy [29,51].
However, many studies have reported that the association between circulating Hp levels and risk for
cardiometabolic complications remains unclear [29,52]. Hp expression depends on Hp genotype and
the pro-inflammatory cytokines IL-6 and TNF-a (which have a crucial role in Hp concentration), as
well as nutrients [40].

This has several limitations that should be acknowledged. Firstly, its cross-sectional design
limits the ability to establish causality between Hp genotypes and the observed anthropometric,
glucometabolic, and inflammatory profiles. Although 114 participants were included, a larger sample
size may be necessary to improve generalizability and better capture variation in Hp genotypes and
associated health and metabolic markers. Additionally, the homogeneity of the sample, which may
be limited in age, ethnicity, and socioeconomic status, could affect the generalizability of the findings
to broader populations. Furthermore, potential confounding factors such as lifestyle, diet, physical
activity, and other genetic predispositions were not controlled for, which could influence the
metabolic and inflammatory profiles. Without longitudinal data, the long-term implications of the
observed associations remain uncertain.
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Conclusion

In conclusion, our results suggest that Hp polymorphism significantly influences metabolic and
glucoregulatory aspects in individuals with overweight and obesity, with Hp2-1 and Hp2-2
genotypes associated with higher glucometabolic and cardiometabolic risks. The present findings
also support the proposed association among Hp genotypes, inflammatory cytokines, serum Hp, and
lipid profiles in individuals with overweight/obesity. Hp polymorphism and serum Hp levels might
serve as predictive markers for diabetes and cardiovascular diseases. This highlights the need for
further research on its clinical implications.
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