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Introduction

(IPH, 2019)

19.9% 
Obesity prevalence in 

Malaysian adult

Worldwide 
obesity prevalence in adults

13.0% 54.4% 
HALF OF MALAYSIAN

are overweight 

and obese

(IPH, 2023)

NEW UPDATE!!

(Kyaw et al., 2022)
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MAIN OBJECTIVE:

To identify the potential biomarkers 

of iron-induced inflammation in the 

association between 

BMI and dietary vitamin B12, C, and 

D intake with hemoglobin 

concentration by using 

bioinformatics-assisted review (BaR)

Obesity

Anaemia Micronutrients 

deficiencies

Abnormalities at the endothelium, 

hormonal, and inflammatory levels 

+

excessive visceral fat distribution
Increase hepcidin level

Normal AnaemiaIN
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Cross-sectional: Secondarydata

Å 227Malaysian

Å Femaleundergraduatestudent

Å19-25years

ÅUndergoing4 assessments

Identify potential biomarkersof iron-induced

inflammationinvolvedin theassociations

Predictthe interactionvia protein

-proteininteractionand topology

analysis.

Part A
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Cross-sectional: Secondarydata

Å 227Malaysian

Å Femaleundergraduatestudent

Å19-25years

ÅUndergoing4 assessments

Identify potential biomarkersof iron-induced

inflammationinvolvedin theassociations

Predictthe interactionvia protein

-proteininteractionand topology

analysis.

Part B
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Application for an 
approval from 

JKEUPM ethical

Sampling design:

Sampling Location 
(faculty): Multi-

stratified

Sampling 
participants: 
Convenience 

Participants 
recruitments

(n = 225, 20% drop 
out) 

formula 
from(Hulley et al., 

2013).

Assessment 1:
Anthropometric 
measurements 
determination

SECA 803 flat 
(weight)

SECA 213 
stadiometer (height)

(Boone et al., 2016). 

Assessment 2:

Vitamin C intake 
(24-hours dietary 

recall)

Vitamin B12 Food 
Frequency 

Questionnaires 
(B12FFQ)(Mearns & 

Rush, 2017) 

VIDSUN 
questionnaire (Nabak

et al., 2014)

Assessment 3:
Haemoglobin 
concentration 
determination

HemoCueHb 201+ 
Analyzer 

(Parker et al., 2018)

The association 
between variables 

determination using 
software IBM SPSS 

Statistic 26

BMI and haemoglobinconcentration (Khan et al.,

2018)

(r = 0.199) ὧ πȢυz Ὅὲ
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×Normality: Cronbachôs alpha, and Shapiro-Wilk 

test (Ghasemi& Zahediasl, 2012)

× Descriptive statistics ïBaseline characteristics 

× The Pearson correlation for continuous data 

(Williams et al., 2020) 

× Binary Logistic regression - weightage 

determination of each variable (OR > 1 indicates 

increased risk) ïfactors contribute to association

Dietary vitamins RNI

Vitamin B12 4 µg/day

Vitamin C 70 mg/day

Vitamin D 400 IU/day

Part A: BMI and selected micronutrients with haemoglobinconcentration

BMI Classification Range (kg/m^2)

Normal Ó18.5 to 24.9

Underweight <18.5

Overweight Ó25 to 29.9

Obesity Ó30

Hb Classification Hb concentration

Normal Ó12.0

Mild Anaemia 11.0 to 11.9

Moderate Anaemia 8.0 to 10.9

Severe Anaemia <8.0

(Zierle-Ghosh & Jan, 2018) (RNI, 2017) (WHO, 2000)
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Irregular        

eating pattern 

Meal    

skipping 

Insufficient  

sleep

Poor dietary      

habit

Hectic and              

stressful  lifestyle

(Monika et al., 2019) 

Based on WHO classification (WHO, 2020), if the percentage of   

anaemiain target population is higher than 40.0%, considered as 

severe health problem that maybe cause to:

Results for Part A: Baseline characteristics of the participants (n=227) 

This studyrevealedthatmostof theparticipanthaveinadequatein al

l micronutrientsstudiedwhich dueto poordietarychoicesthatbeco

ming a factorcontributeto theprevalenceof anaemia.
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Results for Part A: Correlation between anthropometric measurement and BMI, selected vitamin 

intakes with haemoglobinconcentration by using Pearson correlation test

1. There is no significant association between BMI and the intake selected

micronutrientwith haemoglobinconcentration.

2. A significant linear associationwas observed,betweenweight and haemoglobin

concentration(r=0.137, p=0.039).

Haemoglobinis blood biomarker 

to represent anaemia, which       

generally affected only at final    

stage of iron deficiency.

Early and indirect changes in         

iron homeostasis from inadequate 

nutrient intake from diet, may not 

be readily observable.

(Chaparro & Suchdev, 2019).

Also influenced by other 

cofounder such as            

inflammation that is not 

assessed.

(Bagniet al., 2013)
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Results for Part A: Prediction of selected micronutrients and BMI in contributing to anaemiaby 

logistic regression

Overweight participants significantly      

contributed to anaemia2.772 times  more   

compared to others BMI category            

(OR=2.772, 95% CI 1.194-6.437,            

p=0.018)

Å Haemoglobinconcentration influenced by muscle mass, body fat percentage, 

overall body size,andcan vary among individuals with the same weight but   

different heights 

Å Mechanism of action:

Å Increase BMIĄ increased body composition, adiposity,

inflammation, organ sizeĄ disrupt physiologicalbody function

Å Example:

Å Increased adiposity Ą increase Vitamin D stored Ą lower          

vitamin D bioavailability  and distribution

Å Obesity associated with poor dietary habit Ą lower water-soluble 

vitamin (Vitamin C and B12)

Å Increased cholesterol, TGA and FFA Ą Impact protein-bound     

micronutrients  distribution

(Guardiola-Márquez et al., 2022; Lapik et al., 2020). 
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Needs of comprehensive interpretation of the results

Inconsistent result

Indicate possible pathways at molecular level

Investigate direction 

of causality



Part B: Bioinformatics-assisted review (BaR)
(Bonilla et al., 2022) 
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Iron metabolism and regulation 

protein/gene

Vitamin B12 metabolism and      

regulation protein/gene

Vitamin D metabolism and    

regulation gene/protein

Gene/ protein involved in        

lipid and iron interaction

Inflammation indicators         

(Gene/protein) involved in        

iron transportation and                

regulations

Total nodes: 46 nodes

Total edges: 194 edges

Clustering coefficient: 0.67

Average node degree: 8.43

P-value: (10e-16) = (<0.001)

Results for Part B: Analysis of protein-protein interaction  (PPIN) for potential biomarkers of       

iron-induced inflammation identification

The very low PPIN enrichments 

p-value indicated that the nodes 

were significant and not random.

(Bonilla et al., 2022) 
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