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ABSTRACT 

 

DIETARY PHYTOCHEMICAL INDEX AND ITS ASSOCIATION TO BODY 

MASS INDEX AND HAEMOGLOBIN CONCENTRATION IN UPM 

FEMALE UNDERGRADUATES 

 

Khoo Zhe Chien, Salma Faeza Ahmad Fuzi 

 

Introduction: The prevalence of obesity and anaemia among female population has 

emerged as a public health concern in Malaysia. Phytochemicals, the naturally 

occurring compounds in plant-based foods, demonstrated potential health benefits, 

including anti-obesity and anti-anaemic properties. Despite its potential benefits, few 

studies have explored this area, particularly with the use of the phytochemical index 

(PI) as a novel measurement tool in assessing dietary phytochemical intake, offering a 

new perspective on dietary assessment. Therefore, this study was designed to 

determine the associations between dietary PI with body mass index (BMI) and 

haemoglobin (Hb) concentration among female undergraduate students in Universiti 

Putra Malaysia (UPM). Methods: Information on the sociodemographic 

characteristics, anthropometric measurements and Hb concentration were collected in 

the primary study. This secondary data analysis study was focused on estimating the 

dietary PI based on 1-day 24-hour dietary recall data collected in the primary study, 

and assessing the associations with BMI and Hb concentration using Spearman’s rank 

correlation. Logistic regression was used to determine the odds ratio (OR) of 

overweight/obese and anaemia across dietary PI quartiles. Findings: A total of 181 

respondents with mean ± SD age of 21.14 ± 1.30 years old participated in this study. 

Among the participating respondents, the majority were Malay (75.7%), from the 

Faculty of Engineering (37.0%), and did not consume any of the phytochemical-rich 

foods (39.2%). Nearly 22.7% of the respondents were overweight/obese, with anaemia 

prevalence of 51.4%. Although bivariate analyses showed no significant correlations 

between dietary PI with BMI (r = -0.056, p = 0.455) and Hb (r = 0.074, p = 0.322), 

logistic regression showed that respondents in the third quartile of dietary PI (Q3) had 

significantly higher odds of being overweight/obese and anaemic compared to those 

in the highest quartile of dietary PI (Q4) (overweight/obese, OR: 3.250, CI: 1.048 – 

10.074, p < 0.05; anaemia, OR: 2.500, CI: 1.064 – 5.874, p < 0.05). Conclusion: The 
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findings suggest that a higher dietary PI may be linked to a lower risk of obesity and 

anaemia in this population. These insights could inform future more targeted dietary 

interventions emphasising on phytochemical intake, for better management and 

prevention of obesity and anaemia, with the potential for developing local PI cut-offs. 
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ABSTRAK 

 

INDEKS FITOKIMIA PEMAKANAN DAN PERKAITANNYA DENGAN 

INDEKS JISIM BADAN DAN KEPEKATAN HEMOGLOBIN DI 

PRASISWAZAH PEREMPUAN UPM 

 

Khoo Zhe Chien, Salma Faeza Ahmad Fuzi 

 

Pengenalan: Prevalens obesiti dan anemia dalam kalangan populasi perempuan telah 

muncul sebagai kebimbangan kesihatan awam di Malaysia. Fitokimia, sebatian 

semulajadi dalam makanan berasaskan tumbuhan, menunjukkan potensi manfaat 

kesihatan, termasuk sifat anti-obesiti dan anti-anemia. Walaupun potensi manfaatnya, 

beberapa kajian telah meneroka bidang ini, terutamanya dengan penggunaan indeks 

fitokimia (PI) sebagai alat pengukuran baru dalam menilai pengambilan fitokimia 

pemakanan, menawarkan perspektif baru tentang penilaian pemakanan. Oleh itu, 

kajian ini direka bentuk untuk menentukan perkaitan antara PI pemakanan dengan 

indeks jisim badan (BMI) dan kepekatan hemoglobin (Hb) dalam kalangan pelajar 

prasiswazah perempuan di Universiti Putra Malaysia (UPM). Kaedah: Maklumat 

tentang ciri sosiodemografi, pengukuran antropometri dan kepekatan Hb telah 

dikumpulkan dalam kajian utama. Kajian analisis data sekunder ini tertumpu pada 

menganggarkan PI pemakanan berdasarkan data daripada kaedah ingatan semula diet 

1-hari 24-jam yang dikumpul dalam kajian utama, dan menilai perkaitannya dengan 

BMI dan kepekatan Hb menggunakan korelasi pangkat Spearman. Regresi logistik 

digunakan untuk menentukan nisbah kemungkinan (OR) lebihan berat badan/obes dan 

anemia merentasi kuartil PI pemakanan. Keputusan: Seramai 181 orang responden 

dengan min ± SD berumur 21.14 ± 1.30 tahun telah menyertai kajian ini. Antara 

responden yang mengambil bahagian, majoriti adalah Melayu (75.7%), dari Fakulti 

Kejuruteraan (37.0%), dan tidak mengambil mana-mana makanan yang kaya dengan 

fitokimia (39.2%). Sebanyak 22.7% daripada responden mempunyai berat badan 

berlebihan/obes, dengan prevalens anemia berjumlah 51.4%. Walaupun analisis 

bivariat tidak menunjukkan korelasi yang signifikan antara PI pemakanan dengan BMI 

(r = -0.056, p = 0.455) dan Hb (r = 0.074, p = 0.322), regresi logistik menunjukkan 

bahawa responden dalam kuartil tiga (Q3) PI pemakanan mempunyai kemungkinan 

yang lebih tinggi untuk mengalami lebihan berat badan/obes dan anemia berbanding 
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dengan kuartil tertinggi (Q4) PI pemakanan (lebihan berat badan/obes, OR: 3.250, CI: 

1.048 – 10.074, p < 0.05; anemia, OR: 2.500, CI: 1.064 – 5.874, p < 0.05). Kesimpulan: 

Dapatan kajian menunjukkan bahawa PI pemakanan yang lebih tinggi mungkin 

dikaitkan dengan risiko obesiti dan anemia yang lebih rendah dalam populasi ini. 

Wawasan ini boleh memaklumkan intervensi diet yang lebih berkenaan pada masa 

hadapan yang menekankan pengambilan fitokimia, untuk pengurusan dan pencegahan 

obesiti dan anemia yang lebih baik, dengan potensi untuk membangunkan titik potong 

PI tempatan.
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

Phytochemicals are naturally occurring compounds found in plants, including 

phenolic compounds, organosulfur compounds, isoprenoids and dietary fibres 

(Carnauba et al., 2017). Despite not being essential nutrients, the significant roles of 

phytochemicals on health include cancer preventive, cholesterol-lowering 

subsequently decreasing the risk of coronary heart disease, antidiabetic, anti-

inflammatory and antioxidant properties were well acknowledged (Laka et al., 2022; 

Lamba & Garg, 2022). In the human diet, the most significant sources of 

phytochemicals are fruits and vegetables, either consumed raw or processed (Oz & 

Kafkas, 2017). Other dietary sources of phytochemicals include whole grains, nuts, 

legumes, tea, herbs and coffee (Monjotin et al., 2022; Park, 2023). Approximately 

200,000 phytochemicals have been identified to date, with a proportion of 20,000 of 

those were fruits, vegetables, and grains (Patra, 2012). 

 

Several methods have been used to investigate the effects of phytochemicals 

on health outcomes and to assess the phytochemical intake, with common methods 

involving the extraction of phytochemical content from foods and plant products. 

Luthria et al. (2015) reviewed various phytochemical extraction techniques from 

wheat samples, including the use of conventional solvents like acetone for phenolic 

compounds (Meneses et al., 2013), ultrasound-assisted extraction for lipid-soluble 

phenolic compounds such as alkylresorcinols (Geerkens et al., 2015), accelerated 

solvent extraction for phytosterols (Dunford et al., 2009), and hot acetone under reflux 

for plant sterols and steryl ferulates (Nurmi et al., 2012). On the other hand, when 

assessing human phytochemical intake, methods include measuring the phytochemical 

metabolites in the human samples. Polyphenol intake was assessed by measuring total 

polyphenol excretion in urine (Medina-Remón et al., 2015), carotenoids like lutein and 
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zeaxanthin in blood samples (Karppi et al., 2012), and phyto phenol metabolites or 

phenolic compounds quantified through analysis of faecal, blood and urine samples 

(Neacsu et al., 2017; Vitaglione et al., 2015). 

 

Since quantification of phytochemicals from food sources or in human samples 

requires a significant investment of time and is impractical for large-scale population 

studies due to the high costs involved, McCarty (2004) proposed that dietary 

phytochemicals can be estimated by using dietary phytochemical index (PI) 

(Carvalhaes et al., 2023). Dietary PI is defined as the proportion of dietary calories 

coming from foods that are normally rich in phytochemicals, to reflect the 

phytochemicals content of a diet (McCarty, 2004). This index, which measures the 

energy intake from foods high in phytochemicals as a simple ratio to total energy intake, 

can be a useful and simple evaluation to promote the consumption of phytochemical 

rich sources during the nutrition intervention program (Eslami et al., 2020; Vincent et 

al., 2010). According to McCarty (2004), the best PI score has the theoretical potential 

to reach its peak at 100, achievable through a vegan diet, while other dietary patterns, 

like the typical American diet, often score considerably lower, frequently below 20. 

 

Globally, adulthood obesity and overweight affected 39% and 13% of the 

world's population, respectively, with 1.9 billion adults suffering from being 

overweight and over 600 million of them being obese in 2016 (World Health 

Organization (WHO), 2021). According to the National Health and Morbidity Survey 

(NHMS), a growing trend of obesity prevalence in Malaysia was observed, increasing 

from 14% in 2006, 15.1% in 2011, 17.7% in 2015, and 19.7% in 2019 (Institute for 

Public Health (IPH), 2011; IPH, 2015; IPH, 2020). The main causes of obesity are 

environmental, genetic, and lifestyle factors, with eating behaviours being one of the 

significant factors contributing to obesity (Safaei et al., 2021; Wei et al., 2022). A 

review by Zhang et al. (2015) to summarise the recent progress on health benefits of 

phytochemicals recommended that plant foods should be taken into account as 

consumption of phytochemicals has been inversely linked to obesity and numerous 

chronic illnesses including cardiovascular diseases, diabetes and hypertension. Kumar 

et al. (2022) also suggested that the proposed mechanism underlying how 
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phytochemicals reduce the risk of obesity involves their impact on energy expenditure, 

lipase activity inhibition, and downregulating the differentiation of adipocytes. For 

example, quercetin, rutin and catechins induced white adipocytes browning to increase 

energy consumption (Zhang et al., 2019), polyphenols inhibit pancreatic lipase to 

reduce the fat absorption (Lunagariya et al., 2014), while kaempferol and rutin showed 

anti-adipogenic effect by inhibiting the cell cycle progression and reducing the 

expression of key adipogenic transcription factors (Khalilpourfarshbafi et al., 2019). 

 

Not only have phytochemicals been shown to play a role in reducing obesity, 

but the findings by Cotoraci et al. (2021) also suggested their potential in indirectly 

addressing anaemia associated with chronic inflammation targeted in the elderly 

population, or directly induce the resolution of anaemia through antioxidant activity. 

Anaemia is a haematological condition caused by low blood levels of haemoglobin 

(Hb), typically below 13.5 g/dL for adult males and 12.5 g/dL for adult females, which 

reduces the ability to carry oxygen to the body cells (Cotoraci et al., 2021).  According 

to WHO (2023), the main population groups affected by anaemia were mainly young 

children under the age of five and females, especially pregnant women and 

menstruating adolescent girls. It was estimated that nearly 40% which equates to 269 

million children under the age of five, 37% of pregnant women and 30% of non-

pregnant women were affected by anaemia. Poor diet, infections, chronic diseases, 

blood loss during menstruation and family history are several possible factors that can 

lead to anaemia (WHO, 2023). From a dietary perspective, the adequate intake of fruits 

and vegetables on a daily basis may serve to diminish the probability of developing 

anaemia, as suggested by Ghose and Yaya (2018). This beneficial effect may be 

attributed to carotenoids, a group of phytochemicals present in vegetables, which 

serves as precursors to vitamin A and contribute to the increase of iron absorption 

(Ilmiyati et al., 2021), by modulating the production of ferroportin genes that involved 

in iron intestinal absorption, either in vivo or in vitro, supported their positive effect in 

anaemia (Citelli et al., 2012). Besides, the antioxidant properties of phytochemicals 

like flavonoids may also serve to protect red blood cells from oxidative stress, thereby 

raising the Hb concentration, as suggested by Mazhar et al. (2017). 
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1.2 Problem Statement 

 

University students were reported to have poor eating habits of meal skipping 

and low consumption of phytochemical sources. Bede et al. (2020) who assessed the 

dietary habits and nutritional status among medical students in Cameroon, Africa 

reported that approximately half of the university students were found to consume only 

two meals per day (49.8%). The same study also revealed that the intake of 

phytochemical-rich foods among university students was poor, with only 4.3% 

students consuming fruits, vegetables (22.1%) and legumes (8.4%) daily (Bede et al., 

2020). Subramanian et al. (2019) assessed the whole grains consumption among 

Malaysian university students and found that the daily whole grains consumption was 

13%, which was relatively low. In Lee et al. (2023) study, Malaysia university students 

showed a lower adherence to the dietary recommendations for phytochemical food 

groups, with 26.5% students met the daily recommendations of legumes and less than 

a quarter of students met the daily fruits (9.1%) and vegetables (4.5%) 

recommendations, but most of the students were able to meet the recommendations for 

non-phytochemical food groups, such as meat, poultry and eggs (84.8%). As dietary 

PI specifically reflects the intake of fruits, vegetables, legumes, and whole grains, low 

consumption of these foods typically results in a lower PI score (Vasmehjani et al., 

2021) 

 

These poor dietary patterns are particularly concerning given the high 

prevalence of obesity and anaemia among university students. Studies indicated the 

proportion of obese Malaysian university students ranged from 9.0% (Ahmad et al., 

2023) to 17.6% (Radzi et al., 2019), while anaemia affected approximately 33.4% 

(Jawed et al., 2017) to 64.0% (Hassand, 2015) of female university students. In terms 

of gender differences, the prevalence of both obesity and anaemia is notably higher in 

females compared to males. According to the NHMS 2019 data for Malaysia, obesity 

rates were 24.7% in females and 15.3% in males, while anaemia affected 

approximately 30.4% of females and 12.6% of males (IPH, 2020). The high occurrence 

of these conditions among university students, particularly females, emphasises the 

need for effective dietary strategies such as increasing the intake of phytochemical-
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rich foods that could improve the PI score to mitigate the risk factors associated with 

these diseases. 

 

 Several studies have consistently demonstrated inverse associations between 

dietary PI and body mass index (BMI), suggesting that a higher dietary PI was 

associated with a lower risk of being overweight and obesity. A study carried out by 

Vincent et al. (2010) in the United States found that individuals with higher dietary PI 

had significantly lower BMI, with obese adult group exhibiting a lower dietary PI 

compared to those of the normal weight group. Similar findings were reported in the 

studies involving children and adults from different regions, including Iran and Korea, 

where higher dietary PI was linked to a reduced likelihood of overweight, obesity, and 

abdominal obesity (Eslami et al., 2020; Im et al., 2020). Another study carried out by 

Orgeron et al. (2019) in the United States also found that dietary PI in normal weight 

adults was significantly greater than those who were obese and severely obese, whilst 

a strong inverse correlation was also found in the similar study between dietary PI and 

BMI. While these studies consistently showed inverse associations between dietary PI 

and BMI, the studies were carried out mostly focused on children and adult populations, 

with limited exploration in certain subgroups, such as university students, who are also 

at risk of obesity. 

 

 Not only has BMI been shown to link with dietary PI, but there is also emerging 

evidence suggesting that phytochemical intake could influence other health outcomes, 

such as anaemia. In a study conducted by Sabbah (2020) among female university 

students in Dubai (n = 251), it was found that factors such as high total body fat, 

physically inactive and poor dietary choices, including a high preference for junk foods, 

were related to an increased risk of anaemia among this demographic. As dietary 

factors appear to be a significant contributing factor to anaemia, recommendations 

often centre on promoting dietary diversity through increased consumption of fruits 

and vegetables, with the aim of addressing this ongoing problem (Beck et al., 2014). 

For this reason, Ghose and Yaya (2018) conducted a study on fruits and vegetables 

consumption to investigate whether or not the amount consumed was linked to 

anaemia among 15 to 49 years old non-pregnant women in Africa, and the findings 
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indicated that women with inadequate fruits and vegetables consumption had a higher 

risk of developing anaemia (Ghose & Yaya, 2018). A systematic review by Mutwiri et 

al. (2020) on nine studies involving children and women at reproductive age showed 

that improvements in Hb, serum ferritin and transferrin biomarkers were linked to the 

intake of improved legumes, and the prevalence of inflammation was reduced from 

baseline by 80%, suggesting that incorporating legumes into the diet could be an 

effective strategy to enhance Hb concentration and reduce the risk of anaemia by 

providing essential nutrients and reducing inflammation. Olii et al. (2022) analysed 

the effect of green beans and soybeans juice on Hb concentration among adolescent 

girls in Indonesia, where it was reported that both green beans and soybeans juice 

consumption led to significant increase in Hb concentration. Another study carried out 

in Indonesia demonstrated that Hb concentration of pregnant women was increased 

with green beans consumption, suggesting that the phytochemical content in green 

beans can potentially contribute to enhanced haematopoiesis and ultimately to a 

reduced occurrence of anaemia (Puspita et al., 2021). While individual food intakes 

have been extensively studied in relation to Hb concentration, research on dietary 

phytochemical indices remains limited. 

 

Overall, most of the studies investigating the potential link between 

phytochemicals intake and obesity and anaemia were conducted in children, adults, 

pregnant women and non-pregnant women populations (Eslami et al., 2020; Ghose & 

Yaya, 2018; Im et al., 2020; Mutwiri et al., 2020; Olii et al., 2022; Orgeron et al., 2019; 

Puspita et al., 2021; Vincent et al., 2010). There is a lack of research on university 

students, who are more prone to obesity and anaemia due to unhealthy dietary habits, 

and no studies have yet examined their phytochemical intake using dietary 

phytochemical indices, particularly in Malaysia. Therefore, this study was aimed to 

determine the association between dietary PI and two variables of concern among 

university students – BMI and Hb concentration—specifically among female 

undergraduate students at Universiti Putra Malaysia (UPM). 
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The research questions for this study were: 

▪ What is the dietary PI, derived from phytochemical intakes, among female 

undergraduate students in UPM? 

▪ What is the BMI of female undergraduate students in UPM? 

▪ What is the Hb concentration of female undergraduate students in UPM? 

▪ Are there any association between dietary PI with (a) BMI and (b) Hb 

concentration among female undergraduate students in UPM? 

 

1.3 Significance of the Study 

 

This study is important because high prevalence of obesity and anaemia are the 

developing public health concerns in Malaysia. This study will help to find out the 

magnitude and distribution of phytochemical intake based on dietary PI, and 

prevalence of obesity and anaemia among female undergraduate students in Malaysia. 

Besides, this study also helps to examine whether BMI and Hb concentration are 

associated with high phytochemical intake. If significant associations are observed, 

this study will contribute to the body of information and provide insight on the 

importance of improving phytochemical intake with respect to reducing the risk of 

obesity and anaemia. Subsequently, it can act as a guide for nutritionists and healthcare 

professionals to plan an appropriate nutritional program in future. Meanwhile, it can 

also provide the necessary information for the policy-makers to formulate appropriate 

health policies in order to minimise the prevalence of obesity and anaemia in Malaysia.  

 

1.4 Research Objectives 

 

1.4.1 General Objective 

 

To determine the associations between dietary PI with BMI and Hb concentration 

among female undergraduate students in UPM. 
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1.4.2 Specific Objectives 

 

▪ To describe the sociodemographic characteristics of female undergraduate students 

in UPM. 

▪ To determine the dietary PI of female undergraduate students in UPM. 

▪ To determine the BMI of female undergraduate students in UPM. 

▪ To determine the Hb concentration of female undergraduate students in UPM. 

▪ To determine the association between dietary PI with (a) BMI and (b) Hb 

concentration among female undergraduate students in UPM. 

 

1.5 Research Hypothesis 

 

▪ Null hypothesis (H0): There is no significant association between dietary PI and 

BMI among female undergraduate students in UPM. 

Alternative hypothesis (H1): There is a significant association between dietary PI 

and BMI among female undergraduate students in UPM. 

▪ Null hypothesis (H0): There is no significant association between dietary PI and 

Hb concentration among female undergraduate students in UPM. 

Alternative hypothesis (H1): There is a significant association between dietary PI 

and Hb concentration among female undergraduate students in UPM. 

 

1.6 Research Framework 

 

Figure 1.1 illustrates the research framework employed in the present study. This 

framework comprises a single independent variable and two dependent variables. The 

first part of the research framework concerns the association between dietary PI and 

BMI. The second part of the research framework concerns the association between 

dietary PI and Hb concentration. 
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