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ABSTRACT 

Background: A high-quality diet protects human against all forms of malnutrition as well as 

non-communicable diseases (NCDs). Different food environments, composed of external and 

personal food environments, are the main factors of the variation in diet quality, leading to 

different nutritional outcomes.  

Objectives: The primary objective of this paper is to assess the impact of food environments on 

diet quality and ultimately nutritional outcomes across the urban, peri-urban and rural sites in 

Vietnam. The exploratory objective is to compare different tools to quantify diet quality in a low-

resource setting. 

Methods: This is a cross-sectional study which observed 3 defined populations in urban – 

periurban – rural areas at a single point in time (2018). Data were collected by the International 

Center for Tropical Agriculture (CIAT) and the Vietnam National Institution of Nutrition (NIN). 

The sample includes 565 adults from middle- and low-income households from 3 study sites in 

Vietnam: Cau Giay District (urban site), Dong Anh (peri-urban site) and Moc Chau (rural rite). 

Data components are personal food environment (expressed via socioeconomic status and 

nutrition literacy); external food environment (expressed via the urban – rural transect and food 

outlet density); dietary assessment (evaluated via the 24hrs food recall) and anthropometric 

measurement. Diet quality is assessed by using the Diet Quality Index – Vietnamese (DQI-V), a 

customized version of the international DQI. This index is a combination of diet variety, 

adequacy, moderation and balance. Nutritional outcomes, including underweight, 

overweight/obesity status and abdominal obesity, of the three populations are evaluated using the 

Body Mass Index (BMI) and Waist Circumference (WC). Using multiple binary logistic 
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regressions, linear regression analysis and Poisson regression, we examined associations between 

food environment, diet quality and nutritional outcomes. 

Results: This study demonstrated that Vietnam is facing both over-nutrition and under-nutrition. 

Women were more susceptible to this double burden of malnutrition when they were at a higher 

risk for both underweight and central obesity (OR = 2.45, 95% CI: 1.29 – 4.85; OR = 1.81, 95% 

CI: 1.09 – 3.04 respectively). Beside gender, other factors revealed significant relationship with 

nutritional status were age, income and education. Namely, age was positively associated with 

abdominal obesity among women (OR = 1.08, 95% CI: 1.02, 1.14), income had an inverse 

association with central obesity among women (OR: 0.29, 95% CI: 0.09, 0.93). Among men, 

education was positively associated with overweight (OR: 2.92, 95% CI: 1.05 – 8.83) and central 

obesity (OR = 4.32, 95% CI: 1.05, 24.48). The personal food environment factors influencing 

diet quality were gender, education, income and nutrition knowledge score but with different 

dimensions of impacts on different components of diet quality. While education had a positive 

association with the total DQI-V ( = 0.22, 95% CI: 0.01, 0.43), income was negatively 

associated with it ( = -0.28, 95% CI: -0.56, -0.01). Women were expected to have higher 

Variety scores than men (IRR = 1.04, 95% CI: 1.01, 1.07). Education level (IRR = 1.07, 95% CI: 

1.02, 1.12) and nutrition score were also positively associated with the Variety component score 

(IRR = 1.03, 95% CI: 1.01, 1.04). People in the higher income tercile had lower Moderation 

scores ( = -0.46, 95% CI: -0.68, -0.23). Regarding the relationship between external food 

environment and diet quality, the urban – periurban - rural settings were a predictor of diet 

quality, where rural people had higher total diet quality scores because they had significantly 

higher Moderation scores than urban people. On the other hand, urban people consumed a wider 

variety of food than rural people, including unhealthy food and nutrients. The distance to the 
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closest food outlet on the neighborhood level presented a positive relationship with the total 

DQI-V ( = 0.56, 95% CI: 0.2, 0.92) and the Moderation component ( = 0.55, 95% CI: 0.19, 

0.91) in the bivariate model, but became insignificant in the multivariate model. A significant 

relationship between diet quality and nutritional status was not found on the individual level, but 

a relationship was revealed on the neighborhood level. Specifically, the bivariate model indicated 

that the total DQI-V was negatively associated with the neighborhood –level overweight ( = -

1.31, 95% CI: -2.6, -0.02) and central obesity prevalence ( = -1.35, 95% CI: -2.53, -0.17), the 

Balance score was negatively associated with the underweight prevalence ( = -1.28, 95% CI: -

2.26, -0.31). Gender, income and education once again confirmed their significant impacts on 

both diet quality and nutritional outcomes on the neighborhood level as shown earlier on the 

individual level.  

Conclusion: The results agree with previous studies suggesting that Vietnam is facing a 

double burden of nutrition with different trends among genders. Women are more likely to bear 

this burden than men. Age, income and education level were demonstrated to have significant 

impact on the nutritional status but with different dimensions between women and men. 

Regarding determinants of diet quality, people who are female or those with urban residency or 

higher education level or higher nutrition knowledge score had a more diverse diet while people 

with urban residency or higher income level consumed more unhealthy foods and nutrients. The 

neighborhood-level analysis generated inconsistent results between the bivariate and multivariate 

models about the relationship between diet quality and nutritional outcomes, and between built 

food environment and diet quality. Nonetheless, its confirmation of the importance of personal 

food environment emphasizes the role of these determinants on diet quality and nutritional 

outcomes.  
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The launch of the economic reforms in 1986 (termed Doi Moi) and the rapid trade 

liberalization in Vietnam has brought a burgeoning transformation to its food system, from 

production, distribution to consumption  [1] [2] [3]. Consequently, the general dietary pattern 

shifted to eating less starchy staples while the consumption of animal proteins, fat/oils and ripe 

fruits increased significantly [4]. Simultaneously, this dietary transition also moved towards 

more processed and pre-prepared foods [5]. Parallel with these transformations, Vietnam is 

facing a double burden of malnutrition, namely the coexistence of under-nutrition (underweight, 

micronutrient deficiencies) along with over-nutrition (overweight, obesity) [6] [7]. The overall 

prevalence of underweight on national level in 2005 was 20.9 [8]. The prevalence of women at 

reproductive age with underweight in 2010 was 18%  [9]. Iron, Vitamin A, Zinc and Iodine are 

among the most prevalent micronutrient deficiencies in Vietnam, affect mainly children and 

women of reproductive age [9] [10]. At the same time, the nationwide prevalence of overweight 

and obesity in 2005 was 7%, almost double the rate in 2000 [8]. More noteworthy, the proportion 

of overweight and obese women of reproductive age was 20.5% in 2016 [11].  

Dietary factor has proven to be a link to all forms of malnutrition as well as non-

communicable diseases (NCDs) such as diabetes, cardiovascular disease and some cancers [12] 

[13]. People from different locations (rural – periurban – urban) and/or from different 

socioeconomic statuses (education, income level) may have different dietary pattern, thus 

different diet quality [14] which has many determinants that interact across the intra-individual, 

inter-individual, physical environment, and policy levels of influence [12]. These determinants 
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are components of food environment, defined as “the physical, economic, political and socio-

cultural context in which consumers engage with the food system to make their decisions about 

acquiring, preparing and consuming food [15].” Different food environments may have different 

impacts on diet quality. Urbanization (1), retail penetration (2), socioeconomic statuses (3) and 

personal cognitive factors (4) are part of the food environment [16]. This research categorizes 

food environment into two domains: external food environment composed of (1) and (2), and 

personal food environment consisting of (3) and (4). Evidence regarding the relationship 

between diet quality and food environment where people make their food choices continues to 

build [17]. However most of the researches are conducted in high income countries in response 

to the high prevalence of obesity and associated nutrition related non-communicable diseases 

[16]. In low and middle income countries like Vietnam, there is an urgent need to develop and 

accelerate these researches to explore how people interact with different food environments to 

make food choices that shape diet quality, which ultimately leads to certain nutritional outcomes 

[18]. 

The primary objectives of this study are  

1) to compare the nutritional outcomes (underweight, overweight/obesity and abdominal 

obesity) among adults in 3 study sites: urban – periurban – rural district in Vietnam;  

2) to examine the relationship between diet quality and nutritional outcomes; and  

3) to examine the relationship between food environment and diet quality.  

The exploratory objective of this study is to adapt an international tool to quantify diet 

quality in a low-resource setting. 
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1.2 Research Logical Flow 

The logical flow of this research is built upon the Conceptual framework of food systems 

for diets and nutrition developed by the High-Level Panel of Experts on Food Security and 

nutrition (HLPE) in the 12th Report on Nutrition and Food Systems presented at CFS 44 in 

October 2017 [15].  

Figure 1 illustrates the linkage between food environments, diet quality and nutritional 

outcomes. Food environments include external and personal food environments. External food 

environments are the physical spaces where food is purchased while personal food environments 

consist of socioeconomic status, such as income, education and job type, and consumer 

behaviors including nutrition literacy and food preference. We hypothesize that external food 

environments and socioeconomic drivers have an impact on diet quality. There are more 

elements of food environments, such as surrounding political, social and cultural norms [15], that 

are not investigated in this study due to limited resources. Diet quality plays an intermediary role 

between food environments and nutritional outcomes [15]. And the four aspects of diet quality 

are diversity, adequacy, moderation and balance. A high quality diet helps to protect human 

against all forms of malnutrition (undernutrition and overnutrition), as well as non-

communicable diseases (NCDs) [19]. In contrast, low quality diet is among leading risk factors 

to health impairment.  
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Figure 1. Research logical flow: the linkage between food environment, diet quality and nutritional outcomes 

1.3 Research questions and hypotheses 

To accomplish the objectives of this research, 4 research questions and their corresponding 

hypotheses are set: 

Research Questions Hypotheses 

1. Is there any difference in nutritional 

outcomes (Underweight, 

Overweight/Obesity, Abdominal obesity) 

among the 3 adult populations living 

There is a difference in nutritional outcomes 

among the 3 adult populations, with the highest 

prevalence of general overweight/obesity and 

abdominal obesity in the urban site and the highest 
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along the rural-urban transect in 

Vietnam? 

prevalence of underweight in rural site. 

2. Is there any relationship between diet 

quality and nutritional outcomes?  

There is a positive association between diet quality 

and nutritional outcomes. A healthier diet (more 

diverse, more adequate, more moderate, more 

balance) is associated with lower prevalence of 

underweight, overweight/obesity and abdominal 

obesity. 

3. Is there any relationship between 

external food environments (availability 

of food outlets) and personal food 

environments (Socioeconomic status - 

SES, nutrition literacy) and diet quality? 

There are relationships between external and 

personal food environments and diet quality, 

specifically: 

• SES are positively associated with diet 

quality score (higher education, higher 

income is associated with higher diet 

quality score).  

• Nutrition literacy score is positively 

associated with diet quality score. 

• Built environment (availability of food 

outlets) associates with diet quality score: 

▪ Positively associated with variety and 

adequacy components 

▪ Negatively associated with moderation 

and balance component. 
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4. Is there any relationship between food 

environments and nutritional outcomes? 

There is a positive association between proximity 

to food outlet and nutritional outcomes. 
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CHAPTER 2 

METHODOLOGY 

2.1 Study design and Participants 

This study uses cross-sectional data collected in 2018 by the International Center for 

Tropical Agriculture (CIAT) and the Vietnam National Institute of Nutrition (NIN) under the 

project “Partial Food Systems Baseline Assessment at the Vietnam Benchmark Sites”. This 

project aims to characterize several components of food systems in Vietnam along the urban – 

rural transect with a focus on nutritional status, diets, consumer behavior and food availability 

[20].  The project selected three study sites which represent three types of populations: urban, 

peri-urban and rural. The three districts selected were Cau Giay (an urban site in Hanoi 

province), Dong Anh (a peri-urban site in Hanoi province) and Moc Chau (a rural site in Son La 

province).  

The study recruitment strategies described below are those of the larger project. First, the 

researchers narrowed down the target populations in the three districts. Within Dong Anh and 

Cau Giay, communes with high income households were trimmed to only target middle- and 

low-income households. In Moc Chau, rural communes were targeted and tertiary towns on the 

urban – rural transect were excluded. After implementing the trimming process, the remaining 

population still comprises the majority of the population within each district, therefore, are still 

representative of the total population of the three districts [20].  

30 communes (considered as Primary Sampling Units or PSUs) were randomly selected 

using a probability proportional to size (PPS) procedure, where communes with higher 

population had higher probability of being chosen. After the PSUs were selected, a rapid 

enumeration of the number of households and their composition - father, mother (aged 18 – 66) 
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and children at five and below five years old – was obtained from the district health centers. 

Once the lists of households and household members were collected, researchers randomly 

selected the households to be included [20].  

To achieve its aim, the “Partial Food Systems Baseline Assessment at the Vietnam 

Benchmark Sites” project implemented 4 surveys: anthropometry, 24h dietary recall, consumer 

behavior and built food environment.  The anthropometry measurement was carried out on 

individuals from the 30 randomly selected communes. For consumer behavior and 24h recall, ten 

PSUs were randomly selected from these 30 PSUs [20].  

Table 2. 1 Summary of study components [20]. 

Study component Moc Chau  Dong Anh  Cau Giay  

1. Anthropometry Cu5 644 359 385 

AM 225 171 224 

AF 265 305 281 

TOT 

persons 

1,134 835 890 

2. 24-h recall  Cu5 1st: 114 

2nd: 111 

1st: 122 

2nd: 120 

1st: 119 

2nd: 116 

AM 1st: 114 

2nd: 112 

1st: 121 

2nd: 119 

1st: 118 

2nd: 117 

AF 1st: 116 

2nd: 110 

1st: 123 

2nd: 120 

1st: 123 

2nd: 123 

TOT 

persons 

344 366 360 

3. Consumer 

behavior 

TOT * 238 236 249 

4. Built food 

environment 

 Data collected on neighborhood level 

Cu5 = children under 5 years of age; AM = adult males; AF = adult females; * survey with the person who does the 

shopping; ** Households with food flow information derived from the 24-h recalls. 
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2.1.1 Anthropometry 

According to the study protocol of the “Partial Food Systems Baseline Assessment at the 

Vietnam Benchmark Sites” project, participants’ information of age, sex, height, weight and 

waist circumference were collected. All anthropometric measurements were taken twice. Body 

weight was measured and recorded to the nearest 0.01 kg with a calibrated electronic scale 

(SECA scale), the participants were asked to take off unnecessary clothing. Body height was 

measured and recorded to the nearest 1mm with a wood stadiometer. Waist circumference was 

measured at the average point between the last rib and the iliac crest with a calibrated metric 

tape, non-tear and stretch-resistant, with millimeter as the smallest scale division [20].  

In this study, we use the average of the two anthropometric measurements of adults (excluding 

those of children). 

2.1.2 24h Dietary Recall  

In the “Partial Food Systems Baseline Assessment at the Vietnam Benchmark Sites” 

project, dietary data were collected over two days by trained enumerators and administered by 

nutrition specialists. The first recall was on a weekday and the second recall on a  weekend or 

weekday with a ratio of 5:2. Three members per household (father, mother and child) were asked 

to recall all the foods and beverages consumed in the last twenty-four hours prior to the 

interview. The 24-hour recall questionnaire was designed by NIN with the addition of the 

questions about food acquirement or food flow: where the participant got food from and how far 

the food outlet is from the participant’s residence (only 1 adult out of the 3 household members 

was surveyed). In this study, we use the average quantity of the two recalls of adults (father and 
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mother). Details about the method of measuring food preparation and consumption were 

described in the project protocol [20].  

Dietary data after being cleaned were converted into nutrient values using the 2017 

Vietnamese Food Composition Table (FCT) constructed by NIN. For food items that lack 

nutrient value in the Vietnamese FCT, we took the value of nutrients of these foods or similar 

food from other Asian FCTs and the USDA food database called FoodData Central1. If the 

nutrient value could not be found in any databases, we averaged the value of that nutrient of the 

food items in the same food group.  

For mixed dishes, the researchers asked the respondents for information of ingredients. If 

the ingredients could not be determined, recipe information was obtained from other previous 

studies about diet assessment in Vietnam [21]. When recipe could still not be found in these 

studies, the researchers got ingredient information from standard recipes.  

2.1.3 Consumer behavior 

The consumer behavior survey was conducted at participants’ homes at their most 

convenient time. Within each household, the key respondent was the household member who 

was mainly responsible for food shopping and/or food preparation for the family. At the 

beginning of the survey, the researchers used screening questions to ensure the key respondent 

was correctly identified. He or she could consult the other household members for questions that 

needed additional inputs [20]. This study uses the following sections of the consumer behavior 

questionnaire: socio-demographic (personal information, individual education level, monthly 

household income, individual job type) and nutrition knowledge score.  

 

 

1 https://fdc.nal.usda.gov/ 

https://fdc.nal.usda.gov/
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2.1.4 Built food environment 

 According to the study protocol of the “Partial Food Systems Baseline Assessment at the 

Vietnam Benchmark Sites” project, data of built food environment were collected by geospatial 

mapping of different food outlets through transect walks in the “food ecosystem”. Food outlets 

include traditional markets, supermarkets, convenient stores, specialized stores, street vendors 

and restaurants. All of the food outlets within or bordering the study’s tracts were included in the 

analysis.  The CIAT team categorized food outlets into twelve groups which are listed in Annex  

1 based on industry standards, personal experiences, and from other research on food sources in 

Vietnam [22]. The coordinates of the food outlets were tracked by the use of a mobile app that 

provided GPS coverage (maps.me) [20].  

2.1.5 Merge 4 datasets 

As mentioned earlier in this section, the four surveys were conducted by two organizations 

(CIAT and NIN) on one big sample (households from 30 clusters) and two overlapped sub-

samples from the big sample (households from 10 clusters of the 30 clusters). Therefore, the 

researcher of this study had to merge the four datasets to make sure each individual has all 

variables of interest (anthropometric measurement, 24h recall, consumer behavior and built food 

environment). Since the sample is not exactly the same among the surveys, the individuals that 

are not present in all surveys were excluded, except for the Built food environment dataset. Since 

its data collection method is different from the others, namely geocoding on neighborhood level, 

this dataset was merged with the other three datasets using the neighborhood ID variable instead 

of individual ID variable. Consequently, the merged dataset rendered 595 adult females and 

males aged 18-66 years, specifically: 

• Urban site (Cau Giay): 109 females and 108 males 
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• Peri-urban site (Dong Anh): 79 females and 79 males 

• Rural site (Moc Chau): 110 females and 110 males 

Dong Anh – the Peri-urban site is the place with the most discarded observations due to 

unmatched ID.  

2.2 Research ethics 

The Medical Research Ethics Committee of the National Institute of Nutrition (NIN) in 

Vietnam approved the protocols of the “Partial Food Systems Baseline Assessment at the 

Vietnam Benchmark Sites” project. The researchers obtained written consent prior to data 

collection. All data were de-identified with only anonymous participant IDs used. Household 

Global Positioning System (GPS) coordinates were removed after calculating the distance from 

household to food outlets. In addition, unauthorized persons were not allowed to access the 

completed questionnaires or personal information; all paper-based survey forms were stored 

securely; interviewers were not permitted to discuss the respondents’ completed surveys with 

anyone, except for the field supervisor. A small incentive in cash was given to the respondents to 

compensate for the time they invested in the study [20].  

This study protocol has been granted exemption from Cornell Institutional Review Board 

for Human Participants (IRB) review according to Cornell IRB policy and under paragraph(s) 4 

of the Department of Health and Human Services Code of Federal Regulations 45CFR 46.104(d) 

[23]. 
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2.3 Study indicators 

2.3.1 Dependent variables 

2.3.1.1 Nutritional outcomes 

Two common measures of nutritional outcomes are Body Mass Index (BMI) and Waist 

Circumference (WC). More importantly, BMI and WC have been widely used to predict risks of 

non-communicable diseases such as cardiovascular disease, type II diabetes, hypertension, and 

several types of cancer [24] [25].  

For each participant we calculated the BMI by dividing the weight in kilograms by the 

squared height in meters (kg/m2). According WHO International BMI cut-off points, 

underweight is defined as BMI < 18.5 kg/m2 , 18.5-24.9 kg/m2 is normal weight , overweight is 

defined as BMI ≥25 kg/m2 and obesity  is ≥ 30 kg/m2 [24]. This study combined overweight and 

obesity together (BMI ≥25 kg/m2) for the convenience of statistical analysis because the number 

of obese people is small (<1% of total population).  

 For WC, we used the cut-off point for Asian population as guided by the International 

Diabetes Federation because compared to Europeans, Asian people in general have greater 

visceral adipose tissue [26]. The abdominal obesity for female is defined as ≥ 80 cm and for male 

as >= 90 cm [27].  

2.3.1.2 Diet quality indicators 

Diet quality indicators are algorithms used to assess the healthiness of the overall diet and 

evaluate dietary risk factors for non-communicable diseases [28]. Three main categories of diet 

quality indicators are: nutrient-based indicators which requires the conversion from food items to 

nutrient content; food/food group based indicators which use dietary guidelines for suggested 
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portions and frequencies of food items or food groups; and combined index which is a 

combination of the two above indicators (nutrient and food group based) [28].  

The researcher of this study also made comparison among several diet quality indicators 

in terms of data availability and indicator validity (Annex 2), including Diet Quality Index – 

International (DQI-I), Healthy Eating Index (HEI), Alternate Healthy Eating Index (AHEI), 

Healthy Diet Indicator (HDI), Mediterranean Diet Score (MDS) and Dietary Diversity Score 

(DDS). DQI-I was chosen for this study.  

2.3.1.2.1 Diet Quality Index – Vietnam (DQI – V): an adaptation from the Diet Quality Index - 

International 

The DQI-I was chosen because it has been experimented in a range of cultural contexts 

and validated for use in a range of countries with different dietary patterns [29]. Moreover, it is a 

combination of nutrient and food/food group based- indicators – providing a more 

comprehensive picture of diet quality than nutrient or food/food group alone. The DQI-I was 

computed using the method by Kim et al. [30] with modifications to adapt with the Vietnamese 

dietary guidelines. DQI-I assess four aspects of a diet: variety, adequacy, moderation and 

balance, each of which has subcomponents [31]. These unique categories help users to determine 

which part of the diet that needs to improve [32]. The construction method of DQI-I is as 

follows: scores of each of the four components are calculated separately, then the total DQI-I is 

the sum of these component scores, producing a score between 0 and 100: 0 being the poorest, 

indicating a diet of the lowest quality and 100 being the best, indicating a diet of the highest 

quality [30].  

The DQI-I components described below are summarized from the articles of Kim et al. 

[30] and Tur et al. [32]: 
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Variety: Variety comprises of two subcomponents: the overall variety from important 

food groups and the variety within protein sources. This helps to evaluate whether intake comes 

from diverse sources both across and within food groups. Inclusion of at least one serving of 

food per day from each of the five food groups (meat/poultry/fish/egg, dairy/beans, grains, fruits 

and vegetables) gives the maximum overall variety score. Variety among the protein sources 

(meat, poultry, fish, dairy, beans and eggs) has a slightly different scoring method with the 

overall variety score, specifically, intake of more than half the serving size per day is considered 

to be meaningful consumption.  

Adequacy: This component assesses the intake of dietary elements that must be supplied 

adequately to avoid undernutrition and deficiency disorders. The subcomponents of Adequacy 

are vegetable, fruit, grain, fiber, protein, iron, calcium and vitamin C. The scores for the eight 

mentioned subcomponents are assigned on the basis of the percentage attainment of the 

recommended intakes on a continuous scale, which ranges from 0 points for 0% to 5 points for 

100%, with a cap at 5 points. This section has been modified to observe the Vietnam Dietary 

Guidelines (VDG) (for nutrients) and Food Pyramid (for food groups).  

Moderation: Moderation evaluates the intake of food and nutrients that are related to 

non-communicable diseases and therefore may need restricted intake. The subcomponents of 

Moderation are total fat, saturated fat, cholesterol, sodium and empty calorie food. Except for 

empty calorie food, the other subcomponents were modified to follow the guidelines from the 

VDG. Empty calorie foods are food that provide energy but insufficient nutrients. This study pre-

defined empty calorie foods as the following food items: Fats and oils, savory and fried snack, 

sweets, sugar sweetened beverages, beer and wine [33]. The intake levels of the subcomponents 

of Moderation are categorized into three tiers, according to the degree of effect on the health of a 
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normal person. Those in the lowest tier are where intakes show no evidence of harmful effect. 

The highest tier is the boundary where overconsumption may be associated with chronic health 

outcomes. The middle tier covers intakes between the lowest and highest tiers. The lowest tier 

category is given the highest score of 6 points, the highest intake category is given the lowest 

score of 0, and the middle tier is worth a score of 3.  

Balance: This category investigates the overall balance of a diet in terms of proportion of 

energy sources from macronutrients (carbohydrate – protein – fat) and fatty acid composition 

(saturated fat – monounsaturated fat – polyunsaturated fat). This section has been modified to 

observe the Vietnam Dietary Guidelines (VDG) (for nutrients). 

Serving size conversion: The original DQI-I uses the U.S. Food Guide Pyramid serving 

size definition [34], this study used the guidelines from the Vietnam Food Pyramid for Adults in 

the period 2016 - 2020 (Annex 3). The detailed adapted DQI-I and its corresponding scoring 

criteria are described in Annex 4. A higher DQI-I score indicates a higher-quality diet with better 

variety, adequacy, moderation, and overall balance [31]. 

 2.3.1.2.2 Dietary intake in general 

The Multiple Source Method (MSM) was used to estimate the usual intake from the 24h 

recall information. Details about the methodology of the MSM was described elsewhere [35]. 

Briefly, “it is characterized by a two-part shrinkage technique applied to residuals of two 

regression models, one for the positive daily intake data and one for the event of consumption. 

The method is applicable to nutrient and food intake including episodically consumed foods. 

Variation in intake that is explained by socio-demographic variables selected in advance is not 

affected by the method.” [36] Data were entered into the web-based statistics package at 

https://msm.dife.de/ for calculation.  

https://msm.dife.de/
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Beside DQI-I, food intake recorded from the 24h recall was also grouped into 21 food 

groups for better analysis: Starchy staples, Pulses. Nuts and seeds, Dairy, Pork, Beef and other 

red meats, Poultry, Fish and seafood, Insects and other protein, Eggs, Dark green leafy 

vegetables, Other vitamin A rich fruits and vegetables, Other vegetables, Other fruits, Oils and 

fats, Savory and fried snacks, Sweets, Sugar sweetened beverages, Coffee and tea, Alcoholic 

beverages, Condiments and seasoning.  

 Total calorie intake was calculated for each participant by first converting quantity from 

grams to kcals and then summing them together. All dietary intake was expressed as energy 

density standards rather than leaving them as absolute amount, i.e. grams per 2000 kcal, 

calculated by dividing the number of grams of each food intake by the total kcal intake 

multiplied by 2000. The density standard method deals with the size and energy difference 

across different individuals, thus accounting for differences in food intake between big and small 

eaters. It also compensates for over- or underestimation of food intake [37].  

2.3.2 Independent variables 

2.3.2.1 Personal food environment 

Socioeconomic status (SES): Education, income and job were included as SES 

indicators. Education was divided into three levels: low (completed secondary school or lower) – 

middle (High school and vocational education) – high (University and postgraduate). Income 

was categorized as low (below or equal to 6.9 million VND/household/month ~ 300 USD), 

middle (larger than 6.9 million VND/household/month and smaller than or equal to 14.9 million 

VND/household/month ~ 650 USD), high (more than VND 14.9 million/household/month). Job 

was categorized as non-manual and manual job. Non-manual jobs include Public sector 

employee, Self-employed in agriculture (running own or family business), Self-employed in non-
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agriculture (running own or family business) and Employed at private company/NGO. Manual 

jobs include Non-agricultural daily laborer, Agricultural daily laborer and Unpaid housework. 

Among SES variables, incomes data were collected on household level, i.e. members from the 

same household had the same income value.  

Nutrition knowledge score: Nutrition knowledge was measured through a series of 30 

questions about diet and nutrition. Each correct response is worth 1 point, an incorrect answer is 

worth 0. The final score is the sum of these scores and converted to the scale from 0 to 1 with 1 

as the maximum score [20]. Nutrition knowledge data were collected on household level, i.e. 

members from the same household had the same score. The person mainly responsible for 

preparing all the family’s food was interviewed.  

2.3.2.2 External food environment 

Recently, research has suggested that external food environment, expressed through food 

availability, accessibility and affordability, may be important determinants of diet quality [38]. 

Because the concept of external food environment has multiple dimensions, several tools that 

complement each other are recommended to comprehensively capture it [20]. This study 

evaluated food accessibility and part of food availability via the urban – periurban – rural 

settings and the built food environment. The latter were composed of the number of food outlets 

within 1 kilometer of each study participant’s house; (2) Euclidean distance (straight line 

distance between two points) between the closest food outlet and each participant’s residence in 

the sample [38]; and (3) outlet density measured by dividing the total number of food outlets by 

the total population in each commune [20].  
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2.4 Statistical Analysis 

The variables compared across study sites (urban – periurban – rural) and stratified by 

gender include socioeconomic characteristics, diet quality indices, dietary pattern and nutritional 

outcomes. Continuous variables following normal distribution were expressed as mean ± 

standard deviation (SD) and compared by one-way analysis of variance (ANOVA) and post-hoc 

Tukey’s range test for pairwise comparison. Those continuous variables with a skewed 

distribution were expressed as median (interquartile range) and compared by the Kruskal-Wallis 

H test and Kruskal-Wallis post-hoc Nemenyi test. Categorical variables were expressed as 

number and percentage, and Fisher Exact test were used for among-group comparison due to 

small sample size. A p-value < 0.05 (2-tailed) was used to identify statistically significant 

differences.  

The relationship between diet quality and nutritional outcomes were assessed by binary 

logistic regression models according to each SD increase in each diet quality index score. 

Confounding variables were determined a priori based on previous literatures and limited in 

number due to the small sample size. They are age, gender, education, income, job and total 

energy intake. The association between food environment and standardized diet quality score 

were examined by the  linear regression model for continuous score and by the Poisson 

regression model for discrete score. Independent variables with p-value larger than 0.05 were 

still kept in the model as long as previous literature provided evidence of the necessary for 

controlling. All statistical analyses were conducted using R programming language and its 

corresponding software version 3.6.0 (2019-04-26).  

 

  



34 

 

Chapter 3 

 

RESULTS 

3.1 Participant Characteristics 

3.1.1 Personal Food Environment 

3.1.1.1 Socioeconomic characteristics  

The socioeconomic characteristics of all participants are reported in Table 3.1. Since all 

the survey components were conducted for both parents (men and women) of each household, 

the percentages of men and women were equal in three study sites, except for urban (108 males 

and 109 females due to lack of response).  

Among female adults, the median age of urban participants was larger than peri-urban 

and rural participants. Significantly more urban women were found to have attained higher 

educational compared to peri-urban and rural participants in descendent order (the rate of 

university and postgraduate women was highest in the urban (66.1%), then the peri-urban 

(15.2%) and finally rural site (0.9%)). In the urban site, women from the highest household 

income tercile (more than USD 650/month) accounted for 67%, in contrast, in the rural site, 

women in the lowest household income tercile (less than USD 300/month) represented 67.3% of 

the population. Nearly 90% of the study participants had non-manual job, there were no 

significant differences in job categories among urban, peri-urban and rural women. 

The same pattern was observed among men in terms of age, education and household 

income. Specifically, the median age of men in the urban site was larger than the peri-urban and 

the rural sites, urban men also had a larger representation in the highest education and income 
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tercile than peri-urban followed by rural men. The rate of non-manual job was higher among 

urban men than peri-urban and rural men.  

Table 3. 1 Summary of socioeconomic characteristics 

Characteristic   Women Men 

    

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Socioeconomic 

characteristics             

Age   31 (28-35)a 

28 (25.5-

31.5)b 28 (24-32)b 35 (31-38)a 31 (28-36)b 30 (26-34)b 

Education (%)               

< High school   4 (3.7%)a 19 (24.1%)b 74 (67.3%)c 8 (7.4%)a 22 (27.8%)b 81 (73.6%)c 

High school & vocational 

education 33 (30.3%)a 48 (60.8%)b 35 (31.8%)a 25 (23.1%)a 41 (51.9%)b 28 (25.5%)a 

University and postgraduate 72 (66.1%)a 12(15.2%)b 1 (0.9%)c 75 (69.4%)a 16 (20.3%)b 1 (0.9%)c 

Income (%)               

< VND 4.9 million 2 (1.8%)a 16 (20.3%)b 80 (72.7%)c 2 (1.8%)a 16 (20.3%)b 80 (72.7%)c 

VND 4.9 million - VND 14.9 

million 34 (31.2%)ab 34 (43%)b 27 (24.5%)a 33 (30.6%)ab 34 (43%)b 27 (24.5%)a 

> VND 14.9 million 73 (67%)a 29 (36.7%)b 3 (2.7%)c 73 (67.6%)a 29 (36.7%)b 3 (2.7%)c 

Job (%)               

Non-manual   96 (88.1%)a 64 (81%)a 102 (92.7%)a 107 (99.1%)a 63 (79.7%)b 94 (85.5%)b 

Manual   13 (11.9%)a 15 (19%)a 8 (7.3%)a 1 (0.9%)a 16 (20.3%)b 16 (14.5%)b 

Notes:  

a. The percentage is calculated for column; the denominator is column total for each category. 

b. The values marked with the same letter are not significantly different at P < 0.05 

 

3.1.1.2 Nutrition Knowledge Score 

 Since nutrition knowledge score was evaluated on household level, i.e., men and women 

from the same household had the same scores, there was no difference between men and women. 

The score in the urban site was higher than the rural site, 0.7/1 and 0.5/1 respectively (Table 3.2).  

Table 3. 2 Summary of Nutrition Knowledge Score 

Characteristic   Women Men 

    

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Nutrition knowledge score 0.7 (0.6-0.8)a 0.6 (0.5-0.8)b 0.5 (0.4-0.7)c 0.7 (0.6-0.8)a 0.6 (0.6-0.8)a 0.5 (0.4-0.7)b 
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Notes:  The values marked with the same letter are not significantly different at P < 0.05 

 

3.1.2 External Food Environment 

 Table 3.3 summarizes median distance to the closest food outlet, number of outlets within 

1 kilometer from study participants’ residence and food outlet densities. Since the data on food 

outlets were collected on neighborhood level, men and women in the same neighborhood shared 

the same values of these variables. Distance to the closest food outlet was shortest in the urban 

site, followed by the peri-urban site and finally the rural site. While the median distance was only 

double in the peri-urban district compared with the rural district, the median distance in the rural 

district was 27 times the median distance in the urban district, and nearly 13 times the median 

distance in the peri-urban district. Similarly, the total number of food outlets within 1km from 

participants’ house was double in the urban area compared with the peri-urban area and ten times 

that of the rural area. However, we need to take population into account, and this reflected in the 

outlet density variable. The outlet density in the urban district was slightly more than in the peri-

urban (1.6 outlet per 1000 residents vs 1.5 outlet per 1000 residents) and was nearly double the 

density in the rural district.  

Table 3. 3 Summary of External Food Environment 

Characteristic   Women Men 

    

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

External food environment characteristics           

Distance to closest food outlet 

134.3 (65.6-

205.2)a 

285.6 (144.4-

865.8)b 

3635.6 (82.1-

8157.9)c 

134.3 (65.6-

205.2)a 

285.6 (144.4-

865.8)b 

3635.6 (82.1-

8157.9)c 

Number of outlets within 1km 49 (28-55)a 21 (21-25)b 5 (4-6)c 49 (28-55)a 21 (21-25)b 5 (4-6)c 

Outlet density per 1000 
residents 1.6 (1-1.9)a 1.5 (1.2-2)b 0.9 (0.6-1.4)c 1.6 (1-1.9)a 1.5 (1.2-2)b 0.9 (0.6-1.4)c 

 

Notes:  

a. The percentage is calculated for column; the denominator is column total for each category. 

b. The values marked with the same letter are not significantly different at P < 0.05 

 



37 

 

3.1.3 Dietary Pattern 

Table 3.4 outlines the dietary pattern for all participants, including the energy, 

macronutrient intake and food group intake (Starchy staples, Pulses and legumes, Nuts and 

seeds, Fruits and vegetables, Dairy products, Pork, Beef and other red meats, Poultry, Fish and 

seafood and empty calorie food).  

 Urban women had a significantly higher intake in protein, fat, pulses and legumes, nuts 

and seeds, dairy products, pork, beef, and empty calorie foods compared to rural women. There 

were no significant differences between urban and peri-urban women in these food groups and 

nutrients. At the same time, rural women had a higher intake in carbohydrates and starchy staples 

than urban women. There were no significant differences among women in the three study areas 

for fruits and vegetables, poultry and fish and seafood. Nuts & seeds and beef were the least 

consumed food groups in the rural area with only 20% rural residents having ate these two food 

groups while 40%  to more than 50% urban women had at least some of these food groups.  

 The same pattern was also observed among men; urban residents consumed more of 

protein, fat, pulses and legumes, nuts and seeds, dairy products, pork, beef and empty calorie 

foods compared to rural men. On the other hand, a significant number of rural men had higher 

intake of total energy, carbohydrates and starchy staples. Nut & seeds, beef and dairy products 

were especially consumed scarcely among rural men, ranging from 10%-20%.  

Table 3. 4 Summary of Dietary Characteristics 

Characteristic   Women Men 

    

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Dietary pattern               

Total energy intake 

(kcal/day) 

1699.4 (1294.6-

1969.2)a 

1740.1 (1490.2-

2204.2)a 

1784.7 (1413.2-

2053.6)a 

1996.6 (1625.4-

2272.2)a 

2077.3 (1689-

2402.7)a 

2188.3 (1835.3-

2605.6)b 

Carbohydrates (g/2000 

kcal) 281 ± 41.9a 288.1 ± 47.6a 

327.6 (295.9-

352.9)b 286 ± 47.3a 293.8 ± 40.3a 327.5 ± 43.8b 

Protein (g/2000 kcal)   90.8 ± 18.7a 88 ± 15.4a 
77.5 (70.7-
91.7)b 89.6 ± 15.1a 88.2 ± 14.5a 81.1 ± 15.9b 
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Total fat (g/2000 

kcal)   57 ± 14a 55.1 ± 16.8a 

39.9 (32.7-

50.6)b 55.3 ± 16.9a 52.4 ± 14.5a 40.6 ± 14.6b 

Starchy staples 

(g/2000 kcal)   

314.8 (274.1-

387.2)a 

341.3 (284.2-

381.6)a 

381.7 (334.7-

416.7)b 

360.7 (330.5-

423.8)a 

379.7 (335.5-

420.9)a 

398.8 (353-

441.8)ab 

Pulses and legumes 

(g/2000 kcal) 54.2 (0-103.5)a 58.4 (0-106.1)a 0 (0-62.8)b 55.8 (0-83.4)a 63.1 (0-90)a 0 (0-71.9)b 
Nuts and seeds 

(g/2000 kcal)   0 (0-37.7)a 0 (0-24.3)a 0 (0-0)a 0 (0-36.1)a 0 (0-15.8)ab 0 (0-0)b 

Fruits and vegetables 

(g/2000 kcal) 

539.9 (407.8-

665.8)a 

494 (361.8-

621.5)a 

498.6 (381.2-

667.6)a 

431.8 (339.7-

528.2)a 

411.7 (301.1-

512.5)a 

398.8 (296.9-

515.5)a 

Dairy products 

(g/2000 kcal)   137 (0-215.8)a 96.9 (0-220)a 0 (0-36.1)b 0 (0-95.8)a 0 (0-27.1)ab 0 (0-0)b 

Pork (g/2000 kcal)   

139.1 (102.5-

182.7)a 

126.3 (103.3-

161.2)a 

93.4 (58.5-

119.1)b 

155.7 (123.8-

194.8)a 

141.4 (113.2-

180.7)a 

106 (62.2-

137)b 

Beef and other red meats 

(g/2000 kcal) 0 (0-47.9)a 0 (0-52.6)a 0 (0-0)b 37.8 (0-53.8)a 0 (0-55.8)a 0 (0-0)b 

Poultry (g/2000 

kcal)   64.3 (0-129.8)a 67.9 (0-129.4)a 84.3 (0-149.8)a 50.9 (0-126.9)a 

54.6 (0-

127.4)a 80.5 (0-137.8)a 

Fish and seafood (g/2000 

kcal) 77.7 (0-107.2)a 70 (0-112.8)a 68.1 (0-109.6)a 78.6 (0-107.9)a 85.5 (0-127)a 52.9 (0-114.5)a 

Empty calorie food 

(g/2000 kcal) 

150.2 (96.1-

225.2)a 

147.4 (88.7-

222)a 

87.2 (69.2-

128.5)b 

131.6 (91.1-

170.1)a 

111.7 (72.3-

174.2)a 

76.7 (52.2-

109.4)b 

 

Notes:  

a. The percentage is calculated for column; the denominator is column total for each category. 

b. The values marked with the same letter are not significantly different at P < 0.05 

 

3.1.5 Diet Quality Score 

 Rural women had a significantly higher total DQI-V score in comparison to urban and 

peri-urban women (Table 3.5) before adjustment. This result was illustrated again when dividing 

total DQI-V into three terciles where the percentage of rural women was significantly higher in 

the third tercile (the highest DQI-V score) compared to urban women. When examining each 

DQI-V components, Variety and Moderation were significantly different between urban and 

rural women, specifically urban residents had a more diverse diet than rural residents while their 

rural counterparts’ diet contained less unhealthy food and nutrients resulting in nearly double 

theirModeration score. There were no differences in the Adequacy and Balance scores.  

 The same pattern was seen among men in the three study areas. Rural men had a higher 

total DQI-V score than urban men because their Moderation score was much higher. However, 
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they had a lower Variety score than urban men. The mean Balance score of peri-urban men was  

higher than rural men. There were no significant differences in the Adequacy score. 

Table 3. 5 Summary of Diet Quality Score  

Characteristic   Women Men 

    

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Dietary Score               

Total DQI-V (Mean)   63 ± 8.2a 65.3 ± 8.4a 69.2 ± 8.2b 65 ± 9.3a 65.6 ± 8.8a 69.6 ± 8.4b 

First tertile (%)   50 (45.9%)a 27 (34.2%)ab 26 (23.6%)b 42 (38.9%)a 30 (38%)a 24 (21.8%)b 

Second tertile (%)   45 (41.3%)a 32 (40.5%)a 32 (29.1%)a 34 (31.5%)a 24 (30.4%)a 31 (28.2%)a 

Third tertile (%)   14 (12.8%)a 20 (25.3%)b 52 (47.3%)c 32 (29.6%)a 25 (31.6%)a 55 (50%)b 

Variety   18.6 ± 2.5a 18.6 ± 2.5a 16.2 ± 3.7b 17.9 ± 3.4a 17.7 ± 3.3a 15.7 ± 3.9b 

Adequacy   28.6 ± 6.4a 28.7 ± 5.6a 27.5 ± 6.1a 29.2 ± 5.5a 28.5 ± 5.5a 28.6 ± 5.6a 

Moderation   11.9 ±5.5a 14.1 ± 6.9a 21.9 ± 5.3b 14.1 ± 6.6a 15 ± 6.6a 22 ± 6b 

Overall Balance   3.9 ± 2.1a 3.9 ± 2.3a 3.5 ± 2.3a 3.8 ± 2.3ab 4.4 ± 2.4a 3.3 ± 2.4b 

 

Notes:  

a. The percentage is calculated for column; the denominator is column total for each category. 

b. The values marked with the same letter are not significantly different at P < 0.05 

 

 

3.1.5 Nutritional Status 

The descriptive results in Table 3.6 showed that the overall prevalence of underweight, 

overweight and central obesity was 9.1%, 13.4% and 14.8% respectively. Underweight rate was 

higher in the rural site than the urban and peri-urban site while the prevalence of overweight and 

central obesity was highest in the urban site, followed by the peri-urban and then the rural site.  

This pattern was observed among women, the proportion of underweight women in the 

rural area was nearly double the underweight in the urban site (16.4% versus 9.2%) while this 

trend was reverse in the overweight and central obesity rate. However, the results of the 

difference among locations were not statistically different. Interestingly, the prevalence of 
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central obesity was higher than the general overweight (measured by BMI) prevalence among 

women regardless of their location of residence.  

For men, the same pattern was observed but with statistical significance in the general 

overweight and central obesity. Namely, the proportion of overweight men was three times 

higher in the urban site than in the rural site. The central obesity rate was even higher among 

urban men compared with rural men, 22.2% and 0.9% respectively. Men had a different situation 

when comparing between BMI-based overweight and abdominal obesity when the prevalence of 

central obesity was lower than the general overweight.  

Table 3. 6 Summary of Nutritional Status (Underweight, Overweight/Obesity, Central Obesity) 

Characteristic   Women Men 

  

All  

(n = 595) 

Urban 

(n = 109) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Urban  

(n = 108) 

Periurban 

(n = 79) 

Rural 

(n = 110) 

Nutritional status                

Underweight 54 (9.1%) 10 (9.2%)a 

10 

(12.7%)a 

18 

(16.4%)a 4 (3.7%)a 6 (7.6%)a 6 (5.5%)a 

Normal 461 (77.5%) 

84 

(77.1%)a 64 (81%)a 

84 

(76.4%)a 

79 

(73.1%)a 

54 

(68.4%%)a 

96 

(87.3%)b 

Overweight/Obesity 80 (13.4%) 
15 
(13.8%)a 5 (6.3%)a 8 (7.3%)a 

25 
(23.1%)a 19 (24.1%)a 8 (7.3%)b 

Central Obesity 88 (14.8%) 

25 

(22.9%)a 

13 

(16.5%)a 

14 

(12.7%)a 

24 

(22.2%)a 11 (13.9%)a 1 (0.9%)b 

 

Notes:  

a. The percentage is calculated for column; the denominator is column total for each category. 

b. The values marked with the same letter are not significantly different at P < 0.05 
 

3.2 Factors associated with nutritional status  

Multiple binary logistic regressions were used to analyze the relationship between each 

nutritional status and the total DQI-V as well as its components. The unadjusted model is the 

bivariate model between each nutritional status and each DQI-V component. The adjusted model 

controlled for age, gender, education, employment status, household income, place of residence 

and energy intake, which is consistent with previous literature on nutritional status determinants 

[39]. 
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3.2.1 Unstratified population (not stratified by gender or location) 

The initial model ran on the whole population demonstrated a significant difference in all 

nutritional status (underweight, overweight, central obesity) between women and men (Table 

3.7). Therefore, the following analyses were stratified by gender. This model showed that being 

female puts one person at 2.5 times greater odds of being underweight and central obese while 

being male puts one at 2.5 times greater odds of being overweight.  

Table 3. 7 Nutritional Status and their factors in the general population - DQI-V model   

General 

Underweight   
Overweight/Obesity  

(by BMI) 
  

Central Obesity  

(by WC) 

  OR  (95%CI)   OR (95%CI)   OR (95%CI) 

VDQI 0.89 0.64 1.24   1.19 0.90 1.57   1.13 0.87 1.48 

Total 

energy 

intake 1.00 1.00 1.00   1.00 1.00 1.00   1.00 1.00 1.00 

Female 2.45* 1.29 4.85   0.40* 0.23 0.69   1.81* 1.09 3.04 

Peri-urban 1.20 0.50 2.96   1.10 0.56 2.17   0.88 0.45 1.71 

Rural 0.88 0.29 2.75   0.67 0.24 1.85   0.41 0.15 1.11 

Age 0.98 0.93 1.03   1.01 0.97 1.05   1.03 0.99 1.07 

Education - 

Medium 0.77 0.33 1.71   0.85 0.37 1.94   0.96 0.43 2.14 

Education - 

High 0.73 0.27 2.00   1.32 0.53 3.31   0.84 0.35 2.07 

Income - 

Medium 0.73 0.34 1.56   1.60 0.76 3.45   0.97 0.46 2.04 

Income - 

High 0.44 0.15 1.32   1.88 0.78 4.67   2.37 1.00 5.81 

Manual 

Job 0.46 0.13 1.22   1.19 0.50 2.55   1.93 0.91 3.94 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

3.2.2 Women 

 The results were consistent across all total DQI-V and its component (Table 3.8 to Table 

3.12) and between the unadjusted and the adjusted models (result not shown here). Accordingly, 
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DQI-V and its components did not show significant association between underweight, general 

overweight/obesity and central obesity among women. Socio-demographic factors that were 

significantly associated with overweight and central obesity among females are age and income. 

Specifically, women of older age have a slightly higher chance of central obese  (OR = 1.07 - 

1.08, CI: 1.02 – 1.14) 2. Women in the highest income tercile has a lower chance of being central 

obese (OR = 0.28– 0.30, CI: 0.09 – 0.93) compared with those in the lowest income tercile.  

Table 3. 8 Nutritional Status and their factors among women - DQI-V model   

Women 

Underweight 

  

Overweight/Obesity  

(by BMI) 
  

Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

DQI-V score 1.04 0.22 0.69 1.59   1.09 0.26 0.68 1.76   1.09 0.21 0.75 1.59 

Total energy 

intake 1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.00 0.57 0.32 3.12   0.30 0.20 0.08 1.02   0.64 0.31 0.24 1.62 

Rural 0.82 0.59 0.20 3.41   0.24 0.22 0.04 1.32   0.35 0.23 0.09 1.27 

Age 0.96 0.03 0.89 1.02   1.07 0.04 1.00 1.15   1.08* 0.03 1.02 1.14 

Education - 

Medium 0.77 0.36 0.30 1.94   0.71 0.45 0.20 2.43   0.95 0.45 0.37 2.43 

Education - High 0.52 0.37 0.12 2.10   0.33 0.26 0.07 1.58   1.51 0.94 0.45 5.16 

Income - Medium 0.55 0.28 0.19 1.47   0.75 0.51 0.19 2.80   0.67 0.33 0.25 1.76 

Income - High 0.72 0.44 0.21 2.41   0.78 0.60 0.17 3.63   0.29* 0.18 0.09 0.93 

Manual Job 0.53 0.34 0.12 1.66   1.13 0.71 0.30 3.60   1.95 0.93 0.74 4.84 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

 

Table 3. 9 Nutritional Status and their factors among women - Variety model   

Women 

Underweight 

  

Overweight/Obesity  

(by BMI) 
  

Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Variety score 0.92 0.18 0.64 1.37   1.14 0.28 0.72 1.89   1.10 0.22 0.76 1.64 

Total energy 

intake 1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

 

2 The range of the OR presents the results from models of total DQI-V and its components 
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Peri-urban 1.00 0.57 0.33 3.09   0.27 0.19 0.08 1.01   0.64 0.31 0.24 1.62 

Rural 0.78 0.57 0.19 3.32   0.26 0.23 0.04 1.40   0.37 0.25 0.10 1.37 

Age 0.96 0.03 0.89 1.02   1.08 0.04 1.00 1.15   1.08* 0.03 1.02 1.14 

Education - 

Medium 0.79 0.38 0.31 2.03   0.67 0.43 0.19 2.31   0.90 0.44 0.35 2.35 

Education - High 0.53 0.38 0.13 2.11   0.30 0.24 0.06 1.46   1.42 0.88 0.42 4.85 

Income - Medium 0.55 0.28 0.19 1.46   0.74 0.50 0.19 2.76   0.66 0.33 0.24 1.73 

Income - High 0.72 0.44 0.21 2.40   0.74 0.58 0.16 3.51   0.28* 0.17 0.09 0.90 

Manual Job 0.52 0.34 0.12 1.63   1.14 0.72 0.30 3.64   1.95 0.93 0.74 4.85 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

 

Table 3. 10 Nutritional Status and their factors among women - Adequacy model   

Women 

Underweight 

  

Overweight/Obesity  

(by BMI) 
  

Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Adequacy score 1.13 0.30 0.68 1.93   0.91 0.27 0.52 1.64   0.87 0.20 0.56 1.37 

Total energy 

intake 1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.03 0.59 0.33 3.24   0.30 0.19 0.08 1.02   0.62 0.30 0.24 1.58 

Rural 0.86 0.62 0.21 3.60   0.24 0.22 0.04 1.33   0.34 0.23 0.09 1.25 

Age 0.96 0.03 0.89 1.02   1.07 0.04 1.00 1.15   1.08* 0.03 1.02 1.14 

Education - 

Medium 0.76 0.36 0.30 1.92   0.70 0.44 0.20 2.40   0.93 0.45 0.36 2.40 

Education - High 0.52 0.37 0.12 2.07   0.31 0.25 0.06 1.50   1.44 0.89 0.43 4.90 

Income - Medium 0.55 0.28 0.19 1.45   0.76 0.52 0.19 2.87   0.67 0.34 0.24 1.77 

Income - High 0.70 0.43 0.21 2.35   0.81 0.64 0.17 3.92   0.30* 0.18 0.09 0.96 

Manual Job 0.52 0.34 0.12 1.64   1.13 0.70 0.30 3.57   1.94 0.92 0.74 4.81 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

 

Table 3. 11 Nutritional Status and their factors among women - Moderation model   

Women 

Underweight 

  

Overweight/Obesity  

(by BMI) 
  

Central Obesity (by WC) 
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  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Moderation score 1.03 0.25 0.64 1.67   1.07 0.30 0.62 1.85   1.18 0.26 0.76 1.82 

Total energy 

intake 1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.00 0.57 0.32 3.11   0.30 0.20 0.08 1.02   0.62 0.30 0.23 1.58 

Rural 0.81 0.60 0.19 3.53   0.24 0.22 0.04 1.36   0.31 0.22 0.08 1.19 

Age 0.96 0.03 0.89 1.02   1.07* 0.04 1.00 1.15   1.07* 0.03 1.02 1.14 

Education - 

Medium 0.78 0.37 0.30 1.97   0.71 0.45 0.20 2.46   0.97 0.47 0.37 2.51 

Education - High 0.52 0.38 0.12 2.12   0.33 0.26 0.07 1.59   1.57 0.98 0.46 5.43 

Income - 

Medium 0.55 0.29 0.19 1.48   0.77 0.53 0.19 2.89   0.69 0.35 0.25 1.85 

Income - High 0.72 0.45 0.21 2.47   0.81 0.64 0.17 3.88   0.31 0.19 0.09 1.02 

Manual Job 0.53 0.34 0.12 1.66   1.13 0.71 0.30 3.61   1.99 0.95 0.75 4.94 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

 

Table 3. 12 Nutritional Status and their factors among women - Balance model 

Women 

Underweight 

  

Overweight/Obesity  

(by BMI) 
  

Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Balance score 0.98 0.18 0.69 1.40   1.11 0.23 0.74 1.66   1.05 0.17 0.77 1.44 

Total energy 

intake 1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.00 0.57 0.32 3.11   0.30 0.20 0.08 1.02   0.64 0.31 0.24 1.62 

Rural 0.83 0.59 0.20 3.42   0.25 0.22 0.04 1.33   0.36 0.24 0.09 1.30 

Age 0.96 0.03 0.89 1.02   1.07* 0.04 1.00 1.15   1.08* 0.03 1.02 1.14 

Education - 

Medium 0.77 0.36 0.30 1.95   0.72 0.46 0.20 2.46   0.95 0.45 0.37 2.43 

Education - High 0.52 0.37 0.12 2.08   0.32 0.26 0.06 1.53   1.47 0.91 0.44 5.00 

Income - 

Medium 0.55 0.28 0.19 1.46   0.72 0.50 0.18 2.73   0.66 0.33 0.24 1.74 

Income - High 0.71 0.44 0.21 2.37   0.75 0.59 0.16 3.54   0.29* 0.17 0.09 0.92 

Manual Job 0.52 0.34 0.12 1.65   1.10 0.69 0.29 3.51   1.92 0.91 0.73 4.75 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 
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3.2.3 Men 

The results were consistent across all total DQI-V and its component (Table 3.13 – Table 

3.17) and between the unadjusted and the adjusted models (result not shown here). Accordingly, 

DQI-V and its components did not show significant association with underweight, general 

overweight/obesity and central obesity among men. Socio-demographic factor significantly 

associated with overweight among men was education level. Specifically, men in the highest 

education tercile (attend university or higher) had a higher chance of getting overweight (OR = 

5.12 – 5.51, CI: 1.62 – 20.18) and abdominal obese (OR = 4.32 – 4.48, CI: 1.05 – 25.31) than 

those in the lowest education tercile (less than secondary education). Men in the medium 

education level (secondary or high school) were put at a higher risk of being overweight than 

those in the lowest education tercile (OR = 2.91 – 2.99, CI: 1.05 – 9.11). 

Table 3. 13 Nutritional Status and their factors among men – DQI-V model 

Men 
Underweight 

  

Overweight/Obesity  

(by BMI)   
Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

DQI-V score 0.69 0.19 0.40 1.19   1.27 0.23 0.89 1.84   1.28 0.27 0.86 1.96 

Total energy 

intake 1.00 0.00 1.00 1.00   0.99 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.76 1.33 0.41 8.30   2.18 0.97 0.92 5.29   1.21 0.61 0.44 3.26 

Rural 1.07 1.03 0.16 7.55   1.02 0.72 0.25 4.05   0.20 0.25 0.01 1.70 

Age 1.01 0.04 0.93 1.08   0.99 0.03 0.93 1.04   0.98 0.03 0.92 1.04 

Education - 

Medium 0.64 0.43 0.16 2.41   2.92* 1.57 1.05 8.83   1.02 0.80 0.24 5.45 

Education - 

High 0.34 0.30 0.06 1.87   5.28* 3.30 1.62 19.12   4.32 3.40 1.05 24.48 

Income - 

Medium 1.56 1.16 0.36 6.83   0.74 0.43 0.24 2.30   3.77 4.39 0.53 77.96 

Income - High 0.90 0.85 0.14 5.77   1.54 0.94 0.47 5.26   7.17 8.49 0.99 152.65 

Manual Job 0.35 0.38 0.02 2.03   0.85 0.52 0.22 2.61   2.79 2.17 0.53 12.34 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

 

Table 3. 14 Nutritional Status and their factors among men – Variety model 



46 

 

Men 
Underweight 

  

Overweight/Obesity  

(by BMI)   
Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Variety score 0.73 0.19 0.45 1.24   1.23 0.25 0.84 1.87   1.14 0.28 0.72 1.94 

Total energy 

intake 1.00 0.00 1.00 1.00   0.99 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.70 1.30 0.39 8.11   2.15 0.95 0.91 5.21   1.19 0.60 0.44 3.19 

Rural 0.78 0.78 0.11 5.79   1.14 0.81 0.28 4.56   0.23 0.29 0.01 1.94 

Age 1.01 0.04 0.93 1.08   0.99 0.03 0.94 1.04   0.99 0.03 0.92 1.05 

Education - 

Medium 0.63 0.43 0.16 2.41   2.91* 1.56 1.05 8.77   1.05 0.82 0.25 5.59 

Education - High 0.31 0.28 0.05 1.77   5.37* 3.34 1.67 19.33   4.48 3.51 1.10 25.23 

Income - 

Medium 1.77 1.29 0.42 7.64   0.67 0.39 0.21 2.12   3.58 4.19 0.50 74.73 

Income - High 1.18 1.10 0.18 7.51   1.30 0.80 0.39 4.47   6.41 7.64 0.87 137.9 

Manual Job 0.34 0.37 0.02 1.92   0.91 0.56 0.24 2.83   3.08 2.41 0.58 13.69 

 
Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

 

Table 3. 15 Nutritional Status and their factors among men – Adequacy model 

Men 
Underweight 

  

Overweight/Obesity  

(by BMI)   
Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Adequacy score 0.63 0.20 0.34 1.19   1.21 0.28 0.77 1.93   1.15 0.34 0.66 2.08 

Total energy 

intake 1.00 0.00 1.00 1.00   0.99 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.61 1.22 0.37 7.60   2.25 1.02 0.94 5.56   1.23 0.63 0.44 3.37 

Rural 0.86 0.84 0.13 6.09   1.12 0.79 0.27 4.46   0.23 0.28 0.01 1.93 

Age 1.01 0.04 0.93 1.08   0.99 0.03 0.94 1.04   0.99 0.03 0.92 1.05 

Education - 

Medium 0.64 0.43 0.16 2.40   2.99* 1.62 1.07 9.11   1.05 0.81 0.24 5.57 

Education - 

High 0.32 0.28 0.05 1.78   5.51* 3.47 1.69 20.18   4.44 3.50 1.09 25.31 

Income - 

Medium 1.79 1.31 0.42 7.75   0.70 0.40 0.22 2.17   3.68 4.31 0.51 76.62 

Income - High 1.13 1.04 0.18 7.03   1.36 0.83 0.41 4.63   6.66 7.91 0.92 142.5 

Manual Job 0.36 0.39 0.02 2.08   0.89 0.55 0.23 2.73   2.96 2.30 0.56 13.04 

 
Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 
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Table 3. 16 Nutritional Status and their factors among men – Moderation model 

Men 
Underweight 

  

Overweight/Obesity  

(by BMI)   
Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Moderation score 1.03 0.33 0.56 1.96   1.12 0.23 0.75 1.69   1.23 0.31 0.76 2.03 

Total energy 

intake 1.00 0.00 1.00 1.00   0.99 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.77 1.36 0.40 8.50   2.06 0.91 0.88 4.95   1.13 0.57 0.42 3.01 

Rural 0.96 0.96 0.13 7.20   0.96 0.69 0.23 3.91   0.18 0.22 0.01 1.58 

Age 1.01 0.04 0.93 1.09   0.99 0.03 0.93 1.04   0.98 0.03 0.92 1.05 

Education - 

Medium 0.60 0.40 0.15 2.22   2.96* 1.60 1.06 9.00   1.00 0.78 0.23 5.31 

Education - High 0.33 0.29 0.05 1.85   5.12* 3.21 1.58 18.58   4.03 3.17 0.98 22.74 

Income - 

Medium 1.70 1.24 0.40 7.27   0.74 0.43 0.23 2.31   3.84 4.48 0.54 79.64 

Income - High 1.05 0.99 0.16 6.65   1.51 0.95 0.44 5.32   7.50 8.93 1.02 160.8 

Manual Job 0.35 0.37 0.02 1.95   0.83 0.51 0.21 2.58   2.72 2.13 0.51 12.16 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 

Table 3. 17 Nutritional Status and their factors among men – Balance model 

Men 
Underweight 

  

Overweight/Obesity  

(by BMI)   
Central Obesity (by WC) 

  OR  SE (95%CI)   OR SE (95%CI)   OR SE (95%CI) 

Balance score 0.85 0.22 0.50 1.42   1.11 0.18 0.80 1.53   1.21 0.24 0.81 1.81 

Total energy 

intake 1.00 0.00 1.00 1.00   0.99 0.00 1.00 1.00   1.00 0.00 1.00 1.00 

Peri-urban 1.83 1.40 0.41 8.79   2.04 0.90 0.87 4.92   1.12 0.56 0.41 2.99 

Rural 0.92 0.89 0.14 6.57   1.09 0.77 0.27 4.36   0.24 0.29 0.01 2.00 

Age 1.01 0.04 0.93 1.09   0.99 0.03 0.93 1.04   0.99 0.03 0.92 1.05 

Education - 

Medium 0.61 0.41 0.15 2.23   2.93* 1.58 1.05 8.90   1.04 0.81 0.24 5.51 

Education - High 0.33 0.29 0.05 1.83   5.27* 3.28 1.63 19.00   4.46 3.49 1.10 25.03 

Income - 

Medium 1.64 1.19 0.39 6.98   0.74 0.43 0.23 2.32   3.79 4.44 0.53 79.13 

Income - High 1.00 0.93 0.16 6.15   1.45 0.90 0.44 5.01   7.09 8.43 0.97 152.4 

Manual Job 0.34 0.36 0.02 1.91   0.88 0.54 0.23 2.70   3.05 2.39 0.57 13.58 

 

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 
• OR: Odds Ratio, SE: Standard Error, CI: Confidence Interval 

• The continuous variables were standardized to mean = 0 and Standard Deviation (SD)  = 1 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points 
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3.3 Factors associated with diet quality  

Linear regression and Poisson regression were used to analyze the relationship between 

total DQI-V as well as its components3 and personal and external food environment. Personal 

food environment included socio-demographic factors (age, gender, education, employment 

status and household income) and nutrition knowledge while external food environment were 

composed of urban/periurban/rural settings and built food environment which consisted of 

distance to the closest food outlet, number of outlets within 1 kilometer from the participants’ 

residence and the outlet density, i.e. the number of food outlets per 1000 residents. The built food 

environment variables were treated as categorical variables when being entered into the models, 

therefore, at this stage, a significant result did not indicate a direct relationship between the 

variable itself with the outcome variable, i.e. it did not mean the distance to the closest food 

outlet, or the number of outlets, or the outlet density directly influenced the diet quality, it only 

indicated that there was a difference in diet quality among these clusters (communes). Further 

examination will be conducted in the next section.  

3.3.1 Unstratified population (not stratified by gender or location) 

3.3.1.1 Urban – Periurban – Rural setting 

The multivariate model showed that rural people tended to have higher total DQI-V 

compared with urban people, the total DQI-V also increased along with the higher nutrition 

knowledge score (Table 3.18). While having higher total DQI-V scores, rural people were 

expected to have lower Variety scores than urban people. Women had a more diverse diet than 

men resulting in their higher Variety scores. People in the second education tercile tended to 

have higher Variety score than the lowest tercile. People in the highest income tercile also had 

 

3 Linear regression was used for continuous score, including total DQI-V, Adequacy and Moderation. Poisson 

regression was used for discrete score, including Variety and Balance. 
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higher Variety scores compared with those in the lowest income tercile. Finally, people with 

higher nutrition score had higher Variety scores. In terms of the Adequacy component, people in 

the second education tercile (compared with the first tercile) or people with higher nutrition score 

were expected to have higher scores. Rural people had significantly higher Moderation scores 

than urban people as demonstrated in the descriptive statistics. Several negative associations 

were observed between the Moderation component and its factors. People in the higher income 

terciles (second and third terciles) had lower Moderation scores compared with those in the 

lowest income tercile. Nutrition literacy scores had a negative association with Moderation 

scores. There were no significant relationships between the Balance component and its factors.  

Table 3. 18 Diet quality and their factors in unstratified population – Urban-Periurban-Rural setting 

  
DQI-V Variety Adequacy Moderation Balance 

Periurban (Reference: Urban)           

Rural  (Reference: Urban) + -   +   

Women (Reference: Men)   +       

Age           

Education - Medium 

(Reference: Education - Low)   + +     

Education - High (Reference: 

Education - Low)           

Income - Medium (Reference: 

Income - Low)       -   

Income - High (Reference: 

Income - Low)    +   -   

Manual Job (Reference: Non-

manual )           

Nutrition score + + + -   

 

 
Note:  

• Row names are the independent variables, column names are the dependent variables 
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• + : Positive association with p-value < 0.05 and Confidence Interval at 95% not contain 0 for Beta 

coefficient (Linear regression) and 1 for Incidence Rate (Poisson regression)) 

• - : Negative association with p-value < 0.05 and Confidence Interval at 95% not contain 0 for Beta 

coefficient (linear regression) and 1 for Incidence Rate (Poisson regression)) 

• Blank cell: Insignificant association 

 

When examining the dietary pattern, we found that rural people consumed more total energy 

intake and carbohydrates than their urban counterparts (Table 3.19), which was the same as 

described in the unadjusted model. Nevertheless, they ate less fat, dairy products, pork and 

empty calorie food than people in the urban site. Women consumed more fruits and vegetables, 

dairy products and empty calorie food than men while they had less energy intake in general, 

starchy staples, pork, beef and other red meats than men. People in the higher education levels 

tended to have more dairy products than people in the lowest education level. People in the 

highest income level consume less starchy staples and therefore less carbohydrates than people 

in the lowest income level. On the other hand, richer people ate more fat, dairy products and 

empty calorie food than people in the lowest income tercile. Nutrition knowledge showed 

conflicting associations with different dietary constituents. While it was positively associated 

with total energy intake, protein, fat and poultry, it revealed inverse associations with carb and 

starchy staples. 

Table 3. 19 Diet pattern and their factors in unstratified population – Urban-Periurban-Rural setting 

  

Energy 
intake 

Carb Protein  Fat 

Starch-

y 
staples  

Pulses, 

legum
es  

Nuts, 
seeds  

Fruits 
& vegs 

Dairy Pork 

Beef, 

other 
red 

meats 

Poultr-
y 

Fish, 

seafoo
d  

Empty 

calorie 
food 

Periurban 

(Ref: Urban)               -             

Rural  (Ref: 
Urban) + +   -         - -       - 

Women (Ref: 

Men) -       -     + + - -     + 
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Age                     -   +   
Education - 

Medium (Ref: 

Education - 
Low) +           +   +           
Education - 

High (Ref: 

Education - 

Low)                 +           
Income - 

Medium (Ref: 

Income - 

Low)       +         +           
Income - 
High (Ref: 

Income - 

Low)   -   + -                 + 

Manual Job 
(Ref: Non-

manual )                             

Nutrition 
score + - + + -             +     
 

Note:  

• Row names are the independent variables, column names are the dependent variables 

• + : Positive association with p-value < 0.05 and Confidence Interval at 95% not contain 0 for Beta 

coefficient (Linear regression) and 1 for Incidence Rate (Poisson regression)) 

• - : Negative association with p-value < 0.05 and Confidence Interval at 95% not contain 0 for Beta 

coefficient (linear regression) and 1 for Incidence Rate (Poisson regression)) 

• Blank cell: Insignificant association 

• Unit of the dependent variables: Energy intake (kcal), the other dependent variables were expressed as 

gram/2000kcal 

 

3.3.1.2 Built food environment 

The external food environment showed significant association with DQI-V and its 

component scores across the models (Table  3.20 to Table 3.24).  

Education was positively associated with the total DQI-V scores while income was 

negatively associated with it (Table 3.18). Specifically, compared to those who were in the first 

education tercile, those who were in the second education tercile were expected to have higher 

DQI-V scores ( = 0.22, 95% CI: 0.01, 0.43) while all other variables are kept constant. On the 
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other hand, people in the highest income tercile got lower DQI-V scores than people in the 

lowest income tercile ( = -0.28, 95% CI: -0.56, -0.01).  

Table 3. 20 Diet quality and their factors in general population – DQI-V  

General DQI-V 

  Beta P 95% CI   

External Food 

Environment (factor) Beta       * 

Women -0.10 0.18 -0.25 0.05   

Age 0.03 0.42 -0.05 0.12   

Education - Medium 0.22 0.04 0.01 0.43 * 

Education - High 0.12 0.40 -0.16 0.41   

Income - Medium -0.14 0.22 -0.37 0.09   

Income - High -0.28 0.04 -0.56 -0.01 * 

Manual Job 0.10 0.41 -0.14 0.34   

Nutrition score 0.06 0.17 -0.03 0.15   

Note 

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 
• IRR: Incidence Rate Ratio, P: P-value, CI: Confidence Interval 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 

• 1 SD DQI-V = 8.88, 1 SD Age = 6.38 years, 1 SD Nutrition score = 0.21 points 

 

Gender, education, income and nutrition score showed impacts on the Variety component 

(Table 3.21). The Variety scores were 4% higher among women compared with men (IRR = 

1.04, 95% CI: 1.01, 1.07). Higher education implied higher Variety scores (IRR = 1.07, 95% CI: 

1.02, 1.12). The same positive association with the Variety component was observed for income 

IRR = 1.05, 95% CI: 1.01, 1.09) and nutrition score (IRR = 1.03, 95% CI: 1.01, 1.04). 

Table 3. 21 Diet quality and their factors in general population – Variety  

General 
Variety 

  IRR P 95% CI   
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External Food 

Environment 

(factor) IRR       * 

Women 1.04 0.00 1.01 1.07 * 

Age 1.00 0.82 0.99 1.02   

Education - Medium 1.07 0.00 1.04 1.11 * 

Education - High 1.07 0.01 1.02 1.12 * 

Income - Medium 1.03 0.14 0.99 1.07   

Income - High 1.05 0.02 1.01 1.09 * 

Manual Job 1.00 0.82 0.96 1.05   

Nutrition score 1.03 0.00 1.01 1.04 * 

Note 

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 
• IRR: Incidence Rate Ratio, P: P-value, CI: Confidence Interval 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 

• 1 SD Age = 6.38 years, 1 SD Nutrition score = 0.21 points 

 

Beside external food environment, education was the only significant factor associated 

with the Adequacy component in a positive direction ( = 0.31, 95% CI: 0.11, 0.5) among those 

in the second education tercile compared with the lowest education tercile (Table 3.22). 

Table 3. 22 Diet quality and their factors in general population – Adequacy  

General Adequacy 

  Beta P 95% CI     

External Food 

Environment (factor) Beta       * 

Women -0.12 0.09 -0.26 0.02   

Age -0.01 0.73 -0.09 0.06   

Education - Medium 0.31 0.00 0.11 0.50 * 

Education - High 0.22 0.10 -0.04 0.48   

Income - Medium 0.03 0.78 -0.18 0.24   

Income - High 0.08 0.55 -0.18 0.33   

Manual Job 0.16 0.16 -0.06 0.38   
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Nutrition score 0.08 0.06 0.00 0.16   

Note 

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 
• P: P-value, CI: Confidence Interval 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 

• 1 SD Adequacy = 5.81, 1 SD Age = 6.38 years, 1 SD Nutrition score = 0.21 points 

Compared to those who were in the lowest income tercile, people in the second and third 

income tercile had lower Moderation scores ( = -0.22, 95% CI: -0.41, -0.03;  = -0.46, 95% CI: 

-0.68, -0.23 respectively) (Table 3.23).  

Table 3. 23 Diet quality and their factors in general population – Moderation  

General Moderation 

  Beta P 95% CI   

External Food 

Environment (factor) Beta       * 

Women -0.13 0.04 -0.25 0.00   

Age 0.03 0.33 -0.03 0.10   

Education - Medium -0.14 0.12 -0.31 0.04   

Education - High -0.18 0.12 -0.41 0.05   

Income - Medium -0.22 0.02 -0.41 -0.03 * 

Income - High -0.46 0.00 -0.68 -0.23 * 

Manual Job -0.03 0.79 -0.22 0.17   

Nutrition score -0.05 0.16 -0.12 0.02   

Note 

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 
• P: P-value, CI: Confidence Interval 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 

• 1 SD Moderation = 7.35, 1 SD Age = 6.38 years, 1 SD Nutrition score = 0.21 points 

 

External food environment was the only factor associated with the Balance component 

(Table 3.24).  
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Table 3. 24 Diet quality and their factors in general population – Balance  

General Balance 

  IRR P 95% CI   

External Food 

Environment (factor) IRR       * 

Women 1.01 0.82 0.92 1.12   

Age 1.03 0.34 0.97 1.08   

Education - Medium 1.00 0.96 0.87 1.14   

Education - High 1.01 0.93 0.84 1.21   

Income - Medium 0.91 0.24 0.78 1.06   

Income - High 0.88 0.16 0.74 1.05   

Manual Job 1.03 0.73 0.87 1.22   

Nutrition score 1.00 0.89 0.95 1.07   

Note 

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 
• IRR: Incidence Rate Ratio, P: P-value, CI: Confidence Interval 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 

• 1 SD Age = 6.38 years, 1 SD Nutrition score = 0.21 points 

 

3.3.2 Stratified by gender 

3.3.2.1 Women 

The external food environment showed significant association with DQI-V and its 

component scores across the models among women (Table  3.25).  

 Education and nutrition literacy score revealed a relationship with Variety score where it 

increases by nearly 10% among those in the second or third education tercile compared with 

those in the first education tercile with all else being equal. The expected Variety score also 

increases by 13.3% for each additional standard deviation (SD) of nutrition score. Compared to 

those who were in the first education tercile, those who were in the second education tercile were 

expected to have higher adequacy score while all other variables are kept constant. The 

Moderation component was, however, negatively associated with education and income. In other 

words, people with higher education and income attainment got lower Moderation score 
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compared with those in the lowest education and income tercile respectively. There were no 

significant associations between age, education, income, job and nutrition score with total DQI-

V and Balance score. 

Table 3. 25 Diet quality and their factors among women  

Women DQI-V Variety Adequacy Moderation Balance 

  Beta SE P IR 

Robust 

SE P Beta SE P Beta SE P IR 

Robust 

SE P 

External Food 

Environment 

(factor)a Beta SE * Beta SE * Beta SE * Beta SE * Beta BSE * 

Age 0.02 0.01   1.00 0.00   -0.02 0.05   0.03 0.05   1.00 0.01   

Education - 

Medium 0.21 0.16   1.08 0.03 * 0.43 0.14 * -0.27 0.12 * 0.94 0.10   

Education - 

High -0.16 0.22   1.08 0.03 * 0.21 0.20   -0.52 0.17 * 0.96 0.13   

Income - 

Medium -0.14 0.16   1.02 0.03   0.01 0.15   -0.21 0.13   0.99 0.11   

Income - High -0.21 0.20   1.03 0.03   0.08 0.18   -0.37 0.16 * 0.99 0.12   

Manual Job -0.03 0.18   1.00 0.03   0.12 0.16   -0.17 0.14   1.07 0.12   

Nutrition score 0.001 0.33   1.13 0.06 * 0.02 0.06   -0.07 0.05   0.97 0.22   

                                

Note 
• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds 

ratio or Incidence Rate) 
• SE: Standard Error, IR: Incidence Rate, P: P-value, Robust SE: Robust Standard Error applied for Poisson regression,  

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its 

Beta, SE and P-value but not shown here. 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points, 1 SD 

Nutrition score = 0.21 points 

  

    

3.3.2.2 Men 

The external food environment also showed significant relationship with DQI-V and its 

component scores across the models among men (Table 3.26).  

Regarding personal food environment, education, income and nutrition score were 

positively associated with the Variety component. The expected Variety score increases by 6.3% 

among those in the second education tercile compared with those in the first tercile. The similar 

pattern applied for income, i.e., those who were in the highest income tercile had a higher 

Variety score. This component was also higher among those with higher nutrition knowledge 
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score. The Adequacy component was positively associated with the nutrition knowledge score 

where each unit increase in nutrition knowledge score led to an average of 0.57 times SD higher 

in Adequacy score. Interestingly, when switching from the lowest to the highest income tercile, 

there was a decrease of 0.52 times SD of the Moderation score. There were no significant 

associations between age, education, income, job and nutrition scores with total DQI-V and 

Balance scores. 

Table 3. 26 Diet quality and their factors among men  

Men DQI-V Variety Adequacy Moderation Balance 

  Beta SE P IR 

Robust 

SE P Beta SE P Beta SE P IR 

Robust 

SE P 

External Food 

Environment 

(factor) Beta SE * Beta RSE * Beta SE * Beta SE * Beta BSE * 

Age 0.01 0.01   1.00 0.00   0.00 0.01   0.01 0.01   1.01 0.01   

Education - 

Medium 0.24 0.16   1.06 0.02 * 0.23 0.15   -0.06 0.13   1.08 0.10   

Education - 

High 0.32 0.21   1.06 0.03   0.25 0.19   0.04 0.17   1.05 0.13   

Income - 

Medium -0.15 0.17   1.04 0.03   0.05 0.16   -0.23 0.14   0.84 0.11   

Income - High -0.33 0.20   1.07 0.03 * 0.09 0.19   -0.52 0.17 * 0.79 0.12   

Manual Job 0.22 0.18   1.01 0.04   0.17 0.17   0.12 0.15   1.00 0.12   

Nutrition score 0.57 0.31   1.18 0.06 * 0.57 0.29 * -0.19 0.26   1.20 0.22   

 

Note 
• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 
• SE: Standard Error, IR: Incidence Rate, P: P-value, Robust SE: Robust Standard Error applied for Poisson regression,  

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points, 1 SD Nutrition 

score = 0.20 points 

 

3.3.3 Stratified by location (urban – periurban – rural) 

The external food environment also showed significant relationship with the DQI-V and 

its component scores across the locations except for Balance component in the Rural site.  
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3.3.3.1 Urban District 

Regarding personal food environment, education was positively associated with the total 

DQI-V (Table 3.27). Specifically, the DQI-V is expected to be higher (0.71 times DQI-V SD) for 

people in the second education tercile than those in the first tercile keeping all other variables 

constant. Women was expected to have a higher Variety score than men and those with manual 

job were expected to have a lower Variety score than those with non-manual job. The average 

Moderation is lower (0.37 times Moderation SD) for females than for males, all other variables 

held constant. There were no significant associations between gender, age, education, income, 

job and nutrition knowledge score with Adequacy and Balance components in the urban site. 

Table 3. 27 Diet quality and their factors in the urban site  

Urban 
DQI-V Variety Adequacy 

Moderatio

n 
Balance 

  Beta SE P IR 

Robus

t SE P Beta SE P Beta SE P IR 

Rob
ust 

SE P 

External Food 

Environment 

(factor) Beta SE * Beta BSE * Beta SE * Beta SE * Beta BSE * 

Female -0.16 0.14   1.06 0.02 * -0.07 0.13   -0.37 0.13 * 1.06 0.08   

Age 0.02 0.01  1.00 0.00   0.01 0.01   0.01 0.01   1.01 0.01   

Education - 

Medium 0.71 0.33 * 1.07 0.06   0.56 0.29  0.19 0.31   1.19 0.23   

Education - High 0.59 0.31  1.05 0.05   0.35 0.28   0.27 0.29   1.19 0.21   

Income - Medium -0.08 0.55   1.06 0.05   -0.62 0.49   0.41 0.51   0.89 0.15   

Income - High -0.21 0.53   1.08 0.05   -0.43 0.47   0.03 0.50   0.82 0.12   

Manual Job -0.10 0.30   0.89 0.05 * -0.13 0.26   0.33 0.28   0.97 0.20   

Nutrition score 0.21 0.41   1.07 0.05   0.18 0.37   0.05 0.39   0.84 0.27   

Note 

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 
• SE: Standard Error, IR: Incidence Rate, P: P-value, Robust SE: Robust Standard Error applied for Poisson regression,  

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points, 1 SD Nutrition 

score = 0.17 points 
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3.3.3.2 Periuban District 

While the coefficient of income in the model in the urban site showed a negative 

association with the total DQI-V but with an insignificant p-value, income in the periurban site 

was significantly and negatively associated with DQI-V (Table 3.28). The higher income tercile 

people were in, the lower DQI-V people got. When examining each component of the DQI-V, 

Moderation was probably the one that affects this pattern the most since income was also 

negatively associated with Moderation score. A significant positive association observed 

between the second education tercile and Variety score. The expected Balance score decreased 

by nearly 20% among women compared with men. Contrast with what is usually believed about 

the positive relationship between nutrition knowledge score and diet quality, the expected 

Balance score decreased by 44% for each additional SD of nutrition knowledge score. There 

were no significant associations between gender, age, education, income, job and nutrition scores 

with the Adequacy score in the peri-urban site. 

Table 3. 28 Diet quality and their factors in the peri-urban site  

Periurban DQI-V Variety Adequacy Moderation Balance 

  Beta SE P IR 

Robust 

SE P Beta SE P Beta SE P IR 

Robus

t SE P 

External Food 

Environment 

(factor) Beta SE * Beta BSE * Beta SE * Beta SE * 

Bet

a BSE * 

Female -0.13 0.15   1.04 0.02   0.03 0.13   -0.18 0.13   0.83 0.09 * 

Age -0.02 0.01   1.00 0.00   -0.01 0.01   0.00 0.01   0.99 0.01   

Education - 

Medium 0.09 0.20   1.06 0.02 * 0.07 0.16 . -0.07 0.17   0.95 0.11   

Education - 

High -0.23 0.28   1.04 0.05   0.34 0.23   -0.55 0.24 * 0.83 0.16   

Income - 

Medium -0.53 0.21 * 1.01 0.02   -0.16 0.17   -0.55 0.18 * 0.96 0.13   

Income - High -0.65 0.23 * 1.04 0.02   -0.35 0.19   -0.67 0.20 * 1.06 0.14   

Manual Job -0.03 0.20   0.97 0.02   0.08 0.17   0.02 0.17   0.94 0.11   

Nutrition score -0.33 0.44   1.02 0.09   0.20 0.37   -0.27 0.39   0.56 0.22 * 

 

Note 
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• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 
• SE: Standard Error, IR: Incidence Rate, P: P-value, Robust SE: Robust Standard Error applied for Poisson regression,  

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points, 1 SD Nutrition 

score = 0.20 points 

3.3.3.3 Rural District 

Nutrition literacy was positively associated with the total DQI-V in the rural district 

(Table 3.29). For the Variety component, those with manual jobs and those with higher nutrition 

knowledge score were expected to have a higher Variety score with an increasing rate of 12% 

and 31% respectively. There were conflicting results regarding the relationship between 

education and Adequacy score. While people in the second education tercile were expected to 

have a higher score compared with those in the first terticle, people in the third tercile were 

predicted to have a lower score than those in the first tercile. A significantly positive association 

was observed between nutrition knowledge score and Adequacy component. Income was the 

only personal food environment factor associated with Moderation in a negative direction. 

People in the highest income tercile tended to have lower Moderation score, which is similar to 

the situation for total DQI-V and Moderation score in the peri-urban district. Age, education in 

the highest tercile and nutrition score were significantly and positively associated with the 

Balance component, with the incident rate of 2%, 39% and 79% respectively.  

Table 3. 29 Diet quality and their factors in the rural site  

Rural DQI-V Variety Adequacy Moderation Balance 

  Beta SE P IR 

Robus

t SE P Beta SE P Beta SE P 

I

R 

Robus

t SE P 

External Food 

Environment 

(factor) Beta SE * Beta BSE * Beta SE * Beta SE * Beta BSE   

Female -0.02 0.12   1.04 0.02  -0.20 0.11  0.00 0.13   1.13 0.09   

Age 0.01 0.01   1.00 0.00   -0.01 0.01   0.00 0.01   1.02 0.01 * 

Education - 

Medium 0.12 0.14   1.06 0.02 * 0.30 0.13 * -0.28 0.15  0.96 0.10   

Education - 

High -1.00 0.65   0.99 0.08   -1.59 0.59 * -0.10 0.66   1.39 0.14 * 
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Income - 

Medium 0.08 0.15   1.04 0.03   0.21 0.14   -0.10 0.15   0.84 0.11   

Income - High 0.00 0.38   1.08 0.06   0.66 0.35  -0.78 0.39 * 0.77 0.25   

Manual Job 0.35 0.20  1.12 0.04 * 0.31 0.19  -0.25 0.21   1.23 0.14   

Nutrition score 0.86 0.32 * 1.31 0.07 * 0.77 0.29 * -0.63 0.33  1.79 0.26 * 

 

Note:  

• *: p<0.05 and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for Odds ratio 

or Incidence Rate) 
• SE: Standard Error, IR: Incidence Rate, P: P-value, Robust SE: Robust Standard Error applied for Poisson regression,  

• a: The external food environment variables are treated as factors with 25 levels (25 neighborhoods), each level has its Beta, 

SE and P-value but not shown here. 

• 1 (SD) DQI-V = 8.58 points, 1 SD Adequacy = 5.56 points, 1 SD Moderation = 6.72 points, 1 SD Nutrition 

score = 0.21 points 

 

3.3.4 Exploring external food environment 

3.3.4.1 Socioeconomic status and nutritional status of 25 neighborhoods  

Table 3.30 summarizes the socioeconomic characteristics of the 25 neighborhoods or 

communes in the study and their corresponding nutritional status. All the variables were 

expressed in prevalence (%); namely low income prevalence is the rate of people in the first 

income tercile (less than or equal to VND 6.9 million/month), low education prevalence is the 

percentage of people in the first education tercile (no formal education, primary or secondary 

education), non-manual job prevalence is the rate of people with office and business-run jobs, 

manual job prevalence is the rate of people whose works require constant physical efforts.  

The mean age among the urban communes ranged from 30.5 – 34.8; this range was from 

28.6 to 33.9 in the peri-urban communes, and 24.9 -31 among the rural communes. The 

prevalence of low income and low education varied across the urban - rural transect: lowest in 

the urban communes and highest in the rural communes. There are some exceptions, such as 

commune 169 in the urban site which has comparable low education prevalence with some 

communes in the peri-urban district; or communes 490, 499 and 511 in the peri-urban district 

which have a low prevalence of low income and low education; commune 4024 in the rural 
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district also has low prevalence of low income and low education. The job category did not show 

much variation between urban – periurban – rural communes.  

Regarding nutritional status in the urban district, the highest underweight prevalence was 

in commune 157 and 175 (equally 7.41%); the rest of the urban communes had 0 to 3.7% 

underweight prevalence, but most of them stand at 1.85%. The underweight prevalence in the 

peri-urban communes ranged from 1.85% to 5.56% ; there were no extreme values. 5 out of 8 

rural communes had an underweight prevalence of more than 5.56% with the maximum value at 

9.26%, commune 4003, 4012 and 4024 had zero to low underweight prevalence. Overweight and 

central obesity shared the same pattern: there was highest prevalence among urban communes 

and the lowest among rural communes. In the rural site, communes 4003 and 4024 had a 

comparable overweight and central obesity prevalence with those in the urban and peri-urban 

districts.  

Table 3. 30 Descriptive characteristics of 25 neighborhoods (communes)   

Commune Code 

Distric

t 

Women 

(%) 

Ag

e 

Low 

inco

me 

(%) 

Low 

educatio

n  (%) 

Non-

manu

al job  

(%) 

Manu

al job 

(%) 

Underweig

ht  (%) 

Overweig

ht  (%) 

Central 

obesity  

(%) 

Nghia Do 157 Urban 3.69 33 0 0 3.99 1.45 7.41 2.5 4.55 

Nghia Tan 160 Urban 4.36 34.1 0 0 4.94 0 3.7 3.75 7.95 

Mai Dich 163 Urban 8.72 32.5 1.02 0.96 8.94 7.25 1.85 11.25 10.23 

Dich Vong 166 Urban 3.69 34.8 0 0.48 3.99 1.45 1.85 12.5 9.09 

Dich Vong 

H 167 Urban 2.35 33.6 0 0.48 2.47 1.45 0 3.75 2.27 

Quan Hoa 169 Urban 4.36 32.3 0 2.4 4.18 5.8 1.85 6.25 9.09 

Yen Hoa 172 Urban 1.34 30.5 1.02 0 1.52 0 1.85 2.5 3.41 

Trung Hoa 175 Urban 8.05 33.8 0 1.44 8.56 2.9 7.41 7.5 9.09 

Thuy Lam 460 

Peiri-

urban 4.03 28.7 4.08 7.21 3.04 11.59 1.85 3.75 3.41 

Van Noi 481 

Peiri-

urban 3.36 29.8 3.06 2.88 3.04 5.8 5.56 3.75 3.41 

Lien Ha 484 

Peiri-

urban 1.68 28.6 3.06 1.92 1.52 2.9 3.7 0 0 

Kim No 490 

Peiri-

urban 2.01 31.3 0 0.96 2.28 0 3.7 2.5 2.27 

Kim Chung 493 

Peiri-

urban 4.03 29.3 1.02 3.37 4.18 2.9 5.56 7.5 3.41 

Dai Mach 499 Peiri- 2.35 31.2 0 0.48 1.9 5.8 1.85 0 3.41 



63 

 

urban 

Xuan Canh 511 

Peiri-

urban 2.35 31.6 1.02 0 1.9 5.8 5.56 1.25 1.14 

Vong La 514 

Peiri-

urban 3.36 33.9 3.06 2.88 2.85 7.25 1.85 5 4.55 

Cluster 3 

3333

3 

Peiri-

urban 4.7 32.5 8.16 9.13 4.94 2.9 5.56 1.25 1.14 

Chieng Son 3985 Rural 3.02 33.5 7.14 5.77 3.42 0 7.41 1.25 0 

Tan Hop 3988 Rural 7.05 24.9 16.33 16.83 6.08 14.49 9.26 2.5 2.27 

Tan Lap 3997 Rural 4.03 31 12.24 10.58 3.61 7.25 7.41 5 4.55 

Na Muong 4000 Rural 3.69 29.9 11.22 7.21 3.99 1.45 5.56 0 1.14 

Ta Lai 4003 Rural 7.72 29.2 12.24 13.46 7.79 7.25 1.85 6.25 5.68 

Chieng Hac 4012 Rural 3.02 29.7 6.12 5.29 3.23 1.45 1.85 2.5 1.14 

Hua Pang 4015 Rural 3.69 29.1 8.16 6.25 4.18 0 5.56 1.25 1.14 

Chieng 

Khua 4024 Rural 3.36 26.8 1.02 0 3.42 2.9 0 6.25 5.68 

 

3.3.4.2 Dietary pattern and diet  quality of 25 neighborhoods  

The total DQI-V among the urban communes ranged from 59.1 (commune 166) to 67.9 

(commune 172); the mean value being 64.1 (Table 3.31). In the peri-urban district, the DQI-V 

score was from 58.4 (commune 33333) to 70.9 (commune 490); the mean value being 65.5. In 

the rural site, the minimum DQI-V score was 62.2 in commune 3997 and the maximum score 

was 76 in commune 3988; the mean value being 69.9. Clearly, the diet quality score tends to be 

highest among the rural communes as described on the individual level. The variation in energy 

from each macronutrient occurred mainly across the urban-rural transect rather than within each 

district; specifically, the mean energy from protein and fat was larger in the urban or peri-urban 

communes than rural communes while rural communes tended to consume more carbohydrates 

than the others. 

Table 3. 31 Summary of diet pattern and diet quality of the 25 communes 

Commune Code District DQIV Variety Adequacy Moderation Balance 

Energy 

from 

Carb per 

2000kcal 

Energy 

from 

Protein 

per 2000 

kcal 

Energy 

from 

Fat per 

2000kcal 

Nghia Do 157 Urban 62.5 18.8 29.2 10.7 3.8 1080.6 375.0 544.3 

Nghia Tan 160 Urban 67.1 19.5 32.1 11.6 3.9 1105.0 360.9 534.2 
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Mai Dich 163 Urban 66.1 19.1 31.2 11.9 3.9 1084.6 392.3 523.1 

Dich Vong 166 Urban 59.1 15.9 21.3 18.8 3.2 1272.8 301.9 425.3 

Dich Vong 

H 167 Urban 64.3 19.1 30.7 9.8 4.7 1108.7 377.4 514.0 

Quan Hoa 169 Urban 63.1 18.5 29.0 11.5 4.1 1095.4 375.7 528.9 

Yen Hoa 172 Urban 67.9 19.4 31.0 12.8 4.8 1131.7 350.9 517.4 

Trung Hoa 175 Urban 62.8 17.0 26.9 15.3 3.6 1192.1 335.5 472.4 

Thuy Lam 460 

Peiri-

urban 70.6 19.7 32.1 13.7 5.2 1183.8 347.6 468.6 

Van Noi 481 

Peiri-

urban 62.1 18.6 28.4 11.8 3.5 1068.2 383.0 548.8 

Lien Ha 484 

Peiri-

urban 65.3 19.4 28.4 13.3 4.2 1128.2 341.6 530.1 

Kim No 490 

Peiri-

urban 70.9 18.3 31.4 16.6 4.7 1219.2 345.2 435.5 

Kim Chung 493 

Peiri-

urban 65.8 19.4 30.3 11.4 4.7 1100.2 362.7 537.1 

Dai Mach 499 

Peiri-

urban 64.6 18.1 30.9 10.9 4.7 1108.8 383.7 507.5 

Xuan Canh 511 

Peiri-

urban 64.9 18.7 31.5 10.7 4.0 1136.3 360.3 503.5 

Vong La 514 

Peiri-

urban 67.0 17.4 25.7 20.6 3.4 1260.4 325.1 414.5 

Cluster 3 33333 

Peiri-

urban 58.4 14.1 20.1 21.0 3.2 1257.6 325.1 417.2 

Chieng Son 3985 Rural 71.2 17.7 30.8 19.0 3.8 1199.3 347.2 453.5 

Tan Hop 3988 Rural 76.0 17.9 31.5 23.6 2.9 1326.2 341.0 332.9 

Tan Lap 3997 Rural 62.2 11.6 22.2 25.6 2.8 1425.6 273.0 301.3 

Na Muong 4000 Rural 70.5 15.8 27.0 24.5 3.2 1347.7 313.3 338.9 

Ta Lai 4003 Rural 71.7 17.1 29.6 21.3 3.6 1272.1 355.0 372.9 

Chieng Hac 4012 Rural 71.9 17.9 29.7 20.0 4.3 1254.0 348.7 397.3 

Hua Pang 4015 Rural 68.3 16.0 27.4 20.6 4.3 1214.0 343.6 442.4 

Chieng 

Khua 4024 Rural 67.6 15.1 29.7 20.5 2.3 1389.8 279.9 330.2 

3.3.4.3 External food environment of 25 neighborhoods 

In general, the total number of food outlets was highest in the urban district (262 outlets), 

followed by the peri-urban district (221 outlets) and lastly, the rural district (49 outlets). 

Traditional outlets still accounted for the largest percentage in the outlet type composition (Table 

3.32). Notably there are no modern food outlets in the rural districts, the number of restaurants in 

this area is also very small.  

 Table 3. 32 Summary of food outlets by type in 3 districts 

  Urban Peri-urban Rural 
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Modern food outlets 14 (5.3%) 17 (7.6%) 0 (0%) 

Traditional food outlets 118 (45%) 133 (60.1%) 46 (93.9%) 

Restaurants 130 (49.6%) 71 (32.1%) 3 (6.1%) 

Total 262 221 49 

 

The mean distance to the closest food outlet was shortest in the urban district (362.14m), 

followed by the peri-urban district (643.21m) and lastly the rural district (4570.88m) (Table 

3.33). The mean outlet density was highest in the peri-urban district (2.1 outlets per 1000 

residents), followed by the urban district (1.16 outlets per 1000 residents) and lastly, the rural 

district (1.12 outlets per 1000 residents). However, there was a wide variation of these variables 

within each district. For example, urban commune 157, 166 and 172 had a longer distance to the 

closest food outlet while having smaller outlet density than the rest of the urban communes; 

these numbers are similar to those communes in the peri-urban and rural areas. On the other 

hand, commune 499 and 514 in the peri-urban site had a much larger number of total outlets and 

higher outlet density than all other communes, especially those in the urban area. Similarly, the 

rural commune 4012 had a comparable distance to the closest food outlet, total number of outlets 

and outlet density to those communes in the urban site.  

Table 3. 33 Summary of external food environment of the 25 communes 

Commune Code District 

Distance to 

closest food 

outlet 

Total food 

outlets 

General 

outlet 

density 

(outlets per 

1000 

residents) 

Traditional 

outlet 

density 

Modern 

outlet 

density 

Restaurant 

density 

Nghia Do 157 Urban 986.31 13 0.45 0.21 0.07 0.17 

Nghia 

Tan 160 Urban 50.51 49 2.19 0.81 0.09 1.3 

Mai Dich 163 Urban 205.23 55 1.6 0.84 0.17 0.58 

Dich 

Vong 166 Urban 718.38 4 0.19 0.09 0 0.09 

Dich 

Vong H 167 Urban 7.28 28 0.99 0.53 0.04 0.42 

Quan 

Hoa 169 Urban 134.30 35 1.43 0.61 0 0.82 
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Yen Hoa 172 Urban 729.52 19 0.55 0.12 0.03 0.41 

Trung 

Hoa 175 Urban 65.62 59 1.86 0.91 0.06 0.88 

Thuy Lam 460 

Peiri-

urban 854.36 21 1.25 0.36 0.12 0.78 

Van Noi 481 

Peiri-

urban 285.62 21 1.98 0.75 0.09 1.13 

Lien Ha 484 

Peiri-

urban 865.75 21 1.36 0.84 0.13 0.39 

Kim No 490 

Peiri-

urban 120.90 12 0.97 0.49 0.16 0.32 

Kim 

Chung 493 

Peiri-

urban 153.66 25 0.81 0.55 0.13 0.13 

Dai Mach 499 

Peiri-

urban 1915.05 55 5.64 4.41 0.21 1.03 

Xuan 

Canh 511 

Peiri-

urban 144.35 17 1.68 0.79 0.1 0.79 

Vong La 514 

Peiri-

urban 1436.44 28 4.05 2.75 0.29 1.01 

Cluster 3 33333 

Peiri-

urban 12.74 21 1.46 0.9 0.07 0.49 

Chieng 

Son 3985 Rural 8807.42 5 0.65 0.52 0 0.13 

Tan Hop 3988 Rural 12458.20 3 0.56 0.56 0 0 

Tan Lap 3997 Rural 3635.59 6 0.66 0.66 0 0 

Na 

Muong 4000 Rural 8157.90 5 1.24 0.99 0 0.25 

Ta Lai 4003 Rural 3279.23 2 0.63 0.63 0 0 

Chieng 

Hac 4012 Rural 60.11 19 2.71 2.57 0 0.14 

Hua Pang 4015 Rural 86.54 5 1.14 1.14 0 0 

Chieng 

Khua 4024 Rural 82.07 4 1.35 1.35 0 0 

 

3.3.4.4 Relationship among external food environment, diet quality and nutritional status of 25 

neighborhoods 

Table 3.34 to 3.40 presented the results from linear regression analyses. Model 1 was a 

simple linear regression with food outlet density considered as the only explanatory variable. 

Model 2 was adjusted for the following commune-level covariates: gender, age, education and 

income. Outlet density showed no significant association with nutritional status (underweight, 

overweight and central obesity in both model 1 and model 2 (Table 3.34). Nevertheless, in the 
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multivariate model, the percentage of women was positively associated with overweight and 

central obesity rate (details not shown in the result table).  

Table 3. 34 Summary of linear regression modeling the relationship between outlet density and nutritional status 

Outlet density Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Overweight -0.10 0.21 0.65 -0.53 0.33 -0.21 0.16 0.20 -0.53 0.12 

women 

+   

Underweight -0.30 0.20 0.14 -0.71 0.11 -0.24 0.20 0.25 -0.65 0.18     

Central 

obesity 0.15 0.21 0.49 -0.28 0.57 0.02 0.12 0.90 -0.24 0.27 

women 

+   

 
Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

Outlet density also showed no significant relationship with the DQI-V and its 

components (Table 3.35) in both bivariate and multivariate models. Nonetheless, the percentage 

of low income was positively associated with the Moderation score; in other words, the 

neighborhood with a higher proportion of low-income people got a higher mean Moderation 

score. Also, low education was positively associated with Balance score while low income was 

negatively associated with Balance score.  

Table 3. 35 Summary of linear regression modeling the relationship between outlet density and diet quality score 

Outlet density Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Total DQI-V -0.06 0.21 0.76 -0.49 0.37 0.04 0.19 0.83 -0.35 0.43     

Variety 0.12 0.21 0.58 -0.31 0.54 0.04 0.18 0.83 -0.33 0.41     

Adequacy 0.09 0.21 0.66 -0.34 0.52 0.09 0.21 0.66 -0.34 0.52     

Moderation -0.18 0.21 0.39 -0.61 0.24 -0.05 0.14 0.70 -0.35 0.24 low income + 

Balance 0.16 0.21 0.45 -0.27 0.59 0.09 0.18 0.61 -0.28 0.46 
low edu 

+ low income - 

 

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 
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* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

Using the distance to the closest food outlet as the explanatory variable of external food 

environment (Table 3.36), the bivariate model shows the association between proximity and 

underweight rate, specifically when the distance to the closest outlet is longer, the underweight 

rate increases. In the multivariate models, the percentage of women was positively associated 

with overweight and central obesity prevalence (details not shown in the result table).  

Table 3. 36 Summary of linear regression modeling the relationship between distance to the closest food outlet and 

nutritional status 

Shortest 

distance Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Overweight -0.29 0.20 0.16 -0.70 0.12 -0.03 0.19 0.89 -0.42 0.37 

women 

+   

Underweight 0.49 0.18 0.01 * 0.12 0.87 0.38 0.22 0.10 -0.08 0.85     

Central 

obesity -0.36 0.19 0.08 -0.76 0.04 -0.03 0.14 0.86 -0.33 0.27 

women 

+   

 

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

The distance to the closest food outlet was also positively associated with the total DQI-V 

and Moderation score in the bivariate model (Table 3.37). This can be interpreted as when the 

distance to the closest food outlet became longer, the DQI-V and Moderation score also became 

larger. However, this relationship became insignificant in the multivariate model where the rate 

of low income was positively associated with the Moderation score. Similar to the model where 

outlet density was the explanatory variable, low education was positively associated with 

Balance score while low income was negatively associated with the Balance score.  
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Table 3. 37 Summary of linear regression modeling the relationship between distance to the closest food outlet and 

diet quality score 

Distance to 

closest 

outlet Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Total DQI-V 0.56 0.17 0.004* 0.20 0.92 0.39 0.20 0.06 -0.02 0.81    

Variety -0.18 0.21 0.39 -0.61 0.24 0.12 0.21 0.56 -0.31 0.55     

Adequacy 0.07 0.21 0.72 -0.36 0.51 0.18 0.24 0.47 -0.32 0.68     

Moderation 0.55 0.17 0.005 * 0.19 0.91 0.20 0.16 0.22 -0.13 0.54 low income + 

Balance -0.37 0.19 0.07 -0.77 0.03 -0.24 0.20 0.26 -0.66 0.19 

low 

edu+ 

low 

income- 

 

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

When assessing the relationship between diet quality and nutritional outcomes on the 

commune level, the bivariate model indicated that the total DQI-V was negatively associated 

with the commune –level overweight and central obesity prevalence (Table 3.38 and 3.40), the 

Balance score was negatively associated with underweight prevalence (Table 3.39). The 

multivariate model suggested the Adequacy component was negatively associated with the 

overweight rate while the Moderation score was positively associated with the overweight 

prevalence together with the percentage of women and low income (Table 3.38). The adjusted 

model showed insignificant relationship between the DQI-V as well as its components with the 

underweight prevalence, however the percentage of women in a commune was positively 

associated with the underweight rate (Table 3.39). The same things applied for central obesity 

outcome where no significant association was found between diet quality scores and central 

obesity while women rate kept showing its positive association with the central obesity 

prevalence (Table 3.40).  

Table 3. 38 Summary of linear regression modeling the relationship between diet quality scores and overweight 



70 

 

Overweight Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) Significant Covariate 

Total DQI-V -1.31 0.62 0.047* -2.60 -0.02 -0.57 0.64 0.39 -1.91 0.77 women+   

Variety -0.14 0.68 0.84 -1.55 1.27 -0.74 0.66 0.28 -2.12 0.65 women+   

Adequacy -1.26 0.63 0.06 -2.56 0.04 -1.36 0.50 0.013* -2.40 -0.31     

Moderation -0.20 0.68 0.78 -1.60 1.21 1.69 0.77 0.040* 0.08 3.29 women+ low in + 

Balance -0.22 0.68 0.75 -1.63 1.18 -0.71 0.66 0.30 -2.10 0.68     

  

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

Table 3. 39 Summary of linear regression modeling the relationship between diet quality scores and underweight 

Underweight Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Total DQI-V 0.43 0.54 0.43 -0.68 1.54 -0.24 0.65 0.72 -1.60 1.13     

Variety -0.73 0.52 0.17 -1.81 0.35 -0.13 0.68 0.85 -1.56 1.30     

Adequacy 0.04 0.54 0.94 -1.08 1.16 0.22 0.59 0.72 -1.01 1.44 women+   

Moderation 0.80 0.52 0.13 -0.26 1.87 -0.32 0.86 0.71 -2.11 1.47     

Balance -1.28 0.47 0.012* -2.26 -0.31 -1.11 0.63 0.09 -2.44 0.21     

 

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 

Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 

 

Table 3. 40 Summary of linear regression modeling the relationship between diet quality scores and central obesity 

Central 

obesity Model 1     Model 2         

N = 25 Beta SE P (95%CI) Beta SE P (95%CI) 

Significant 

Covariate 

Total DQI-

V -1.35 0.57 0.026* -2.53 -0.17 -0.24 0.46 0.61 -1.19 0.72 women+   

Variety 0.17 0.63 0.79 -1.14 1.48 -0.28 0.48 0.57 -1.27 0.72     

Adequacy -0.75 0.62 0.24 -2.02 0.53 -0.57 0.39 0.17 -1.39 0.25 women+   

Moderation -0.71 0.62 0.26 1.99 0.57 0.71 0.58 0.24 -0.51 1.92 women+   

Balance -0.08 0.63 0.90 -1.39 1.23 -0.40 0.47 0.41 -1.38 0.59     

 

 

Note: Model 1: Bivariate model, Model 2: adjusted for gender, age, education and income 
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Continuous variables were standardized at mean = 0 and standard deviation = 1 

* : p < 0.05, and CI attains the significant value (not contain 0 for Beta coefficient and not contain 1 for 

Odds ratio or Incidence Rate) 
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Chapter 4 

 

DISCUSSION 

The results from this study showed that both over-nutrition and under-nutrition were 

present in three study sites. However, only overweight and central obesity varied among the 

different locations. The proportion of overweight and abdominal obesity among urban men was 

significantly higher than rural men. Women were more likely to bear the double burden of 

malnutrition when they are at a higher risk for both underweight and central obesity. Men were 

more likely to get general overweight than women in this population. Our logistic regression 

models revealed that age was positively associated with female abdominal obesity, and income 

was negatively associated with female abdominal obesity among women while education level 

was positively associated with overweight among men. Personal food environment factors 

associated with diet quality among both women and men are education, income and nutrition 

literacy score but in different directions and magnitudes. External food environment, especially 

the urban – rural setting and the distance to the closest food outlet, played a significant role in 

determining diet quality where. Namely, people in the rural site had higher total DQI-V scores 

mainly because of their higher Moderation scores compared with urban people. However, the 

rural diet was less diverse than the urban diet, resulting in the lower Variety scores in the rural 

site.  The longer the distance was, the higher the Moderation component was and therefore the 

total DQI-V. Our study did not find a significant relationship between diet quality and nutritional 

status on the individual level, but a relationship was revealed on the commune or neighborhood 

level. 
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4.1 Nutritional status and their associated factors 

The prevalence of underweight, overweight/obesity and abdominal obesity in the three 

districts in the North of Vietnam: Cau Giay, Dong Anh and Moc Chau were still lower than those 

in other developing countries in the Asia-Pacific region [40] [41] [42] and sub-Saharan Africa 

[43]. The prevalence of these nutritional issues was also lower than other studies within Vietnam. 

The reasons for this smaller prevalence, especially the overweight rate, include: the use of 

different BMI cut-off to determine overweight/obesity and the composition of the study 

population. Several studies conducted in Vietnam used the Asian-specific BMI cut-off point to 

identify overweight/obesity, which is ⩾23 kg/m2 for both genders [40][44][8]. However, 

these studies also used the international cut-off (⩾25 kg/m2 ) as a comparison, and our 

results were comparable to this cut-off prevalence. In addition, there was a relatively lower 

overweight prevalence in the rural areas which might partly be explained for the lower overall 

prevalence.  

An interesting point this study found is that women tended to have a higher rate of central 

obesity than BMI-based overweight/obesity (17.4% versus 9.4%). This finding was consistent 

with other studies that Asian people, especially women, are susceptible to carry larger abdominal 

fat when compared with Caucasian population with similar overall adiposity [45] [40]. This 

result indicated the significance of combining BMI and waist circumference (and other 

anthropometry measures such as waist-to-hip ratio) in assessing nutritional status.  

In the unadjusted model, the proportion of general overweight and central obesity was 

significantly higher among urban men compared with rural men. However, location became 

insignificant in the model adjusted for age, education, job, household income, place of residence 

(urban – periurban – rural) and energy intake. This full model suggested that women at older age 
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had a slightly higher chance of getting central obesity while women in the highest income level 

were less likely to get central obesity compared with those in the lowest income level. Men in the 

higher education level had a higher chance of getting overweight and central obesity.   

The previous studies examining the nutritional status of adults in Vietnam also confirmed 

that gender, age, education and income were the associated factors [40] [8] [46]. In their study 

about the national shifts in the overweight and underweight in Vietnamese adults from 2000 to 

2005, Do et al. found that women were more likely to be both underweight and overweight; 

overweight was generally higher with higher age and higher income. Regarding educational 

level, while they found a positive association between education and overweight in the bivariate 

model, the model adjusted for food expenditure, area, age and gender presented that the higher 

education people attain, the lower chance of becoming overweight [8]. The study explained this 

situation occurred mainly due to the stronger association between food expenditure – a proxy for 

income – and nutritional status than education [8]. Another study examining obesity prevalence 

in Ho Chi Minh City found that the overweight prevalence increased with higher economic 

status, measured by the household wealth index, among men but not women. The study in Thai 

Nguyen showed that income only affected obesity in certain ethnicities [47]. Studies in 

developed countries found that the general trend is that obesity is negatively associated with 

income level [48] [49] [44] and education level [50][51].  

It can be concluded that the relationship between different socio-economic status 

indicators (including income, education and job) and overweight/obesity prevalence is complex 

and varied between high-income and low-income countries, by gender and by race/ethnicity [52].  

In our study, the possible reasons for the inverse association between income and central 

obesity prevalence among women might be material conditions that restrict one from accessing 
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healthy food and healthcare, while also affecting psychological factors [48] and access to 

exercise facilities [53].  In addition, women tend to be impacted by biological factors such as 

pregnancy and menopause [44] which might modify the relationship between income and central 

obesity.  

 

4.2 Diet quality and their associated factors 

4.2.1 Diet quality and personal food environment 

 Personal food environment includes socio-demographic factors (age, gender, education, 

income and job category) and nutrition literacy level. Education and nutrition literacy scores 

were positively associated with the Variety component, education was positively associated with 

the Adequacy component, while education and income were negatively associated with the 

Moderation component among women. In men, education, income and nutrition knowledge 

score were positively associated with Variety, nutrition score was positively associated with the 

Adequacy component, while income was negatively associated with the Moderation component. 

 Individual dietary intake is shaped partly by their household purchase capacity [54]. 

Lower income households have a more limited budget for food purchase, thus leading to the lack 

of diversity in their diet [55]. However, income alone does not secure a rational decision to buy 

adequate and healthy food. Education in general and nutrition education might play an important 

role in purchasing behavior [56] [57] and other health-promoting dietary behaviors. The positive 

impact that education and nutrition education had on the Variety and Adequacy components in 

this study was in line with previous studies [58] [59] [55] .  

The situation was different for the Moderation component which assesses the intake of 

food and nutrients that are associated with chronic diseases and therefore may need limitation on 

the quantity of intake [60]. Although the overall dietary structure of Vietnamese people has 
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shifted to less carbohydrate food and more meat, fish and other protein-rich food, low-income 

households in Vietnam still spend more than 60% of their total expenditure on food [61]. 

Specifically, rice and other cereals continue to provide the majority of their daily calorie intake 

[61], while proteins and lipids account for a smaller portion on these low-income people’ plate 

[62]. Higher income was also positively associated with urban residency which usually grants 

easier access to food distribution sources, both healthy and unhealthy food. This will be 

elaborated further in the next section.  

4.2.2 Diet quality and external food environment 

4.2.2.1 Urban – Peri-urban – Rural settings 

There were differences in the total DQI-V, Variety and  Moderation scores for urban, 

peri-urban and rural women; there were differences in the total DQI-V, Variety, Moderation and 

Balance scores among men in the three study sites. Rural women and men had a significantly 

higher score in the diet quality component relating to the restricted consumption of unhealthy 

food and nutrients (total fat, saturated fat, cholesterol, sodium and empty calorie food) in 

comparison to urban women and men in both the unadjusted and adjusted analyses. In contrast, 

both women and men in the urban site had a more diverse diet than rural women and men, 

resulting in the higher Variety scores. Peri-urban men also had a more balanced diet than rural 

men in both models.  

When disaggregating the dietary pattern, we found that urban and peri-urban people (both 

women and men) had significantly higher intake of fat than rural people while carbohydrate was 

consumed more in the rural district than the other two districts in both unadjusted and adjusted 

models. Besides, dairy products and pork showed consistent results in both unadjusted and 

adjusted models where rural residents consumed less of these food groups than their counterparts 
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in the urban and peri-urban district. As explained earlier, starchy staples, the main source of 

carbohydrates, still account for much of the low-income households’ diet, the prevalence of low-

income households was highest in the rural site, thus carbohydrates were higher in the rural diet 

compared with the urban diet. Pork and dairy are known to contain fat in general and saturated 

fat in particular [63] [64]. While these foods made the urban diet more diverse, they also put 

them at a higher risk for overconsumption of unhealthy nutrients. Household income, education 

level and convenience in purchasing these foods are among the important factors positively 

related to pork and dairy consumption [65] [66]. This means households with higher income 

or/and higher education level were more likely to purchase and consume pork and dairy 

products. Because the rate of households with higher income and education levels in the urban 

district is higher than the rural district, it is reasonable that the consumption of pork and dairy 

products in the urban site was higher than the rural site. In addition to the socio-economic 

factors, convenience in buying these products, such as distance from consumer’s house to food 

outlets [66] plays an important role in determining the chance of purchasing and/or consuming 

pork and dairy products. The better accessibility and availability of food services and outlets in 

the urban site might explain for this higher consumption. More details on the built food 

environment are discussed on the next section.  

 Studies comparing diet quality between urban and rural settings released conflicting 

results. For example, while some studies in China [67] and U.S. [68] reported higher diet quality 

scores in urban areas compared to rural areas, other studies conducted in Mexico [69]  and 

Greece [70] reported the contrary, while other studies found insignificant differences [71] [71]. 

Differences in data collection methodology, selection of quantitative tools to measure diet 
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quality, descriptions of urban and rural areas, and socio-economic status might explain these 

variations [71]. 

4.2.2.2 Built food environment 

 Food retail environment has been transformed rapidly across Asia and Vietnam [72]. 

Policies in Vietnam are aiming at the expansion of supermarkets and the continuous disruption of 

informal markets [2]. The rationale behind these policies is to enhance food safety and attract 

private investment [73]. However, they might exclude an important part of the population – the 

poor people and the people living in rural areas.  

 Our results found that the urban district has the largest number of food outlets which is 

more than 4 times the total number of food outlets in the rural districts. Traditional outlets still 

play a major role in food distribution though modern markets have increasingly expanded in the 

urban and peri-urban districts. As predicted, there are no modern outlets in the rural district. We 

examined the districts further by looking at their smaller administrative and geographical units, 

called communes or neighborhoods. Low income and low education prevalence were similar 

among communes within a district with a few exceptions and varied across the urban – rural 

gradient in the increasing order.  

The external food environment variables, including outlet density and distance to the 

closest food outlets, varied within each district. In other words, several urban communes had 

longer distance compared with those in the peri-urban or rural communes, and several rural 

communes had comparable outlet density and proximity to food outlets with urban communes. 

The study did not find a significant relationship between outlet density and diet quality score. 

However, the proximity to food outlets presented interesting results. The bivariate model 

presented that the longer the distance to the closest food outlet was, the higher the Moderation 
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and total DQI-V were. A possible explanation for this association is that the proximity to food 

outlets was a proxy measure for the diversity of food outlets, and when there are less food outlets 

in the area, i.e. longer distance to food outlets, the chance of consuming unhealthy food 

decreases. Previous studies found that proximity to fast food outlets is associated with greater 

food intake and increased risk of obesity [74]. In addition, our bivariate model showed that the 

longer distance to the closest food outlet also predicted a higher rate of underweight. Long 

distance from home to a food outlet might limit accessibility because some people might live far 

away or they do not have a vehicle to travel such a long way on a daily basis [75]. This may lead 

to inadequate food intake or less diverse diet resulting in under-nutrition. Nevertheless, when 

simultaneously controlling for gender, age, income and education, these relationships became 

insignificant while education and income were associated with diet quality, and the percentage of 

women was positively associated with the prevalence of general overweight and central obesity. 

The results from the multivariate model confirmed the important role of these socio-economic 

and gender determinants of diet quality and nutritional status as analyzed in the earlier sections 

of this research.   

Studies about the relationship between food environment and diet quality as well as 

nutritional status have conflicting results. A study by Laraia et al. found that women living 

greater than 4 miles from a supermarket had a higher chance of getting the lowest diet quality 

score compared to those women living nearer to a supermarket [38]. A study conducted in 

Hanoi, Vietnam suggested that the data from cross sectional dietary quality measurement did not 

reveal the influence of geographical proximity on diet quality [72]. Instead, they combined 

quantitative and qualitative methods with “transcended disciplines” to understand shopping 

behaviors and food acquiring motivations which are important factors of diet quality [72].  
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4.3 Diet quality and nutritional status  

The literature about the relationship between diet quality indicators and nutritional 

outcomes showed mixed results. One study had significant findings on waist circumference but 

not on BMI [76]. Another study revealed ethnicity-based findings with a negative association 

among whites and a direct relationship among blacks [76]. Other studies had conflicting 

associations based on sex and design of the study [76].  

The analysis on the individual level did not find a significant relationship between diet 

quality and nutritional status. Instead, as mentioned in the part about the factors of nutritional 

status, we found that socioeconomic and demographic factors are critical in determining the 

nutritional status of people. The nutrition conceptual framework of the United Nations 

Children’s Fund (UNICEF’s) [77] pointed out that the immediate causes of nutritional status are 

diet intake and health status. The underlying determinants of these two factors are household 

food security, maternal and caregiver practices, and health services and the external 

environment. These underlying determinants are also further influenced by basic societal causes, 

such as cultural or socio-political characteristics, or religion, working and marital status and 

wealth status [78]. Other studies also confirmed that nutritional status was affected by a 

combination of many factors. For example snacking habit and alcohol consumption (dietary 

factors) together with poverty, marital status (socioeconomic factors) predicted the odds of being 

overweight or obese in Ethiopia [78]. Another study conducted in the U.S. found that a 

significant but low correlation between diet quality and body composition and a stronger effect 

of physical activity on body composition [79].  

 The bivariate analysis on the neighborhood level found that the total DQI-V was 

negatively associated with general overweight and central obesity rate, Balance score was 
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negatively associated with underweight prevalence. The adjusted model that was controlled for 

gender, age, education and income found Adequacy and Moderation were negatively associated 

with the prevalence of overweight together with the rate of women (which was positively 

associated with the overweight rate).  

  



82 

 

Chapter 5 

 

CONCLUSION 

Overall, findings from this study indicated that there were differences in nutritional 

outcomes among the three adult populations living along the urban – rural transect in Vietnam, 

especially the overweight and central obesity among male adults. Consistent with previous 

literature, the prevalence of these over-nutrition status was higher in the urban setting compared 

with the rural setting. The direct relationship between diet quality and nutritional outcomes was 

not found on the individual level. The bivariate model on the neighborhood-level revealed that 

higher diet quality score predicted a lower prevalence of nutritional problems. However, this 

relationship became insignificant in the multivariate model. Personal food environment factors 

associated with diet quality are gender, education, income and nutrition literacy score with 

different magnitude and direction of impact. External food environment associated with diet 

quality was the urban-periurban-rural transect. Outlet density and proximity to food outlets 

generated inconsistent results between the bivariate and multivariate analyses. These personal 

and external food environment factors also contributed to determining nutritional status, but with 

different directions and magnitudes between women and men. As the associated factors are 

different between women and men, and across the urban – rural transect, public health nutrition 

strategies need to be designed differently to address these variations. 

Our study has several limitations. First, the cross-sectional nature of study design did not 

allow us to draw any causal inference between food environment indicators and diet quality as 

well as nutritional status. Second, the dietary data was collected using the twenty-four-hour 

recall, which may not represent exactly the long-term dietary habits of the participants. For 
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example, episodically consumed food could be misrepresented, which might explain the 

insignificant relationship between diet quality and nutritional status. However, we tried to 

estimate the usual intake by the MSM method to account as much as possible for the between- 

and within-person variability. Third, this is the first time the DQI-I was applied to assess diet 

quality in Vietnam, we were not able to evaluate its validity and credibility, therefore it may not 

reflect accurately the diet quality in Vietnamese adults. Having said so, we already customized 

this international indicator to adapt with the Vietnamese Dietary Guidelines. Fourth, the 

regression analysis on the neighborhood level has a small sample size (N= 25), which might 

result in unreliable results especially in the multivariate linear regression model. Finally, 

although we adjusted for several common confounding factors, other more complex factors, such 

as lifestyle choices, exercise status, certain asset ownership, food choice behavior were not 

considered.  

 We recommend the following future research improvements: testing the validity and 

credibility of the DQI-I in the Vietnam context; including the measurement of frequency and 

quantity of some episodic food consumption to have a more accurate estimate of usual intake; 

including other potential factors such as physical activity, smoking history, health record, 

television and refrigerator ownership; and finally integrating both quantitative and qualitative 

research method to gain a broader and more accurate picture about the relationship of food 

environment, diet quality and nutritional outcomes. 
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Appendix 1 

THE ADAPTED DQI-V SCORING CRITERIA 

Diet Quality 

Component Description Scoring Criteria Score 

Score 

range 

1. Variety 

1.1 Food Groups: 5 food groups: 

meat/poultry/fish/egg, dairy/beans, 

grains, fruits, and vegetables 

>=1 serving from each food group/day  15 0 - 15 

Any 1 food group missing/d 12   

Any 2 food group missing/d 9   

Any 3 food group missing/d 6   

Any 4 food group missing/d 3   

None from any food groups 0   

1.2 Protein sources: 6 sources: meat, 

poultry, fish, dairy, beans, eggs 

>=3 different sources/day  5 0 - 5 

2 different sources/d 3   

From 1 source/d 1   

None 0   

TOTAL SCORE FOR VARIETY COMPONENT 0 - 20 

2. Adequacy 

Vegetablesa 
 

 >=4 servings/d 5 0 - 5 

0 servings/d 0 

Fruitsa 

 

 >=3 servings/d 5 
0 - 5 

0 servings/d 0 

Grainsa 
 

>= 400g/d (food pyramid) 5 0 - 5 

0 servings/d 0 

Fibera 

Men: 

15 - 19 years old: >= 38 g/d 

20 - 29 years old: >= 38 g/d 
30 - 49 years old:  >= 38 g/d 

50 - 69 years old: >= 30 g/d 

Women: 

15 - 19 years old: >= 26 g/d 

20 - 29 years old: >=  25 g/d 
30 - 49 years old: >= 25 g/d 

50 - 69 years old: >= 21 g/d 5 

0 - 5 

0 g/d 0 

Proteina 
>= 13 - 20% of total  energy/d 5 

0 - 5 

0% of energy/d 0 
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Irona, b 

UL:45mg/d Men: Bioavailability 15% 

(this is the mean of total population) 

15 - 19 years old: >= 11.6 mg/d 
20 - 29 years old: >= 7.9 mg/d 

30 - 49 years old:  >= 7.9 mg/d 

50 - 69 years old: >= 7.9 mg/d 

Women: Bioavailability 10% 

15 - 19 years old: >= 29.7 mg/d 
20 - 29 years old: >= 26.1 mg/d 

30 - 49 years old: >= 26.1 mg/d 

50 - 69 years old: >= 26.1 mg/d 5 

0 - 5 

0 mg/d 0 

Calciuma, b Men: 

15 - 19 years old: >= 1000 mg/d 
(RDA), <3000 mg/d (UL) 

20 - 29 years old: >= 800 mg/d, <2500 

mg/d 

30 - 49 years old:  >= 800 mg/d, <2500 

mg/d 
50 - 69 years old:>= 800 mg/d, <2000 

mg/d 

Women: 

15 - 19 years old: >= 1000 mg/d 

(RDA), <3000 mg/d (UL) 
20 - 29 years old: >= 800 mg/d, <2500 

mg/d 

30 - 49 years old: >= 800 mg/d, <2500 

mg/d 

50 - 69 years old :>= 900 mg/d, <2000 
mg/d 5 

0 - 5 

0 mg/day, or exceed UL 0 

Vitamin Ca, b 
>=100 mg/d 5 

0 - 5 

0 mg/d 0 

TOTAL SCORE FOR ADEQUACY COMPONENT 0 - 40 

3. Moderation 

Total fat 
<= 20% total energy/d 6 

0 - 6 > 20-30% of total energy/d 3 

>30% of total energy/d 0 

Saturated fat 
<= 7% total energy 6 

0 - 6 > 7-10% total energy 3 

> 10% total energy 0 

Cholesterol 
<= 300 mg/d 6 

0 - 6 > 300-400 mg/d 3 

> 400 mg/d 0 

Sodium Determine the cutoffs for sodium based 

on deciles of distribution in the 

population: Decile 1 6 
0 - 6 

Decile 5 3 

Decile 10 0 

Empty calorie foods 
 <=3% of total energy/d 6 

0 - 6 > 3-10% of total energy/d 3 

>10% of total energy/d 0 
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TOTAL SCORE FOR MODERATION COMPONENT 0 - 30 

4. Balance 

Macronutrient ratio - 

Carbohydrate:Protein:Fat 55~ 65 : 13~20 : 20~25  6 

0 - 6 
50~68 : 12~30 : 17~30 4 

45~70 : 10~35 : 15~35 2 

Otherwise    0 

Fatty acid ratio - 

PUFA:MUFA:SFA P/S =1 ~1.5 and M/S =1 ~1.5   4 

0 - 4 
Else if P/S  = 0.8 ~  1.7 and M/S =  0.8 

~  1.7  2 

Otherwise    0 

TOTAL SCORE FOR BALANCE COMPONENT 0 - 10 
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