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Abstract: A dietary pattern transition is a risk factor for the double burden of malnutrition (DBM),
but related information is limited. This study aimed to identify sex differences in dietary patterns
of adults in a low–middle income country and to examine their association with DBM. A total
of 8957 adults (4465 men and 4492 non-pregnant and non-lactating women) who participated in
the 2013 Philippine National Nutrition Survey were included in the analysis. Logistic regression
models were formulated to investigate the relationship between dietary patterns and DBM. The factor
analysis derived seven dietary patterns for males and six patterns for females. Results showed that
approximately 30% of Filipino adults suffered from DBM. The rice pattern was associated with lower
odds of DBM for males only. The meat and sugar pattern in males and the protein-rich foods, cereal,
and sugar pattern in females decreased DBM likelihood. An inverse relationship was observed for the
vegetables and corn patterns, wherein females had an increased risk for DBM. Our findings suggest
that rice-based and meat-containing patterns could play protective roles in DBM development among
adults in the Philippines. Understanding sex-specific dietary patterns can be utilized to guide public
health nutrition interventions in the prevention of malnutrition in all its forms.

Keywords: dietary patterns; double burden of malnutrition; adults; Philippines; low–middle
income country

1. Introduction

Dietary patterns are shifting considerably in low- and middle-income countries, as
exemplified by the displacement of staple-food-based diets with increased meat, fat, salt,
and added sugar intakes. Consequently, the transition in food patterns is a key driver for
the double burden of malnutrition (DBM), defined as the co-existence of undernutrition
with overnutrition and diet-related non-communicable diseases across the life course [1,2].
Several studies have been conducted using the dietary pattern approach in order to under-
stand the complex etiology of DBM among adults [3–9]. Evidence suggests that less diverse
diets and a traditional dietary pattern were risk factors for individual-level DBM [7–9].

The Philippines is continuously facing DBM. In particular, Filipino adults suffer from
malnutrition in all its forms [10–12]. Transformations in food consumption have also been
evident in the country [13]. What is known to date on the nexus of the dietary pattern–
double burden of malnutrition is largely on a national scale. Hence, this study aimed to
identify the distinct dietary patterns of male and female community-dwelling adults in a
low–middle income setting and to examine the relation of dietary patterns to DBM using
the Philippines as an example.
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2. Materials and Methods
2.1. Data Source and Subjects

We analyzed the data from the 8th Philippine National Nutrition Survey (PNNS), a
cross-sectional study that is accessible through http://enutrition.fnri.dost.gov.ph/site/
home.php (accessed on 3 September 2020) [14]. Briefly, the survey was carried out from
2013 to 2014 by the Department of Science and Technology–Food and Nutrition Research
Institute to determine the nutrition and health status of Filipinos. The PNNS has a stratified
multistage sampling design representative at the national, regional, and provincial levels.
The objectives, design, and procedures of PNNS have been detailed elsewhere [15,16].

The study participants were restricted to male and female adults (≥20 years old) with
complete subject identification in the six survey components (i.e., dietary, anthropometry,
biochemical, clinical, socioeconomic individual, and socioeconomic household). Pregnant
women, lactating mothers, and those with missing data on cardiometabolic risk factors
(CMRF), hemoglobin, serum retinol, and urinary iodine excretion (UIE) were excluded.
Participants with high energy intake (greater than 5 standard deviations of mean energy
intake) were also excluded [17]. No participants had low energy intake or lower than
5 standard deviations of mean energy intake. As a result, a total of 8957 adults were
included in the analysis. The flowchart of the selection process for the study samples is
illustrated in Figure 1.

Figure 1. Selection of study participants. (Cardiometabolic risk factors were defined as an individual
with any of the following factors: (1) overweight/obesity or abdominal obesity, (2) hypertension,
(3) hyperglycemia, or (4) dyslipidemia [low high-density lipoprotein (HDL) cholesterol or hyper-
triacylglycerolemia]. There were no study participants with missing values on cardiometabolic
risk factors).

2.2. Dietary Intake Assessment and Dietary Pattern Analysis

Dietary intake was assessed with 24-h food recall in the 8th PNNS. Registered nutritionist-
dietitians administered the food recalls on two non-consecutive days. Common household
measurements or food sample weighing was utilized to estimate the amount of food and
beverages consumed. Calibrated kitchen utensils, rulers, and a photo compilation of foods
were used as aids. Subsequently, the weights were converted to purchased values, and
energy intakes were computed utilizing the Philippine Food Composition Table. The food
items were then aggregated into food groups [18].

http://enutrition.fnri.dost.gov.ph/site/home.php
http://enutrition.fnri.dost.gov.ph/site/home.php
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Dietary patterns were derived separately for males and females through factor analysis
(principal axis factoring method with varimax rotation in R software) based on the mean
intake of 18 food groups (Supplementary Table S1). To avoid too many zero values in the
data and irrelevant results, only the food groups that were consumed by more than 10% of
the study population were included in the analysis [19–22]. The number of factors retained
was determined considering the scree plot results, components with eigenvalue >1.0, and
factor interpretability (Supplementary Figure S1). A factor loading of ≥0.25 was the
cut-off value for identifying food groups that strongly contribute to a particular dietary
pattern [22–24]. The naming of dietary patterns was decided according to published studies
and data interpretation. Additionally, when a food group was loaded in more than one
dietary pattern, the group with the higher or positive coefficient was accounted for in the
labeling [25]. Factor scores were then calculated and divided into tertile intervals. The
bottom tertile (T1) corresponds to low adherence in a dietary pattern, the middle tertile
(T2) corresponds to medium adherence, and the upper tertile (T3) corresponds to high
adherence. The Kaiser-Meyer-Olkin measure of sampling adequacy and Bartlett’s test of
sphericity were done before factor analysis to evaluate data suitability.

2.3. Undernutrition, Cardiometabolic Risk Factors, and Double Burden of Malnutrition

A study participant was considered to be experiencing undernutrition if at least one of
the following conditions was present: (1) underweight, (2) anemia, (3) vitamin A deficiency,
or (4) iodine insufficiency. An underweight categorization was assessed utilizing body
mass index (BMI) and calculated as the weight in kilograms divided by the height in
meters squared. The weight and height of the participants were obtained by employing
mechanical platform beam balance scales (Detecto™) and microtoise (Seca™), respectively.
Furthermore, the BMI classification applied was done according to the World Health
Organization (WHO) [26]. Biochemical indicators for three micronutrient deficiencies, i.e.,
anemia, vitamin A deficiency, and iodine insufficiency, were collected during the survey.
Anemia was examined from hemoglobin utilizing a spectrophotometer [27]. Hemoglobin
values <13 g/dL for males and <12 g/dL for females indicated anemia [28]. On the
other hand, vitamin A deficiency was tested from serum retinol by High-Performance
Liquid Chromatography [29] and distinguished as serum retinol <10 µg/dL [30]. Iodine
insufficiency was determined from UIE levels through the acid digestion/colorimetric
method [31]. The cut-off used was UIE <50 µg/dL [32].

The criteria used for having a CMRF were adopted from Zeba and colleagues [9]. It
was defined as having any of the following factors: (1) overweight/obesity or abdomi-
nal obesity, (2) hypertension, (3) hyperglycemia, or (4) dyslipidemia [low high-density
lipoprotein (HDL) cholesterol or hypertriacylglycerolemia]. Overweight/obesity and ab-
dominal obesity were categorized based on the WHO guidelines [26,33]. Overweight and
obesity were evaluated by computing the BMI. For waist circumference, calibrated tape
measures were utilized [18]. Hypertension was denoted by a blood pressure measurement
of ≥140/≥90 mmHg [34]. Blood pressure readings were performed with a calibrated non-
mercurial sphygmomanometer (A&D Um-101™) and stethoscope [18]. Hyperglycemia
was characterized as a fasting blood glucose ≥110 mg/dL [35], and dyslipidemia was char-
acterized as having an HDL cholesterol <40 mg/dL for males or <50 mg/dL for females, or
triglyceride ≥150 mg/dL [36,37]. Plasma blood glucose was analyzed for hyperglycemia,
while serum blood lipids were assessed for dyslipidemia via the enzymatic colorimetric
method [18]. We described the total double burden of malnutrition (total DBM) at the
individual level as the concomitance of various forms of undernutrition (underweight,
anemia, and vitamin A deficiency or iodine insufficiency) and at least one CMRF [12].

2.4. Other Co-Variates

The other co-variates in this study were the sociodemographic and lifestyle characteris-
tics obtained through one-on-one interviews. Sociodemographic information encompasses
sex (male or female), age (20–39, 40–59, and ≥60 years), educational attainment (elementary
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and lower, high school, college and higher), marital status (single, married or with partner,
and others or widowed/separated/annulled/divorced), employment status (employed or
unemployed), and wealth quintile (poorest, poor, middle, rich, richest). Household size
was created from the socioeconomic datasets and categorized as 1–3, 4–6, and ≥7. The
lifestyle factors of smoking (current smoker or not), alcohol consumption (current drinker
or not), and physical activity (low or high) were likewise controlled in the analysis and
classified utilizing WHO standards [38,39].

2.5. Statistical Analysis

All data analyses were conducted in R software version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria). The percentages of sociodemographic characteristics, lifestyle
factors, and total DBM were generated according to sex and compared using the Chi-square
test. A binary logistic regression analysis was employed to evaluate the relationship between
the tertiles of dietary pattern scores and total DBM for males and females separately, since
there was significant interaction with sex and some outcome variables. The formulated models
were adjusted for all co-variates and the energy intake. The reference group for each dietary
pattern was the bottom tertile (T1). Multicollinearity was assessed in all models. The multi-
level sampling design of the survey was considered in the regression analysis, i.e., sampling
weights were employed to generate results representative of the adult population in the
Philippines. The significance level was set at p < 0.05.

3. Results
3.1. Participants’ Characteristics

A total of 8957 adults were included in this study with a balance between male and
female participants (Table 1). The study sample mostly belonged to the 20–39 years old
age group (46.5%), finished high school education (37.9%), were married (66.6%), and were
employed (59.5%). There were slightly more females in the older age group (16.6%) and more
females who attained college education or higher (32.4%) relative to males. Alternatively, more
males were single or unmarried (26.4%) and employed (76.3%). The median household size
was four and no sex differences were noted. There were more males in the poorest and poor
quintiles than females. In terms of lifestyle factors, 26.9% were current smokers, 51.3% were
current alcohol drinkers, and 44.2% had low physical activity. A noticeably greater percentage
of males were smokers and alcohol drinkers, whereas more females had low physical activity.

Table 1. Characteristics of the participants according to sex.

Variables 1 Total Male Female p-Value
(n = 8957) (n = 4465) (n = 4492)

Age group <0.001
20–39 years 46.5 48.8 44.2
40–59 years 38.3 37.3 39.3
≥60 years 15.2 13.8 16.6

Educational attainment 0.005
≤Elementary 31.9 33.9 29.9
High school 37.9 38.2 37.6
≥College 30.2 27.8 32.4

Marital status <0.001
Single 23.4 26.4 20.4

Married 66.6 67.9 65.2
Others 10.1 5.7 14.4

Employment status <0.001
Employed 59.5 76.3 43.0

Unemployed 40.5 23.7 57.0

Household size 0.840
1–3 33.3 33.3 33.3
4–6 45.1 44.9 45.3
≥7 21.6 21.8 21.4
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Table 1. Cont.

Variables 1 Total Male Female p-Value
(n = 8957) (n = 4465) (n = 4492)

Wealth quintile <0.001
Poorest 17.6 19.4 15.8

Poor 19.3 20.0 18.6
Middle 20.6 20.7 20.4

Rich 20.6 19.9 21.2
Richest 22.0 20.0 24.0

Current smoker <0.001
Yes 26.9 46.0 8.1
No 73.1 54.0 91.9

Current alcohol drinker <0.001
Yes 51.3 72.4 30.6
No 48.7 27.6 69.4

Physical activity <0.001
Low 44.2 36.5 51.7
High 55.8 63.5 48.3

Values are weighted percentages (%). 1 Variables with missing observations: educational attainment (n = 44),
smoking and drinking status (n = 521), physical activity classification (n = 614).

About 36% of the participants were suffering from undernutrition and 84.5% had
CMRF with a significant sex difference (Table 2). Iodine insufficiency (23.8%) and low HDL
cholesterol (70.1%) had the highest prevalence among the indicators of undernutrition and
CMRF, respectively. Correspondingly, the individual-level DBM affected approximately
one-third of the adult population (29.5%).

Table 2. Distributions of undernutrition, cardiometabolic risk factors, and double burden of malnutrition.

Variables
Total Male Female p-Value

(n = 8957) (n = 4465) (n = 4492)

Undernutrition
Underweight 11.2 10.4 12.0 <0.001

Anemia 6.5 5.4 7.5 0.014
Vitamin A deficiency 0.1 0.0 0.1 0.430
Iodine insufficiency 23.8 21.0 26.5 0.001

Cardiometabolic risk factors
Overweight/Obesity 29.4 25.9 32.9 0.001
Abdominal obesity 13.4 3.4 23.2 <0.001

Hypertension 22.5 24.3 20.6 0.008
Hyperglycemia 10.2 11.1 9.3 0.047

Low HDL cholesterol 70.1 61.4 78.8 <0.001
Hypertriacylglycerolemia 39.5 46.5 32.6 <0.001

≥1 Undernutrition 1 35.5 32.1 38.9 0.001

≥1 Cardiometabolic risk factor 2,3 84.5 81.9 87.1 0.002

Total DBM 4 29.5 25.6 33.3 <0.001

Values are weighted percentages (%). 1 Having any of the following conditions: (1) underweight, (2) anemia,
(3) vitamin A deficiency, (4) iodine insufficiency. 2 Having any of the following factors: (1) overweight/obesity or
abdominal obesity, (2) hypertension, (3) hyperglycemia, (4) dyslipidemia (low HDL cholesterol or hypertriacylglyc-
erolemia). 3 Cardiometabolic risk factor with missing observations: both body mass index and abdominal obesity
(n = 220), hypertension (n = 36), hyperglycemia (n = 352), both low high-density lipoprotein (HDL) cholesterol
and hypertriacylglycerolemia (n = 110). 4 Total DBM, total double burden of malnutrition or the co-existence of
underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic risk factor.

3.2. Dietary Patterns

Tables 3 and 4 present the dietary patterns that were extracted through factor analysis
for males and females. Seven dietary patterns explaining 25.5% of the total variance in the
consumption of food groups were derived for males. For females, 6 dietary patterns were
generated, representing 20.5% of the variance in food intake. The three dietary patterns
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composed of: (1) the rice pattern (with high positive loading in the rice and rice products
food group), (2) the fruits and miscellaneous food pattern (consisting of fruits and other
miscellaneous food groups), and (3) the fish pattern (the fish and fish products food group
had high factor loading), which were common for both males and females. The results of
the factor analysis also demonstrated a number of sex differences. For example, the meat
and sugar pattern; the vegetables pattern; the cereal, egg, and oils pattern; and the beverage
pattern emerged among males but not females. On the contrary, the dietary patterns labeled
as protein-rich food, cereal and sugar, vegetables and corn, and fats and oils were seen only
among females.

Table 3. Factor loadings for the seven dietary patterns identified among males.

Food Groups
Dietary Patterns 1

Rice Meat and Sugar Fruits and Miscellaneous Food Fish Vegetables Cereal, Egg, and Oils Beverage

Rice and rice products 0.964 0.071 0.007 0.077 0.076 −0.002 −0.038
Corn and corn products −0.411 −0.022 −0.029 0.043 0.236 −0.118 −0.007

Other cereal products −0.026 0.252 0.032 −0.056 −0.066 0.381 −0.031
Starchy roots and tubers −0.067 0.017 0.015 0.008 0.120 −0.008 −0.008

Sugar and syrups 0.027 0.460 0.005 −0.018 −0.025 0.172 −0.007
Dried beans, nuts, and seeds 0.034 0.016 −0.014 −0.074 0.021 0.065 0.021

Green leafy and yellow vegetables −0.035 −0.091 0.024 −0.012 0.547 −0.079 −0.012
Other vegetables 0.099 −0.079 0.024 −0.134 0.282 0.074 −0.001

Fruits 0.005 0.028 0.548 0.043 0.061 0.052 −0.015
Fish and fish products 0.113 −0.001 0.001 0.860 −0.072 −0.012 0.012

Meat and meat products 0.057 0.351 0.009 −0.159 −0.101 0.117 0.262
Poultry 0.058 0.174 −0.011 −0.115 −0.036 0.141 0.079

Eggs 0.092 0.002 −0.002 −0.079 −0.065 0.307 0.016
Milk and milk products −0.026 0.083 0.097 −0.023 0.021 0.228 0.037

Fats and oils 0.019 0.041 0.013 0.050 0.022 0.377 0.018
Beverages −0.025 0.103 −0.009 0.008 −0.008 0.041 0.531

Condiments and spices −0.012 0.178 0.026 0.111 −0.016 −0.004 0.063
Other miscellaneous 0.016 0.005 0.639 −0.013 0.012 0.051 0.005

Proportion variance, % 6.4 2.8 4.0 4.6 2.7 3.0 2.0
Cumulative variance, % 6.4 9.2 13.2 17.8 20.5 23.5 25.5

Bold values represent food groups kept in their related dietary pattern. 1 Dietary patterns are labeled based on the
factor loadings with the value of 0.25 or greater.

Table 4. Factor loadings for the six dietary patterns identified among females.

Food Groups
Dietary Patterns 1

Rice Protein-Rich Foods,
Cereal, and Sugar

Fruits and
Miscellaneous Food

Fish Vegetables and Corn Fats and Oils

Rice and rice products 0.889 −0.308 0.019 0.131 0.029 0.114
Corn and corn products −0.299 −0.067 −0.043 0.028 0.327 −0.055

Other cereal products −0.040 0.456 −0.028 −0.001 −0.078 0.122
Starchy roots and tubers −0.031 0.028 0.065 0.002 0.149 −0.012

Sugar and syrups 0.057 0.374 0.056 −0.007 0.040 0.125
Dried beans, nuts, and seeds 0.032 0.037 −0.042 −0.057 0.070 0.205

Green leafy and yellow vegetables 0.018 −0.150 −0.010 0.010 0.405 −0.032
Other vegetables 0.074 −0.030 0.053 −0.118 0.331 0.112

Fruits 0.000 0.112 0.536 0.012 0.080 −0.011
Fish and fish products 0.097 −0.093 0.028 0.669 −0.091 −0.070

Meat and meat products 0.051 0.385 0.011 −0.156 −0.057 0.110
Poultry 0.047 0.303 0.081 −0.050 −0.042 0.069

Eggs 0.045 0.046 0.058 −0.055 −0.041 0.189
Milk and milk products −0.040 0.345 0.107 0.036 0.007 0.063

Fats and oils −0.018 0.135 0.035 0.090 −0.024 0.362
Beverages −0.028 0.206 0.033 −0.074 −0.031 0.022

Condiments and spices −0.010 0.344 −0.045 0.100 −0.017 −0.087
Other miscellaneous 0.030 0.036 0.457 0.002 0.051 0.057

Proportion variance, % 5.1 5.2 3.0 3.0 2.5 1.7
Cumulative variance, % 5.1 10.3 13.3 16.3 18.8 20.5

Bold values represent food groups kept in their related dietary pattern. 1 Dietary patterns are labeled based on the
factor loadings with the value of 0.25 or greater.

3.3. Association of Dietary Patterns and Double Burden of Malnutrition

The relationship between total DBM and tertiles of dietary pattern scores was examined
using a logistic regression analysis. The rice pattern and the meat and sugar pattern were
associated with DBM in males (Table 5). Those in the middle tertile (T2) of the rice pattern were
less likely to have DBM—after adjusting for sociodemographic characteristics, lifestyle factors,
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and energy intake, unlike males in the bottom tertile (T1). Similarly, male adults with medium
and high adherence (T2 and T3) to the meat and sugar pattern had a lower risk for total DBM.
The remaining dietary patterns showed no significant associations with DBM among males.

Table 5. Logistic regression models for double burden of malnutrition across tertiles of dietary pattern
scores among males 1.

Dietary Patterns
Total DBM 2

(n = 1250)

OR (95% CI)

Rice pattern (ref. = tertile 1)
Tertile 2 0.82 (0.68, 0.99)
Tertile 3 1.06 (0.80, 1.41)

Meat and sugar pattern (ref. = tertile 1)
Tertile 2 0.78 (0.64, 0.96)
Tertile 3 0.75 (0.58, 0.97)

Fruits and miscellaneous food pattern (ref. = tertile 1)
Tertile 2 0.99 (0.82, 1.19)
Tertile 3 0.96 (0.79, 1.16)

Fish pattern (ref. = tertile 1)
Tertile 2 1.02 (0.86, 1.22)
Tertile 3 1.00 (0.82, 1.23)

Vegetables pattern (ref. = tertile 1)
Tertile 2 0.97 (0.80, 1.18)
Tertile 3 1.12 (0.91, 1.38)

Cereal, egg, and oils pattern (ref. = tertile 1)
Tertile 2 0.89 (0.73, 1.09)
Tertile 3 0.93 (0.75, 1.16)

Beverage pattern (ref. = tertile 1)
Tertile 2 1.05 (0.87, 1.25)
Tertile 3 0.93 (0.75, 1.14)

1 Values in bold are significantly different at a level of p < 0.05. Models were adjusted for sociodemographic
characteristics, lifestyle factors, and energy intake. 2 Total DBM, total double burden of malnutrition or the co-
existence of underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic
risk factor.

Regarding females, two dietary patterns were found to be associated with DBM (Table 6).
Those in the upper tertile (T3) of the protein-rich foods, cereal, and sugar patterns had a lower
likelihood of having DBM in the regression models that controlled for the co-variates. An in-
verse relationship was noted in the vegetables and corn pattern. Female adults with medium
and high adherence (T2 and T3) to the latter pattern had higher odds of developing DBM.

Table 6. Logistic regression models for double burden of malnutrition across tertiles of dietary pattern
scores among females 1.

Dietary Patterns
Total DBM 2

(n = 1654)

OR (95% CI)

Rice pattern (ref. = tertile 1)
Tertile 2 1.16 (0.97, 1.39)
Tertile 3 1.02 (0.80, 1.30)

Protein-rich foods, cereal, and sugar pattern (ref. = tertile 1)
Tertile 2 0.94 (0.77, 1.15)
Tertile 3 0.78 (0.61, 0.99)

Fruits and miscellaneous food pattern (ref. = tertile 1)
Tertile 2 0.99 (0.82, 1.19)
Tertile 3 0.99 (0.82, 1.18)

Fish pattern (ref. = tertile 1)
Tertile 2 0.95 (0.79, 1.13)
Tertile 3 0.86 (0.71, 1.04)

Vegetables and corn pattern (ref. = tertile 1)
Tertile 2 1.28 (1.07, 1.53)
Tertile 3 1.36 (1.12, 1.64)

Fats and oils pattern (ref. = tertile 1)
Tertile 2 0.84 (0.69, 1.02)
Tertile 3 0.83 (0.66, 1.03)

1 Values in bold are significantly different at a level of p < 0.05. Models were adjusted for sociodemographic
characteristics, lifestyle factors, and energy intake. 2 Total DBM, total double burden of malnutrition or the co-
existence of underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic
risk factor.
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4. Discussion

In this study, seven dietary patterns emerged through factor analysis for males and six
for females. The rice and fish patterns were also ascertained in previous research [40–43].
In the same manner, the fruits and miscellaneous food pattern, the vegetables pattern, and
the vegetables and corn pattern were consistent with past literature [44,45]. The key food
groups in the meat and sugar pattern and cereal, egg, and oils pattern of males and the
protein-rich foods, cereal, and sugar pattern of females resembled the dietary patterns
pertained as unhealthy [46–48], Western [49], and high fat and sugar [50]. The beverage
pattern and the fats and oils pattern were described in earlier studies as well [51–54].

Individual-level DBM affected about three in every ten adults (29.5%) and was higher
than the estimates of Zeba and colleagues [9]. Data analysis revealed that dietary patterns
had mixed effects on total DBM. Filipino male adults consuming a diet high in rice had
a decreased susceptibility for total DBM. The meat and sugar pattern identified among
males and the protein-rich foods, cereal, and sugar pattern derived among females were
associated with a decreased risk for DBM. Interestingly, the vegetables and corn dietary
patterns increased the risk for DBM in females.

Studies on the relationship between rice intake and DBM are scarce and frequently
draw on metabolic syndromes or its components as outcomes. In a recent meta-analysis,
rice intake was positively correlated with metabolic syndrome [55]. A pooled analysis of
three US cohorts observed no associations between white and brown rice consumption
and cardiovascular health [56]. Eshak and colleagues [57] likewise explored the relation
between white rice and major cardiovascular diseases among men and reported an in-
verse correlation. The latter study was coherent with our findings. Probable reasons for
lower cardiometabolic risk are the varying rice starch compositions [58], processing and
cooking methods [58], and complementary dishes eaten with rice [59]. For micronutrient
deficiencies, the Philippines has been implementing the fortification of rice with iron since
2000 [60]. Production of healthier rice varieties, such as high-iron and high-zinc types,
are also being carried out as part of the biofortification efforts [61]. These recommended
public health strategies have been implemented to address micronutrient malnutrition
in the country [62]. However, it is important to note that high consumption of rice and
rice products alone is not recommended without ensuring diet diversity, and that total
carbohydrate intake is within the acceptable macronutrient distribution range.

Male adults adhering to the meat and sugar pattern and female adults favoring the
protein-rich foods, cereal, and sugar pattern had a lower likelihood of having DBM. This
can be supported on a number of accounts. First, these dietary patterns are comprised
of animal proteins, mainly from meat, poultry, milk, and dairy products that have been
found to be negatively associated with blood pressure, insulin resistance, and obesity in
previous literature [63,64]. Second, animal-based protein foods, specifically meat, are high
in heme-iron, zinc, and vitamin B12 [65]. Third, high amounts of sugar and syrups are
present in these dietary patterns. Available evidence has illustrated that dietary sugars do
not cause obesity and diet-related disease, but rather sugar consumption in excess of energy
requirements [66]. Khan and colleagues further substantiated that the kind of sugar, sucrose
in particular, was associated with a reduction in cardiovascular disease mortality [67].

It is widely known that vegetable-containing dietary patterns are favorable for less-
ening the risk of non-communicable diseases due to the dietary fiber, antioxidants, and
phytochemicals it contains. These bioactive compounds regulate insulin secretion, lipid
profile fluctuations, oxidative stress, and inflammatory and immune status [68–75]. More-
over, some vegetables are rich sources of essential vitamins and minerals, though less
bioavailable than animal sources [76]. The positive association between the vegetables and
corn pattern and DBM can be substantiated by the low vegetable consumption among
Filipino adults, i.e., daily per capita vegetable intake (68.5–68.9 g/day) [77,78], which may
have counteracted the hypothesized benefits. Collectively, a balanced dietary pattern with
the appropriate combination of food groups should be put forward together with the
current nutritional guidelines.
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Our findings also had limitations. Firstly, causality and lifetime dietary intake cannot
be drawn, given the nature of the study. Secondly, reporting bias and measurement errors
are inherent in assessing dietary intakes. Thirdly, factor analysis involves several subjective
decisions to be made. Fourthly, the dietary patterns explained the low variability in total
food intake (25.5% for males and 20.5% for females). Fifthly, the nutrient intakes of the male
and female adults by tertile of the dietary pattern scores were not calculated. Finally, there
were unmeasured confounders, thus warranting careful interpretation of the results when
generalizing to the general population of adults. Despite these limitations, our study is one
of the few nationally-representative epidemiological investigations focusing on the impact
of dietary patterns on malnutrition in all its forms among community-dwelling adults.

5. Conclusions

In conclusion, this population-based study identified sex-specific dietary patterns that
were significantly associated with DBM development among adults in the Philippines.
Our findings suggest that rice-based and meat-containing food patterns may potentially
exert protection against the risk of developing nutritional deficiencies and cardiometabolic
diseases among Filipino adults simultaneously. These unique dietary patterns can be
utilized to guide public health nutrition interventions directed toward DBM prevention.
Further research is necessary to validate our findings.
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Figure S1: Scree plots showing the eigenvalues of components extracted using factor analysis by sex.

Author Contributions: Conceptualization, A.R.d.J., W.-C.H. and S.C.H.; writing—original draft
preparation, A.R.d.J.; data analysis, W.-C.H.; supervision, S.C.H.; writing—review and editing,
A.R.d.J., W.-C.H., Y.-Y.C., L.-J.E.K., T.Y., C.-J.P. and S.C.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and certified for exemption from the Human Research Ethics Committee of
National Cheng Kung University (HREC No. 110-280, date of approval: 27 May 2021).

Informed Consent Statement: The 2013 National Nutrition Survey obtained ethical clearance from
the Institutional Ethics Review Committee of the Department of Science and Technology-Food and
Nutrition Research Institute, Manila, Philippines before the survey was conducted. Written informed
consent was obtained from all the subjects involved in the study.

Data Availability Statement: Publicly available data sets were analyzed in this study. This data can
be found here: http://enutrition.fnri.dost.gov.ph/site/home.php (accessed on 3 September 2020).

Acknowledgments: We are grateful to the Food and Nutrition Research Institute of the Department of
Science and Technology, Philippines for providing access to the 2013 National Nutrition Survey data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Winichagoon, P.; Margetts, B.M. The Double Burden of Malnutrition in Low-and Middle-Income Countries. Available online: https:

//publications.iarc.fr/Book-And-Report-Series/Iarc-Working-Group-Reports/Energy-Balance-And-Obesity-2017 (accessed on
26 September 2020).

2. Popkin, B.M.; Corvalan, C.; Grummer-Strawn, L.M. Dynamics of the double burden of malnutrition and the changing nutrition
reality. Lancet 2020, 395, 65–74. [CrossRef]

3. Bertin, M.; Touvier, M.; Dubuisson, C.; Dufiur, A.; Havard, S.; Lafay, L.; Volatier, J.L.; Lioret, S. Dietary patterns of French adults:
Associations with demographic, socio-economic and behavioural factors. J. Hum. Nutr. Diet. 2016, 29, 241–254. [CrossRef]
[PubMed]

4. Knudsen, V.K.; Matthiessen, J.; Biltoft-Jensen, A.; Sørensen, M.R.; Groth, M.V.; Christensen, T.; Fagt, S. Identifying dietary patterns
and associated health-related lifestyle factors in the adult Danish population. Eur. J. Clin. Nutr. 2014, 68, 736–740. [CrossRef]
[PubMed]

https://www.mdpi.com/article/10.3390/nu14173495/s1
https://www.mdpi.com/article/10.3390/nu14173495/s1
http://enutrition.fnri.dost.gov.ph/site/home.php
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Working-Group-Reports/Energy-Balance-And-Obesity-2017
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Working-Group-Reports/Energy-Balance-And-Obesity-2017
http://doi.org/10.1016/S0140-6736(19)32497-3
http://doi.org/10.1111/jhn.12315
http://www.ncbi.nlm.nih.gov/pubmed/25891903
http://doi.org/10.1038/ejcn.2014.38
http://www.ncbi.nlm.nih.gov/pubmed/24642781


Nutrients 2022, 14, 3495 10 of 12

5. Muga, M.A.; Owili, P.O.; Hsu, C.Y.; Rau, H.H.; Chao, J.C.J. Dietary patterns, gender, and weight status among middle-aged and
older adults in Taiwan: A cross-sectional study. BMC Geriatr. 2017, 17, 1–10. [CrossRef]

6. Khor, G.L.; Sharif, Z.M. Dual forms of malnutrition in the same households in Malaysia—A case study among Malay rural
households. Asia Pac. J. Clin. Nutr. 2003, 12, 427–437.

7. Lee, S.J.; Ryu, H.K. Relationship between dietary intakes and the double burden of malnutrition in adults of Malang, Indonesia:
An exploratory study. Nutr. Res. Pract. 2018, 12, 426–435. [CrossRef]

8. Melby, C.L.; Orozco, F.; Averett, J.; Muñoz, F.; Romero, M.J.; Barahona, A. Agricultural food production diversity and dietary
diversity among female small holder farmers in a region of the Ecuadorian Andes experiencing nutrition transition. Nutrients
2020, 12, 2454. [CrossRef]

9. Zeba, A.N.; Delisle, H.F.; Renier, G. Dietary patterns and physical inactivity, two contributing factors for the double burden of
malnutrition among adults in Burkina Faso, West Africa. J. Nutr. Sci. 2014, 3, e50. [CrossRef]

10. Department of Science and Technology-Food and Nutrition Research Institute. Philippine Facts and Figures: 2018 Expanded
National Nutrition Survey. Available online: http://enutrition.fnri.dost.gov.ph/site/uploads/2018%20Expanded%20National%
20Nutrition%20Survey-TAGUIG.pdf (accessed on 3 August 2020).

11. De Juras, A.R.; Hsu, W.C.; Hu, S.C. Prevalence and determinants of the co-occurrence of overweight or obesity and micronutrient
deficiencies among adults in the Philippines: Results from a National Representative Survey. Nutrients 2021, 13, 2339. [CrossRef]

12. De Juras, A.R.; Hsu, W.C.; Hu, S.C. The double burden of malnutrition at the individual level among adults: A nationwide survey
in the Philippines. Front. Nutr. 2021, 8, 760437. [CrossRef]

13. Pedro, M.R.; Barba, C.; Benavides-de Leon, R. Nutrition Transition in the Philippines. Available online: https://www.
semanticscholar.org/paper/Nutrition-Transition-in-the-Philippines-Pedro-Barba/d3aa78884070a2a53fa99cd801d847992fcfb9
0b (accessed on 27 November 2020).

14. Department of Science and Technology-Food and Nutrition Research Institute. Public Use File. Available online: http://
enutrition.fnri.dost.gov.ph/site/home.php (accessed on 3 September 2020).

15. Barcenas, M.L. The Development of the 2003 Master Sample (MS) for Philippine Household Surveys. In Proceedings of the 9th
National Nutrition on Statistics, Manila, Philippines, 4–5 October 2004.

16. Patalen, C.F.; Ikeda, N.; Angeles-Agdeppa, I.; Vargas, M.B.; Nishi, N.; Duante, C.A.; Capanzana, M.V. Data Resource Profile: The
Philippine National Nutrition Survey (NNS). Int. J. Epidemiol. 2020, 49, 742–743f. [CrossRef] [PubMed]

17. Flores, M.; Macias, N.; Rivera, M.; Lozada, A.; Barquera, S.; Rivera-Dommarco, J.; Tucker, K.L. Dietary patterns in Mexican adults
are associated with risk of being overweight or obese. J. Nutr. 2010, 140, 1869–1873. [CrossRef] [PubMed]

18. Department of Science and Technology-Food Nutrition Research Institute. eNutrition, Facts and Figure 2013 National Nutrition
Survey. Available online: https://www.fnri.dost.gov.ph/index.php/19-nutrition-statistic/175-national-nutrition-survey#facts-
and-figures (accessed on 3 September 2020).

19. Gazan, R.; Béchaux, C.; Crépet, A.; Sirot, V.; Drouillet-Pinard, P.; Dubuisson, C.; Harvard, S. Dietary patterns in the French adult
population: A study from the second French national cross-sectional dietary survey (INCA2) (2006–2007). Br. J. Nutr. 2016, 116,
300–315. [CrossRef] [PubMed]

20. De Gavelle, E.; Huneau, J.F.; Mariotti, F. Patterns of protein food intake are associated with nutrient adequacy in the general
French adult population. Nutrients 2018, 10, 226. [CrossRef]

21. Zárate-Ortiz, A.G.; Melse-Boonstra, A.; Rodríguez-Ramírez, S.; Hernández-Cordero, S.; Feskens, E.J. Dietary patterns and the
double burden of malnutrition in Mexican adolescents: Results from ENSANUT-2006. Nutrients 2019, 11, 2753. [CrossRef]

22. De Juras, A.R.; Hsu, W.C.; Hu, S.C. Dietary patterns and their association with sociodemographic and lifestyle factors in Filipino
adults. Nutrients 2022, 14, 886. [CrossRef]

23. Angeles-Agdeppa, I.; Sun, Y.; Tanda, K.V. Dietary pattern and nutrient intakes in association with non-communicable disease risk
factors among Filipino adults: A cross-sectional study. Nutr. J. 2020, 19, 1–13. [CrossRef]

24. Bell, L.K.; Edwards, S.; Grieger, J.A. The relationship between dietary patterns and metabolic health in a representative sample of
adult Australians. Nutrients 2015, 7, 6491–6505. [CrossRef]

25. Cai, J.X.; Nuli, R.; Zhang, Y.; Zhang, Y.Y.; Abudusemaiti, M.; Kadeer, A.; Tian, X.; Xiao, H. Association of dietary patterns with
type 2 diabetes mellitus among middle-aged adults in Uygur population of Xinjiang region. J. Nutr. Sci. Vitaminol. 2019, 65,
362–374. [CrossRef]

26. World Health Organization. WHO Technical Report Series on Obesity: Preventing and Managing the Global Epidemic. Available
online: https://apps.who.int/iris/handle/10665/42330 (accessed on 21 September 2020).

27. International Committee for Standardization in Haematology. International Committee for Standardization in Haematology:
Protocol for type testing equipment and apparatus used for haematological analysis. J. Clin. Pathol. 1978, 31, 275–279. [CrossRef]

28. World Health Organization; United Nations Children’s Fund; United Nations University. Iron Deficiency Anaemia: Assessment,
Prevention and Control, a Guide for Programme Managers. Available online: https://www.ihs.org.in/SHG/WHO-Anemia%20
detection%20guidelines.pdf (accessed on 26 September 2020).

29. Furr, H.C.; Tanmihardjo, S.A.; Olson, J.A. Training Manual for Assessing Vitamin a Status by Use of the Modified Relative Dose Response
and Relative Dose Response Assays; United States Agency for International Development: Washington, DC, USA, 1992.

30. Sommer, A. Vitamin A Deficiency and Its Consequences: A Field Guide to Detection and Control. Available online: https:
//apps.who.int/iris/handle/10665/40535 (accessed on 26 September 2020).

http://doi.org/10.1186/s12877-017-0664-4
http://doi.org/10.4162/nrp.2018.12.5.426
http://doi.org/10.3390/nu12082454
http://doi.org/10.1017/jns.2014.11
http://enutrition.fnri.dost.gov.ph/site/uploads/2018%20Expanded%20National%20Nutrition%20Survey-TAGUIG.pdf
http://enutrition.fnri.dost.gov.ph/site/uploads/2018%20Expanded%20National%20Nutrition%20Survey-TAGUIG.pdf
http://doi.org/10.3390/nu13072339
http://doi.org/10.3389/fnut.2021.760437
https://www.semanticscholar.org/paper/Nutrition-Transition-in-the-Philippines-Pedro-Barba/d3aa78884070a2a53fa99cd801d847992fcfb90b
https://www.semanticscholar.org/paper/Nutrition-Transition-in-the-Philippines-Pedro-Barba/d3aa78884070a2a53fa99cd801d847992fcfb90b
https://www.semanticscholar.org/paper/Nutrition-Transition-in-the-Philippines-Pedro-Barba/d3aa78884070a2a53fa99cd801d847992fcfb90b
http://enutrition.fnri.dost.gov.ph/site/home.php
http://enutrition.fnri.dost.gov.ph/site/home.php
http://doi.org/10.1093/ije/dyaa045
http://www.ncbi.nlm.nih.gov/pubmed/32526014
http://doi.org/10.3945/jn.110.121533
http://www.ncbi.nlm.nih.gov/pubmed/20739452
https://www.fnri.dost.gov.ph/index.php/19-nutrition-statistic/175-national-nutrition-survey#facts-and-figures
https://www.fnri.dost.gov.ph/index.php/19-nutrition-statistic/175-national-nutrition-survey#facts-and-figures
http://doi.org/10.1017/S0007114516001549
http://www.ncbi.nlm.nih.gov/pubmed/27189191
http://doi.org/10.3390/nu10020226
http://doi.org/10.3390/nu11112753
http://doi.org/10.3390/nu14040886
http://doi.org/10.1186/s12937-020-00597-x
http://doi.org/10.3390/nu7085295
http://doi.org/10.3177/jnsv.65.362
https://apps.who.int/iris/handle/10665/42330
http://doi.org/10.1136/jcp.31.3.275
https://www.ihs.org.in/SHG/WHO-Anemia%20detection%20guidelines.pdf
https://www.ihs.org.in/SHG/WHO-Anemia%20detection%20guidelines.pdf
https://apps.who.int/iris/handle/10665/40535
https://apps.who.int/iris/handle/10665/40535


Nutrients 2022, 14, 3495 11 of 12

31. Dunn, J.T.; Crutchfield, H.E.; Gutekunst, R.; Dunn, A.D. Methods for Measuring Iodine in Urine; International Council for Control of
Iodine Deficiency Disorders (ICCIDD): Wageningen, The Netherlands, 1993.

32. World Health Organization. Assessment of Iodine Deficiency Disorders and Monitoring Their Elimination: A Guide
for Programme Managers. Available online: https://www.who.int/publications/i/item/9789241595827 (accessed on
26 September 2020).

33. World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation. Available online:
https://www.who.int/publications/i/item/9789241501491 (accessed on 3 September 2020).

34. James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.; LeFevre, M.L.;
MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 evidence-based guideline for the management of high blood pressure in adults:
Report from the panel members appointed to the Eight Joint National Committee (JNC 8). JAMA 2014, 311, 507–520. [CrossRef]
[PubMed]

35. World Health Organization. Definition, Diagnosis, and Classification of Diabetes Mellitus and Its Complications: Report of
a WHO Consultation, Part 1, Diagnosis and Classification of Diabetes Mellitus. Available online: https://apps.who.int/iris/
handle/10665/66040 (accessed on 3 September 2020).

36. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive summary of the Third
report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 2001, 285, 2486–2497. [CrossRef]

37. Grundy, S.M.; Brewer Jr, H.B.; Cleeman, J.I.; Smith Jr, S.C.; Lenfant, C. Definition of metabolic syndrome: Report of the National
Heart, Lung, and Blood Institute/American Heart Association Conference on Scientific Issues Related to Definition. Circulation
2004, 109, 433–438. [CrossRef] [PubMed]

38. World Health Organization. WHO STEPS Surveillance Manual: The WHO STEPwise Approach to Chronic Disease Risk Factor
Surveillance; WHO: Geneva, Switzerland, 2005.

39. World Health Organization. Global Status Report on Alcohol and Health 2018; WHO: Geneva, Switzerland, 2019.
40. Park, S.; Bae, J.-H. Fermented food intake is associated with a reduced likelihood of atopic dermatitis in an adult population

(Korean National Health and Nutrition Examination Survey 2012–2013). Nutr. Res. 2016, 36, 125–133. [CrossRef]
41. Lee, W.L.; Woo, H.D.; Cho, M.J.; Park, J.K.; Kim, S.S. Identification of dietary patterns associated with incidence of hyperglycemia

in middle-aged and older Korean adults. Nutrients 2019, 11, 1801. [CrossRef]
42. Venkaiah, K.; Brahmam, G.N.V.; Vijayaraghavan, K. Application of factor analysis to identify dietary patterns and use of factor

scores to study their relationship with nutritional status of adult rural populations. J. Health Popul. Nutr. 2011, 29, 327–338.
[CrossRef] [PubMed]

43. Chen, Z.; Liu, L.; Roebothan, B.; Ryan, A.; Colbourne, J.; Baker, N.; Yan, J.; Wang, P.P. Four major dietary patterns identified for a
target-population of adults residing in Newfoundland and Labrador, Canada. BMC Public Health 2015, 15, 1–12. [CrossRef]

44. Mishra, G.; Ball, K.; Arbuckle, J.; Crawford, D. Dietary patterns of Australian adults and their association with socioeconomic
status: Results from the 1995 National Nutrition Survey. Eur. J. Clin. Nutr. 2002, 56, 687–693. [CrossRef]

45. Okada, E.; Takahashi, K.; Takimoto, H.; Takabayashi, S.; Kishi, T.; Kobayashi, T.; Nakamura, K.; Ukawa, S.; Nakamura, M.; Sasaki,
S.; et al. Dietary patterns among Japanese adults: Findings from the National Health and Nutrition Survey, 2012. Asia Pac. J. Clin.
Nutr. 2018, 27, 1120–1130.

46. Rashidkhani, B.; Gargari, B.P.; Ranjbar, F.; Zareiy, S.; Kargarnovin, Z. Dietary patterns and anthropometric indices among Iranian
women with major depressive disorder. Psychiatry Res. 2013, 210, 115–120. [CrossRef]

47. Rezazadeh, A.; Rashidkhani, B. The association of general and central obesity with major dietary patterns of adult women living
in Tehran, Iran. J. Nutr. Sci. Vitaminol. 2010, 56, 132–138. [CrossRef] [PubMed]

48. Rezazadeh, A.; Rashidkhani, B.; Omidvar, N. Association of major dietary patterns with socio-economic and lifestyle factors of
adult women living in Tehran, Iran. Nutrition 2010, 26, 337–341. [CrossRef] [PubMed]

49. Deshmukh-Taskar, P.R.; O’Neil, C.E.; Nicklas, T.A.; Yang, S.J.; Liu, Y.; Gustat, J.; Berenson, G.S. Dietary patterns associated with
metabolic syndrome, sociodemographic and lifestyle factors in young adults: The Bogalusa Heart Study. Public Health Nutr. 2009,
12, 2493–2503. [CrossRef] [PubMed]

50. Farmaki, A.E.; Rayner, N.W.; Matchan, A.; Spiliopoulou, P.; Gilly, A.; Kariakli, V.; Kiagiadaki, C.; Tsafantakis, E.; Zeggini, E.;
Dedoussis, G. The mountainous Cretan dietary patterns and their relationship with cardiovascular risk factors: The Hellenic
Isolated Cohorts MANOLIS study. Public Health Nutr. 2016, 20, 1063–1074. [CrossRef]

51. Hendricks, K.M.; Mkaya Mwamburi, D.; Newby, P.K.; Wanke, C.A. Dietary patterns and nutrition outcomes in men living with
HIV infection. Am. J. Clin. Nutr. 2008, 88, 1584–1592. [CrossRef]

52. Beck, K.L.; Kruger, R.; Conlon, C.A.; Heath, A.-L.M.; Mathhys, C.; Coad, J.; Stonehouse, W. Suboptimal iron status and associated
dietary patterns and practices in postmenopausal women living in Auckland, New Zealand. Eur. J. Clin. Nutr. 2013, 52, 467–476.
[CrossRef]

53. Hong, X.; Xu, F.; Wang, Z.Y.; Liang, Y.Q.; Li, J.Q. Dietary patterns and the incidence of hyperglycemia in China. Public Health Nutr.
2015, 19, 131–141. [CrossRef]

54. Ovaskainen, M.-L.; Tapanainen, H.; Laatikainen, T.; Männistö, S.; Heininen, H.; Vartiainen, E. Perceived health-related self-efficacy
associated with BMI in adults in a population-based survey. Scand. J. Public Health 2015, 43, 197–203. [CrossRef]

https://www.who.int/publications/i/item/9789241595827
https://www.who.int/publications/i/item/9789241501491
http://doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
https://apps.who.int/iris/handle/10665/66040
https://apps.who.int/iris/handle/10665/66040
http://doi.org/10.1001/jama.285.19.2486
http://doi.org/10.1161/01.CIR.0000111245.75752.C6
http://www.ncbi.nlm.nih.gov/pubmed/14744958
http://doi.org/10.1016/j.nutres.2015.11.011
http://doi.org/10.3390/nu11081801
http://doi.org/10.3329/jhpn.v29i4.8448
http://www.ncbi.nlm.nih.gov/pubmed/21957671
http://doi.org/10.1186/s12889-015-1433-y
http://doi.org/10.1038/sj.ejcn.1601391
http://doi.org/10.1016/j.psychres.2013.05.022
http://doi.org/10.3177/jnsv.56.132
http://www.ncbi.nlm.nih.gov/pubmed/20495295
http://doi.org/10.1016/j.nut.2009.06.019
http://www.ncbi.nlm.nih.gov/pubmed/19819112
http://doi.org/10.1017/S1368980009991261
http://www.ncbi.nlm.nih.gov/pubmed/19744354
http://doi.org/10.1017/S1368980016003207
http://doi.org/10.3945/ajcn.2008.26098
http://doi.org/10.1007/s00394-012-0348-y
http://doi.org/10.1017/S1368980015000774
http://doi.org/10.1177/1403494814566263


Nutrients 2022, 14, 3495 12 of 12

55. Krittanawong, C.; Tunhasiriwet, A.; Zhang, H.; Prokop, L.J.; Chirapongsathom, S.; Sun, T.; Wang, Z. Is white rice consumption a
risk for metabolic and cardiovascular outcomes? A systematic review and meta-analysis. Heart Asia 2017, 9, e010909. [CrossRef]

56. Muraki, I.; Wu, H.; Imamura, F.; Laden, F.; Rimm, E.B.; Hu, F.B.; Willet, W.C.; Sun, Q. Rice consumption and risk of cardiovascular
disease: Results from a pooled analysis of 3 US cohorts. Am. J. Clin. Nutr. 2014, 101, 164–172. [CrossRef]

57. Eshak, E.S.; Iso, H.; Date, C.; Yamagishi, K.; Kikuchi, S.; Watanabe, Y.; Wada, Y.; Tamakoshi, A.; JACC Study Group. Rice intake is
associated with reduced risk of mortality from cardiovascular disease in Japanese men but not women. J. Nutr. 2011, 141, 595–602.
[PubMed]

58. Boers, H.M.; Hoorn, J.S.T.; Mela, D.J. A systematic review of the influence of rice characteristics processing methods on
postprandial glycaemic and insulinaemic responses. Br. J. Nutr. 2015, 114, 1035–1045. [CrossRef] [PubMed]

59. Saneei, P.; Larijani, B.; Esmailzadeh, A. Rice consumption, incidence of chronic diseases and risk of mortality: Meta-analysis of
cohort studies. Public Health Nutr. 2017, 20, 233–244. [CrossRef] [PubMed]

60. Department of Health-Philippines. Food Fortification Program. Available online: https://doh.gov.ph/food-fortification-program
(accessed on 11 March 2022).

61. Palanog, A.D.; Calayugan, M.I.C.; Descalsota-Empleo, G.I.; Amparado, A.; Inabangan-Asilo, M.A.; Arocena, E.C.; Sta Cruz, P.C.;
Borromeo, T.H.; Lalusin, A.; Hernandez, J.E.; et al. Zinc and iron nutrition status in the Philippines population and local soils.
Front. Nutr. 2019, 6, 81. [CrossRef] [PubMed]

62. World Health Organization. Guideline: Fortification of Rice with Vitamins and Minerals as a Public Health Strategy. Available
online: https://www.who.int/publications/i/item/9789241550291 (accessed on 12 March 2022).

63. Tielemans, S.M.; Altorf-van der Kuil, W.; Engberink, M.F.; Brink, E.J.; van Baak, M.A.; Bakker, S.J.; Gelejinse, J.M. Intake of total
protein, plant protein and animal protein in relation to blood pressure: A meta-analysis of observational and intervention studies.
J. Hum. Hypertens. 2013, 27, 564–571. [CrossRef]

64. Zhubi-Bakija, F.; Bajraktari, G.; Bytuçi, I.; Mikhailidis, D.P.; Henein, M.Y.; Latkovskis, G.; Rexhaj, Z.; Zhubi, E.; Banach, M.;
Alnouri, F.; et al. The impact of type of dietary protein, animal versus vegetable, in modifying cardiometabolic risk factors: A
position paper from the International Lipid Expert Panel (ILEP). Clin. Nutr. 2021, 40, 255–276. [CrossRef]

65. Mariotti, F. Animal and plant protein sources and cardiometabolic health. Adv. Nutr. 2019, 10, S351–S366. [CrossRef]
66. Morega, L.T.; Mallard, S.; Mann, J. Dietary sugars and body: Systematic review and meta-analyses of randomized controlled

trials and cohort studies. Brit. Med. J. 2013, 346, e7492. [CrossRef]
67. Khan, T.A.; Tayyiba, M.; Agarwal, A.; Mejia, S.B.; de Souza, R.J.; Wolever, T.M.S.; Leiter, L.A.; Kendall, C.W.C.; Jenkins, D.J.A.;

Sievenpiper, J.L. Relation of total sugars, sucrose, fructose, and added sugars with the risk of cardiovascular disease: A systematic
review and dose-response meta-analysis of prospective cohort studies. Mayo Clin. Proc. 2019, 94, 2399–2414. [CrossRef]

68. Anderson, J.W.; Baird, O.; Davis Jr, R.H.; Ferreri, S.; Knudtson, M.; Koraym, A.; Waters, V.; Willimas, C.L. Health benefits of
dietary fiber. Nutr. Rev. 2009, 67, 188–205. [CrossRef]

69. Fernandez, M.L.; West, K.L. Mechanisms by which dietary fatty acids modulate plasma lipids. J. Nutr. 2005, 135, 2075–2078.
[CrossRef] [PubMed]

70. Sleeth, M.L.; Thompson, E.L.; Ford, H.E.; Zac-Varghese, S.E.; Frost, G. Free fatty acid receptor 2 and nutrient sensing: A proposed
role for fibre, fermentable carbohydrates and short-chain fatty acids in appetite regulation. Nutr. Res. Rev. 2010, 23, 135–145.
[CrossRef]

71. Fung, T.T.; Rimm, E.B.; Spiegelman, D.; Rifai, N.; Tofler, G.H.; Willet, W.C.; Hu, F.B. Association between dietary patterns and
plasma biomarkers of obesity and cardiovascular disease risk. Am. J. Clin. Nutr. 2001, 73, 61–67. [CrossRef] [PubMed]

72. Warensjö Lemming, E.; Byberg, L.; Stattin, K.; Ahmad, S.; Lind, L.; Elmståhl, S.; Larsson, S.C.; Wolk, A.; Michaëlsoon, K. Dietary
pattern specific protein biomarkers for cardiovascular disease: A cross-sectional study in 2 independent cohorts. J. Am. Heart.
Assoc. 2019, 8, e011860. [CrossRef] [PubMed]

73. Ndanuko, R.N.; Tapsell, L.C.; Charlton, K.E.; Neale, E.P.; Batterham, M.J. Dietary patterns and blood pressure in adults: A
systematic review and meta-analysis of randomized controlled trials. Adv. Nutr. 2016, 7, 76–89. [CrossRef]

74. Neale, E.P.; Batterham, M.J.; Tapsell, L.C. Consumption of a healthy dietary pattern results in significant reductions in C-reactive
protein levels in adults: A meta-analysis. Nutr. Res. 2016, 36, 391–401. [CrossRef]

75. Craddock, J.C.; Neale, E.P.; Peoples, G.E.; Probst, Y.C. Vegetarian-based dietary patterns and their relation with inflammatory and
immune biomarkers: A systematic review and meta-analysis. Adv. Nutr. 2019, 10, 433–451. [CrossRef] [PubMed]

76. Melse-Boonstra, A. Bioavailability of micronutrients from micronutrient-dense whole foods: Zooming in on dairy, vegetables,
and fruits. Front. Nutr. 2020, 7, 101. [CrossRef]

77. Angeles-Agdeppa, I.; Sun, Y.; Denney, L.; Tanda, K.V.; Octavio, R.A.D.; Carriquiry, A.; Capanzana, M.V. Food sources, energy and
nutrient intakes of adults: 2013 Philippines National Nutrition Survey. Nutr. J. 2019, 18, 1–12. [CrossRef]

78. Miller, V.; Mente, A.; Dehghan, M.; Rangarajan, S.; Zhang, X.; Swaminathan, S.; Dagenais, G.; Gupta, R.; Mohan, V.; Lear, S.; et al.
Fruit, vegetable, and legume intake, and cardiovascular disease and deaths in 18 countries (PURE): A prospective cohort study.
Lancet 2017, 390, 2037–2049. [CrossRef]

http://doi.org/10.1136/heartasia-2017-010909
http://doi.org/10.3945/ajcn.114.087551
http://www.ncbi.nlm.nih.gov/pubmed/21346103
http://doi.org/10.1017/S0007114515001841
http://www.ncbi.nlm.nih.gov/pubmed/26310311
http://doi.org/10.1017/S1368980016002172
http://www.ncbi.nlm.nih.gov/pubmed/27577106
https://doh.gov.ph/food-fortification-program
http://doi.org/10.3389/fnut.2019.00081
http://www.ncbi.nlm.nih.gov/pubmed/31231657
https://www.who.int/publications/i/item/9789241550291
http://doi.org/10.1038/jhh.2013.16
http://doi.org/10.1016/j.clnu.2020.05.017
http://doi.org/10.1093/advances/nmy110
http://doi.org/10.1136/bmj.e7492
http://doi.org/10.1016/j.mayocp.2019.05.034
http://doi.org/10.1111/j.1753-4887.2009.00189.x
http://doi.org/10.1093/jn/135.9.2075
http://www.ncbi.nlm.nih.gov/pubmed/16140878
http://doi.org/10.1017/S0954422410000089
http://doi.org/10.1093/ajcn/73.1.61
http://www.ncbi.nlm.nih.gov/pubmed/11124751
http://doi.org/10.1161/JAHA.118.011860
http://www.ncbi.nlm.nih.gov/pubmed/31433701
http://doi.org/10.3945/an.115.009753
http://doi.org/10.1016/j.nutres.2016.02.009
http://doi.org/10.1093/advances/nmy103
http://www.ncbi.nlm.nih.gov/pubmed/30947338
http://doi.org/10.3389/fnut.2020.00101
http://doi.org/10.1186/s12937-019-0481-z
http://doi.org/10.1016/S0140-6736(17)32253-5

	Introduction 
	Materials and Methods 
	Data Source and Subjects 
	Dietary Intake Assessment and Dietary Pattern Analysis 
	Undernutrition, Cardiometabolic Risk Factors, and Double Burden of Malnutrition 
	Other Co-Variates 
	Statistical Analysis 

	Results 
	Participants’ Characteristics 
	Dietary Patterns 
	Association of Dietary Patterns and Double Burden of Malnutrition 

	Discussion 
	Conclusions 
	References

