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Background and Objectives: Epidemiological studies often use the food frequency questionnaire (FFQ) to pre-
dict the food consumption habits of a target group and subsequently promote healthy eating in the group. In the 
present study, a version of the FFQ for Malaysian young adults aged 18–24 years was designed and validated. 
Methods and Study Design: This study comprised development and validation phases. In the development 
phase, 129 young adults from a public university in Klang Valley completed a 3-day food record (3DFR), and the 
data were used to create a food list for the FFQ. Two weeks later, in the validation phase, another 100 participants 
recruited from the same university completed the 3DFR and a newly developed FFQ for assessing consumption 
of 38 food items. Finally, the data obtained from the FFQ and 3DFR were used to analyze the nutrient intake of 
each participant, and the developed FFQ was validated using Spearman correlation coefficients (r) and Bland–
Altman methods. Results: For the development phase, 38 food items were determined to contribute to 90% of the 
participants’ total energy and macronutrient intake, and these items were included on the FFQ. For the validation 
phase, the average Spearman correlation coefficient for energy and all nutrients was 0.43, which indicated good 
agreement between the 3DFR and FFQ. Cross-classification analysis of the 3DFR and FFQ results revealed that 
79% of the young adults were classified into similar or neighboring quartiles when each set of results was used. 
The Bland–Altman plots revealed that the results obtained using the two methods were parallel. Conclusions: 
The FFQ is a simple and validated tool that can be self-administered to young adults to assess their energy and 
nutrient consumption. 
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INTRODUCTION 
According to the United Nations, young adults comprise 
the segment of the population aged between 15 and 24 
years, with young adulthood being the liminal period be-
tween the life stage of childhood, during which an indi-
vidual is generally dependent, and the life stage of adult-
hood, during which an individual is generally independ-
ent.1 Young adults entering the independent stage of life 
are prone to developing unhealthy dietary habits, which 
can lead to overweight or obesity.2 Such adults tend to eat 
an excessive amount of fast food and snacks that are high 
in calories and low in nutrient density and to eat an insuf-
ficient amount of healthy foods, such as fruits and vege-
tables.3,4 In addition, young adults tend to be more easily 
influenced by and sensitive to peer influence of pressure 
than other adult age groups are, particularly with respect 
to their health behaviors.5 Because of their poor eating 
habits and higher susceptibility to the influence of peers, 
being able to assess the food consumption habits of young 
adults is crucial. Overweight and obesity have become 
increasingly prevalent in young adults worldwide, with 
this prevalence being particularly notable in college stu-
dents.6 This problem has become notable in developing 
countries, such as China (2.9%) and Egypt (59.4%),6 and  

 
 
a study involving university students in Malaysia revealed 
that 14.31% of the included students had overweight and 
10.13% had obesity.7 

For programs targeting nutrition, food, and health to be 
effectively implemented, dietary assessment of the target 
population must be completed. Several tools can be used 
to complete a dietary assessment for a particular popula-
tion within a specified period. Such tools include the 
FFQ, which is used to measure daily consumption of food 
items or food groups;8 24-h dietary recall; and dietary 
records. Dietary assessment tools are typically selected 
based on study objectives, participant characteristics, the 
respondent burden, and available resources. The FFQ is 
commonly used in clinical and epidemiological studies to 
estimate the regularity and amount of food consumption.9  
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The FFQ is typically used in large-scale epidemiological 
research because of its practicality and cost-
effectiveness.10 This instrument can be used to capture 
long-term food intake within a single administration and 
does not require the use of highly trained interviewers. 
Because each population’s eating habits vary with its cul-
ture, demographic characteristics, food supply, and socio-
economic factors, the FFQ should be substantiated using 
data from the population of interest to ensure the reliabil-
ity and accuracy of study outcomes.11 

In the present study, an FFQ was designed and verified 
to enable evaluation of the food consumption habits of 
Malaysian young adults aged 18 to 24 years of multiple 
ethnicities. Malaysia’s population is composed of multi-
ple ethnic groups, with the main groups being Malay, 
Chinese, and Indian. Each group has a unique culture and 
distinct set of dietary habits.12 No FFQ has yet been es-
tablished for dietary assessment of Malaysian young 
adults. Therefore, the present study was conducted to fill 
this gap in the literature. This study also details its pro-
cess for developing and validating the FFQ to ensure its 
replicability in future large-scale and longitudinal nutri-
tional studies. 
 
METHODS 
Study design and sampling 
This cross-sectional study recruited Malaysian under-
graduate students studying at a public university in the 
State of Selangor, Malaysia. The participants were aged 
18 to 24 years. Convenience sampling was used to recruit 
students of Malay, Chinese, Indian, and other minority 
descent to participate in the development and validation 
phases of the study. This study used two means difference 
to calculate the required sample size,13 with the standard 
deviation being determined with reference to a previous 
study conducted in Malaysia.14 The results revealed that 
to achieve a power of 80% and a level of two-tailed sig-
nificance of 0.05, at least 100 participants would be re-
quired. 

This study collected data between December 2021 and 
February 2022. During this period, most of the students 
were taking online classes at home due to the COVID-19 
pandemic. Online data collection was conducted because 
the students were physically located in different places 
around Malaysia. The inclusion criteria for this study 
were being an undergraduate student at the National Uni-
versity of Malaysia, being aged 18–24 years, and having 
Malaysian citizenship. 
Ethical approval 
Approval for the present study was granted by the Re-
search and Ethics Committee of the National University 
of Malaysia (JEP-2020-726). Before data were collected, 
informed consent was obtained from the participants.  

 
FFQ development 
The FFQ development process comprised three steps: (1) 
establishing a food list based on data obtained from a 
pilot 3DFR study; (2) classifying and shortlisting the food 
items from the records, and (3) identifying the consump-
tion prevalence and ratios of the foods. 3DFR was select-
ed over 24-hour dietary recall because it is less reliant on 
memory. First, a Google form containing 3DFR was sent 

to the student or personal email accounts of 200 students. 
The students were asked to record their dietary consump-
tion over 24 hours for 3 days (2 weekdays and 1 weekend 
day). They were asked to list all the foods and beverages 
they consumed on that particular day; the quantity of the 
foods and beverages they had consumed, with the quanti-
ty measured using common household measurements, 
such as a cup (250 mL), a tablespoon (15 mL), and a 
small bowl (250 mL); and the method that had been used 
to cook the food, such as frying, steaming, or grilling. 
They independently recorded their dietary intake and sub-
sequently completed a Google form after they had com-
pleted a food record for 3 days. Of the 200 students who 
received the email, 143 submitted the Google forms. Af-
ter the inclusion criteria were applied, the responses of 
only 129 students were retained and included in the de-
velopment phase. 

The students had a mean age of 23 ± 1 years; 51.9% 
were women, and 69.8% were of Malay ethnicity. The 
mean body mass index (BMI) was 22.8kg/m2. Initially, 
this study identified 112 food items. The items were di-
vided into 13 groups: (a) fruits, (b) cereals and cereal 
products, (c) seafood and fish, (d) fast food, (e) milk and 
dairy products, (f) seasonings and flavorings, (g) meats 
and meat products, (h) legumes and legume products, (i) 
eggs, (j) vegetables, (k) sweets, (l) beverages, and (m) 
spreads. Each food item’s nutritional information was 
obtained, and the total energy and macronutrients were 
summed. Meals accounting for ≥90% of total energy and 
macronutrient intake were included in the FFQ.15 The 
frequency with which each food item was consumed was 
categorized as follows: (a) never, (b) one to three times 
per month, (c) one time per week, (d) two to four times 
per week, (e) five to six times per week, (f) once per day, 
(g) two to three times per day, and (h) four or more times 
per day. Additionally, this study categorized the portion 
size of each consumed food item by using the Malaysian 
Adult Nutrition Survey system of classification, with the 
size categorized as a cup, a slice, a piece, matchbox size, 
a tablespoon, and a teaspoon.16 

 
FFQ validation 
Validation was completed using two main steps: 1) 3DFR 
collection and 2) FFQ administration. At this phase, the 
3DFR and FFQ were administered to 115 undergraduate 
students aged 18 to 24 years who did not participate in the 
development phase. First, the students recorded their die-
tary intake on a Google form similar to that used in the 
development phase. Two weeks later, they were asked to 
complete the newly developed FFQ, which was used to 
evaluate how frequently they had consumed certain foods 
during the previous month. They received instructions 
regarding how they should complete the FFQ; they were 
asked to evaluate their usual frequency (e.g., once per 
week or once per day) of consuming each food item over 
the previous month. They were asked to then estimate the 
size of the portion (e.g., 2 cups or 3 pieces) of a given 
food they consumed in a single meal. The 3DFR and FFQ 
were completed 2 weeks apart as a means of minimizing 
the occurrence of discrepancies in the findings regarding 
the students’ dietary intake patterns obtained using the 
two methods. To ensure the validity of the collected die-
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tary data, students who reported implausible energy in-
takes on the 3DFR or FFQ (i.e., <800 or >4,000 kcal/day 
for male students and <500 or >3,500 kcal/day for female 
students) were excluded from the study (n = 15).9 The 
students’ sociodemographic data, including their age, sex, 
and ethnicity, were obtained during 3DFR collection, and 
BMI was calculated using the students’ self-reported 
body weight and height. In this phase, 22% of the includ-
ed students were considered overweight or obese, 19% 
were considered underweight, and the rest were consid-
ered to have a normal BMI. 

 
Statistical analysis 
The 3DFR and FFQ data were used to determine the stu-
dents’ energy intake and intake of protein, carbohydrates, 
fat, vitamin C, dietary fiber, iron, sodium, vitamin B-2, 
calcium, potassium, phosphorus, vitamin B-1, niacin, 
retinol, cholesterol, trans fat, sugar, and zinc. Nutrient 
values were obtained from the Malaysian Food Composi-
tion Database and were analyzed using Nutritionist Pro 
software from Axxya Systems (Stafford, TX, USA).17 
The students’ daily consumption was calculated using 
data from the FFQ by applying the following equation: 
intake frequency (conversion factor) × serving size × total 
number of servings × weight of food per serving. Table 1 
presents the conversion factors used to predict dietary 
consumption with the amount of food intake. Nutrient 
consumption calculated using the FFQ was compared 
with the data of the 3DFR to assess the validity of the 
FFQ. 

The normality of the data was assessed using the Kol-
mogorov–Smirnov test, with the results used to select a 
suitable method for analysis. Because the data for most 
nutrients did not have a normal distribution, the validity 
assessment was completed using Spearman’s correlation 
coefficients. In addition, this study compared the predic-
tions of the participants’ nutrient intake obtained using 
the FFQ and 3DFR by applying the Wilcoxon signed-
rank test. Subsequently, a cross-classification analysis 
was performed to assess the level of agreement between 
the FFQ and 3DFR results and the accuracy of student 
classification based on food consumption. First, infor-
mation derived from the FFQ and 3DFR regarding ener-
gy, macronutrient, and micronutrient intake were catego-
rized into quartiles. The results obtained using the FFQ 
and 3DFR data were then divided into the following cate-
gories: 1) same quartile, 2) adjacent (± 1) quartile, or 3) 

misclassified. Average correlation coefficients were cal-
culated for energy, macronutrients, and micronutrients; 
energy and macronutrients; and micronutrients by using 
the sum of the correlation coefficients divided by the 
number of items (energy and nutrients). 

Last, the agreement level between the FFQ and 3DFR 
results across nutrient intakes was determined using 
Bland–Altman analysis by considering the mean differ-
ence and a limit of 95%. The Bland–Altman plots were 
interpreted in accordance with the recommendation of 
Tang:18 1) good agreement means the difference in values 
between the test and reference measurements is ±1 SD of 
the average nutrient intake determined using the reference 
method; 2) fairly good agreement means the difference 
between the test and reference measurements is ±2 SDs of 
the average nutrient intake determined using the reference 
method; and 3) poor agreement means the difference be-
tween the test and reference measurements is ±3 SDs of 
the average nutrient intake determined using the reference 
method. According to the Bland–Altman plots of this 
study, the measurements for all nutrients exhibited fairly 
good agreement, and the nutrient intake plots were con-
sistent with the energy intake plot. SPSS (version 22; 
IBM, Armonk, NY, USA) was used to complete all statis-
tical analyses. 
 
RESULTS 

The results reveal that 23 of the food items that were 
included on the FFQ contributed up to 90% of total ener-
gy; furthermore, 17, 20, and 19 food items respectively 
contributed up to 90% of the carbohydrate, fat, and pro-
tein (Table 2). 

Table 3 presents the descriptive data from the valida-
tion study (N = 100). Most students in the study were 
women (53%), and the mean age was 23 ± 1 years. Most 
students were of Malay descent (67%), followed by Chi-
nese (25%); Indian (5%); and Bumiputra, an ethnic group 
from Sabah and Sarawak (3%). The ratio for ethnicity 
was imbalanced because most of the students that attend 
the university are of Malay descent. The students’ mean 
BMI was 22.4 ± 5.0 kg/m2 (Table 3). According to the 
data presented in Table 4, when the FFQ data were used, 
14 out of 18 nutrient median intake values were overesti-
mated, whereas the median energy and intake values for 
four nutrients (i.e., total fat, dietary fiber, calcium, and 
sodium) were underestimated. Furthermore, regarding the 
correlations between the FFQ and 3DFR results, the ener- 

 
Table 1. Conversion factors for food intake frequencies from the FFQ 
 
Food intake frequency Conversion factor (formula) 
Daily  
 1 1.00 (1.0/1) 
 2 - 3 2.50 (2.5/1) 
 ≥ 4 4.00 (4.0/1) 
Weekly  
 1 0.14 (1.0/7) 
 2 - 4 0.43 (3.0/7) 
 5 - 6 0.79 (5.5/7) 
Monthly  
 1 - 3 0.07 (2.0/30) 
 Never  
 0 0 
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Table 2. Food items contributing up to 90% of total energy, carbohydrate, fat, and protein 
 
Variable  Food item Contribution to energy or macronutrient 

intakes (%) 
Cumulative (%) 

Energy    
 1 White rice 35.5 35.5 
 2 Chicken 13.6 49.1 
 3 Noodles 7.5 56.6 
 4 Flavoured rice 7.0 63.6 
 5 Local kuih 3.7 67.3 
 6 Sugar 2.9 70.2 
 7 Malted drink 2.2 72.4 
 8 Vermicelli 1.7 74.1 
 9 Marine fish 1.5 75.6 
 10 Condensed milk 1.5 77.1 
 11 Pasta 1.5 78.6 
 12 Ice cream 1.2 79.8 
 13 Tea 1.2 81.0 
 14 Flattened bread 1.1 82.1 
 15 Commercial milk 1.0 83.1 
 16 Hen eggs 1.0 84.1 
 17 Pizza 1.0 85.1 
 18 Snacks/ crackers 0.9 86.0 
 19 Meat 0.9 86.9 
 20 Bread 0.9 87.8 
 21 French fries 0.9 88.7 
 22 Cereal grains 0.7 89.4 
 23 Condiment 0.7 90.1 
Carbohydrate    
 1 White rice 53.7 53.7 
 2 Flavoured rice 6.4 60.1 
 3 Noodles 4.9 65.0 
 4 Sugar 4.9 69.9 
 5 Local kuih 4.4 74.3 
 6 Chicken 3.2 77.5 
 7 Vermicelli 2.5 80 
 8 Condensed milk 1.5 81.5 
 9 Tea 1.4 82.9 
 10 Ice cream 1.3 84.2 
 11 Bread 1.2 85.4 
 12 Flattened bread 1.1 86.5 
 13 Fruit juice 1.0 87.5 
 14 Cereal grains 0.9 88.4 
 15 Snacks/ crackers 0.8 89.2 
 16 Malted drink 0.7 89.9 
 17 Legumes 0.7 90.6 
Protein    
 1 Chicken 33.2 33.2 
 2 White rice 16.9 50.1 
 3 Pasta 6.6 56.7 
 4 Noodles 6.4 63.1 
 5 Meat 4.4 67.5 
 6 Flavoured rice 4.1 71.6 
 7 Marine fish 4.1 75.7 
 8 Local kuih 2.1 77.8 
 9 Burger 1.5 79.3 
 10 Condiment 1.4 80.7 
 11 Vermicelli 1.3 82.0 
 12 Squid 1.3 83.3 
 13 Pizza 1.2 84.5 
 14 Commercial milk 1.2 85.7 
 15 Malted drink 1.0 86.7 
 16 Freshwater fish 0.9 87.6 
 17 Condensed milk 0.9 88.5 
 18 Ice cream 0.8 89.3 
 19 Bread 0.7 90.0 
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Table 2. Food items contributing up to 90% of total energy, carbohydrate, fat, and protein (cont.) 
 
Variable  Food item Contribution to energy or macronutrient 

intakes (%) 
Cumulative (%) 

Fat    
 1 Chicken 27.0 27.0 
 2 Noodles 15.4 42.4 
 3 Flavoured rice 11.2 53.6 
 4 Malted drink 7.0 60.6 
 5 Marine fish 3.3 63.9 
 6 Local kuih 3.1 67.0 
 7 Condensed milk 2.1 69.1 
 8 Condiment 2.1 71.2 
 9 White rice 2.1 73.3 
 10 Pizza 2.0 75.0 
 11 Commercial milk 1.9 76.9 
 12 French fries 1.9 78.8 
 13 Snacks/ crackers 1.8 80.6 
 14 Burger 1.6 82.2 
 15 Ice cream 1.5 83.7 
 16 Nugget 1.5 85.2 
 17 Flattened bread 1.5 86.7 
 18 Tea 1.4 88.1 
 19 Fried chicken 1.1 89.2 
 20 Chocolate bar 0.8 90.0 
 
 
Table 3. Sociodemographic of students in the validation study (N = 100) 
 

Characteristics N (%) 
Age in years (mean ± SD) 22.8 ± 0.9 
Gender  
 Male 47 (47%) 
 Female 53 (53%)  
Ethnicity  
 Malay 67 (67%) 
 Chinese 25 (25%) 
 Indian 5 (5%) 
 Others 3 (3%) 
BMI in kg/m2 (mean ± SD) 22.4 ± 5.0 

 
 
Table 4. Students’ daily nutrient intake according to the FFQ and 3DFR (N = 100) 
 
Nutrients and energy 3DFR FFQ Wilcoxon Correlation 

coefficient (r) Median Range Median Range z 
Energy (kcal) 1286 566-2668 1277 591-2959 -1.5 0.94** 
Protein (g) 50.1 23-107 60.2 12.3-174 -4.2** 0.64** 
Fat (g) 52.9 13.3-129 43.3 4.9-125 -5.4** 0.76** 
Carbohydrate (g) 151 50.9-370 172 82.5-395 -4.3** 0.76** 
Dietary fiber (g) 4.1 0.5-24.9 1.2 0.15-3.9 -8.4** 0.38** 
Calcium (mg) 347 107-1394 333 58.1-936 -1.6 0.45** 
Iron (mg) 8.6 2.9-32 11 2.3-47.1 -3.2** 0.47** 
Phosphorus (mg) 721 191-1866 859 157-2332 -3.7** 0.40** 
Potassium (mg) 813 223-2081 1106 209-2763 -6.6** 0.47** 
Sodium (mg) 1876 609-4421 842 132-3023 -8.2** 0.45** 
Vitamin C (mg) 20.5 0.6-205 34.6 1.8-194 -3.8** 0.14 
Vitamin B-1 (mg) 0.5 0.1-1.4 0.7 0.2-1.7 -5.5** 0.34** 
Vitamin B-2 (mg) 0.7 0.2-3 1.2 0.2-2.9 -7.3** 0.39** 
Niacin (mg) 6.9 1.7-24.2 10.1 0.6-25.5 -5.8** 0.43** 
Retinol (µg) 420 60-1530 422 50.7-1764 -1.1 0.30** 
Cholesterol (mg) 177 28.6-1915 202 28.1-618 -1.6 0.43** 
Trans-fat (g) 0 0-21 0.2 0-0.4 -6** -0.16 
Sugar (g) 18.3 1.4-315 43.2 7.2-151 -6.5** 0.26* 
Zinc (mg) 3.7 0.5-47.5 6.4 2.1-13.2 -7.1** 0.39** 
Average of correlation coefficients (energy & all nutrients) 0.43 
Average of correlation coefficients (energy & macronutrients) 0.50 
Average of correlation coefficients (micronutrients) 0.39 
 
*p < 0.05, **p < 0.01 
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gy intake results were significantly correlated with the 
macronutrient and micronutrient results, excluding those 
for vitamin C and trans-fat. The correlation was strongest 
for total energy (r = 0.94), total carbohydrates (r = 0.76), 
total fat (r = 0.76), and total protein (r = 0.64). 

The results of a cross-classification analysis of FFQ 
and 3DFR are presented in Table 5. The results of 79% of 
the students were classified into similar or neighboring 
quartiles; 40% were classified into the same quartile, 
whereas 5.3% were placed in opposite quartiles, with 
opposite quartile referring to the students’ results being 
classified into the highest quartile when the FFQ results 
were used (Q4) and the lowest quartile (Q1) when the 
3DFR results were used, or vice versa. 

Figure 1 presents an example of a Bland–Altman plot 

for energy intake. The plot illustrates the level of agree-
ment between the results obtained using the FFQ and 
those obtained using the 3DFR, with individual differ-
ences in the results plotted against mean values for the 
selected parameters. The differences in the total con-
sumption of energy and nutrients between the methods 
were similar and distributed equally. Moreover, the plot-
ted points were concentrated within the 95% limit of 
agreement. In the plots, values that are positive and nega-
tive respectively indicate overreporting and underreport-
ing of the FFQ. 
 
DISCUSSION 
At the time of writing, no study has developed a version 
of the FFQ suitable for assessing dietary intake among 

 
Table 5. Cross-classification of results of the FFQ and 3DFR regarding nutrients (N = 100) 
 
Nutrients (per day) Same quartile 

(%) 
Adjacent quartile 

(± 1) (%) 
Opposite quartile 

(± 3) (%) 
Same and adjacent 

quartile (%) 
Energy (kcal) 85 12 0 97 
Protein (g) 47 43 3 90 
Fat (g) 53 41 1 94 
Carbohydrate (g) 56 38 0 94 
Dietary fiber (g) 32 44 3 76 
Calcium (mg) 37 39 5 76 
Iron (mg) 40 40 2 80 
Phosphorus (mg) 41 38 8 79 
Potassium (mg) 37 48 6 85 
Sodium (mg) 41 39 5 80 
Vitamin C (mg) 28 38 9 66 
Vitamin B1 (mg) 38 37 2 75 
Vitamin B2 (mg) 33 40 4 73 
Niacin (mg) 37 40 6 77 
Retinol (µg) 35 36 6 71 
Cholesterol (mg) 36 43 3 79 
Trans-fat (g) 18 38 22 56 
Sugar (g) 32 43 11 75 
Zinc (mg) 40 37 5 77 
 
 

 
 
Figure 1. Bland–Altman revealing the results of the FFQ and 3DFR for energy intake (kcal) are in agreement. The thick line indicates 
the mean difference in absolute consumption between the methods, whereas the thin line represents the agreement limits (±2 standard 
deviations) 
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Malaysian young adults, including undergraduate stu-
dents, although several versions of the FFQ have been 
developed to evaluate the food consumption trends 
among children,14 adolescents,19 multi-ethnic working 
adults,12 and pregnant women.20 Thus, the FFQ developed 
in the present study could enable future researchers to 
conduct dietary assessments for multi-ethnic young 
adults, particularly undergraduate students, in Malaysia. 

The final FFQ in this study can be used to assesses 
consumption of 38 items of food classified into 11 
groups. The number of items included on the FFQ of this 
study is much lower than that of those on versions of the 
FFQ developed for young adult or adult populations in 
other countries, which include between 135 and 195 
items.21,22,23 The number of participants involved in the 
FFQ development process in previous studies has gener-
ally ranged from 95 to 120,21,22 which is comparable to 
the number included in the present study. The considera-
ble difference in the number of included food items may 
be attributable to the method of food categorization that 
was employed. This study categorized foods based on the 
Malaysian Adult Nutrition Survey,16 which mostly in-
cludes raw foods. 

 Regarding the validation phase of this study, the newly 
developed FFQ overestimated 14 out of 18 nutrients. A 
similar result was obtained in a previous study including 
female undergraduate students with the mean age of 20.1 
years; the study results revealed that the developed FFQ 
overestimated 14 out of 24 nutrients when the results 
were compared with those obtained using 5-day food rec-
ords.21 Underreporting in food records and overreporting 
on the FFQ are common.12,20 With respect to dietary vari-
ation that may have led to underestimation or overestima-
tion of energy or nutrient intake, the food consumption 
habits of Malaysian people generally do not exhibit sea-
sonal variation. Although Malaysian people consume 
several seasonal foods during festivals, these foods are 
not part of a typical Malaysian diet.12 The present study 
results regarding the average correlation coefficient for all 
nutrients and energy intake (r = 0.43) was consistent with 
those of earlier studies.24,25,26 The results revealed that the 

mean correlation coefficient for macronutrients (r = 0.50) 
was higher than that for micronutrients (r = 0.39), which 
is likely due to vitamin C having low correlation coeffi-
cients. Previous studies have reported that macronutrient 
correlation coefficients tend to be higher than those of 
certain micronutrients.26,27 

According to the cross-classification analysis of this 
study, the FFQ accurately classified 56% (trans-fat) to 
97% (energy) of the students’ nutrient intake into the 
same or adjacent quartiles as the 3DFR did. The FFQ and 
3DFR accurately classified an average of 40% of the stu-
dents’ nutrient intake into the same quartile, which is 
comparable to the 34% accuracy reported in another 
study.21 By contrast, the FFQ misclassified between 0% 
(energy and carbohydrates) and 22% (trans fat) of the 
students’ intake. The FFQ also generally correctly classi-
fied the students’ intake into similar or neighboring quar-
tiles, with <6% being misclassified. These results indicate 
that the FFQ and 3DR had good agreement. 

Validation studies often use both correlation coeffi-
cients and Bland–Altman analysis, and such analysis is 
recommended for assessing the FFQ’s absolute validity.28 
In the current study, all 19 Bland–Altman plots for energy 
and nutrients revealed no notable systematic bias in the 
mean intake results of the FFQ and 3DFR. At least 92% 
of the data points fell within ±2 SDs. The nutrients with 
the most data points falling outside of ±2 SDs, that is, 
with 8 points each falling outside, were vitamin C and 
niacin. Overall, the Bland–Alman plots indicated that the 
FFQ and 3DFR had good agreement.23 

This study has several limitations. First, the Malaysian 
Food Composition Database that was used as a reference 
in this study does not contain up-to-date or complete in-
formation for some micronutrients, such as trans-fat. This 
may have led to errors in the FFQ and 3DFR measure-
ments. When data on certain nutrients were not available 
on the Malaysian Food Composition Database, the Ener-
gy and Nutrient Composition Database of Singapore was 
used.29 Second, the students of this study may not be rep-
resentative of the general young adult population in Ma-
laysia because of their educational background and high 
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motivation to complete the 3DFR and FFQ. Future stud-
ies might include young adult populations from different 
sociodemographic backgrounds to ensure their results can 
be generalized to the general Malaysian young adult pop-
ulation. Finally, 3DFR data is self-reported; because of 
problems such as inaccurate reporting of serving sizes or 
food items not being declared, such data are often unre-
ported. In the present study, to overcome this limitation, 
the students were provided with clear and specific in-
structions when they were given the 3DFR form. The 
present study also has a key strength: this study used 
3DFR rather than 24-hour diet recall as a reference meth-
od. Because the 3DFR can be used to directly predict 
meal sizes and does not rely on memory, this study was 
able to minimize recall bias in its validation of the FFQ.19 

 
Conclusion 
The FFQ that was developed and validated in this study 
may be useful for predicting relative energy, macronutri-
ent, and micronutrient intake among Malaysian young 
adults, particularly university students. This tool is effi-
cient, economical, and has a small respondent burden, 
which makes it suitable for the target population. This 
FFQ can be used to track the dietary intake and patterns 
of food consumption among young adults and can serve 
as a guide for establishing effective, evidence-based pub-
lic health strategies to combat cardiovascular disease and 
obesity. Nevertheless, further studies should be conducted 
to investigate whether the FFQ developed in this study 
can be used on a larger scale and applied for the overall 
young adult population in Malaysia. 
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