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Objective: This study aimed to adapt a systematic methodology for estimating the added sugars content of South Korean foods 
and to assess added sugars intake among South Koreans using data from the 2023 Korea National Health and Nutrition Examina-
tion Survey.
Methods: The estimation procedure developed for Australian foods was modified and applied to South Korean foods. Added sugars 
content was estimated for 2,314 food items using the modified 7-step estimation procedure, and these estimates were applied to 
dietary intake data. Mean contents of total sugars and estimated added sugars were summarized by food group. Mean intakes of 
total sugars and added sugars, the percentage of energy from added sugars, and the prevalence of excessive added sugars intake 
were estimated.
Results: According to the modified estimation procedure, 53.0% of food items were assigned to step 1 (total sugars=0) or step 2 
(non-added sugars food groups) and therefore assigned added sugars content of zero, while 20.9% were assigned to step 3, in 
which all total sugars were classified as added sugars. Mean added sugars intake was 30.7 g/day, accounting for about half of to-
tal sugars intake (58.3 g/day). Overall, 21.2% of the population had energy intake from added sugars exceeding 10% of total ener-
gy intake, with the highest proportion observed among adolescent girls (37.9%).
Conclusion: This study provides the first nationally representative estimates of added sugars intake among South Koreans by 
adapting a systematic methodology. These findings provide a robust foundation for monitoring population-level added sugars intake 
and informing the development of targeted policies and interventions to reduce added sugars intake.
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INTRODUCTION

Added sugars are associated with an increased risk of various ad-

verse health outcomes, including obesity [1], hypertension [2], 
cardiovascular disease [3], and dental caries [4]. Thus, overcon-
sumption of added sugars is a significant global public health con-
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cern that has prompted initiatives to reduce their intake. The 
2025–2030 Dietary Guidelines for Americans state that no 
amount of added sugars is recommended and advise that each 
meal contain no more than 10 g of added sugars [5]. The 2025 
Korean Dietary Reference Intakes (KDRIs) recommend limiting 
added sugars to no more than 10% of total energy intake [6]. 
Added sugars include sugars that are added during the processing 
of foods, foods packaged as sweeteners, sugars from syrups and 
honey, and sugars from concentrated fruit or vegetable juices [7].

Reliable and current data on added sugars intake are essential 
for informing evidence-based public health policy decisions. 
However, monitoring population-level intake remains challenging 
despite recommendations to limit added sugars intake. In South 
Korea, as in many other countries, added sugars content is not de-
clared on food labels. Therefore, added sugars content is not in-
cluded in the publicly available South Korean food composition 
database. Although the Ministry of Food and Drug Safety 
(MFDS) reports sugars intake from processed foods [8], the re-
ported intake does not directly correspond to added sugars intake. 
The Korea National Health and Nutrition Examination Survey 
(KNHANES) reports only total sugars intake without distinguish-
ing added sugars.

Various methods have been developed to estimate added sugars 
content of foods, most of which involve subtracting natural sugars 
from total sugars to derive estimates of added sugars. In 2015, 
Louie et al. [9] proposed a systematic methodology for estimating 
added sugars content of foods. This methodology consists of a 10-
step procedure for estimating added sugars from the total sugars 
content of Australian foods. The approach demonstrated good 
replicability and has since been widely adopted in the Australian 
Food and Nutrient Database (AUSNUT) and in studies adapting 
the methodology for other countries, enabling the estimation of 
both food-level added sugars content and population-level added 
sugars intake [10-14].

This study aimed to adapt a systematic methodology to esti-
mate the added sugars content of South Korean foods and to esti-
mate added sugars intake among South Koreans using data from 
the 2023 KNHANES. The estimation procedure proposed by 
Louie et al. [9], which was not directly applicable to South Korean 
foods, was modified to estimate the added sugars content of food 
items reported in KNHANES. These estimates were then applied 
to the dietary intake data to estimate population-level added sug-
ars intake.

METHODS

Ethics statement
The Institutional Review Board of the Korea Disease Control and 
Prevention Agency (KDCA) approved the KNHANES protocol 
(No. 2022-11-16-R-A), and written informed consent was ob-
tained from all participants. As this study used publicly available 
KNHANES data, it qualified for exemption from additional Insti-
tutional Review Board approval. All procedures were conducted 
in accordance with the principles of the Declaration of Helsinki.

Definition of added sugars
Despite the consistent public health guidance to limit sugar in-
take, recommendations differ in the type of sugars they address. 
The World Health Organization (WHO) focuses on free sugars, 
whereas many national dietary guidelines emphasize added sug-
ars or total sugars [15]. Some countries, including the United 
States and Brazil, also require added sugars to be declared sepa-
rately on food labels [7,16]. WHO defines free sugars as all mono-
saccharides and disaccharides added to foods and beverages by 
the manufacturer, cook, or consumer, as well as sugars naturally 
present in honey, syrups, fruit juices, and fruit juice concentrates 
[17]. Within this framework, added sugars are a subset of free 
sugars and exclude naturally occurring sugars. The 2025 KDRIs 
describe added sugars as sugars that are added during food pro-
cessing and preparation [6], aligning conceptually with the subset 
of free sugars.

However, several limitations have been identified when sugars 
are classified from a health perspective [15,18,19]. The distinction 
between added sugars and free sugars is primarily determined by 
whether sugars in juiced or pureed fruits and vegetables are in-
cluded in the definition [18,20]. Added sugars are defined based 
on whether sugars are intentionally added during food processing 
or preparation [6,7,21], whereas free sugars are defined according 
to whether they are present outside the cellular matrix [21]. As a 
result, sugars naturally occurring in a food may be classified as 
added sugars when extracted or concentrated and used as sweet-
ening ingredients in other foods, such as syrups, honey, or fruit 
juice concentrates [15]. Processing methods such as blending and 
pureeing may partially disrupt the cellular structure of fruits and 
vegetables, producing intermediate forms in which intrinsic sug-
ars and free sugars coexist [18,19]. Consequently, in foods such as 
fruit and vegetable juices, purées, and smoothies, distinguishing 
intrinsic sugars from free sugars can be difficult [15,22]. In this 
study, added sugars were defined as sugars intentionally incorpo-
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rated during food processing or preparation, consistent with the 
common definitions used by the WHO [21], United States Food 
and Drug Administration (FDA) [7], and KDRIs [6].

The added sugars content of foods was estimated based on this 
definition. Honey, sugar, and syrups were considered added sug-
ars because they are generally used as sweetening ingredients add-
ed to foods or beverages. In contrast, unsweetened 100% fruit or 
vegetable juices, purées, and smoothies were considered to con-
tain no added sugars. For sweetened versions of these products, 
added sugars content was estimated by subtracting the total sug-
ars content of the corresponding unsweetened product from that 
of the sweetened product. Thus, the definition used in this study 
was consistent with the concept of added sugars as sugars inten-
tionally incorporated during food processing or preparation, 
while remaining distinct from the broader concept of free sugars.

Data source and participants
This study analyzed data from the 2023 KNHANES, an annual 
nationwide survey that provides nationally representative infor-
mation on the health and nutritional status of the South Korean 
population. A total of 6,786 participants aged ≥ 1 year who com-
pleted a 24-hour dietary recall were included in the analysis.

Estimation of added sugars content of foods
The methodology proposed by Louie et al. [9] was the first sys-
tematic approach developed to estimate added sugars content, us-
ing a structured protocol that assesses reliability and transferabili-
ty [23]. In South Korea, a database on the added sugars content of 
processed foods was developed in 2015 using manufacturer-pro-
vided information and ingredient formulation data [20]; however, 
this database has not been made publicly available. In this study, 
Louie’s methodology was adapted to estimate the added sugars 
content of South Korean food items reported in the 2023 KN-
HANES. This approach enables added sugars content to be esti-
mated in the absence of preexisting data on added sugars content 
or ingredient formulation information.

Louie’s methodology consists of a 10-step procedure for estimat-
ing the added sugars content of individual food items, comprising 
six objective decision steps (steps 1–6) and four subjective decision 
steps (steps 7–10) [9]. The procedure operates in a stepwise man-
ner, with each step defining specific food groups. Food items move 
sequentially to the next step if the criteria of the previous step are 
not met. In the final step, for food items whose added sugars con-
tent cannot be estimated through the preceding steps (steps 1–9), 
50% of the total sugars content is assigned as added sugars. As each 

step uses a different estimation method, the resulting added sugars 
content may differ depending on the step used [23].

Because the original procedure was developed for Australian 
foods, it was modified in this study to fit the KNHANES data and 
to estimate the added sugars content of South Korean foods. This 
adaptation of the original procedure is consistent with previous 
studies that adapted the 10-step procedure according to coun-
try-specific food characteristics and data availability [10-14]. In 
the present study, steps requiring detailed recipe information and 
ingredient formulation data (steps 4, 8, and 9) were excluded be-
cause of data limitations. As a result, a modified 7-step procedure 
was used, with the original stepwise logic retained. The modified 
procedure comprised five objective decision steps (steps 1–5) and 
two subjective decision steps (steps 6–7).

The modified procedure was subsequently applied to all 2,314 
food items reported in the 2023 KNHANES to systematically esti-
mate the added sugars content of each item according to the step-
wise procedure. Food items were assigned to the appropriate step 
according to the food groups defined at each step of the procedure. 
For each item, the ingredient information and the total sugars con-
tent of its main ingredients were reviewed where available to sup-
port step assignment. Food items not explicitly covered in the origi-
nal procedure, mainly traditional South Korean foods, were as-
signed to the most appropriate steps based on their characteristics.

For example, unsweetened rice cakes, such as garaetteok and jeol-
pyeon, were assigned to step 2, which includes food groups consid-
ered to contain no added sugars. In contrast, foods were assigned to 
step 3, in which total sugars were assumed to be 100% added sug-
ars, when they did not contain ingredients generally containing nat-
urally occurring sugars—such as fruits, chocolate, dairy products, 
or milk solids—and when their main ingredients contained less 
than 1 g of total sugars per 100 g. Accordingly, powdered sweetened 
tea products, such as ginger tea and red ginseng tea, and fishery 
processed products, such as fish sausage and jeotgal, were assigned 
to step 3 because their main ingredients contain little or no natural-
ly occurring sugars. This approach was applied to minimize poten-
tial overestimation due to naturally occurring sugars.

After the added sugars content had been estimated for all food 
items by one researcher, the initial step assignments were inde-
pendently reviewed by a second researcher. When discrepancies 
in step assignments were identified, the ingredient information of 
the food item and the total sugars content of its main ingredients 
were re-examined, and the final step assignment was determined 
by consensus between the two researchers. Details of each step in 
the modified 7-step procedure are provided in Table 1.
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Table 1. Modified procedure for estimating added sugars content in food items reported in 2023 KNHANES
Procedurea)

Step 1. Assign 0 g added sugars to foods with 0 g total sugars.
Step 2. Assign 0 g added sugars to foods in the following food groups:
  (a) Fresh or minimally processed fruits, vegetables, legumes, nuts, and seeds (including boiled, blanched, dried, or frozen forms).
  (b) Fresh or minimally processed meat and seafood (including boiled, blanched, dried, or frozen forms).
  (c) All plain cereal grains, rice, flours, noodles, and pasta.
  (d) All spices and herbs.
  (e) All fats and oils.
  (f) Eggs and egg products (except egg-based desserts).
  (g) Plain breads (such as English muffins, bagels, pizza bases, and naan).
  (h) Plain pastries without filling.
  (i) Plain rice cake (such as Garaetteok and Jeolpyeon).
  (j) 100% fruit/vegetable juice and juice/cordial base sweetened with artificial sweeteners only.
  (k) Non-sweetened alcoholic beverages, coffee, and tea.
  (l) Non-sugar-sweetened milk and dairy products.
  (m) Intensely sweetened jam and beverage base (without added sugar).
Step 3. Assign 100% of total sugars as added sugars for foods in the following food groups:
  (a) Breakfast cereals and cereal bars that do not contain fruit, chocolate, or dairy products.
  (b) �Savory biscuits, sweet biscuits, cakes and buns, donuts and batter-based products that do not contain fruit, chocolate or dairy 

products.
  (c) Processed meat (such as bacon and sausages) and seafood (such as fish sausages and fermented seafood including Jeotgal)
  (d) Crumbed/battered meat and seafood.
  (e) All confectionery except those containing dairy products such as fudge and chocolate.
  (f) Frozen desserts that do not contain fruit, chocolate, or dairy products.
  (g) Regular soft drinks, sports drinks, flavored water and non-fruit-based energy drinks.
  (h) Coffee and beverage base with no milk solids, dry or made up with water.
  (i) Soy beverages and soy yogurt without added fruits.
  (j) Honey, sugar and syrups.
  (k) Sauces, seasonings, dressings, stock powder and broths that do not contain fruit, chocolate, or dairy products.
Step 4. Calculation based on comparison with values from the unsweetened variety.
  The amount of added sugars needed per 100 g (AS100 g) to sweeten the unsweetened product to achieve the final listed sugars 

content (STotal) is given by the following formula:
  

  where Sus is the total sugars content per 100 g of the unsweetened variety of the food.
Step 5. Calculation based on analytical data from the KFCTb).
  When the target food item is available in the KFCT, its analytical values for total sugars, lactose, and maltose are used to estimate the 

added sugars content. If the target food item is not available in the KFCT, a similar food is selected for estimation. The added sugars 
content estimated using analytical data of the similar food must not exceed the total sugars content of the target food item. Based 
on the selected food (identical or similar), added sugars content was calculated as follows:

  (a) �If analytical data for lactose are available and the ingredients do not include dried fruits or malted cereals, added sugars content 
is calculated as total sugars minus lactose.

  (b) �If the food contains malted cereals and analytical data for both lactose and maltose are available, added sugars content is 
calculated as total sugars minus lactose and maltose.

Step 6. Use borrowed values from similar products from steps 1–5 or from overseas databases.
  (a) The added sugars value is directly borrowed from a similar food identified in steps 1–5.
  (b) �In the absence of a similar food from steps 1–5, the added sugars value is estimated using data from similar foods identified in the 

USDA Global Branded Food Products Database (GBFPD)c) and the Australian Food and Nutrient Database (AUSNUT)d). The added 
sugars content of the target food item is calculated as total sugars multiplied by the proportion of added sugars in a similar food.

Step 7. Assign 50% of total sugars as added sugars.
  If estimation of added sugars content is impossible from Steps 1–6, then added sugars is assumed to be 50% of total sugars.
KNHANES, Korea National Health and Nutrition Examination Survey.
a)The 7-step procedure developed by adapting the original procedure proposed by Louie et al. [9] to enhance its applicability to the KNHANES data, with 
modifications specifically applied to steps 2, 3, and 5. b)National Institute of Agricultural Sciences (NAS); Rural Development Administration. Korean Food 
Composition Table (KFCT), version 10.2. c)United States Department of Agriculture (USDA). Global Branded Food Products Database, release date June 
2025. d)Food Standards Australia New Zealand (FSANZ). Australian Food and Nutrient Database 2023, release date September 2025. 
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Does the food contain 0 g of total sugars?

Does the food belong to one of the no 
added sugar food groups?

Added sugar = 0

Does the food belong to one of the 100% 
added sugar food groups?

Is there a comparable unsweetened variety 
of the food?

Are analytical data of individual sugar 
types available?

Are there any similar products with known 
added sugar content (from overseas 
database or from steps 1 – 5)?

Step 1

50% of the total sugars as added sugarsb)

Added sugar = 100% total sugars

Calculate added sugar based on
unsweetened variety method

Estimate based on analytical data

Borrow value from similar foods

No

Step 2

Step 3
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Yes

Fig. 1. Decision-making flowchart for estimating added sugars content in food items. a)Number (%) of food items assigned to each step 
according to the National Food Code in the food intake data from 2023 Korea National Health and Nutrition Examination Survey. b)The 
proportion of total energy intake contributed by food items classified in step 7 was 1.7% from all food items.

Estimation of population-level added sugars intake
The added sugars content of individual food items was applied to 
24-hour dietary recall data from the 2023 KNHANES to estimate 
added sugars intake. The mean intakes of total sugars and esti-
mated added sugars were presented by sex and age group. The 
percentage of total energy intake contributed by added sugars was 
derived using an energy conversion factor of 4 kcal/g. In addition, 
based on the 2025 KDRIs recommendation to limit added sugars 
intake to no more than 10% of total energy intake, the prevalence 
of added sugars intake exceeding 10% of total energy intake was 
estimated.

Statistical analysis
Mean contents of total sugars and estimated added sugars in 
foods were presented by food group as means with standard devi-
ations, along with estimated added sugars as a percentage of total 
sugars. The energy, total sugar, and added sugars intakes were pre-
sented as the weighted means with standard errors. The percent-
age of energy intake from added sugars and the prevalence of ex-
cessive intakes were presented as the weighted percentages with 
standard errors. Sampling weights were applied to account for the 
complex sampling design of the 2023 KNHANES. All data analy-
ses were conducted using SAS ver. 9.4 (SAS Institute Inc.).

RESULTS

Application of the added sugars content estimation 
procedure
Fig. 1 illustrates the distribution of food items according to the 
modified 7-step procedure. Of the total food items, 87.4% were 
assigned to objective steps (steps 1–5), while 12.6% were assigned 
to subjective steps (steps 6–7). Added sugars were estimated for 
73.9% of food items using the most straightforward steps (steps 
1–3). Of all food items, 53.0% were assigned to step 1 (total sugars 
content = 0) or step 2 (non-added sugars food groups) and were 
therefore estimated to contain no added sugars. In contrast, 20.9% 
were assigned to step 3 as foods in which 100% of total sugars 
were considered added sugars.

Added sugars content of the South Korean foods
Table 2 shows the mean contents of total sugars and estimated 
added sugars by food group, based on estimates for individual 
food items obtained using the modified procedure presented in 
Table 1. Food groups were classified according to the Korean 
Food Code classification system for processed foods established 
by the MFDS [24]. Excluding ‘Saccharides’ (68.3 g/100 g) and 
‘Honey and Pollen Products’ (63.5 g/100 g), the food groups with 
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the highest mean added sugars content were ‘Cocoa Products or 
Chocolates’ (44.6 g/100 g) and ‘Jams’ (43.8 g/100 g), with added 
sugars accounting for 88.1% and 86.9% of total sugars, respective-
ly. ‘Confectioneries, Breads or Rice Cakes’ contain 20.7 g/100 g of 
added sugars, corresponding to 91.7% of total sugars. ‘Frozen 
Confectioneries’ (13.4 g/100 g), ‘Processed Agricultural Foods’ 
(10.9 g/100 g), and ‘Beverages’ (10.5 g/100 g) also contained more 
than 10 g/100 g of added sugars.

Added sugars intake among the South Korean 
population
Table 3 presents the mean daily intakes of total sugars and added 
sugars by sex and age group. In the overall population, mean total 
sugars intake was 58.3 g/day, while mean estimated added sugars 
intake was 30.7 g/day, accounting for more than half of total sug-
ars intake. Total sugars intake was consistent with the intake re-
ported by the MFDS using the same 2023 KNHANES data [8], 
but it differed from that reported by the KDCA, which applied 
standardization in its analysis [25].

The mean intake of added sugars was higher in men (34.3 g/

day) than in women (27.2 g/day). The highest mean intake of 
added sugars was observed among adolescents aged 12–18 years 
(45.3 g/day), followed by young adults aged 19–29 years (40.7 g/
day). Across all sex and age subgroups, the highest mean intakes 
of both total sugars and added sugars were observed in adolescent 
boys aged 12–18 years, at 73.9 g/day and 49.3 g/day, respectively.

Table 4 shows the percentage of total energy intake from added 
sugars and the prevalence of excessive added sugars intake by sex 
and age group. Added sugars contributed 6.8% of total energy in-
take in the overall population. The percentage of total energy in-
take from added sugars was comparable between men (6.7%) and 
women (6.8%). The percentage of total energy intake from added 
sugars exceeded 8% among children, adolescents, and young 
adults, specifically those aged 6–11 years (8.6%), 12–18 years 
(9.1%), and 19–29 years (8.7%). Notably, the percentage of energy 
intake from added sugars was highest among adolescent girls 
aged 12–18 years (9.7%), approaching the 10% limit recommend-
ed by the 2025 KDRIs [6].

Excessive added sugars intake was defined as consuming more 
than 10% of total energy from added sugars, in accordance with 

Table 2. Mean contents of total sugars and added sugars by food group in this study

Food groupa) No. of food itemsb) Total sugars 
(g/100 g)

Added sugars 
(g/100 g)c)

Added sugars as a percentage 
of total sugars (%)

Saccharides 21 68.3±32.9 68.3±32.9 100
Honey and pollen products 7 63.5±21.3 63.5±21.3 100
Cocoa products or chocolates 38 49.2±14.5 44.6±14.8 88.1
Jams 11 50.5±6.8 43.8±10.5 86.9
Confectioneries, breads, or rice cakes 302 21.9±18.3 20.7±18.2 91.7
Frozen confectioneries 77 17.0±5.3 13.4±5.7 77.7
Processed agricultural foods 92 13.6±13.2 10.9±12.9 61.3
Beverages 263 13.9±17.6 10.5±15.6 73.7
Pickled foods or boiled foods 42 9.8±14.8 8.9±14.7 73.1
Soy sauces and pastes 37 8.0±11.0 7.7±11.1 88.8
Seasoning foods 106 9.2±9.0 7.6±7.9 79.2
Milk products 120 10.2±9.8 6.0±7.3 52.7
Prepared meals 22 6.7±9.6 4.3±7.2 59.9
Processed fishery foods 81 2.9±5.8 2.8±5.8 95.2
Processed meat products and packaged meats 35 2.4±5.1 2.2±5.1 95.7
Alcoholic beverages 56 1.4±3.5 0.8±2.0 43.6
Soybean curds or muk (starch jellies) 14 0.2±0.3 0.0±0.1 12.5
Noodles 31 0.9±1.7 0.0±0.0 0
Egg products 10 0.1±0.1 0.0±0.0 0
Edible fats and oils 30 0.0±0.0 0.0±0.0 NA
Total sugars and added sugars contents are presented as mean±standard deviation.
NA, not calculated because the total sugar content was zero.
a)Food groups were classified according to the Korean Food Code classification system for processed foods established by the Ministry of Food and Drug 
Safety [24]. Raw food ingredients and prepared dishes were excluded. Food groups with fewer than five food items were also excluded: foods for special 
dietary uses (n=4), processed animal food products (n=1), and other foods (n=2). b)National Food Code in the food intake data from 2023 National 
Health and Nutrition Examination Survey. c)Added sugars were estimated for each food item using the modified procedure for estimating added sugars 
content described in Table 1, and mean values were calculated by food group.
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the 2025 KDRIs recommendation [6]. In the overall population, 
21.2% of participants consumed more than 10% of their total en-
ergy from added sugars. More than one-third of adolescents aged 
12–18 years (34.5%) and young adults aged 19–29 years (33.8%) 
exceeded the recommended limit. Within these age groups, wom-
en had a higher prevalence of excessive added sugars intake than 
men, with a prevalence greater than 37.0% among women aged 
12–18 years (37.9%) and 19–29 years (37.0%).

DISCUSSION

In the present study, the methodology proposed by Louie et al. [9] 
was applied to estimate added sugars intake among South Kore-

ans using data from the 2023 KNHANES. Because nationally rep-
resentative estimates of added sugars intake in the South Korean 
population have never been reported before, the sugars intake 
from processed foods reported by the MFDS [8] was used as a ref-
erence for comparison. However, the sugars content of processed 
foods is inherently higher than their added sugars content, as pro-
cessed foods contain both added and naturally occurring sugars. 
For example, flavored strawberry yogurt contains lactose from 
milk, sugars derived from strawberries, most of which are present 
as free sugars because of cellular disruption during processing, 
and sugars added during processing; therefore, its total sugars 
content exceeds its added sugars content. Accordingly, the esti-
mated added sugars intake in this study was lower than the total 

Table 3. Mean intakes of total sugars and added sugars by sex and age group among South Koreans (2023 KNHANES)
Age group 
(yr)

No. of participantsa) Total sugars (g/day) Added sugars (g/day)b)

All Men Women All Men Women All Men Women
All 6,786 3,016 3,770 58.3±0.7 60.8±1.0 55.8±0.8 30.7±0.5 34.3±0.7 27.2±0.6
1–2 87 40 47 49.8±3.3 54.6±5.6 44.6±2.9 15.6±2.7 18.3±5.0 12.6±1.6
3–5 129 64 65 58.5±3.5 61.0±5.1 56.1±4.5 26.9±2.1 29.0±3.3 24.8±2.5
6–11 403 204 199 66.4±2.7 69.7±4.0 62.9±3.0 38.3±1.8 39.5±2.3 37.1±2.3
12–18 386 197 189 68.5±2.8 73.9±4.3 62.5±3.5 45.3±2.5 49.3±3.6 40.8±2.8
19–29 600 284 316 60.6±2.2 62.4±2.8 58.6±2.8 40.7±1.8 42.2±2.4 39.0±2.3
30–49 1,625 715 910 59.0±1.2 61.3±1.7 56.5±1.5 34.1±0.9 37.8±1.4 30.2±1.0
50–64 1,758 720 1,038 57.7±1.2 58.0±1.8 57.4±1.4 25.9±0.7 29.2±1.1 22.5±0.7
≥65 1,798 792 1,006 50.9±1.2 54.8±1.6 47.9±1.3 18.7±0.5 22.3±0.8 15.9±0.5
Values for total sugars and added sugars intake are presented as weighted mean±standard error. All weighted models accounted for the complex 
sampling design of the 2023 Korea National Health and Nutrition Examination Survey (KNHANES).
a)Numbers of participants are unweighted. b)Mean intake of added sugars was estimated using the modified procedure for estimating added sugars 
content described in Table 1. 

Table 4. Percentage of energy intake from added sugars and prevalence of excessive added sugars intake by sex and age group among 
South Koreans (2023 KNHANES)

Age group 
(yr)

No. of participantsa) Percentage of energy intake 
from added sugars (%)b)

Prevalence of excessive added sugars 
intake (%)c)

All Men Women All Men Women All Men Women
All 6,786 3,016 3,770 6.8±0.1 6.7±0.1 6.8±0.1 21.2±0.6 21.1±0.9 21.3±0.8
1–2 87 40 47 5.2±0.8 5.5±1.4 4.8±0.6 16.2±4.6 16.5±7.2 15.8±5.5
3–5 129 64 65 7.8±0.5 8.2±0.8 7.3±0.6 30.0±4.7 33.1±7.2 27.0±5.7
6–11 403 204 199 8.6±0.4 8.3±0.5 8.9±0.5 32.0±3.1 29.4±3.6 34.7±4.2
12–18 386 197 189 9.1±0.4 8.6±0.6 9.7±0.6 34.5±2.7 31.4±3.8 37.9±3.5
19–29 600 284 316 8.7±0.3 7.9±0.4 9.6±0.5 33.8±2.3 30.9±2.9 37.0±3.0
30–49 1,625 715 910 7.2±0.2 7.1±0.2 7.4±0.2 23.7±1.3 24.0±1.7 23.4±1.6
50–64 1,758 720 1,038 5.7±0.1 5.8±0.2 5.6±0.1 14.1±0.9 14.6±1.4 13.5±1.1
≥65 1,798 792 1,006 4.7±0.1 4.9±0.1 4.5±0.1 9.6±0.8 9.4±1.2 9.7±1.0
Values for the percentage of energy intake from added sugars and the prevalence of excessive added sugars intake are presented as weighted 
percentage±standard error. All weighted models accounted for the complex sampling design of the 2023 Korea National Health and Nutrition Examination 
Survey (KNHANES).
a)Number of participants are unweighted. b)Percentage of total energy intake contributed by added sugars estimated using the modified procedure for 
estimating added sugars content described in Table 1. c)Prevalence of South Koreans consuming >10% of total energy from added sugars (The 2025 
Korean Dietary Reference Intakes recommendation).
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sugars intake from processed foods reported by the MFDS [8]. In 
the overall population, the mean estimated added sugars intake 
was 30.7 g/day, which was somewhat lower than the reported sug-
ars intake from processed foods (35.5 g/day).

This study revealed that the prevalence of excessive added sug-
ars intake was 21.2%, indicating that one in five South Koreans 
exceeds the recommended upper limit of 10% of total energy in-
take from added sugars. Excessive intake was particularly preva-
lent among school-aged children (6–11 years), adolescents (12–18 
years), and young adults (19–29 years), among whom approxi-
mately one-third were classified as excessive consumers of added 
sugars. The highest prevalence was observed in adolescent girls 
(37.9%). A previous study using data from the 2019–2024 KN-
HANES examined the proportion of the population whose sugar 
intake from processed foods exceeded the WHO recommenda-
tion of less than 10% of total energy intake [26]. The study report-
ed higher proportions of excessive sugar intake from processed 
foods among children, adolescents, and young adults, with the 
highest proportion observed among school-aged girls (41.4%), 
consistent with the findings of the present study. In the United 
States and the United Kingdom, adolescents and young adults 
also exhibit higher added sugars intake than other age groups 
[27,28].

The primary sources of sugar intake from processed foods 
among the South Korean population are beverages, confectionery, 
and bakery products [8,26], which likely contribute to the high in-
take of added sugars among children and adolescents. In particu-
lar, beverages are a major source of added sugars, with the highest 
intake observed among adolescents and young adults [29,30]. In 
the present study, the estimated added sugars content was relative-
ly high in these food groups, and added sugars accounted for a 
substantial proportion of total sugars. Therefore, these food 
groups may contribute considerably to added sugars intake, re-
flecting both their high added sugars content and their larger con-
sumption among children and adolescents.

These findings indicate the need for targeted nutrition strate-
gies for population subgroups with high added sugars intake, par-
ticularly adolescent girls. For these groups, nutrition education 
should focus on identifying the major dietary sources of added 
sugars, including sugar-sweetened beverages, confectionery, and 
bakery products, rather than simply emphasizing the reduction of 
total sugar intake. Practical strategies may include replacing sug-
ar-sweetened beverages with water or unsweetened beverages and 
substituting sweetened snacks with healthier alternatives, such as 
fresh fruits. School-based nutrition education programs tailored 

to adolescents may also help promote healthier food choices and 
reduce the habitual consumption of snacks and beverages high in 
added sugars. These approaches may support more effective clini-
cal nutrition guidance and targeted strategies to reduce added 
sugars intake among high-risk groups.

In the present study, a modified 7-step procedure based on the 
methodology proposed by Louie et al. [9] was applied to estimate 
added sugars intake among South Koreans. Several studies have 
examined Louie’s methodology, and it has been demonstrated to 
be reliable and valid [10-14]. When Louie’s methodology was ap-
plied by two independent researchers to estimate the added sug-
ars content of foods, a high level of inter-rater agreement was ob-
served [23]. Furthermore, the estimated values derived using 
Louie’s methodology demonstrated excellent agreement with the 
added sugars values declared on food labels [13]. However, select-
ing the most appropriate step for each food item inherently in-
volves a degree of subjective judgment [23].

This issue may be particularly relevant when adapting the origi-
nal Australian procedure to South Korean food items, because 
some South Korean foods are not covered in the original proce-
dure and require contextual interpretation based on their ingredi-
ents and processing methods. For example, unsweetened rice 
cakes were assigned to step 2, which includes non-added sugars 
food groups, because they are considered to contain no added 
sugars. In contrast, fishery processed products, such as fish sau-
sage and jeotgal, were assigned to step 3, in which total sugars are 
assumed to be 100% added sugars, because their main ingredients 
contain little or no naturally occurring sugars.

To reduce potential bias in assigning food items to certain steps, 
assignments were based on available ingredient information and 
the total sugars content of the main ingredients, and were system-
atically reviewed. Nevertheless, because the procedure was modi-
fied to reflect both data availability and South Korean dietary cul-
ture, further validation is needed to assess its reliability. In particu-
lar, inter-rater reliability was not quantitatively assessed in the 
present study, although discrepancies were resolved by consensus 
between the two researchers. Therefore, future studies should 
evaluate the reliability, reproducibility, and validity of the modi-
fied procedure.

It should be noted that added sugars intake in the present study 
was estimated using data from a single 24-hour dietary recall and 
therefore may not reflect individuals’ usual intake. Although the 
24-hour dietary recall method is widely used in national dietary 
surveys, it captures dietary intake for only one day and may be 
subject to recall bias. In particular, for items that are frequently 
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consumed but may be easily omitted during recall, such as snacks 
and beverages, the amounts consumed may be systematically un-
der- or over-reported. If added sugars intake was under- or over-
estimated, the proportion of individuals exceeding 10% of total 
energy intake from added sugars, which was calculated based on 
these estimates, may also have been affected. Considering these 
limitations, the estimates presented in this study should be inter-
preted as daily intake estimates based on 1-day dietary data, and 
the prevalence of excessive added sugars intake should be inter-
preted with caution.

To the best of our knowledge, this is the first study to estimate 
added sugars intake among South Koreans using nationally repre-
sentative data from the KNHANES. Unlike previous studies that 
focused on total sugars or sugars derived from processed foods, 
this study specifically estimated added sugars intake, which con-
stitutes the primary target of sugar reduction policies. This dis-
tinction is significant because evidence-based policies for sugar 
reduction require population-level monitoring of added sugars 
intake. The mandatory declaration of added sugars on food labels, 
as implemented in the United States [7], could provide a founda-
tion for effective sugar reduction policies, including regulatory 
measures targeting the added sugars content of processed foods. 
Moreover, further research identifying the major dietary sources 
of added sugars across population subgroups would contribute to 
the development of targeted sugar reduction strategies. At a time 
when the introduction of a sugar tax is being actively debated in 
South Korea, the findings of this study provide timely, policy-rele-
vant evidence on the current status of added sugars intake in the 
South Korean population, offering an important scientific basis 
for public health decision-making.
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Objective: This study aimed to identify dietary patterns and examine their associations with sociodemographic and lifestyle charac-
teristics among South Korean primary school–aged children.
Methods: Data from 10,173 children aged 6–12 years who participated in the 2007–2022 Korea National Health and Nutrition 
Examination Survey were analyzed. Their dietary intake was assessed using a 24-hour dietary recall, and dietary patterns were de-
rived from the energy contributions of 26 food groups through cluster analysis.
Results: Three patterns were identified: rice-based pattern (47.3%), flour-based pattern (17.7%), and diversified type (35.1%). From 
2007 to 2022, the prevalence of the rice-based pattern declined substantially (56.6% to 32.6%), whereas that of the diversified 
type markedly increased (27.3% to 47.0%). Survey-weighted analyses revealed that the dietary patterns were significantly associat-
ed with age, household income, vigorous physical activity, meal-skipping, eating-out frequency, and dietary supplement use (all, 
P<0.05). Children following the flour-based pattern tended to be older, skip breakfast more often, and engage in less vigorous phys-
ical activities. The rice-based pattern included a higher proportion of children from low-income households, whereas the diversified 
type showed more favorable socioeconomic characteristics and family breakfast practices. Overall, the rice-based and flour-based 
patterns were associated with less favorable lifestyle behaviors than the diversified type.
Conclusion: Dietary patterns among South Korean primary school–aged children appear to be closely related to socioeconomic 
status and daily health behaviors. Nutrition education and public health interventions promoting balanced diets, reduced meal skip-
ping, and healthier lifestyles during childhood are needed.
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INTRODUCTION

Dietary habits established during childhood considerably impact 
physical growth, cognitive development, and long-term health 
outcomes [1]. Childhood is a sensitive period during which food 
preferences and eating behaviors are formed, and these behaviors 
often persist into adolescence and adulthood [2]. Unhealthy di-
etary habits developed during childhood are associated with in-
creased risks of obesity and other chronic health problems later in 
life [1,2]. Therefore, understanding childhood dietary behaviors is 
essential for developing effective nutrition policies and early-life 
interventions aimed at promoting lifelong health.

In recent decades, rapid socioeconomic development and food 
environment changes have substantially altered dietary behaviors 
worldwide, including in South Korea [3]. Traditional South Kore-
an diets comprising rice, vegetables, legumes, and fermented 
foods have gradually shifted toward more Westernized dietary 
patterns commonly involving processed and convenience foods, 
particularly among children and adolescents [3,4]. Recent studies 
based on the Korea National Health and Nutrition Examination 
Survey (KNHANES) have also reported changes in dietary behav-
iors among South Korean youth [4]. These dietary transitions 
have raised public health concerns, considering that Westernized 
dietary patterns have been linked to poorer dietary quality and 
undesirable health effects among children and adolescents [5].

Traditional nutritional epidemiology often focuses on individu-
al nutrients or specific food items [6]. However, given that foods 
are consumed in combination rather than independently, analyses 
focusing solely on single nutrients may not adequately reflect 
overall eating behaviors [7]. Thus, dietary pattern analysis has 
been widely used to evaluate overall dietary intake by considering 
food combinations that are habitually consumed within popula-
tions [7,8]. Empirical methods, including factor and cluster analy-
ses, have been extensively applied to identify major dietary pat-
terns and examine their associations with nutritional status, obesi-
ty, and socioeconomic characteristics [8].

KNHANES is a nationally representative cross-sectional survey 
that provides comprehensive information on the South Korean 
population’s dietary intake, health behaviors, and socioeconomic 
characteristics [9]. Previous KNHANES-based studies have iden-
tified distinct dietary patterns, including traditional and Western-
ized dietary patterns, among South Korean children and adoles-
cents [4]. However, the Westernized dietary patterns have been 
associated with poorer dietary quality and unfavorable health out-
comes among younger populations [5]. Additionally, socioeco-

nomic disparities in dietary behaviors have consistently been ob-
served, suggesting the substantial influence of household income, 
parental environment, and lifestyle behaviors on children’s dietary 
patterns [10,11].

Although dietary patterns among South Korean children and 
adolescents have already been widely studied, less attention has 
been given to primary school–aged children. This age period may 
be crucial because children gradually become more independent 
in food selection while still remaining influenced by family envi-
ronments and parental dietary practices. Furthermore, dietary be-
haviors established during the early school-age may be applied 
into later stages of life and contribute to future health inequalities 
[2]. Therefore, dietary patterns and related socioeconomic and 
lifestyle factors during this developmental stage must be identified 
to establish effective early nutritional interventions.

Accordingly, this study aimed to identify major dietary patterns 
among South Korean primary school–aged children included in 
the 2007–2022 KNHANES database and to examine differences 
in nutrient intake, sociodemographic characteristics, and lifestyle 
behaviors according to dietary patterns.

METHODS

Ethics statement
All participants provided written informed consent. The Institu-
tional Review Board (IRB) of the Korea Disease Control and Pre-
vention Agency reviewed and approved the protocols of KN-
HANES. This study was exempted from additional IRB approval, 
given the use of de-identified, publicly available KNHANES data.

Study design and participants
This study used data from KNHANES, which is conducted annu-
ally by the Korea Disease Control and Prevention Agency. This 
survey targets the noninstitutionalized civilian population of 
South Korea, with informed consent obtained from all partici-
pants. Although KNHANES was initially conducted in 1998, 
2001, and 2005, it has been conducted annually since 2007. To 
evaluate long-term, continuous secular trends in dietary patterns 
among primary school–aged children in South Korea, this study 
used data collected between 2007 and 2022.

The initial sample included 10,233 children aged 6–12 years 
who completed all three KNHANES components, namely, the 
health interview/health behavior survey, health examination, and 
nutrition survey. Of these participants, 60 were excluded because 
of having implausible total daily energy intake ( ≤ 500 kcal or 



Adiyasuren Dookhuu, et al.  Dietary pattern trends in South Korean children 

151https://e-cnr.org

> 5,000 kcal). Ultimately, 10,173 primary school–aged children 
(5,286 boys and 4,887 girls) were included in the analysis.

Dietary assessment
Dietary intake was assessed using a standardized 24-hour dietary 
recall method. In this method, information on the time, type, and 
quantity of all foods and beverages consumed by participants 
during the previous 24 hours was collected by trained interview-
ers. Visual aids, including food models and photographs, were 
also used to enhance recall accuracy. Between 2007 and 2021, di-
etary data were obtained at participants’ homes, and the day be-
fore the survey served as the reference day. From 2022 onward, 
the reference day was defined as 2 days before the survey, and in-
terviews were conducted in mobile examination units, in accor-
dance with the procedures specified by KNHANES.

Dietary pattern analysis
Dietary patterns were identified by classifying food items into 26 
groups according to the KNHANES food classification system. 
Grouping was mainly based on similarities in nutrient composi-
tion, as well as culinary use and the food processing level [8].

Grain and grain-based foods contribute substantially to total 
daily energy intake; hence, staple foods were further divided into 
six subgroups: whole grains, refined white rice, refined grains, 
wheat flour and bread, processed white rice, and flour-based 
foods.

Salted vegetables, including kimchi, contribute substantially to 
sodium intake; thus, they were classified separately from fresh 
vegetables. Furthermore, meat products were subdivided into 
red meat, poultry, and processed meat, while beverages were 
categorized as fruit juices, tea and coffee, and sugar-sweetened 
beverages.

In total, 26 food groups were defined: whole grains, refined 
white rice, refined grains, wheat flour and bread, processed white 
rice, flour-based foods, potatoes, sweets, legumes and tofu (in-
cluding soymilk), nuts, unsalted vegetables, kimchi and salted 
vegetables, seasonings, fruits, red meat, poultry, processed meat, 
eggs, fish and seafood, seaweed, milk and dairy products, plant 
oils, animal oils, fruit juices, tea and coffee, and sugar-sweetened 
beverages.

Moreover, the proportion of energy derived from each group 
was calculated to evaluate each food group’s contribution to total 
energy intake while standardizing intake across individuals with 
differing total energy consumption and accounting for weight and 
volume differences between solid and liquid items. This ener-

gy-based approach is widely used in dietary pattern analysis be-
cause it expresses each food group’s contribution relative to an in-
dividual’s overall diet rather than in absolute terms, enabling com-
parison across participants with different total intake levels. How-
ever, given that energy-dense food groups inherently contribute a 
larger share of total energy, high-energy food groups (e.g., grains, 
meat, and oils) may be given a proportionally greater weight by 
this approach than low-energy but nutritionally relevant food 
groups (e.g., vegetables and seaweed), indicating a limitation of 
this study. Subsequently, dietary patterns were identified using 
K-means cluster analysis based on these proportions across the 26 
food groups. The optimal number of clusters, determined using 
Ward’s method, was three. These clusters were selected according 
to the dendrogram structure and the clinical interpretability of the 
resulting dietary patterns. Each dietary pattern was assigned a de-
scriptive name that reflected the dominant food groups con-
sumed within each cluster. The clustering procedures (PROC 
CLUSTER and PROC FASTCLUS) do not support complex sur-
vey sampling weights; hence, sampling weights were not applied 
during the clustering procedure itself.

Nutrient intake
Total daily energy intake was calculated from all reported foods 
and beverages. To calculate the percentage of energy derived from 
carbohydrates and protein, we multiplied carbohydrate or protein 
intake (g) by 4 kcal, divided by total energy intake (kcal), and then 
multiplied by 100. For the percentage of energy derived from fat, 
we multiplied fat intake (g) by 9 kcal, divided by total energy in-
take (kcal), and multiplied by 100.

Nutrient intake was evaluated using 14 components: total ener-
gy (kcal), protein (g), fat (g), carbohydrate (g), calcium (mg), 
phosphorus (mg), iron (mg), potassium (mg), vitamin A (retinol 
activity equivalents [RAE]), carotene (μg), thiamin (mg), ribofla-
vin (mg), niacin (mg), and vitamin C (mg).

All values were standardized to a single metric, considering that 
the unit used for vitamin A intake changed following revisions to 
the Korean Dietary Reference Intakes (KDRI). Vitamin A intake 
was calculated as retinol equivalents (retinol+1/6 × β-carotene) 
until 2015, and since 2016, it has been calculated as RAE (ret-
inol+1/12 × β-carotene). Accordingly, data from 2007 to 2015 
were recalculated using the RAE standard and included in the fi-
nal analysis.

Demographic and lifestyle information
Data on age, residential area, household income, and vigorous 
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physical activity were collected by trained interviewers through 
face-to-face interviews. Residential areas were classified into ur-
ban and rural. Household income was calculated as equivalized 
monthly income by dividing the total household income by the 
number of household members and then categorized into four 
levels: low, lower-middle, upper-middle, and high. Vigorous phys-
ical activity, which referred to participation in high-intensity 
physical activity for at least 10 minutes per week, was classified as 
yes or no.

Weight status was determined using age- and sex-specific body 
mass index (BMI) percentiles based on the 2017 Korean National 
Growth Charts and then categorized into the following: under-
weight (BMI < 5th percentile), normal weight (BMI 5th to < 95th 
percentile), and obesity (BMI ≥ 95th percentile).

To assess dietary behaviors, we determined the frequency of 
skipping breakfast, lunch, and dinner and whether meals were 
consumed with family members. In addition, eating-out frequen-
cy was classified into three: none, 1 to 6 times per week, and at 
least once per day. Criteria for dietary supplement use varied ac-
cording to the survey year; therefore, participants were classified 
as supplement users according to the corresponding survey defi-
nitions.

Statistical analysis
KNHANES employs a complex, multistage, stratified, and clus-
tered sampling design. To obtain nationally representative esti-
mates and appropriate variance estimates, we considered the sur-
vey design in all statistical analyses by incorporating sampling 
weights, stratification variables, and primary sampling units. Fur-
thermore, all analyses were conducted separately for boys and 
girls, reflecting sex-related differences in dietary and behavioral 
characteristics.

Hierarchical cluster analysis based on Ward’s method, followed 
by K-means clustering, was applied for identifying dietary pat-
terns. We present continuous variables as weighted means and 
standard errors, and categorical variables as weighted percentages 
and standard errors. For evaluating group differences, the Rao-
Scott chi-square test and survey-weighted linear regression mod-
els were employed. As mentioned, sampling weights were not ap-
plied during the clustering procedure itself; nonetheless, all subse-
quent descriptive and inferential analyses incorporated the com-
plex survey design, which included the sampling weights, stratifi-
cation, and primary sampling units, to obtain nationally represen-
tative estimates. Moreover, we conducted post hoc pairwise com-
parisons among the three dietary patterns through unadjusted 

pairwise t-tests (linear contrasts) derived from the survey-weight-
ed linear regression models for each nutrient variable, without 
correction for multiple comparisons. The following three pairs of 
dietary patterns were compared: rice-based vs. flour-based, rice-
based vs. diversified-type, and flour-based vs. diversified type.

To examine the associations between dietary patterns and nu-
trient intake, we used survey-weighted linear regression models 
adjusted for age, total energy intake, household income level, and 
BMI category. Meanwhile, weighted Rao-Scott chi-square tests 
were applied for assessing sex-specific secular trends in dietary 
pattern distribution. All statistical data were analyzed using SAS 
ver. 9.4 (SAS Institute Inc.), and a P-value below 0.05 was consid-
ered statistically significant.

RESULTS

Dietary pattern characteristics
Cluster analysis revealed three distinct dietary patterns (Table 1). 
Participants were grouped according to similarities in dominant 
food group consumption. The largest group (n = 4,807, 47.3%) 
showed a markedly higher proportion of energy derived from re-
fined white rice relative to the other groups, thereby labeled as the 
rice-based pattern. The second group (n= 1,800, 17.7%) displayed 
a distinctly higher proportion of energy derived from flour-based 
foods, thereby designated as the flour-based pattern. The remain-
ing group (n= 3,566, 35.1%) exhibited a more even distribution of 
energy intake across food groups without a single dominant 
source, thereby classified as the diversified type.

Secular trends in dietary patterns by sex
Secular trends in the distribution of the three dietary patterns 
(rice-based pattern, flour-based pattern, and diversified type) 
from 2007 to 2022 were examined overall and by sex (Fig. 1). The 
proportion of children classified into the rice-based pattern 
steadily declined from 56.6% in 2007 to 32.6% in 2022. Converse-
ly, the diversified type showed a marked increase, rising from 
27.3% to 47.0%, suggesting that the participants gradually shifted 
toward a more diversified dietary pattern. Meanwhile, the flour-
based pattern increased modestly over time, from 16.1% to 20.4%, 
with 2020 showing the highest proportion.

When stratified by sex, similar trends were observed. Among 
boys, the proportion of those classified into the rice-based pattern 
decreased from 56.8% to 35.4%, whereas the diversified type 
demonstrated an increase, from 25.9% to 45.5% between 2007 
and 2022. The proportion of those displaying the flour-based pat-
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tern varied yearly but remained higher in the later survey years 
than at baseline.

Among girls, the rice-based pattern showed a more pro-
nounced decline, from 56.4% in 2007 to 29.7% in 2022. Mean-
while, the diversified-type demonstrated a substantial increase, 
from 28.7% to 48.5%. The flour-based pattern also exhibited an 
increase, from 14.9% to 21.8%, although fluctuations were ob-
served across survey years. These findings indicate a long-term 
reduction in rice-based dietary habits accompanied by an increase 
in diversified-type, with distinct trajectories observed between 
sexes.

Sociodemographic characteristics by dietary pattern
Tables 2 and 3 list the sociodemographic characteristics of dietary 
pattern groups among boys and girls, respectively. In boys, the 
mean age was highest in the flour-based pattern group (9.46 
years) and lowest in the diversified-type group (8.90 years), 
demonstrating a significant difference across the dietary pattern 

groups (P< 0.001). Household income also differed according to 
dietary pattern. The proportion of low-income participants was 
highest in the rice-based pattern group (28.0%), whereas the pro-
portion of high-income participants was relatively higher in the 
flour-based pattern and diversified-type groups (24.2% and 
24.8%, respectively).

Regarding BMI percentile classification, obesity was most prev-
alent in the flour-based pattern group (12.28%). Breakfast and 
dinner skipping was most common in the flour-based pattern 
group (18.34% and 3.13%, respectively). Daily eating out was 
most frequent in the diversified-type group (29.74%). Moreover, 
the rice-based pattern group had the highest proportion of sup-
plement users (16.47%).

Among girls, the mean age was highest in the flour-based pat-
tern group (9.42 years) and lowest in the rice-based pattern group 
(9.05 years). Household income patterns differed across dietary 
patterns. The diversified-type group had the highest proportion of 
high-income participants (26.7%), whereas the rice-based pattern 

Table 1. Mean percentage of energy intake from food groups according to dietary patterns among South Korean primary school–aged 
children
Food group (% energy) Rice-based pattern Flour-based pattern Diversified type P-value
Whole grains 2.4±4.0 2.4±5.1 3.8±7.2 <0.001
Refined white rice 45.6±10.0 21.2±10.4 22.1±8.2 <0.001
Refined grains 1.9±3.2 1.7±3.2 2.3±4.4 <0.001
Wheat flour and bread 4.2±5.9 5.1±6.8 14.0±12.3 <0.001
Processed white rice 0.2±1.5 0.4±2.5 0.5±3.1 <0.001
Flour-based foods 2.4±5.1 26.8±10.6 2.8±4.7 <0.001
Potatoes 1.1±2.7 1.4±3.4 1.2±3.4 0.0012
Sweets 2.5±4.6 3.0±6.0 4.6±8.0 <0.001
Legumes and tofu, soymilk 1.7±2.7 1.1±2.3 1.4±2.4 <0.001
Nuts 0.5±1.5 0.4±1.8 0.5±1.8 0.059
Unsalted vegetables 2.3±3.1 1.9±3.1 2.3±3.9 <0.001
Kimchi and salted vegetables 0.9±1.1 0.7±0.9 0.7±0.9 <0.001
Seasonings 2.3±2.9 2.4±2.6 2.5±2.8 0.009
Fruits 3.7±5.5 3.6±5.4 4.2±6.0 <0.001
Red meat 6.2±7.3 5.5±7.2 8.7±10.2 <0.001
Poultry 1.8±4.4 2.1±5.0 3.3±7.2 <0.001
Processed meat 1.1±2.9 1.0±3.2 1.3±3.3 0.002
Eggs 2.8±3.7 2.5±3.4 2.6±3.6 <0.001
Fish and seafood 2.8±3.7 2.0±3.5 2.4±3.7 <0.001
Seaweed 0.4±0.8 0.2±0.5 0.3±0.5 <0.001
Milk and dairy products 8.8±7.9 8.6±8.5 12.0±10.1 <0.001
Plant oils 2.8±2.7 3.0±3.2 3.3±3.4 <0.001
Animal oils 0.1±0.4 0.1±0.4 0.2±0.7 <0.001
Fruit juices 0.4±1.7 0.5±1.9 0.8±2.4 <0.001
Tea and coffee 0.0±0.0 0.0±0.1 0.0±0.0 0.037
Sugar-sweetened beverages 1.2±2.9 2.5±4.4 2.4±4.4 <0.001
Values are presented as mean±standard deviation. Data examined using cluster analysis. The P-values were derived from survey-weighted general linear 
models comparing mean percentage energy intake across the three dietary pattern groups. 
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group had the highest proportion of low-income participants 
(28.0%).

BMI percentile classification revealed that obesity was most 
prevalent in the diversified-type group (10.12%). Breakfast skip-
ping was most frequent in the flour-based pattern group (20.5%), 
whereas dinner skipping was most prevalent in the diversi-
fied-type group (4.15%). Daily eating out was most common in 
the flour-based pattern group (33.42%). Moreover, the diversi-
fied-type group had the highest proportion of dietary supplement 
users (17.92%).

Nutrient intake by dietary pattern
Tables 4 and 5 present nutrient intakes across dietary patterns 
among boys and girls according to multivariable-adjusted models, 
respectively. Daily energy intake was 1,828.52 to 2,098.61 kcal 
among boys and 1,567.25 to 1,813.09 kcal among girls, indicating 
differences across dietary patterns.

In boys, the intake of all nutrients, except for carbohydrate, 
iron, vitamin A, and carotene, differed significantly according to 

dietary pattern. The diversified type was associated with relatively 
higher intakes of both macronutrients and micronutrients. Re-
garding macronutrient energy distribution, the rice-based pattern 
group had the highest proportion of energy derived from carbo-
hydrates (65.5%), whereas the diversified-type group had the 
highest proportions derived from fat (27.0%) and protein (14.7%). 
A similar trend was observed among girls. The intake of all nutri-
ents, except for vitamin A and thiamin, differed significantly 
across dietary patterns.

Post hoc pairwise comparisons (Tables 4 and 5) further indicat-
ed that for most nutrients (e.g., energy, protein, fat, and calcium 
intake, and the percentage of energy from carbohydrate, fat, and 
protein), all three dietary patterns differed significantly. For phos-
phorus, potassium, and niacin, the diversified type differed sig-
nificantly from both the rice-based and flour-based patterns, 
which did not differ significantly from each other. Conversely, for 
carbohydrate, riboflavin, and vitamin C, differences were less con-
sistent between sexes, with the rice-based pattern generally differ-
ing from at least one of the other two patterns.
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Table 2. Sociodemographic and lifestyle characteristics of South Korean primary school–aged boys based on dietary patterns

Characteristic All 
(n=5,286)

Rice-based pattern 
(n=2,535)

Flour-based pattern 
(n=969)

Diversified type 
(n=1,782) P-value

Age (y) 9.14±0.03 9.19±0.04 9.46±0.06 8.90±0.05 <0.001
Region of residence 0.423
  City 44.5 (0.79) 43.8 (1.14) 46.6 (1.86) 44.3 (1.35)
  Rural 55.5 (0.79) 56.2 (1.14) 53.4 (1.86) 55.7 (1.35)
Household income status 0.005
  Low 25.5 (0.70) 28.0 (1.05) 26.3 (1.64) 21.7 (1.14)
  Lower-middle 25.74 (0.70) 25.9 (1.03) 24.2 (1.67) 26.4 (1.21)
  Upper-middle 25.32 (0.68) 24.1 (0.98) 25.3 (1.63) 27.1 (1.19)
  High 23.44 (0.66) 22.1 (0.93) 24.2 (1.57) 24.8 (1.15)
Vigorous physical activitya) 0.015
  No 14.6 (1.20) 11.75 (1.38) 20.5 (3.32) 17.2 (2.75)
  Yes 85.4 (1.20) 88.3 (1.38) 79.5 (3.32) 82.8 (2.75)
Pediatric BMI percentile 0.020
  Underweight (<5th percentile) 7.72 (0.49) 9.16 (0.85) 4.76 (0.76) 7.57 (0.77)
  Normal weight (5th to <95th percentile) 81.35 (0.74) 78.78 (1.18) 82.96 (1.53) 80.82 (1.19)
  Obesity (≥95th percentile) 11.39 (0.68) 12.06 (0.93) 12.28 (1.38) 11.60 (0.99)
Perceived weight status 0.320
  Underweight 35.29 (0.76) 35.56 (1.09) 32.55 (1.72) 36.43 (1.30)
  Normal weight 35.70 (0.76) 35.58 (1.09) 35.75 (1.81) 35.87 (1.30)
  Overweight 29.0 (0.74) 28.86 (1.07) 31.70 (1.75) 27.70 (1.23)
Skipping breakfast 13.11 (0.55) 10.78 (0.73) 18.34 (1.47) 13.47 (0.97) <0.001
Skipping dinner 2.15 (0.23) 1.55 (0.28) 3.13 (0.66) 2.44 (0.40) 0.027
Having breakfast with family 89.64 (0.57) 88.56 (0.84) 90.06 (1.36) 91.05 (0.95) 0.150
Having dinner with family 95.89 (0.33) 95.81 (0.47) 95.45 (0.81) 96.23 (0.57) 0.709
Eating-out frequency 0.007
  None 0.72 (0.11) 0.71 (0.16) 0.41 (0.26) 0.58 (0.15)
  1–6 times/wk 70.39 (0.72) 74.80 (1.03) 70.86 (1.72) 69.68 (1.26)
  Daily 27.23 (0.72) 24.49 (1.02) 28.73 (1.71) 29.74 (1.25)
Taking dietary supplement 39.11 (0.78) 16.47 (0.59) 7.70 (0.45) 14.94 (0.56) <0.001
Values are presented as weighted mean±standard error or weighted percentage (standard error). We derived the P-values for categorical variables from 
the Rao-Scott chi-square test, and the P-value for age (continuous variable) from survey-weighted linear regression. 
BMI, body mass index. 
a)Participating in a vigorous physical activity each week.

Sensitivity analysis
To assess whether the associations between sociodemographic/
lifestyle characteristics and dietary patterns remained consistent 
in more recent years, we reanalyzed such associations in the 
2018–2022 survey subsample (n = 2,416) (Table S1). Most vari-
ables (household income status, physical activity, and pediatric 
BMI percentile) showing significant associations in the full 2007–
2022 sample were no longer statistically significant in the smaller, 
more recent subsample. Skipping dinner remained significantly 
associated with dietary pattern in boys and girls (P = 0.025 and 
P = 0.014, respectively). Meanwhile, taking dietary supplements 
remained significantly associated with dietary pattern among girls 
only (P= 0.016). In the recent subsample, associations for house-
hold education and vigorous physical activity could not be esti-
mated because of insufficient cell variation. Overall, while the as-

sociation between meal-skipping behavior and dietary pattern ap-
peared more robust throughout the entire study period, most of 
the sociodemographic associations observed over time should be 
interpreted with some caution when applying them to the current 
dietary and socioeconomic context.

DISCUSSION

This study identified three distinct dietary patterns among South 
Korean primary school–aged children: rice-based, flour-based, 
and diversified-type patterns. Factors such as age, household in-
come, meal-skipping behaviors, physical activity, eating-out fre-
quency, dietary supplement use, and nutrient intake significantly 
differed between these three dietary patterns. Overall, children 
following the diversified type tended to demonstrate more favor-



156 https://e-cnr.org

Adiyasuren Dookhuu, et al.  Dietary pattern trends in South Korean children 

able nutritional profiles and healthier lifestyle behaviors; in con-
trast, those in the rice-based and flour-based patterns showed rel-
atively less healthy dietary and behavioral characteristics. In secu-
lar trend analyses, the rice-based pattern showed a gradual de-
cline, whereas the diversified type exhibited an increase between 
2007 and 2022; however, sex-specific differences were observed.

These renamed patterns help clarify the secular trends observed 
in this study. The rice-based and diversified-type patterns were 
defined according to the dominant source of dietary energy rather 
than a broad East-West dietary orientation. Thus, the steady de-
cline in the rice-based pattern and the corresponding rise in the 
diversified type most plausibly reflect that the dominance of re-
fined white rice gradually declined in children’s diets and that en-
ergy intake tended to be distributed more evenly across food 

groups rather than shifting away from “Western” foods per se. 
This interpretation aligns with broader secular changes in the 
South Korean food environment. For example, dietary variety and 
food availability increased in relation to continued socioeconomic 
development over the study period. At each survey wave, the di-
etary patterns were derived independently using the same cluster-
ing approach; correspondingly, the consistent direction of this 
trend across 16 years and across both sexes further supports the 
interpretation that it represents not an artifact of cluster labeling 
but a genuine shift in children’s dietary behavior.

Age differed significantly across dietary pattern groups, with 
children in the flour-based pattern being the oldest. This finding 
may reflect developmental changes during late childhood, when 
children gradually become more independent in food selection 

Table 3. Sociodemographic and lifestyle characteristics of South Korean primary school–aged girls based on dietary patterns

Characteristic All 
(n=4,887)

Rice-based pattern 
(n=2,272)

Flour-based pattern 
(n=831)

Diversified type 
(n=1,784) P-value

Age (yr) 9.12±0.03 9.05±0.04 9.42±0.07 9.06±0.05 <0.001
Region of residence 0.912
  City 46.1 (0.82) 46.2 (1.22) 45.5 (2.01) 46.5 (1.35)
  Rural 53.9 (0.82) 53.8 (1.22) 54.5 (2.01) 53.5 (1.35)
Household income status 0.005
  Low 24.94 (0.73) 28.0 (1.13) 23.9 (1.77) 21.8 (1.12)
  Lower-middle 25.8 (0.73) 25.6 (1.07) 25.9 (1.79) 26.0 (1.20)
  Upper-middle 24.6 (0.71) 24.2 (1.04) 24.1 (1.73) 25.5 (1.18)
  High 24.66 (0.70) 22.2 (0.98) 26.1 (1.74) 26.7 (1.20)
Vigorous physical activitya) 0.240
  No 22.12 (1.46) 20.79 (1.95) 19.76 (3.57) 25.95 (2.82)
  Yes 77.88 (1.46) 79.21 (1.95) 80.24 (3.57) 74.05 (2.82)
Pediatric BMI percentile 0.649
  Underweight (<5th percentile) 9.59 (0.60) 9.40 (0.90) 9.65 (1.39) 9.76 (0.96)
  Normal weight (5th to <95th percentile) 81.35 (0.77) 82.21 (1.18) 82.09 (1.76) 80.12 (1.25)
  Obesity (≥95th percentile) 8.99 (0.56) 8.39 (0.86) 8.25 (1.23) 10.12 (0.93)
Perceived weight status 0.920
  Underweight 32.67 (0.77) 32.55 (1.14) 32.36 (1.88) 32.99 (1.27)
  Normal weight 44.02 (0.82) 44.77 (1.22) 43.78 (2.01) 43.24 (1.34)
  Overweight 23.31 (0.70) 22.68 (1.03) 23.86 (1.73) 23.77 (1.15)
Skipping breakfast 14.80 (0.61) 10.95 (0.79) 20.5 (1.67) 16.67 (1.05) <0.001
Skipping dinner 2.90 (0.27) 1.58 (0.31) 3.67 (0.67) 4.15 (0.54) <0.001
Having breakfast with family 90.15 (0.55) 89.21 (0.84) 89.98 (1.34) 91.50 (0.88) 0.178
Having dinner with family 96.18 (0.33) 96.29 (0.50) 95.15 (4.84) 96.53 (3.47) 0.318
Eating-out frequency 0.002
  None 0.72 (0.15) 0.85 (0.23) 0.62 (0.42) 0.52 (0.21)
  1–6 times/wk 70.94 (0.76) 74.12 (1.09) 65.96 (1.91) 69.57 (1.25)
  Daily 28.33 (0.75) 25.03 (1.08) 33.42 (1.89) 29.91 (1.24)
Taking dietary supplement 25.7 (0.9) 15.25 (0.60) 7.71 (0.46) 17.92 (0.64) <0.001
Values are presented as weighted mean±standard error or weighted percentage (standard error). We derived P-values for categorical variables from the 
Rao-Scott chi-square test, and the P-value for age (continuous variable) from survey-weighted linear regression.
BMI, body mass index. 
a)Participating in a vigorous physical activity each week.
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Table 4. Least-square means and 95% confidence intervals for nutrient intake and energy distribution according to dietary patterns 
among South Korean primary school–aged boys
Nutrient Rice-based pattern (n=2,535) Flour-based pattern (n=969) Diversified type (n=1,782) P-value
Energy (kcal) 1,828.52a (1,799.66–1,857.38) 1,985.29b (1,933.99–2,036.59) 2,098.61c (2,059.81–2,137.42) <0.001
Protein (g) 64.84a (63.60–66.89) 69.20b (66.91–71.48) 77.21c (75.30–79.12) <0.001
Fat (g) 40.64a (39.66–41.63) 56.44b (54.36–58.52) 64.81c (63.03–66.59) <0.001
Carbohydrate (g) 297.53a (292.75–302.30) 298.51a (290.86–306.16) 300.29ª (294.24–306.33) 0.761
Calcium (mg) 477.71a (464.74–490.68) 456.69b (437.53–475.86) 599.97c (580.93–619.01) <0.001
Phosphorus (mg) 1,052.18b (1,032.25–1,071.11) 883.24b (854.03–912.45) 1,169.13ª (1,145.73–1,192.53) <0.001
Iron (mg) 11.20a (10.12–12.29) 11.19a (10.50–11.88) 12.01a (11.53–12.50) 0.070
Potassium (mg) 2,281.59b (2,237.39–2,327.39) 2,301.61b (2,214.13–2,389.09) 2,552.74a (2,495.25–2,610.23) <0.001
Vitamin A (RAE) 603.99a (564.77–643.71) 559.74a (501.13–618.36) 687.90a (625.03–750.77) 0.587  
Carotene (μg) 2,644.22a (2,420.44–2,868.00) 2,322.10a (1,980.06–2,664.13) 2,697.49a (2,325.60–3,069.39) 0.211
Thiamin (mg) 1.286a (1.253–1.319) 1.40b (1.34–1.45) 1.49c (1.45–1.54) <0.001
Riboflavin (mg) 1.272a (1.242–1.301) 1.61b (1.54–1.67) 1.63b (1.59–1.67) <0.001
Niacin (mg) 12.69b (12.38–12.99) 12.52b (12.02–13.01) 14.50a (14.10–14.88) <0.001
Vitamin C (mg) 70.46a (67.46–73.45) 70.74ab (64.69–76.79) 76.34b (72.32–80.35) 0.050  
Carbohydrate (%EN) 65.51a (65.13–65.89) 60.64b (60.04–61.24) 57.78c (57.22–58.33) <0.001
Fat (%EN) 19.37a (18.93–19.81) 24.85b (24.25–25.45) 27.01c (26.47–27.54) <0.001
Protein (%EN) 14.17a (14.01–14.32) 13.84b (13.59–14.10) 14.72c (14.48–14.95) <0.001
Values are presented as least-squares means (95% confidence intervals). Models were adjusted for age (years, continuous), energy intake (kcal/day, 
continuous), household income status (low, lower-middle, upper-middle, and high), and pediatric body mass index percentile category (underweight, 
normal weight, and obesity). The P-values were derived from the survey-weighted linear regression models described above. Values with different 
superscript letters (a, b, c) within a row differ significantly (P<0.05) according to post hoc pairwise comparisons between dietary patterns; conversely, 
values sharing a letter do not differ significantly.
RAE, retinol activity equivalents; %EN, percentage of total daily energy intake.

Table 5. Least-square means and 95% confidence intervals for nutrient intake and energy distribution according to dietary patterns 
among South Korean primary school–aged girls
Nutrient Rice-based pattern (n=2,272) Flour-based pattern (n=831) Diversified type (n=1,784) P-value
Energy (kcal) 1,567.25a (1,541.41–1,593.09) 1,731.29b (1,685.28–1,777.31) 1,813.09c (1,776.65–1,849.53) <0.001
Protein (g) 54.83a (53.77–55.88) 58.83b (56.83–60.83) 65.14c (63.26–67.01) 0.003
Fat (g) 34.30a (33.41–35.20) 47.77b (45.91–49.63) 54.36c (52.81–55.91) <0.001
Carbohydrate (g) 258.11a (253.78–262.45) 265.81ab (258.46–273.17) 265.60b (260.15–271.06) <0.001
Calcium (mg) 414.78a (401.59–427.97) 456.69b (437.53–475.86)   520.30c (505.34–535.26) <0.001
Phosphorus (mg) 896.53b (880.11–912.95) 883.24b (854.03–912.45)   1,001.15a (979.39–1,022.92) <0.001
Iron (mg) 9.31b (8.99–9.63) 9.59b (8.97–10.21) 10.38a (10.00–10.77) <0.001
Potassium (mg) 2,032.27b (1,986.93–2,077.62) 2,093.05b (2,018.58–2,167.53) 2,272.22a (2,214.39–2,330.06) <0.001
Vitamin A (RAE) 508.26a (484.15–532.38) 471.89a (438.66–505.12) 610.21a (558.87–661.55) 0.993
Carotene (μg) 2,251.76b (2,108.77–2,394.74) 1,928.22a (1,749.81–2,106.62) 2,417.85b (2,116.51–2,719.20) <0.001
Thiamin (mg) 1.09a (1.06–1.11) 1.19b (1.14–1.24) 1.29c (1.25–1.33) 0.269
Riboflavin (mg) 1.08a (1.05–1.11) 1.39b (1.33–1.45) 1.41b (1.37–1.45) <0.001
Niacin (mg) 10.66b (10.42–10.90) 10.67b (10.26–11.08) 12.42a (12.03–12.82) <0.001
Vitamin C (mg) 69.30b (66.04–72.57) 69.24b (62.09–76.40) 79.54a (74.72–84.35) 0.004
Carbohydrate (%EN) 66.22a (65.82–66.63) 61.85b (61.13–62.56) 59.05c (58.53–59.58) <0.001
Fat (%EN) 19.61a (19.29–19.93) 24.39b (23.80–24.99) 26.29c (25.88–26.70) <0.001
Protein (%EN) 14.01a (13.85–14.17) 13.56b (13.29–13.82) 14.36c (14.14–14.58) <0.001
Values are presented as least-square means (95% confidence intervals). Models were adjusted for age (years, continuous), energy intake (kcal/day, 
continuous), household income status (low, lower-middle, upper-middle, and high), and pediatric body mass index percentile category (underweight, 
normal weight, and obesity). The P-values were derived from the survey-weighted linear regression models described above. Values with different 
superscript letters (a, b, c) within a row differ significantly (P<0.05) according to post hoc pairwise comparisons between dietary patterns; conversely, 
values sharing a letter do not differ significantly.
RAE, retinol activity equivalents; %EN, percentage of total daily energy intake.
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and increasingly exposed to food environments outside the home 
[2]. Given that independent eating behaviors increase with age, 
older school-aged children and adolescents are more likely to con-
sume convenience foods and commercially prepared meals than 
the younger ones [3,11].

Household income level was also significantly associated with 
dietary patterns. Children belonging to higher-income house-
holds were more frequently found in the diversified-type group, 
whereas those belonging to low-income households were more 
often noted in the rice-based pattern group. Consistent with our 
findings, previous studies demonstrated that socioeconomic sta-
tus influences dietary quality and meal environments among chil-
dren [10,11]. In addition, children from higher-income house-
holds are more likely to consume breakfast regularly and maintain 
healthier dietary habits than those from lower-income house-
holds [12,13].

Likewise, meal-skipping behaviors differed significantly across 
the dietary patterns. Breakfast skipping was most prevalent in 
both sexes in the flour-based pattern group. Among school-aged 
children and adolescents, breakfast skipping has been consistently 
associated with poorer dietary quality, irregular eating patterns, 
and inadequate micronutrient intake [14,15]. Regular breakfast 
consumption has also been linked to improved cognitive perfor-
mance and academic achievement among children [15,16]. 
Therefore, the risk of unfavorable nutritional and behavioral out-
comes during childhood may increase in the flour-based pattern 
group, who skipped breakfast the most.

Eating-out frequency also varied across dietary patterns. The 
flour-based pattern and diversified-type groups reported higher 
frequencies of daily eating out than the rice-based pattern group. 
Frequent eating out among children is associated with increased 
consumption of energy-dense and commercially prepared foods 
[3,5]. In South Korea, eating-out behaviors among children may 
also reflect broader family lifestyle patterns and food environment 
changes.

Dietary supplement use differed substantially across dietary 
patterns, with lower use observed mostly in the flour-based pat-
tern group. In children, dietary supplement use has been associat-
ed with parental health awareness, socioeconomic status, and 
overall dietary quality [17]. Therefore, children without taking di-
etary supplements in the flour-based pattern group may have par-
ents who paid less attention to balanced nutritional intake or who 
prioritized protein-rich food intake rather than overall dietary 
quality.

In addition, significant differences in vigorous physical activity 

were observed only among boys. Participation in vigorous physi-
cal activity was highest among boys in the rice-based pattern 
group and lowest among those in the flour-based pattern group. 
Physical activity levels among children have been associated with 
dietary behaviors, energy intake, and body weight status [18]. 
Given that regular physical activity during childhood is important 
for healthy growth and obesity prevention, these findings suggest 
that dietary interventions should consider not only food intake 
but also lifestyle behaviors.

Regarding weight status, pediatric BMI percentile differed sig-
nificantly according to dietary patterns among boys only. Mean-
while, girls in the flour-based pattern group demonstrated rela-
tively higher levels of perceived overweight status than their actual 
obesity prevalence. These findings suggest that body weight 
awareness increased during late childhood and that body image 
concerns began to emerge before adolescence [19,20]. Distorted 
body image perception during childhood may contribute to un-
healthy eating behaviors and inappropriate weight-control prac-
tices [20].

Nutrient intake also significantly differed across dietary pat-
terns. The diversified-type group showed relatively higher intakes 
of protein, calcium, potassium, riboflavin, niacin, and vitamin C 
than the other dietary pattern groups. Conversely, the rice-based 
pattern exhibited a higher proportion of energy intake derived 
from carbohydrates. Similar to our findings, previous studies 
showed that Westernized dietary patterns are associated with 
poorer dietary quality and imbalanced nutrient intake among 
children and adolescents [3,5]. Although the diversified type 
demonstrated relatively favorable nutrient profiles, calcium intake 
remained below the recommended levels, consistent with previ-
ous reports indicating insufficient calcium intake among South 
Korean youth [21].

Regarding the overall characteristics of each dietary pattern in 
this study, the diversified type represented the most nutritionally 
balanced dietary behavior, whereas the flour-based pattern repre-
sented a nutritionally vulnerable group characterized by frequent 
meal-skipping, lower micronutrient intake, and less favorable life-
style behaviors. Dietary habits established during childhood have 
been associated with future obesity risk and long-term health out-
comes; therefore, early nutritional interventions targeting school-
aged children are essential [1,2].

Limitations
This study has several limitations. First, the KNHANES exhibits a 
cross-sectional design; consequently, causal relationships between 
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dietary patterns and health-related factors could not be estab-
lished. Second, dietary intake was assessed using a single 24-hour 
dietary recall, which may not accurately reflect participants’ usual 
dietary intake, thereby subjected to recall bias. This limitation 
may be particularly relevant in children because their day-to-day 
dietary intake tends to fluctuate more than that of adults; thus, es-
timates of individual dietary patterns may be less stable. Third, di-
etary pattern analysis using cluster analysis involves subjective de-
cisions regarding food grouping and the number of clusters se-
lected; both may influence the resulting patterns. Additionally, di-
etary patterns were derived from the percentage of energy con-
tributed by each food group; this approach may disproportionate-
ly reflect high-energy food groups and underrepresent low-ener-
gy but nutritionally important food groups such as vegetables and 
seaweed. This limitation should be considered when interpreting 
the nutritional adequacy of the identified patterns. Furthermore, 
residual confounding factors that were not fully controlled may 
have affected the observed associations. Nevertheless, this study 
also has several strengths. For example, we utilized nationally rep-
resentative KNHANES data that were collected over a long-term 
period. We also comprehensively evaluated dietary patterns 
alongside sociodemographic and lifestyle characteristics among 
South Korean primary school–aged children.

Conclusion
Three distinct dietary patterns were identified among South Ko-
rean primary school–aged children, each showing unique socio-
demographic, lifestyle, and nutritional characteristics. The diver-
sified type demonstrated relatively balanced nutritional profiles, 
closely aligning with KDRI recommendations. Meanwhile, the 
rice-based pattern exhibited a higher proportion of energy intake 
derived from carbohydrates, as well as relatively inadequate ener-
gy intake among older girls. In contrast, the flour-based pattern 
may represent a nutritionally vulnerable group characterized by 
older age, frequent meal-skipping, lower dietary supplement use, 
relatively lower micronutrient intake, and greater body weight 
awareness. Furthermore, the rice-based pattern showed a marked 
secular decline, while the diversified type demonstrated an in-
crease between 2007 and 2022, suggesting that South Korean pri-
mary school–aged children have gradually shifted toward more 
diversified dietary habits. Accordingly, age- and time-sensitive nu-
trition policies are needed.

When developing nutritional recommendations and interven-
tion programs for school-aged children, healthcare providers 
should consider not only dietary patterns but also the socioeco-

nomic status, lifestyle behaviors, sex, age, and nutritional needs of 
this population. By receiving early nutritional interventions and 
establishing healthy eating habits during childhood, these chil-
dren may experience better long-term health outcomes.
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Objective: College students exhibit high beverage consumption and various diet-related problems. Therefore, this study investigated 
gender-specific beverage consumption patterns and evaluated beverage-related behaviors and beverage-derived nutrient intake 
among college students.
Methods: This study included 366 college students (171 men and 195 women) from Chungnam, South Korea. Beverage catego-
ries included carbonated and sugar-sweetened beverages, caffeinated beverages, energy drinks, alcoholic beverages, and milk and 
liquid yogurt products. Beverage preference, consumption frequency, beverage-related dietary behaviors, and dietary intake were 
assessed using 3-day 24-hour dietary recalls to evaluate beverage-derived nutrient intake.
Results: The mean total beverage intake was 433.9 g/day. Carbonated and sugar-sweetened beverages accounted for the highest 
intake (144.9 g/day), followed by caffeinated beverages (125.6 g/day), alcoholic beverages (124.3 g/day), and milk and liquid yo-
gurt products (39.2 g/day). Beverages contributed 10.1% of total energy intake and 35.5% of total sugar intake. Carbonated and 
sugar-sweetened beverages were the largest contributors to carbohydrate and sugar intake, whereas alcoholic beverages contribut-
ed the most energy. Milk and liquid yogurt products were the largest contributors to beverage-derived fat and protein intake. Male 
students had significantly higher intakes of carbonated and sugar-sweetened beverages, alcoholic beverages, total beverages, and 
beverage-derived energy and sugar than female students.
Conclusion: These findings highlight the need for nutrition education to promote healthier beverage choices among college stu-
dents and support the development of gender-specific beverage-related interventions.
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INTRODUCTION

In South Korea, rising incomes and changing lifestyles have in-
creased beverage demand and supply in the food industry. Na-
tional health statistics show that daily beverage intake among 
adults aged ≥ 19 years increased significantly from 210.9 g in 2015 
to 316.5 g in 2024. This represents an increase of over 100 g over 9 
years, reflecting a consistent upward trend [1].

Beverage intake varied significantly by age, with adults aged 19 
to 29 years consuming 426.3 g/day of beverages and milk, sur-
passing all other age groups [2]. College students in this demo-
graphic showed even higher consumption (442.9 mL/day) than 
the general 19 to 29 age group (426.3 mL/day) [3]. Studies show 
that college students consume the highest amounts of carbonated, 
sweetened, caffeinated, and alcoholic beverages [3,4]. In contrast, 
milk and liquid yogurt products show lower intake levels than 
other beverage categories [3,5]. To date, most research has exam-
ined individual high-consumption categories, such as sweetened, 
caffeinated, and alcoholic drinks, separately [6,7]. Consequently, 
comprehensive studies examining overall beverage consumption 
patterns, related dietary behaviors, nutrient contributions, and 
gender differences remain limited.

University students, previously dependent on school meals or 
parental support, must suddenly manage their own diets upon 
entering university [8]. The autonomy of university life, including 
social gatherings, dormitory living, or off-campus housing, has 
been associated with dietary issues such as skipping meals, fre-
quent eating out, irregular eating habits, and excessive alcohol 
consumption [9,10]. Beverage consumption among university 
students is negatively associated with solid food intake, raising 
concerns about potential nutritional and dietary imbalances [11-
14]. Sugar-sweetened carbonated beverages, which are high in 
sugar, significantly contribute to energy intake. Liquid foods with 
empty calories lack essential nutrients, provide little satiety, and 
empty rapidly from the stomach, often increasing subsequent en-
ergy intake and potential nutritional risk [15]. Similarly, caffeinat-
ed beverages are often consumed with foods high in simple sug-
ars, such as cakes, cookies, and bread, further increasing caloric 
intake [16]. Excessive alcohol consumption also contributes to 
nutritional imbalances by reducing food intake and impairing nu-
trient absorption [17].

Beverage choices and related dietary behaviors differ by gender, 
with male students more likely to consume excessive energy in-
take from sugary drinks or alcohol consumption. In contrast, fe-
male students may show different beverage-related dietary behav-

iors associated with caffeine intake, dessert consumption, or diet-
ing practices [18]. Therefore, examining gender-specific beverage 
consumption patterns and nutrient intake among college students 
is essential for developing targeted nutrition education guidelines.

In this study, beverages were categorized as carbonated and 
sugar-sweetened beverages, caffeinated beverages, alcoholic bev-
erages, and milk and liquid yogurt. We examined gender differ-
ences in beverage consumption patterns among college students 
and compared dietary behaviors and nutrient intake across bever-
age consumption groups. This study aimed to provide founda-
tional evidence to inform the development of tailored nutritional 
interventions and dietary education strategies based on gen-
der-specific characteristics.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 
Kongju National University (No. KNU_IRB_2022_103). All par-
ticipants received a detailed explanation of the study procedures 
before participation and provided written informed consent. The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.

Participants
This study was conducted among college students residing in the 
Chungnam region who understood the study purpose and proce-
dures and voluntarily agreed to participate. To ensure an accurate 
assessment of dietary intake, participants were eligible if they had 
no history of memory-related disorders, self-reported eating dis-
orders (such as anorexia nervosa or bulimia nervosa), dietary re-
strictions, or were not taking medications affecting appetite. Of 
the 395 participants who initially consented, data from 366 partic-
ipants (171 men and 195 women) were included in the final anal-
ysis, with 29 participants excluded due to incomplete survey re-
sponses (response rate, 92.7%).

Study procedure
A self-administered questionnaire was used to collect data on par-
ticipants’ general characteristics and beverage consumption pat-
terns. It was developed based on previous studies and finalized af-
ter a pilot survey involving 10 participants and subsequent revi-
sions [7,19]. The questionnaire on general characteristics included 
age, housing type, allowance, exercise frequency, and smoking sta-
tus and frequency. The beverage consumption section addressed 
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beverage preferences, consumption frequency, and beverage-pur-
chasing behaviors.

Beverages were categorized into four groups: carbonated and 
sugar-sweetened beverages (carbonated beverages and other sug-
ar-sweetened beverages), caffeinated beverages (coffee, energy 
drinks, and tea), alcoholic beverages, and milk and liquid yogurt. 
Preference was assessed using a 5-point Likert scale: “strongly dis-
like” (1), “dislike” (2), “neutral” (3), “like” (4), and “strongly like” 
(5), with higher scores indicating greater preference. Consump-
tion frequency was assessed as the number of times a beverage 
was consumed per week. The response categories were converted 
into weekly frequencies as follows: “rarely” was scored as 0, “once 
a month” as 0.25, “2–3 times a month” as 0.625, “once a week” as 
1, “2–4 times a week” as 3, “5–6 times a week” as 5.5, “daily” as 7, 
and “2–3 times a day” as 17.5, and used to estimate weekly con-
sumption frequency.

Beverage-purchasing behavior and beverage-related health 
knowledge were assessed by examining whether participants con-
sidered nutrition labels when selecting beverages, which label 
components they reviewed most closely, reasons for not checking 
nutrition labels, occasions of frequent beverage consumption, lo-
cations where beverages were purchased, factors influencing bev-
erage selection, and average monthly expenditure on beverages.

Dietary intake was assessed over 3 days using the 24-hour di-
etary recall method. On the first day, dietary intake data were col-
lected through an interviewer-administered recall. After training, 
participants were instructed to independently complete dietary 
records for two additional days, including weekdays and week-
ends, to capture their usual dietary intake patterns. The complet-
ed records were subsequently collected and reviewed. The survey 
included all foods and beverages consumed in a single day, along 
with information on the types and amounts of ingredients used in 
each dish, whether the recorded intake reflected usual dietary pat-
terns, and water consumption.

Dietary data were converted from estimated food volumes to 
actual weights and analyzed using the nutritional analysis pro-
gram CAN-Pro 5.0 (The Korean Nutrition Society) to estimate 
daily intake by food group as well as total energy and nutrient in-
take. To assess sugar intake, the US Department of Agriculture’s 
sugar database [20] and the Ministry of Food and Drug Safety’s 
Food Composition Database [21] were used. For caffeine and al-
cohol intake, a database was developed using the Food Composi-
tion Database [21], supplemented with data from manufacturer 
websites and commercial product beverage manufacturer infor-
mation, and used for intake analysis. Alcohol intake was calculat-

ed by converting alcohol by volume to grams using the formula 
specified in the Guidelines for Voluntary Nutrition Labeling of 
Alcoholic Beverages [22].

Statistical analysis
All data were analyzed using SAS ver. 9.4 (SAS Institute Inc.) to 
calculate means, standard deviations, frequencies, and percentag-
es. Differences by gender were evaluated using Student t-test for 
continuous variables and the chi-square test for categorical vari-
ables. Statistical significance was defined as P< 0.05.

RESULTS

General characteristics
Among the 366 participants, 171 were men, and 195 were wom-
en. The mean age was 21.7 years, without a significant difference 
between gender (Table 1). There were no significant gender dif-
ferences in grade level, living arrangements, or allowance. Regard-
ing exercise frequency, the most common categories among men 
were 1 to 2 times per week (38.6%) and 3 to 4 times per week 
(23.4%). Conversely, in women, the most common responses 
were “almost never” (58.0%) and 1 to 2 times per week (32.3%), 
indicating a significant gender difference (P < 0.001). Regarding 
smoking status, 60 men (35.1%) and 22 women (11.3%) were 
smokers, showing a significant gender difference (P < 0.001). 
Smoking frequency, the most prevalent category among men was 
≥ 10 cigarettes per day (56.7%), but 1 to 4 cigarettes per day 
(54.6%) in women, also showing a significant gender difference 
(P< 0.001).

Beverage-purchasing behavior
Among all participants, 136 (37.2%) reported checking nutrition 
facts labels when purchasing beverages, without a significant 
gender difference (Table 2). For label components, both gender 
prioritized calories, sugars, and protein; however, women were 
more likely than men for calories (62.8% vs. 43.1%), indicating a 
significant gender difference (P <0.05). The most common rea-
sons for not checking nutrition labels were “no perceived need” 
(51.3%) and “out of habit” (40.9%), with no significant gender 
differences. Regarding beverage consumption occasions, men 
most commonly reported drinking beverages when thirsty 
(42.1%), after meals (21.1%), during snacks (11.1%), frequently 
(11.1%), and after exercise (8.2%). Conversely, women most con-
sumed beverages during snacks (34.4%), when thirsty (24.1%), 
after meals (23.6%), frequently (9.2%), and during meals (8.7%), 
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showing a significant gender difference (P <0.001). The most 
common place to purchase beverages (multiple responses al-
lowed) was convenience stores, reported by 312 participants 
(85.3%). Beverage specialty stores were used significantly more 
often by women (28.7%) than by men (9.4%) (P <0.001). The 
primary factors influencing beverage selection were taste 
(75.1%), price (10.7%), calories (6.6%), and health effects (5.7%), 
without significant gender differences. The most common aver-
age monthly beverage expenditure was 20,000–40,000 South Ko-
rean won (KRW) (31.2%), followed by ≥40,000 KRW (23.2%) 
and 10,000–20,000 KRW (23.2%), without significant differences 
between men and women.

Beverage preference
Among all participants, the most preferred beverage category was 
carbonated and sugar-sweetened drinks (3.8 points), whereas the 
least preferred beverage was energy drinks (2.7 points). When 
comparing preferences by gender, men showed a significantly 

higher preference for carbonated beverages (4.0 vs. 3.6, P< 0.001) 
and energy drinks (3.1 vs. 2.3, P < 0.001). In contrast, women 
showed a significantly higher preference for tea (3.4 vs. 3.2, 
P< 0.05) (Table 3).

Beverage consumption frequency
The weekly frequency of beverage consumption in all participants 
was highest for coffee (2.8 times), followed by carbonated bever-
ages (2.3 times), alcoholic beverages (1.6 times), and milk and liq-
uid yogurt (1.6 times). In contrast, energy drinks were consumed 
least frequently (0.6 times). Regarding gender differences, signifi-
cant differences were observed in consuming carbonated beverag-
es (2.9 vs. 1.8, P< 0.001), energy drinks (1.0 vs. 0.2, P< 0.001), and 
alcoholic beverages (2.0 vs. 1.3, P= 0.001), with higher consump-
tion rates among men than women (Table 4).

Daily beverage intake
The total daily beverage intake was 433.9 g/day, accounting for 

Table 1. General characteristics of the study participants
Characteristic Total (n=366) Men (n=171) Women (n=195) t/χ2 (P)
Age (yr) 21.68±7.61 21.56±2.67 21.80±10.14 −0.32 (0.752)
Grade 9.17 (0.057)
  1st 123 (33.61) 59 (34.50) 64 (32.82)
  2nd 62 (16.94) 33 (19.30) 29 (14.87)
  3rd 64 (17.49) 36 (21.05) 28 (14.36)
  4th 83 (22.68) 33 (19.30) 50 (25.64)
  Graduate school 34 (9.29) 10 (5.85) 24 (12.31)
Type of residence 1.91 (0.385)
  Alone 164 (44.81) 82 (47.95) 82 (42.05)
  With parents or spouse 60 (16.39) 29 (16.96) 31 (15.90)
  With siblings or friends 142 (38.80) 60 (35.09) 82 (42.05)
Monthly allowance (KRW) 3.86 (0.145)
  <300,000 142 (38.80) 63 (36.84) 79 (40.51)
  ≥300,000 and <600,000 162 (44.26) 72 (42.11) 90 (46.15)
  ≥600,000 62 (16.94) 36 (21.05) 26 (13.33)
Exercise frequency 71.93 (<0.001)
  Almost never 147 (40.16) 34 (19.88) 113 (57.95)
  1–2 times a week 129 (35.25) 66 (38.60) 63 (32.31)
  3–4 times a week 53 (14.48) 40 (23.39) 13 (6.67)
  5–6 times a week 20 (5.46) 17 (9.94) 3 (1.54)
  Every day 17 (4.64) 14 (8.19) 3 (1.54)
Smoking 29.70 (<0.001)
  Yes 82 (22.40) 60 (35.09) 22 (11.28)
  No 284 (77.60) 111 (64.91) 173 (88.72)
Daily cigarette consumption 14.98 (<0.001)
  1–4 21 (25.61) 9 (15.00) 12 (54.55)
  5–9 23 (28.05) 17 (28.33) 6 (27.27)
  ≥10 38 (46.34) 34 (56.67) 4 (18.18)
Values are presented as mean±standard deviation or number (%).
KRW, South Korean won.
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Table 2. Beverage-purchasing behavior of university students by gender
Variable Total (n=366) Men (n=171) Women (n=195) χ2 (P)
Use of nutrition label when purchasing beverages 1.44 (0.230)
  Yes 136 (37.16) 58 (33.92) 78 (40.00)
  No 230 (62.84) 113 (66.08) 117 (60.00)
Nutrition label component of interest among usersa) 11.21 (0.021)b)

  Calorie 74 (54.41) 25 (43.10) 49 (62.82)
  Carbohydrate 2 (1.47) 1 (1.72) 1 (1.28)
  Sugars 46 (33.82) 21 (36.21) 25 (32.05)
  Protein 9 (6.62) 7 (12.07)  2 (2.56) 
  Caffeine 2 (1.47) 1 (1.72) 1 (1.28)
  Alcohol content for alcoholic beverages 3 (2.21) 3 (5.17) 0 (0.00)
Reason for not using nutrition labels among non-usersa) 3.60 (0.327)b)

  No perceived need 118 (51.30) 60 (53.10) 58 (49.57)
  Out of habit 94 (40.87) 41 (36.28) 53 (45.30)
  Difficulty understanding 8 (3.48) 5 (4.42) 3 (2.56)
  Small font size 10 (4.35) 7 (6.19) 3 (2.56)
Occasions for beverage consumption 47.20 (<0.001)
  When thirsty 119 (32.51) 72 (42.11) 47 (24.10)
  Snack time 86 (23.50) 19 (11.11) 67 (34.36)
  During meals 28 (7.65) 11 (6.43) 17 (8.72)
  After meals 82 (22.40) 36 (21.05) 46 (23.59)
  After exercise 14 (3.83) 14 (8.19) 0 (0.00)
  Often 37 (10.11) 19 (11.11) 18 (9.23)
Beverage purchase locationc)

  Convenience store 312 (85.25) 152 (88.89) 160 (82.05) 3.22 (0.073)
  Supermarket 99 (27.05)  47 (27.49) 52 (26.67) 0.00 (0.960)
  Beverage store 72 (19.67) 16 (9.36) 56 (28.72) 20.70 (<0.001)
  Vending machine 37 (10.11) 14 (8.19) 23 (11.79) 1.31 (0.253)
  Online shopping malls 8 (2.19) 3 (1.75) 5 (2.56) 0.28 (0.728)b)

Key factors in beverage selection 8.27 (0.142)
  Taste 275 (75.14) 126 (73.68) 149 (76.41)
  Health effects 21 (5.74) 13 (7.60) 8 (4.10)
  Price 39 (10.66) 18 (10.53) 21 (10.77)
  Calorie 24 (6.56) 8 (4.68) 16 (8.21)
  Satiety 5 (1.37) 4 (2.34) 1 (0.51)
  Volume 2 (0.55) 2 (1.17) 0 (0.00)
Average monthly expenditure on beverage (KRW) 3.96 (0.412)
  <5,000 23 (6.28) 8 (4.68) 15 (7.69)
  ≥5,000 and <10,000 59 (16.12) 26 (15.20) 33 (16.92)
  ≥10,000 and <20,000 85 (23.22) 43 (25.15) 42 (21.54)
  ≥20,000 and <40,000 114 (31.15) 49 (28.65) 65 (33.33)
  ≥40,000 85 (23.22) 45 (26.32) 40 (20.51)
Values are presented as number (%).
KRW, South Korean won.
a)Percentages for nutrition label components were calculated among nutrition label users, and percentages for reasons for nonuse were calculated among 
nutrition label nonusers. b)Fisher exact test. c)Multiple responses.

32.1% of total food intake (Table 5). Carbonated and sug-
ar-sweetened beverages had the highest intake (144.9 g/day, 
36.7% of total beverage intake), followed by caffeinated beverages 
(125.6 g, 31.0%), alcoholic beverages (124.3 g, 19.4%), and milk 
and liquid yogurt products (39.2 g, 12.4%). Compared with 

women, men had significantly higher total beverage intake 
(485.4 vs. 388.7, P<0.05), carbonated and sugar-sweetened bev-
erage intake (171.9 vs. 121.1, P<0.01), and alcoholic beverage in-
take (156.2 vs. 96.3, P<0.05).
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Daily energy and nutrient intake from beverages
Energy and nutrient intake from beverages are shown in Table 6. 
The total energy intake was 1,790.2 kcal/day for all participants, 

with beverages accounting for 10.1% of total energy intake; alco-
holic beverages contributed the highest proportion (4.5%). Car-
bohydrate intake was 219.5 g/day, with beverages contributing 

Table 3. Beverage type-specific preferences of university students by gender
Beverage category Total (n=366) Men (n=171) Women (n=195) t (P)
Carbonated and sugar-sweetened beverages
  Carbonated beverages 3.82±1.08 4.03±0.92 3.63±1.17 3.65 (<0.001)
  Other beverages 3.72±0.92 3.80±0.87 3.66±0.96 1.39 (0.166)
Caffeinated beverages
  Coffee 3.55±1.30 3.61±1.29 3.50±1.30 0.82 (0.414)
  Energy drinks 2.67±1.18 3.13±1.24 2.28±0.97 7.24 (<0.001)
  Tea 3.32±1.15 3.18±1.18 3.44±1.12 −2.21 (0.028)
Alcoholic beverages 3.25±1.22 3.27±1.28 3.23±1.17 0.38 (0.701)
Milk and liquid yogurt 3.75±1.00 3.74±0.99 3.76±1.02 −0.38 (0.704)
Values are presented as mean±standard deviation. Preference score: strongly dislike, 1; dislike, 2; neutral, 3; like, 4; and strongly like, 5.

Table 4. Weekly beverage consumption frequency of university students by gender 
Beverage category Total (n=366) Men (n=171) Women (n=195) t (P)
Carbonated and sugar-sweetened beverages
  Carbonated beverages 2.30±2.51 2.89±2.78 1.79±2.12 4.19 (<0.001)
  Other beverages 1.17±1.87 1.27±2.08 1.09±1.67 0.89 (0.375)
Caffeinated beverages
  Coffee 2.83±3.34 3.07±3.59 2.62±3.10 1.28 (0.200)
  Energy drinks 0.57±1.45 1.00±1.96 0.19±0.54 5.24 (<0.001)
  Tea 0.92±1.74 0.74±1.33 1.08±2.03 −1.92 (0.056)
Alcoholic beverages 1.62±1.93 1.97±1.99 1.32±1.83 3.27 (0.001)
Milk and liquid yogurt 1.61±1.92 1.59±1.61 1.63±2.16 −0.21 (0.837)
Values are presented as mean±standard deviation. Frequency score: rarely, 0; once a month, 0.25; 2–3 times a month, 0.625; once a week, 1; 2–4 
times a week, 3; 5–6 times a week, 5.5; daily, 7; and 2–3 times a day, 17.5. 

Table 5. Daily beverage intake of university students by gender 
Beverage category Total (n=366) Men (n=171) Women (n=195) t (P)
Total food intake (g/day) 1,203.59±418.83 1,303.39±468.96 1,116.07±347.63 4.29 (<0.001)
Total beverages
  Daily intake (g/day) 433.86±360.82 485.41±408.30 388.65±307.36 2.53 (0.012)
  Proportion of total food intake (%)a) 32.09±18.48 32.78±19.46 31.48±17.60 0.67 (0.503)
Carbonated and sugar-sweetened beverages
  Daily intake (g/day) 144.85±173.97 171.92±202.78 121.11±140.34 2.75 (0.006)
  Proportion of total beverage intake (%)b) 36.67±34.84 39.22±35.79 34.50±33.94 1.23 (0.219)
Caffeinated beverages
  Daily intake (g/day) 125.57±166.27 125.71±175.82 125.45±157.87 0.02 (0.988)
  Proportion of total beverage intake (%)b) 31.02±35.10 27.17±34.04 34.31±35.75 −1.85 (0.065)
Alcoholic beverages
  Daily intake (g/day) 124.25±233.41 156.16±261.30 96.27±202.46 2.43 (0.016)
  Proportion of total beverage intake (%)b) 19.40±28.61 23.39±31.21 15.99±25.78 2.33 (0.020)
Milk and liquid yogurt
  Daily intake (g/day) 39.19±73.31 31.62±65.71 45.82±78.96 −1.88 (0.061)
  Proportion of total beverage intake (%)b) 12.37±24.06 10.22±22.23 15.21±25.35 −1.89 (0.060)
Values are presented as mean±standard deviation. 
a)Percentage of total beverages to total food intake. b)Percentage of specific beverages to total beverage intake.
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9.3% of total intake; carbonated and sugar-sweetened beverages 
accounted for the largest proportion (5.0%). Fat intake was 58.9 g/
day, with beverages contributing 2.4% of total intake, mainly from 
milk and liquid yogurt products (1.8%). Protein intake was 64.6 g/
day, with beverages contributing 3.1% of total intake, with milk 
and liquid yogurt products contributing the highest proportion 
(1.7%). Sugar intake was 46.9 g/day, with beverages contributing 
35.5% of total intake, of which carbonated and sugar-sweetened 
beverages contributed the highest proportion (19.7%). When 
comparing men and women, total energy, carbohydrate, fat, and 
protein intakes were significantly higher in men than in women. 
Energy intake from beverages (218.9 kcal vs. 170.5 kcal, P< 0.05) 
and sugar intake (22.0 g vs. 17.1 g, P< 0.05) were also significantly 
higher in men, whereas beverage-derived fat intake was signifi-
cantly higher in women (1.6 g vs. 1.1 g, P< 0.05).

DISCUSSION

College students entering early adulthood often exhibit high bev-
erage consumption and experience various diet-related challeng-
es. Therefore, this study aimed to investigate beverage-related di-
etary behaviors, beverage consumption patterns by type (carbon-
ated and sugar-sweetened beverages, caffeinated beverages, alco-
holic beverages, and milk and liquid yogurt products), bever-
age-related nutrient intake, and gender differences among college 
students in Chungnam, South Korea.

In this study, 62.8% of participants did not check nutrition la-
bels when purchasing beverages. The most common reason for 
not checking labels was the perception that it was unnecessary 
(51.3%), with no significant gender differences observed. Among 
participants who checked nutrition labels, calories were the most 

Table 6. Daily energy and nutrient intake from beverages of university students by gender 
Beverage category Total (n=366) Men (n=171) Women (n=195) t (P)
Energy (kcal/day) 1,790.16±493.46 1,942.02±546.50 1,656.99±397.88 5.64 (<0.001)
  Carbonated and sugar-sweetened beverages 49.42±64.41 (2.67) 56.20±72.85 (2.79) 43.48±55.49 (2.56) 1.86 (0.064)
  Caffeinated beverages 22.25±40.79 (1.27) 25.00±45.52 (1.33) 19.83±36.08 (1.22) 1.19 (0.234)
  Alcoholic beverages 92.85±176.16 (4.54) 115.05±193.93 (5.09) 73.37±156.89 (4.06) 2.24 (0.026)
  Milk and liquid yogurt 28.60±55.12 (1.59) 22.62±46.31 (1.09) 33.84±61.47 (2.02) −1.99 (0.048)
  Total beverages 193.11±207.45 (10.06) 218.87±230.58 (10.30) 170.52±182.44 (9.86) 2.20 (0.028)
Carbohydrate (g/day) 219.45±60.59 234.08±64.03 206.62±54.41 4.51 (<0.001)
  Carbonated and sugar-sweetened beverages 11.26±14.99 (4.97) 13.30±17.20 (5.58) 9.47±12.52 (4.43) 2.41 (0.017)
  Caffeinated beverages 4.30±9.28 (1.90) 5.04±10.07 (2.13) 3.65±8.50 (1.70) 1.41 (0.160)
  Alcoholic beverages 1.66±4.35 (0.79) 2.19±4.99 (0.95) 1.20±3.65 (0.65) 2.15 (0.033)
  Milk and liquid yogurt 3.94±9.81 (1.67) 2.66±5.75 (1.00) 5.07±12.23 (2.25) −2.46 (0.015)
  Total beverages 21.17±20.60 (9.33) 23.19±21.74 (9.66) 19.40±19.42 (9.04) 1.76 (0.079)
Fat (g/day) 58.86±21.13 62.64±23.37 55.54±18.37 3.20 (0.002)
  Carbonated and sugar-sweetened beverages 0.25±0.89 (0.41) 0.12±0.52 (0.19) 0.36±1.11 (0.60) −2.76 (0.006)
  Caffeinated beverages 0.10±0.38 (0.19) 0.11±0.42 (0.20) 0.09±0.35 (0.18) 0.54 (0.590)
  Alcoholic beverages 0.00±0.03 (0.00) 0.00±0.04 (0.00) 0.00±0.00 (0.00) 1.00 (0.319)
  Milk and liquid yogurt 1.03±2.42 (1.76) 0.87±2.13 (1.37) 1.17±2.64 (2.11) −1.23 (0.221)
  Total beverages 1.38±2.59 (2.36) 1.09±2.22 (1.76) 1.62±2.86 (2.89) −1.98 (0.049)
Protein (g/day) 64.61±21.84 71.52±23.55 58.55±18.23 5.83 (<0.001)
  Carbonated and sugar-sweetened beverages 0.27±1.03 (0.43) 0.15±0.63 (0.20) 0.38±1.28 (0.63) −2.25 (0.025)
  Caffeinated beverages 0.38±0.88 (0.66) 0.34±0.77 (0.53) 0.42±0.96 (0.77) −0.91 (0.365)
  Alcoholic beverages 0.25±1.01 (0.35) 0.36±1.36 (0.44) 0.15±0.52 (0.27) 1.92 (0.056)
  Milk and liquid yogurt 1.07±2.86 (1.66) 0.80±1.79 (1.10) 1.31±3.53 (2.16) −1.77 (0.077)
  Total beverages 1.98±3.30 (3.09) 1.65±2.34 (2.26) 2.26±3.94 (3.82) −1.83 (0.068)
Sugars (g/day) 46.93±26.02 47.15±27.33 46.71±24.89 0.15 (0.877)
  Carbonated and sugar-sweetened beverages 10.83±14.50 (19.68) 13.06±16.85 (22.40) 8.87±11.78 (17.30) 2.72 (0.007)
  Caffeinated beverages 4.10±8.65 (7.53) 4.89±9.72 (8.62) 3.41±7.54 (6.59) 1.61 (0.108)
  Alcoholic beverages 1.13±5.00 (2.03) 1.67±6.71 (2.46) 0.66±2.67 (1.65) 1.85 (0.066)
  Milk and liquid yogurt 3.33±6.56 (6.26) 2.40±5.26 (4.46) 4.15±7.43 (7.83) −2.62 (0.009)
  Total beverages 19.39±19.07 (35.50) 22.02±22.11 (37.94) 17.09±15.63 (33.36) 2.43 (0.016)

Values are presented as mean±standard deviation (%). Percentages indicate the contributions of beverages to total nutrient intake.
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frequently considered component (54.4%). Similarly, Kim and 
Han [3], who investigated beverage consumption patterns among 
college students, reported that more than half of the participants 
did not check nutrition labels, primarily because they perceived 
no need to do so, and that calories were the most frequently 
checked nutritional information among those who used nutrition 
labels. These findings reveal that nutrition education for college 
students should emphasize the importance of nutrition labeling 
and enhance practical skills related to using nutrition information 
when selecting beverages.

When beverage consumption patterns were compared by gen-
der, male students showed greater preferences for carbonated bev-
erages and energy drinks. Consequently, they exhibited signifi-
cantly higher consumption frequency of these beverages, alcohol-
ic beverages, and total beverage intake than female students. 
These gender differences in beverage consumption patterns may 
also reflect differences in lifestyle characteristics, as male students 
in this study reported higher frequencies of exercise and smoking 
than female students. Such lifestyle factors may influence bever-
age choices and nutrient intake and should be considered when 
interpreting gender differences in beverage consumption. The 
mean total beverage intake among participants was 433.9 g/day, 
which was somewhat lower than the combined intake of beverag-
es (316.5 g), alcoholic beverages (109.7 g), and milk (92.6 g) re-
ported among adults aged ≥ 19 years in the 2024 Korea National 
Health and Nutrition Examination Survey [1]. Nevertheless, simi-
lar beverage consumption patterns were observed between this 
study and national survey data. In this study, beverage intake 
among college students was highest for carbonated and sug-
ar-sweetened beverages (144.9 g/day), followed by caffeinated 
beverages (125.6 g/day), alcoholic beverages (124.3g/day), and 
milk and liquid yogurt products (39.2 g/day). Similarly, Han [2] 
used data from the 2019 Korea National Health and Nutrition Ex-
amination Survey and reported that beverage consumption 
among adults aged 19 to 29 years was highest for carbonated and 
sugar-sweetened beverages (390.9 g), followed by alcoholic bever-
ages (176.9 g), caffeinated beverages (164.5 g), and milk and liq-
uid yogurt products (58.2 g). Collectively, these findings reveal 
that carbonated and sugar-sweetened beverages remain the pre-
dominant beverage types consumed among college students. In 
addition, the average intakes of milk and liquid yogurt, which 
contributed the largest proportions of protein and fat from bever-
ages, were only 39.2 g/day, corresponding to approximately one-
fifth of the recommended daily milk intake of 200 g according to 
the Dietary Reference Intakes for Koreans [23].

Compared with findings from Bae and Yeon [24], based on 
data from the 2008 Korea National Health and Nutrition Exam-
ination Survey, carbonated and sugar-sweetened beverage intake 
in this study (144.9 g/day) was higher than that reported among 
elementary (72.1 g), middle (55.4 g), and high school students 
(105.3 g). Conversely, milk intake reported among elementary 
school students (147.8 g), middle school students (143.9 g), and 
high school students (120.2 g) was substantially higher than the 
intake of milk and liquid yogurt products in this study (39.2 g/
day). College students represent a transitional population be-
tween adolescence, when school meals and nutrition education 
are commonly provided, and adulthood, when independent di-
etary behaviors become increasingly important. Compared with 
previous studies among children and adolescents, college stu-
dents in this study had a relatively higher intake of carbonated 
and sugar-sweetened beverages and a lower intake of milk prod-
ucts. Although direct comparisons should be interpreted cau-
tiously due to differences in study populations and methodolo-
gies, these findings suggest that beverage consumption patterns 
may shift toward increased consumption of carbonated and sug-
ar-sweetened beverages and decreased consumption of milk 
products during the transition from adolescence to early adult-
hood. Given the importance of establishing healthy dietary be-
haviors during early adulthood, nutrition education promoting 
increased consumption of milk and liquid yogurt products while 
reducing excessive intake of carbonated and sugar-sweetened, al-
coholic, and caffeinated beverages may be beneficial, particularly 
among male students.

The mean energy intake in this study was 1,942.0 kcal/day 
among men and 1,657.0 kcal/day among women. These findings 
were similar to those of Lee and Kwak [25], who reported nutrient 
intake among college students in Daejeon and reported energy in-
takes of 1,942.0 kcal/day for men and 1,605.4 kcal/day for women, 
and were also generally consistent with a previous study [26]. Pro-
tein intake was 71.5 g/day among men and 58.6 g/day among 
women, which was lower than that reported for adults aged 19 to 
29 years in the Korea National Health and Nutrition Examination 
Survey [27] but exceeded the recommended intake levels suggest-
ed by the Dietary Reference Intakes for Koreans [23]. Compared 
with the Korean recommendation for total sugar intake (< 20% of 
total energy intake), the proportion of energy from sugar intake 
was within the recommended range for both men (9.7%) and 
women (11.3%).

Analysis of beverage contribution to energy and macronutrient 
intake showed that beverages contributed most substantially to 
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sugar intake (35.5%), followed by energy (10.1%), carbohydrate 
(9.3%), protein (3.1%), and fat (2.4%). Carbonated and sug-
ar-sweetened beverages contributed the highest proportions of 
carbohydrate and sugar intake (5.0% and 19.7%, respectively), 
whereas alcoholic beverages contributed the largest proportion of 
energy intake (4.5%). Milk and liquid yogurt products contribut-
ed the highest proportions of fat and protein intake from beverag-
es (1.8% and 1.7%, respectively). Notably, beverage-derived ener-
gy and sugar intakes were significantly higher among male than 
female students.

Carbonated and sugar-sweetened beverages are energy-dense 
beverages that contain high amounts of sugar while providing rel-
atively limited nutritional value and have been associated with 
poorer diet quality [28]. Excessive intake of carbonated and sug-
ar-sweetened beverages may increase energy intake due to their 
high sugar content. It may potentially be associated with poorer 
dietary quality when consumed excessively. Therefore, appropri-
ate nutrition education aimed at reducing excessive consumption 
of carbonated and sugar-sweetened beverages among college stu-
dents is necessary.

In this study, alcoholic beverages accounted for the largest share 
of beverage-derived energy intake. This finding is consistent with 
that of Park et al. [29], who assessed dietary intake according to 
alcohol consumption status using data from the 2005 Korea Na-
tional Health and Nutrition Examination Survey. Excessive alco-
hol consumption may increase energy intake through accompa-
nying food consumption [11], whereas chronic alcohol intake has 
been associated with reduced dietary intake and nutritional defi-
ciencies [17]. Therefore, educational efforts are needed to raise 
awareness of the nutritional consequences of excessive alcohol 
consumption among college students. In addition, prospective 
studies are needed further to investigate the relationship between 
alcohol consumption and nutrient intake.

Milk contains high-quality protein, calcium, and various vita-
mins and minerals, and the Korean Nutrition Society recom-
mends consuming at least 200 mL/day [23]. Bae and Yeon [24] re-
ported that dairy consumers among children and adolescents 
showed higher protein and micronutrient intake than noncon-
sumers. Although the intake of milk and liquid yogurt products 
was below the recommended level, these beverages contributed 
the highest proportions of protein and fat intake among all bever-
age categories. Kim and Kim [30] reported that individuals with 
health- and safety-oriented dietary lifestyles had greater bever-
age-related knowledge and higher consumption of milk and dairy 
products. Therefore, milk and liquid yogurt products may serve 

as potential alternatives to frequently consumed beverages, such 
as carbonated and sugar-sweetened, or alcoholic beverages, 
among college students. However, additional research is needed to 
evaluate this possibility further. In this study, milk and liquid yo-
gurt products were combined into a single beverage category due 
to their relatively low overall consumption. However, many com-
mercially available liquid yogurt products contain added sugars, 
which may affect their nutritional quality. Therefore, future stud-
ies should distinguish between milk and liquid yogurt products to 
better assess their individual nutritional contributions and health 
implications.

Limitations
This study has several limitations. First, because the participants 
were limited to college students residing in Chungnam, South Ko-
rea, the generalizability of findings to the broader population of 
Korean college students may be limited. Second, dietary intake 
was assessed using 3-day, 24-hour dietary recalls, including week-
days and weekends, to reflect usual dietary intake better. However, 
this method may not fully capture long-term dietary behaviors 
and beverage consumption patterns. Third, the cross-sectional 
design of this study limited the ability to establish causal relation-
ships between beverage consumption patterns and nutrient in-
take. Another limitation is that anthropometric measures, such as 
body mass index and other obesity-related indicators, were not 
included, as this study primarily focused on beverage consump-
tion patterns, beverage-related dietary behaviors, and bever-
age-derived nutrient intake. Future studies incorporating obesi-
ty-related indicators may provide further insights into the associa-
tions between beverage consumption patterns, nutrient intake, 
and obesity-related health outcomes, thereby enhancing the clini-
cal significance of these findings.

Despite these limitations, this study has several strengths. It 
quantitatively assessed beverage consumption patterns, bever-
age-related dietary behaviors, and nutrient intake from beverages 
among male and female college students and identified gender 
differences in beverage consumption characteristics. These find-
ings also provide foundational evidence for developing gen-
der-specific nutrition education strategies and dietary interven-
tions targeting beverage consumption among college students.

Conclusion
This study found that college students had high beverage con-
sumption, with carbonated and sugar-sweetened beverages ac-
counting for the largest proportion of beverage intake and con-
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tributing substantially to total sugar intake. Significant gender dif-
ferences were observed in beverage preferences, consumption 
patterns, and beverage-derived nutrient intake, with male stu-
dents consuming more carbonated and sugar-sweetened beverag-
es, alcoholic beverages, and beverage-derived energy and sugars 
than female students. These findings highlight the need for nutri-
tion education to promote healthier beverage choices among col-
lege students and support gender-specific beverage-related nutri-
tion education and intervention.
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Objective: This study aimed to compare the nutrient intake, nutrition knowledge, and dietary habits of track-and-field (TF) and 
weight-class (WC) adolescent varsity athletes.
Methods: This cross-sectional study included 144 adolescent athletes (TF group, 76; WC group, 68) aged 15 to 18 years at a phys-
ical education high school in Seoul, South Korea. Their nutrient intake, dietary quality, nutrition knowledge, dietary habits, and 
weight control behaviors were assessed using food records and questionnaires.
Results: Regarding nutrient intake, the consumption of carbohydrates, including energy, was substantially lower than the sports 
nutrition recommendations in both groups. However, the overall diet quality, including the mean adequacy ratio and nutrient ade-
quacy ratio for key micronutrients, was significantly higher in the WC group than in the TF group, with female WC athletes consum-
ing significantly more energy than female TF athletes (P<0.05). For nutrition knowledge, both groups lacked overall sports nutrition 
understanding; however, the WC group scored significantly higher in dietary fat knowledge (P<0.05). As for dietary habits, despite 
having better meal quality, harmful weight control behaviors, including skipping breakfast (P<0.001) and fasting (P<0.05), were sig-
nificantly more common in the WC group than in the TF group.
Conclusion: The WC group, while showing better meal quality, practiced unhealthier dietary behaviors and weight control methods 
more often than the TF group. Additionally, both groups exhibited insufficient energy intake and lacked overall nutrition knowledge. 
Therefore, tailored sports nutrition education is urgently needed among South Korean adolescent athletes.
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INTRODUCTION

Background
Optimal nutrient intake among athletes improves their athletic 
abilities by reducing fatigue and the risk of illness and injury, 
thereby fostering enhanced athletic performance and rapid recov-
ery from high-intensity training [1]. Sometimes, a “low weight” or 
“low fat/muscle ratio (leanness)” is a prerequisite for excellent 
sports performance [2]. Despite generally requiring a higher calo-
rie intake than nonathletes, many athletes limit energy intake to 
lose weight [3]. In many sports, athletes need to change body 
shape and composition to improve athletic performance and 
qualify for a specific weight-class (WC); however, unhealthy 
weight loss on a diet that does not meet nutrition recommenda-
tions may be a problem for athletes [3]. Insufficient energy intake 
may lead to deficiencies in nutrients, including carbohydrates, 
iron, calcium, vitamin E, vitamin D, zinc, and magnesium [4]. Ac-
cording to several studies, the diets of adolescent athletes often do 
not meet the sports nutrition recommendation (SNR) and general 
nutrition recommendation [5-7].

Numerous adolescents have low levels of nutrition knowledge 
[8]. Good nutrition knowledge is one of the determinants of di-
etary behavior improvement and contributes to strengthening the 
skills and abilities necessary to resist the environmental impact of 
an unbalanced and unhealthy diet [8]. By improving the nutrition 
knowledge of adolescent athletes, they may learn good eating hab-
its and rectify their erroneous beliefs about food [9]. A better un-
derstanding of nutrition during adolescence may affect one’s life-
long relationship with diet in terms of eating habits, exercise, and 
body image relevance [4].

WC athletes in boxing, judo, taekwondo, wrestling, and weight-
lifting must reach a certain weight before a competition. This pre-
requisite may lead them to follow extreme diets, develop eating 
disorders, and have impaired health and performance [10]. Mean-
while, track-and-field (TF) athletes participating in long-distance 
running, walking, and jumping sports may pursue a slimmer, 
lighter body shape, potentially leading to improper energy intake 
and eating disorders [7].

Both WC and TF athletes require optimal nutrition for their 
health and athletic performance. While numerous studies have 
investigated and compared nutrient intake, nutrition knowledge, 
and dietary habits among athletes participating in team sports 
such as football, basketball, baseball, and volleyball, only a few fo-
cused on individual sports such as the TF and WC sports.

Therefore, this study aimed to compare and analyze the nutri-

ent intake, nutrition knowledge, and dietary habits between TF 
and WC adolescent athletes. The findings of this study may guide 
them in properly managing their nutrition.

METHODS

Study design and ethics statement
This cross-sectional study was conducted between April and May 
2018, with approval from the Institutional Review Board of Kyung 
Hee University (No. KHISIRB-18-006). All participants provided 
written informed consent prior to participation. In addition, this 
study conformed to the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) guidelines.

Participants
This study enrolled 401 adolescent athletes from a physical educa-
tion high school in Seoul, South Korea. Eligible participants were 
then divided into TF and WC groups.

General and anthropometric characteristics of the 
participants
Several factors potentially affecting participants’ training (sex, age, 
grade level, athletic career, weekly exercise time and frequency, 
sleep time, and dietary supplement use) were investigated. Nutri-
tion class participation, interest in nutrition topics, nutrition in-
formation sources, and practical application of nutrition knowl-
edge were also assessed. Furthermore, data about the participants’ 
body composition, including height, body weight, lean body mass 
(LBM), body mass index (BMI), fat weight, and percent body fat, 
were collected using an InBody 720 (Biospace Co.).

Assessment of sports nutrition knowledge
Participants’ nutrition knowledge was measured using the ques-
tionnaire Nutrition Knowledge Questionnaire for Athletes 
(NKQA) developed by Furber et al. [11] and classified into knowl-
edge about carbohydrate, protein, fat, general nutrition, fluid, and 
sports nutrition. This questionnaire has 23 items about carbohy-
drate content in food, blood sugar index, and protein-saving effect 
specifically for carbohydrate knowledge assessment. Protein 
knowledge was assessed using 18 items about protein content in 
food, protein use by the body, and recommended protein intake. 
Regarding fat knowledge, 23 items about fat, saturated fat, and 
cholesterol were used. The general nutrition knowledge survey 
comprises 25 items, including macronutrient calories; food sourc-
es of vitamin C, iron, and calcium; and antioxidant nutrient func-
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tion. For fluid knowledge, the questionnaire provides six items, 
including fluid intake before, during, and after exercise; dehydra-
tion; and sports drinks. Moreover, 14 questions, which include 
food intake before and after exercise and sports supplements, 
were used for sports nutrition knowledge. In total, the survey 
questionnaire has 109 questions, and each may be answered by 
“yes,” “no,” or “not sure.” The score for each question is “1” for a 
correct response and “0” for an incorrect response or an “unsure” 
response. Thus, the total score ranges from 0 to 109.

Assessment of dietary habits, body image self-
perception, and weight control
To assess dietary habits, physical activity, body image self-percep-
tion, and weight control, we used the Korean Youth Risk Behavior 
Survey, which contains related questions distributed across 15 do-
mains and 107 indices [12]. Regarding dietary habits, 16 questions 
are used to assess skipping breakfast, intake of fruit/vegetable/
milk/carbonated beverages/high-caffeinated beverages/sweet 
drinks/instant noodles/unhealthy snacks, and use of convenience 
store/supermarket/store. Regarding health status, one item is used 
to assess self-perceived body image in terms of “very slim,” “slim,” 
“normal,” “fat,” and “very fat.” Moreover, the weight control survey 
has four items: height, weight, effort, and weight control method. 
The question for weight control effort is “Have you ever tried to 
control your weight during the last 30 days?” Meanwhile, only 
those who responded to the questions related to weight loss, 
weight gain, and weight maintenance effort could answer the 
question “How did you try to control your weight for the last 30 
days?”

Assessment of nutrient intake
The school cafeteria provided group meals to all participants. A 
well-trained clinical dietitian instructed the participants on how 
to record their meals. After recording their food intake for 3 days, 
including the weekend, their answers were confirmed by a direct 
interview method. The participants’ nutritional intake was ana-
lyzed using Computer Aided Nutritional Analysis Program, ver 
5.0 (CAN-Pro, The Korean Nutrition Society).

To assess the appropriateness of nutrient intake, we calculated 
the nutrient adequacy ratio (NAR) and the mean adequacy ratio 
(MAR) of 12 nutrients (protein, vitamin A, vitamin C, thiamine, 
riboflavin, niacin, vitamin B6, folic acid, calcium, phosphorus, 
iron, and zinc). An NAR value of 1.0 or more was assumed to be 
1.0 [13]. NAR was calculated using the following equation: 
NAR = individual daily nutrient intake/recommended intake of 

each nutrient. For energy, NAR was calculated separately to evalu-
ate overall energy adequacy. In the MAR calculation, energy was 
not included. MAR was calculated as follows: MAR = sum of 
NARs for each nutrient/number of different nutrients.

Statistical analysis
All statistical data were analyzed using IBM SPSS ver. 23.0 (IBM 
Corp.). Continuous variables, expressed as mean± standard devi-
ation, were compared between TF and WC groups using Student 
t-test. To compare nutrient intakes between the two groups, we 
conducted analysis of covariance (ANCOVA) after adjusting for 
sex, age, BMI, athletic career, and weekly training duration. The 
significance of categorical variables was confirmed using a chi-
squared test. Energy intake under-reporters were identified by es-
timating each participant’s basal metabolic rate using the Schof-
ield equation for adolescents and by deriving the estimated energy 
requirement (EER) using an activity factor reflecting the partici-
pants’ physical activity level. Subsequently, we calculated the ratio 
of reported energy intake to EER and classified participants with a 
ratio below 0.70 as under-reporters. Additionally, a sensitivity 
analysis was conducted by excluding these under-reporters to 
evaluate whether potential energy under-reporting influenced the 
results [14]. A P-value less than 0.05 was considered statistically 
significant.

RESULTS

General and anthropometric characteristics
This study included 144 out of 401 adolescent athletes, aged 15 to 
18 years. As shown in Table 1, 76 belonged to the TF group and 
68 to the WC group. The TF group (64.5%) included slightly 
more males than the WC group (54.4%). The mean age was not 
significantly different between such groups. Body weight, BMI, 
and LBM were significantly higher in the WC group than in the 
TF group (P< 0.05), although no significant differences were not-
ed in height and body fat percentage. Underweight was observed 
in 2.6% of athletes in the TF group and none in the WC group 
(P < 0.01). Conversely, overweight was significantly more com-
mon in the WC group than in the TF group (38.2% vs. 14.5%) 
(P< 0.01). While the length of athletic careers showed no signifi-
cant difference, weekly training frequency and daily training vol-
ume were significantly higher in the WC group than in the TF 
group (P< 0.05). Meanwhile, no significant difference was noted 
in the mean daily sleeping time.

Table S1 presents the specific distribution of sports types 
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among the TF and WC groups by sex. The TF group competed in 
five sports (track sprints, track distance, jump, throw, and pen-
tathlon), whereas the WC group competed in four sports (weight-
lifting, taekwondo, judo, and wrestling).

Dietary intakes of the participants
Table 2 presents the adolescent athletes’ average daily diet intakes. 
The macronutrient intakes of the TF and WC groups were com-
pared with the SNR [5] or the Korean Dietary Reference Intake 
2015 (KDRI) [15]. The total daily energy intake of the TF group 
did not significantly differ from that of the WC group. Energy in-
take showed no significant difference between male participants 
in the TF and WC groups. As for females, energy intake was sig-
nificantly higher in the WC group than in the TF group 
(P< 0.001). However, the energy consumption of both sexes in the 
TF and WC groups was significantly less than the SNR. Moreover, 
the daily intake of carbohydrate, protein, and fat did not signifi-
cantly differ between the two groups. The percentages of carbohy-
drate, protein, and fat intake were 54.6%, 15.8%, and 29.1% in the 
TF group and 54.8%, 15.4%, and 28.7% in the WC group, both of 
which were appropriate according to the KDRI criteria. The daily 
intake of dietary fiber was significantly higher in the WC group 

(P< 0.001). Likewise, within the total daily energy intake, the pro-
portion of saturated fat intake was significantly higher in the WC 
group than in the TF group (P< 0.001).

Among vitamins, vitamin A intake was significantly higher in 
the TF group (P < 0.001), whereas vitamin E and vitamin D in-
takes were significantly higher in the WC group (P< 0.001). The 
WC group also demonstrated significantly higher intakes of nia-
cin and folate (P< 0.05). In contrast, thiamin, riboflavin, vitamin 
B12, and vitamin C intakes exhibited no significant difference be-
tween such groups. Both groups consumed enough iron to meet 
the KDRI, demonstrating no significant between-group differ-
ence. Furthermore, calcium consumption in both groups was less 
than the KDRI. In the TF group, micronutrients such as calcium, 
vitamin D, vitamin C, vitamin A, potassium, magnesium, manga-
nese, and copper were consumed at levels below the KDRI. In the 
WC group, the intake levels of calcium, vitamin C, vitamin A, po-
tassium, magnesium, manganese, and copper were also below the 
KDRI level.

Regarding the influence of potential energy intake under-report-
ing, our sensitivity analysis excluded 64 participants identified as 
under-reporters. As presented in Table S2, this analysis revealed that 
macronutrient intakes showed patterns similar to the primary re-

Table 1. General and anthropometric characteristics of the study participants
Variable All (n=144) TF group (n=76) WC group (n=68)
Age (yr) 16.7±1.0 16.6±1.0 16.7±1.0
Sex
  Male 86 (59.7) 49 (64.5) 37 (54.4)
  Female 58 (40.3) 27 (35.5) 31 (45.6)
Anthropometric
  Height (cm) 170.3±7.9 170.6±7.6 169.9±8.2
  Weight (kg) 69.1±15.6 66.5±16.1 71.0±16.7*
  BMI (kg/m2) 23.7±4.5 22.6±4.0 24.8±4.7**
  Weight statusa)

    Underweight 2 (1.4) 2 (2.6) 0 (0.0)**
    Normal weight 105 (72.9) 63 (82.9) 42 (61.8)**
    Overweight/obesity 37 (25.7) 11 (14.5) 26 (38.2)**
  LBM (kg) 55.8±11.1 54.0±10.7 57.7±11.4*
  Body fat (%) 18.6±5.6 18.0±5.2 19.2±6.0
  Fat mass (kg) 13.3±7.0 12.5±6.6 14.3±7.4
Training-related
  Athletic career (yr) 5.2±1.9 5.2±2.1 5.1±1.7
  Training frequency (days/wk) 6.2±0.5 6.1±0.4 6.3±0.6*
  Training volume (h/day) 4.7±1.1 4.5±1.3 5.0±0.8*
  Sleeping time (h/day) 6.9±0.6 6.9±0.6 6.7±0.8
Values are presented as mean±standard deviation or number (%).
TF, track-and-field; WC, weight-class; BMI, body mass index; LBM, lean body mass.
a)Defined according to BMI: underweight (<18.5 kg/m2), normal weight (18.5 to <25.0 kg/m2), overweight/obesity (≥25.0 kg/m²)
Significant differences between the TF and WC groups were evaluated using Student t-test (*P<0.05, **P<0.01).
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Table 2. Dietary intakes of the TF and WC groups

Variable
SNRa) or KDRIb)

TF group (n=76) WC group (n=68)
Male Female

Energy
  Total (kcal/day) 3,650–3,925a) 2,875a) 2,143.2±669.8 2,260.6±514.2
  Sex
    Male - - 2,486.6±495.2 2,291.6±569.1
    Female - - 1,520.1±464.8 2,223.6±446.5***
  Per kg of body weight (g/kg/day) - - 33.0±11.0 32.7±9.6
Carbohydrate
  Total (g/day) - - 292.1±96.1 305.7±61.6
  Per kg of body weight (g/kg/day) 5–10a) 5–10a) 4.5±1.6 4.4±1.3
  % of total energy intake >50a) >50a) 54.6±4.6 54.8±4.9
Fiber (g/day) 25a) 20b) 20.3±7.7 25.7±8.3***
  Protein
  Total (g/day) 65b) 50b) 84.3±25.1 87.8±22.2
  Per kg of body weight (g/kg/day) 1.2–1.8a) 1.2–1.8a) 1.3±0.4 1.3±0.4
  % of total energy intake 15–20a) 15–20a) 15.8±1.8 15.4±1.3
Fat
  Total (g/day) - - 69.3±23.9 73.4±23.7
  Per kg of body weight (g/kg/day) - - 1.1±0.4 1.1±0.4
  % of total energy intake 15–30a) 15–30a) 29.1±4.2 28.7±4.4
Saturated fat (g/day) - - 11.2±5.3 16.1±4.9***
Saturated fat (% of total energy intake) <8b) <8b) 4.7±1.6 6.4±1.3***
Vitamins
  Vitamin A (μg/day) 850b) 600b) 672.8±313.2 477.1±118.1***
  Vitamin E (mg/day) 11b) 11b) 17.8±6.3 22.6±7.1***
  Vitamin D (μg/day)c) 10b) 10b) 4.6±3.3 10.1±3.9***
  Thiamin (mg/day) 1.3b) 1.2b) 2.0±0.8 2.2±0.6
  Riboflavin (mg/day) 1.7b) 1.2b) 1.7±1.0 1.7±0.9
  Niacin (mg/day) 17b) 14b) 14.6±4.9 16.2±4.6*
  Folate (μg/day) 400b) 400b) 410.0±140.6 454.0±120.1*
  Vitamin B12 (μg/day) 2.7b) 2.4b) 7.1±3.1 7.5±3.5
  Vitamin C (mg/day) 105b) 95b) 60.0±27.3 53.3±13.7
Minerals
  Calcium (mg/day) 900b) 800b) 526.6±184.8 561.0±204.3
  Phosphorus (mg/day) 1,200b) 1,200b) 1,226.8±334.6 1,337.3±321.6*
  Sodium (mg/day)c) 1,500b) 1,500b) 3,768.1±1144.1 3,921.9±962.2
  Potassium (mg/day)c) 3,500b) 3,500b) 2,564.2±742.2 2,697.3±670.1
  Magnesium (mg/day) 400b) 340b) 112.1±40.5 121.5±42.5
  Iron (mg/day) 14b) 14b) 19.0±14.1 17.6±7.5
  Zinc (mg/day) 10b) 9b) 12.0±4.1 14.3±4.9**
  Copper (μg/day) 840b) 840b) 744.6±426.1 729.1±254.0
  Selenium (μg/day) 65b) 65b) 75.1±27.6 78.6±21.5
  Manganese (mg/day) 4b) 3.5b) 1.7±0.6 2.0±0.7**
Values are presented as mean±standard deviation or number (%).
TF, track-and-field; WC, weight-class.
a)SNR (for adolescent athletes): sports nutrition recommendation [5]; b)KDRI (Korean Dietary Reference Intake, 2015) [15]; c)Adequate intake.
Significant differences between the TF and WC groups were evaluated using Student t-test (*P<0.05, **P<0.01, ***P<0.001).

sults. While the statistical significance observed in niacin, calcium, 
and phosphorus intake was not maintained, likely resulting from 
the reduced sample size, vitamin C intake significantly differed be-
tween the groups. Tables S3 and S4 enumerate the sex-stratified re-

sults of nutrient intake between the two groups.

Dietary quality of the participants
Table 3 shows the MAR and NAR of each nutrient consumed by 
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the TF and WC groups. The TF group had a significantly lower 
MAR than the WC group (P< 0.01). Among the nutrient intakes 
investigated, protein had a NAR closest to the recommended in-
take, with no significant difference between the two groups. The 
NARs of energy, vitamin C, riboflavin, niacin, vitamin B6, folic 
acid, phosphorus, iron, and zinc were significantly higher in the 
WC group than in the TF group (P< 0.05). The NARs for vitamin 
A, vitamin C, and calcium for both groups were too low (< 73%, 
< 61%, and < 66%, respectively). This discrepancy, the WC group 
showing a higher vitamin C NAR despite having a lower absolute 
vitamin C intake than the TF group (Table 2), may be attributed 
to the higher proportion of males in the TF group, who have a 
higher recommended nutrient intake.

Nutrition knowledge of the participants
Table 4 lists the number (0–109 points) and percentage (0%–
100%) of participants’ correct answers on the NKQA. The mean 
score of total nutrition knowledge was 27.9 ± 14.0 points for the 
TF group and 29.4 ± 15.7 points for the WC group, showing no 
significant between-group difference. Among the six subsections 
(carbohydrate, protein, fat, general nutrition, fluid, and sports nu-
trition) of the nutritional knowledge assessment, knowledge 
about fat was significantly higher in the WC group than in the TF 
group (P < 0.05). Regarding carbohydrate knowledge, the two 
groups obtained similar percentages of participants achieving cor-

rect answers. While the percentage of participants with correct 
answers for protein knowledge was slightly higher in the TF 
group than in the WC group, the between-group difference re-
mained nonsignificant. The scores for general nutrition, fluid, and 
sports nutrition were similar, with no significant differences noted 
between the groups. The TF group had the highest rate of correct 
answers regarding protein, followed by fluid, general nutrition, 
carbohydrate, sports nutrition, and fat. Meanwhile, the WC group 
had the highest rate of correct answers in the order of protein, flu-
id, fat, general nutrition, carbohydrate, and sports nutrition.

Dietary habits of the participants
Table 5 presents the adolescent athletes’ healthy and unhealthy di-
etary habits. In the healthy dietary habit assessment, the WC 
group had a significantly lower proportion of participants who ate 
breakfast daily than the TF group (P< 0.001). The proportion of 
athletes consuming fruits daily was low in both groups, with only 
22.4% in the TF group and 19.1% in the WC group. The TF group 
had a higher proportion of participants who consumed vegetables 
more than thrice a day than the WC group (23.7% vs. 13.2%). 
Both fruit and vegetables intakes did not show significant differ-
ences between such groups. In addition, only 15.8% of the TF 
group and 11.8% of the WC group responded that they drank 
milk more than twice a day.

With regard to unhealthy dietary habits, the WC group had sig-
nificantly more participants drinking carbonated drinks beyond 
thrice a week than the TF group (P< 0.001). Only 2.6% of the TF 
group and 5.9% of the WC group drank high-caffeine beverages 
more than thrice per week, demonstrating no significant be-
tween-group difference. The proportion of participants consum-
ing sugar-sweetened beverages at least thrice a week was higher in 

Table 3. Dietary quality of the TF and WC groups
Variable All (n=144) TF group (n=76) WC group (n=68)
NAR
  Energy 0.85±0.16 0.81±0.17 0.90±0.13**
  Protein 0.98±0.08 0.97±0.09 0.99±0.06
  Vitamin A 0.72±0.21 0.73±0.23 0.70±0.17
  Vitamin C 0.56±0.20 0.51±0.21 0.61±0.19**
  Thiamin 0.98±0.07 0.97±0.09 0.98±0.05
  Riboflavin 0.92±0.13 0.89±0.15 0.96±0.18**
  Niacin 0.87±0.17 0.82±0.19 0.92±0.14***
  Vitamin B6 0.94±0.17 0.92±0.16 0.97±0.11*
  Folate 0.94±0.14 0.86±0.18 0.95±0.11**
  Calcium 0.63±0.22 0.60±0.22 0.66±0.21
  Phosphorus 0.92±0.14 0.89±0.16 0.95±0.11*
  Iron 0.92±0.12 0.90±0.16 0.95±0.11*
  Zinc 0.95±0.12 0.92±0.14 0.97±0.19*
MARa) 0.86±0.11 0.83±0.13 0.89±0.08**
Values are presented as mean±standard deviation.
TF, track-and-field; WC, weight-class; NAR, nutrient adequacy ratio; MAR, 
mean adequacy ratio.
a)Calculated according to 12 nutrients excluding energy
Significant differences between the TF and WC groups were evaluated 
using Student t-test (*P<0.05, **P<0.01, ***P<0.001).

Table 4. Subsection and total scores achieved on the nutritional 
knowledge questionnaire for athletes by the TF and WC groups
Nutrition knowledge 

subsection TF group (n=76) WC group (n=68)

Carbohydrate (n=23) 5.8±3.6 (25.1) 5.8±3.5 (25.2)
Protein (n=18) 6.2±3.5 (34.4) 5.9±3.3 (32.5)
Fat (n=23) 4.4±3.9 (19.2) 6.2±5.1 (26.8)*
General nutrition (n=25) 6.5±4.4 (26.1) 6.6±4.4 (26.6)
Fluid (n=6) 1.7±1.3 (28.9) 1.7±1.3 (28.4)
Sports nutrition (n=14) 3.3±2.8 (23.7) 3.3±2.5 (23.2)
Total (n=109) 27.9±14.0 (25.6) 29.4±15.7 (27.0)
The number of correct answers in each subsection is presented as 
mean±standard deviation (%).
TF, track-and-field; WC, weight-class.
Significant differences between the TF and WC groups were evaluated 
using Student t-test (*P<0.05).
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the TF group than in the WC group (64.5% vs. 55.9%), although 
the difference was not significant. Regarding the intake of fast 
food, instant noodles, and unhealthy snacks more than thrice per 
week, no significant differences were observed between the TF 
and WC groups.

Weight control behavior and body image self-
perception of the participants
Table 6 summarizes the results of the weight control behavior 
questionnaire. We found no significant differences between the 

TF and WC groups in terms of effort to control weight (no, 
weight loss, weight gain, and weight maintenance).

Participants controlled their weight through methods such as 
regular exercise, meal size reduction, fasting, oriental medicine in-
take, one-food diet, diet food consumption, and diet pill adminis-
tration. The most commonly used method for weight control was 
regular exercise (TF, 93.5%; WC, 93.3%), but no significant differ-
ence was noted between the two groups. The next most common 
method was meal size reduction in both groups. The proportion 
of participants who applied fasting was significantly higher in the 

Table 5. Dietary habits of the study participantsa)

Variable All (n=144) TF group (n=76) WC group (n=68)
Healthy dietary habitsb)

  Breakfast, ≥7 times/wk 50 (34.7) 37 (48.7) 13 (19.1)***
  Fruit, ≥1 times/day 30 (20.8) 17 (22.4) 13 (19.1)
  Vegetable, ≥3 times/day 27 (18.8) 18 (23.7) 9 (13.2)
  Milk, ≥2 times/day 20 (13.9) 12 (15.8) 8 (11.8)
Unhealthy dietary habitsb)

  Carbonated beverage, ≥3 times/wk 39 (27.1) 12 (15.8) 27 (39.7)**
  High-caffeine beverage, ≥3 times/wk 6 (4.2) 2 (2.6) 4 (5.9)
  Sugar-sweetened beverage, ≥3 times/wk 87 (60.4) 49 (64.5) 38 (55.9)
  Fast food, ≥3 times/wk 17 (11.8) 9 (11.8) 8 (11.8)
  Instant noodle, ≥3 times/wk 22 (15.3) 9 (11.8) 13 (19.1)
  Unhealthy snack, ≥3 times/wk 38 (26.4) 17 (22.4) 21 (30.9)
Values are presented as number (%).
TF, track-and-field; WC, weight-class.
a)Participants’ dietary habits over the past 7 days were assessed using the Korean Youth Risk Behavior Survey. b)Over the past 7 days.
Significant differences between the TF and WC groups were evaluated using the chi-squared test (**P<0.01, ***P<0.001).

Table 6. Weight control behavior in the study participants
Variable All TF group WC group
Effort to control weight during the last month 144 (100) 76 (100) 68 (100)
  No 53 (36.8) 30 (39.5) 23 (33.8)
  Weight loss 63 (43.8) 31 (40.8) 32 (47.1)
  Weight gain 9 (6.3) 7 (9.2) 2 (2.9)
  Weight maintenance 19 (13.2) 8 (10.5) 11 (16.2)
Method to control weighta) 91 (100) 46 (100) 45 (100)
  Regular exercise 85 (93.4) 43 (93.5) 42 (93.3)
  Fasting 18 (19.8) 4 (8.7) 14 (31.1)*
  Reduce meal size 73 (80.2) 36 (78.3) 37 (82.2)
  Diet pill 8 (8.8) 3 (6.5) 5 (11.1)
  Diarrhea or diuretic medicine 1 (1.1) 0 (0.0) 1 (2.2)
  Vomiting after a meal 3 (3.3) 1 (2.2) 2 (4.4)
  One-food diet 5 (5.5) 3 (6.5) 2 (4.4)
  Oriental medicine 8 (8.8) 5 (10.9) 3 (6.7)
  Diet food 5 (5.5) 3 (6.5) 2 (4.4)
Values are presented as number (%).
TF, track-and-field; WC, weight-class.
a)Respondents who made an effort to lose, gain, or maintain weight during the last month. Multiple answers may be selected.
Significant differences between the TF and WC groups were evaluated using the chi-squared test (*P<0.05)
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WC group than in the TF group (31.1% vs. 8.7%).
Table S5 compares the measured weight status with body image 

self-perception. The percentage of agreement of body image with 
weight status did not significantly differ between the TF and WC 
groups (61.8% vs. 60.3%). In the TF group, 25.0% perceived their 
weight to be lower than the BMI standard, whereas 13.1% per-
ceived it to be higher. In the WC group, 27.9% perceived their 
weight to be lower than the BMI standard, whereas 11.8% per-
ceived it to be higher. Female participants had a lower agreement 
on weight status than male participants. Cohen’s kappa indicated 
a moderate agreement in males and a slight agreement in females. 
Compared with the BMI standard, 30.2% of males perceived their 
weight to be lower, while 2.3% perceived it to be higher. Converse-
ly, 27.6% of females perceived their weight to be higher than the 
BMI standard, while 20.7% perceived it to be lower.

Interesting topics and information sources about 
nutrition among participants
Table S6 lists the results of the participants’ interest in nutrition 
and the sources of nutrition information. Only 26.3% of the TF 
group and 38.2% of the WC group had received nutrition educa-
tion, showing no significant between-group difference. Regarding 
the topics of interest in nutrition, the TF group was most interest-
ed in quick recovery after training (63.2%) as compared with the 
WC group (44.1%), showing a significant difference (P < 0.05). 
The WC group was most interested in body fat reduction. The 
percentage of respondents who expressed interest in increasing 
muscle mass was higher in the WC group than in the TF group. 
Conversely, the degree of interest in nutrition supplements was 
higher in the TF group. Nonetheless, the degrees of interest in 
body fat reduction, muscle mass increase, and nutrition supple-
mentation were not significantly different between the two 
groups. The degree of interest in good food habits was relatively 
low in both groups compared with body fat loss, quick recovery, 
and muscle buildup. Overall, the TF group was most interested in 
quick recovery, followed by fat loss, muscle buildup, and nutrition 
supplements, while the WC group was most interested in fat loss, 
followed by muscle buildup, quick recovery, and nutrition supple-
ments. The least interesting topic for both groups was glycogen 
loading.

The most common nutrition information sources were coach-
es/trainers, followed by friends and mass media. In addition, the 
participants obtained nutrition information from their family, di-
etitian/physician, and magazines. None of these information 
sources significantly differed between the TF and WC groups.

Moreover, the practical application of nutrition knowledge 
showed no significant difference between the two groups. Only 
25.0% of the TF group and 14.7% of the WC group responded 
that they applied nutrition to training. Those who did not apply 
nutrition to training chose the “Just so” or “Not at all” response.

DISCUSSION

This study revealed inadequate nutrition intake and the need for 
nutrition education among South Korean adolescent athletes in-
volved in TF and WC sports. This study may be the first to com-
pare and analyze the nutrient intake, nutrition knowledge, and di-
etary habits of TF and WC adolescent athletes. According to 
self-reported food records, the TF and WC groups consumed en-
ergy and carbohydrates below the SNR. While the WC group had 
a significantly higher diet quality of micronutrients than the TF 
group, calcium, vitamin C, and magnesium intake was less than 
the KDRI in both groups. Both groups also had low scores in all 
items of the nutrition knowledge questionnaire, likely resulting 
from the lack of opportunities for nutrition education.

TF sports involve athletic performance based on physical skills 
such as running, jumping, and throwing. They require speed, 
strength, power, and endurance; thus, a healthy nutrition strategy 
is essential to overcome the stresses of high-intensity training [16]. 
For WC sports, such as taekwondo, judo, wrestling, boxing, 
weightlifting, and bodybuilding, athletes must reach a certain 
weight to qualify for a competition. As a result, many of the WC 
athletes resort to extreme weight control methods, including fast-
ing, eating disorders, and unhealthy diets; therefore, establishing 
healthy eating habits is crucial among these athletes [10].

Nutrition promotes optimal growth and development, making 
it an integral part of sporting competition for adolescent athletes 
[4]. Nutrition knowledge is essential for adolescent athletes be-
cause they need to know what, when, and how much to eat be-
fore, during, and after an exercise to achieve optimal performance 
[17]; however, no significant differences were identified by sex in 
this study. Most of the participants lacked sports nutrition knowl-
edge, as well as basic nutrition knowledge, including nutrient 
sources and macronutrient and micronutrient functions. Their 
lack of nutrition knowledge may be explained by the findings that 
they did not receive proper nutrition education and opportunities 
to meet nutrition experts. Athletes tend to seek nutrition informa-
tion from coaches, colleagues, the Internet, and family members 
rather than nutrition experts. With high nutrition knowledge, 
athletes can increase their quality of meals [18]. Therefore, pro-
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viding effective nutrition education programs for adolescents may 
help improve the quality of their food intake [18].

This study was conducted within the “in season” period, during 
which adequate nutrient intake of athletes is crucial for energy 
supplementation and recovery before, during, and after competi-
tion and training. However, the daily energy intake of both partic-
ipant groups was significantly lower than the SNR. The lack of en-
ergy intake may be explained by the fact that half of the TF group 
and only 1/5 of the WC group ate breakfast each day. Although 
athletes may skip breakfast to lose weight, weight reduction can 
become more difficult because they eat most of their calories at 
dinner [19]. Erdman et al. [20] found that 98% of elite Canadian 
athletes consumed breakfast, whereas only 23% of nonelite ath-
letes did so. Breakfast is crucial for athletes because it replenishes 
the glycogen depleted overnight and the carbohydrates needed for 
exercise [20]. Thus, athletes skipping breakfast may not meet their 
total required daily energy intake, as well as the carbohydrate in-
take, required to compete [21]. Moreover, approximately 40% of 
the TF group and 50% of the WC group are currently losing 
weight, likely causing their energy shortages. Energy intake below 
the recommended level should be avoided because it negatively 
affects not only the healthy growth and development of adoles-
cent athletes but also their athletic performance and health [22]. 
For example, a persistent energy deficit lowers athletes’ muscle 
strength, glycogen storage, concentration, coordination, and 
training response, thereby negatively affecting their athletic per-
formance [1]. It may also lead to adverse health consequences, in-
cluding eating disorders, dehydration, anorexia, and bulimia, as a 
result of hunger, fatigue, and stress [22]. Consuming fruit, bread, 
milk, and cheese between meals may be helpful for adolescent 
athletes to optimize their daily energy intake and nutrient timing.

According to the SNR for adolescent athletes, the recommend-
ed carbohydrate intake is 50% of the daily intake or 3–8 g per kg 
body weight, depending on the intensity of exercise [5]. A previ-
ous study suggested that the carbohydrate intake of adolescent TF 
athletes should be more than 55% of the total energy intake or 
equal to 6–10 g of carbohydrates per kg body weight [23]. In our 
study, the mean carbohydrate intake per body weight was similar 
between groups but lower than the SNR. Considering the long 
daily exercise time of both groups, they need to increase their in-
take of carbohydrates, the primary energy source of exercise; 
guidelines for carbohydrate intake are generally 5–7 g/kg for 
moderate-intensity training (< 1 hour, low-intensity exercise) and 
7–10 g/kg for increased high-intensity training (2–5 hours, endur-
ance training) [24]. With carbohydrate deficiency, athletes may 

experience glycogen depletion, fatigue accumulation, slow recov-
ery from training, and poor athletic performance [24]. Adoles-
cents having difficulty obtaining sufficient carbohydrates from 
their meals may additionally drink juice or sports drinks to help 
increase their carbohydrate intake.

The protein intake of adolescent athletes is often reported to be 
1.2–1.6 g/kg/day [25]. The mean protein intake per body weight 
(1.3 ± 0.4 g/kg/day) was comparable between the TF and WC 
groups and is similar to a previous report, indicating that the pro-
tein intake of our participants is appropriate. In general, nonvege-
tarian athletes easily exceed protein recommendations [6]. Our 
participants consumed protein that is approximately 1.5 times the 
KDRI. In the US, UK, and Australia, adolescent athletes con-
sumed protein that is 2 to 3 times the recommendation of each 
country [26]. Among elite adolescent athletes, the protein intake 
is 1.5–2.0 g per body weight, particularly for WC sports requiring 
body weight control and energy intake restriction in preparation 
for a competition [6]. Nonetheless, coaches should always be con-
cerned because vegetarian adolescent athletes who strictly limit 
their energy intake may have a low protein intake [6].

The dietary fat consumption of the TF and WC groups was ap-
proximately 30% of their total energy intake, in line with the rec-
ommended range of 15% to 30% [15]. For athletes, dietary fat in-
take above 30% is not recommended because it may contribute to 
excessive weight gain [27]. If athletes are trying to meet their ener-
gy needs, healthy fats may be the most energy-dense option [27].

The busy daily schedule of elite adolescent athletes may lead to 
an imbalanced diet, increasing the risk of micronutrient deficien-
cy [5]. The WC group met the recommended nutrient intake of 
vitamin D, whereas the TF group did not. In a cross-sectional 
study of South Korean adolescents, vitamin D deficiency was very 
common, with 73.3% of them reporting such deficiency [28]. WC 
athletes trying to lose body weight are at increased risk of defi-
ciency in micronutrients, including vitamin D, calcium, and iron 
[10]. Calcium and vitamin D are essential for maintaining muscle 
contraction, bone health, and other physical performance, but 
most adolescent athletes do not consume adequate amounts [1]. 
In this study, low calcium intake of the TF and WC groups may be 
associated with low dairy intake. Calcium deficiency has been re-
ported in WC and TF sports [2], and athletes trying to lose weight 
might experience decreased bone mineral density and impaired 
exercise performance [29]. A common nutritional goal among 
athletes is the moderate and well-timed consumption of nutri-
tionally balanced meals; this goal improves their health and exer-
cise performance and promotes recovery [30]. Despite the impor-
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tance of diversity in food choice, both the TF and WC groups had 
an insufficient vitamin C intake, which is often associated with in-
adequate consumption of fruit and vegetables.

Many sports require low body weight and a low fat–muscle ra-
tio for excellent performance. Therefore, adolescent athletes may 
try to lose weight to increase their physical strength, reach a cer-
tain WC, and develop a slim and lean body for sporting perfor-
mance [3]. Although nutritional optimization leads to increased 
self-confidence and peak performance among athletes [31], ap-
proximately 40% of the TF group and nearly half of the WC group 
were currently losing weight, making their daily energy intake sig-
nificantly below the SNR. The WC group showed a significantly 
higher rate of fasting than the TF group. Various studies have re-
ported high fasting rates among high school and college wrestlers 
[32]. Fasting in athletes not only can impair mood and concentra-
tion but can also have adverse effects on cardiovascular function, 
heat regulation, kidney function, and electrolyte balance [33]. For 
adolescent athletes, primarily females, chronic energy deficiencies 
may delay puberty and lead to irregular menstrual periods, poor 
bone health, and increased injury risk, which, in turn, negatively 
affect exercise performance [4]. When trying to lose weight or 
diet, adolescent athletes lacking nutrition knowledge need to con-
sult a dietitian or physician. However, only 14.5% of the TF group 
and 23.5% of the WC group received nutritional information 
from a dietitian or physician. Of note, the TF (39.5%) and WC 
(32.4%) groups were acquiring nutritional information from col-
leagues who also lack nutrition knowledge. Rather than nutrition 
experts, nutrition information sources for athletes are often 
coaches, who may not be qualified to provide such information 
[34].

In interesting topics in nutrition, the TF group was most inter-
ested in quick recovery, followed by body fat loss, muscle buildup, 
and nutrition supplements. Similarly, the WC group was most in-
terested in body fat loss, followed by muscle buildup, quick recov-
ery, and nutrition supplements. Regarding nutrition for quick re-
covery from training, athletes should focus primarily on carbohy-
drates, protein, and fluids [35]. Despite high-intensity training for 
more than 4.5 hours a day, the TF group had a lower-than-recom-
mended carbohydrate intake, which could have delayed their re-
covery from training. The WC group spent a longer time in train-
ing (> 5.0 hours daily compared with 4.5 hours daily) than the TF 
group, likely because of a weight loss exercise in addition to pow-
er, strength, endurance, and technical training. As shown by inter-
est in muscle buildup and nutrition supplements in both groups, 
adolescent athletes consider taking nutritional supplements for 

various reasons, including increased muscle mass, power and en-
durance, and optimized body composition [4]. However, the po-
tential long-term effects of nutrition supplements have not been 
investigated among younger ones because of ethical consider-
ations [5]. With regard to sports nutrition knowledge, both the TF 
and WC groups lacked such knowledge, showing an average of 
three correct answers out of 14 questions. Sports nutrition educa-
tion is important among adolescent athletes to understand nutri-
tion supplements accurately. Nutrition experts must also continue 
to provide nutrition guidelines for quick recovery, body fat loss, 
and muscle buildup, which are of primary interest to adolescent 
athletes.

This study has several strengths. It is a relatively large study 
compared with other studies involving South Korean adolescent 
athletes. Other studies have only fewer than 50 participants. To 
our knowledge, the present study may be the first to compare the 
nutrient intake, nutrition knowledge, and dietary habits between 
South Korean adolescent athletes involved in TF and WC sports. 
Although this study did not evaluate the biochemical factors of 
adolescent athletes, the results may help improve adolescent ath-
letes’ nutrition knowledge, nutrient intake, dietary habits, health 
status, and athletic performance in future studies. Concerning the 
results, further research on the nutrition-related factors for ath-
letes in different sports types is warranted.

Limitations
This study also has several limitations that need to be considered. 
For example, it relied on participants’ self-reported data on food 
intake, dietary habits, and nutrition knowledge, which are subject 
to potential recall and social desirability bias. Additionally, given 
that data were collected in 2018, the findings may not fully reflect 
the current nutritional status and dietary behaviors of South Ko-
rean adolescent athletes. However, considering the limited avail-
ability of data on nutrient intake, nutrition knowledge, and di-
etary habits in this population, this study provides valuable base-
line information for future research. Furthermore, this study only 
recruited athletes from a single high school; thus, the results may 
not be generalizable to a broader population of South Korean ad-
olescent athletes in TF and WC sports. Finally, nutrient adequacy 
was evaluated using the 2015 KDRIs despite the recent release of 
the 2025 KDRIs. The dietary data used in this study were collect-
ed in 2018. By utilizing the guidelines that were tailored to adoles-
cents at that specific time, the interpretation of our results remains 
valid and contextually appropriate. Furthermore, the reference 
values for energy and major nutrients remain largely consistent 
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between the two guidelines; thus, applying the updated KDRIs 
would not alter our fundamental conclusion regarding wide-
spread nutrient inadequacy.

Conclusion
The TF group had better dietary habits than the WC group but 
had lower energy and micronutrient intake, diet quality, and fat 
nutrition knowledge. Despite having more training than the TF 
group, the WC group more often reported that they attempted to 
lose weight through unhealthy ways, including fasting and reduc-
ing meal size to less than the SNR. Nutrient intake, nutrition 
knowledge, and dietary habits differed between these two groups; 
however, both groups demonstrated nutrient intake that was con-
siderably lower than the SNR, had no nutritional education expe-
rience and nutrition knowledge, and showed similar interests in 
nutrition. Considering the nutrition-related problems observed in 
this study, individualized nutrition intervention with continuous 
sports nutrition education is necessary for the health and athletic 
performance of adolescents.
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Objective: Although healthy dietary habits established in early childhood are critical for lifelong health, most previous studies have 
relied predominantly on parental proxy reports rather than children’s self-perceptions. This study compared preschoolers’ self-per-
ceived healthy dietary practices with their parents’ evaluations and examined discrepancies between them.
Methods: This study included 243 preschoolers aged 2 to 7 years and their parents, recruited from daycare centers in Cheonan, 
South Korea. Data were collected using the validated, structured, self-administered Healthy Eating Practice Questionnaire, which 
assessed nutrition and hygiene. Mean Healthy Eating Practice Scores were compared between preschoolers and their parents us-
ing paired t-tests, and stratified analyses were conducted by sex and age.
Results: Preschoolers rated their healthy dietary practices significantly higher than their parents did (P<0.001). The discrepancy 
was greater for nutrition than for hygiene, with hygiene ratings more consistent. This domain-specific pattern was consistent across 
sexes and age groups. When stratified by sex and age, preschooler-parent Healthy Eating Practice Score differences were signifi-
cantly higher in boys than in girls (25.0±21.0 vs. 20.0±14.9, respectively; P=0.035).
Conclusion: Discrepancies between preschoolers’ self-perceptions and their parents’ evaluations suggest that incorporating both 
perspectives is essential for accurately assessing children’s dietary practices. These findings support the development of dual-per-
spective dietary assessment and education strategies in early childhood.
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INTRODUCTION

The prevalence of obesity and picky eating habits among children 
and adolescents in South Korea has steadily increased [1]. Selec-
tive eating and consumption of high-calorie, low-nutrient foods in 
early childhood increase the risk of nutritional deficiencies during 
growth and chronic diseases in adulthood, including obesity, dia-

betes, and cardiovascular diseases [2,3]. Early childhood is a criti-
cal period for establishing dietary habits [4], which directly influ-
ence future food choices, nutritional balance, and self-regulatory 
skills [5]. Therefore, establishing proper dietary habits in early 
childhood is essential for lifelong health, highlighting the need for 
early nutritional education and guidance.

However, rising dual-income families and dining-out culture 
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have reduced home mealtimes, making preschoolers’ dietary 
management increasing challenging. Particularly, children’s di-
etary habits are not merely personal preference but are directly in-
fluenced by parental eating attitudes and guidance behaviors [6-
8]. As key role models, parents’ nutritional knowledge, eating hab-
its, and attitudes are closely associated with their children’s healthy 
dietary practices [7-10].

To promote healthy dietary habits in preschoolers, it is essential 
to understand the process of changes in their dietary behaviors. 
However, most previous studies, both domestic and international, 
have relied on parent or teacher reports rather than children’s 
self-perceptions [11-13]. Previous studies have demonstrated 
meaningful parent-child differences in reports of identical 
health-related behaviors [14], with studies on dietary habits show-
ing that parents tend to overestimate the quality of their children’s 
actual behaviors [15].

These findings highlight the limitation of relying solely on pa-
rental perceptions, which may not fully capture preschoolers’ per-
spectives on dietary behavior changes or accurately identify their 
health behaviors or dietary problems. Furthermore, analyzing 
parent-child perceptual gaps is significant for identifying their de-
terminants and understanding children’s perceptions of healthy 
eating behaviors. However, studies directly comparing infants’ 
self-awareness with parents’ perceptions remain limited [16]. To 
better understand behaviors related to the development of healthy 
dietary habits in preschoolers, research that incorporates both 
children’s direct responses and parental assessments is essential. 
Therefore, this study aimed to examine discrepancies between 
preschoolers’ self-perceived healthy dietary attitudes and practices 
and their parents’ evaluations.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 
Dankook University (No. 2024-05-050-007) and adhered to the 
Declaration of Helsinki principles. The study procedures were ex-
plained in detail to all participants before the study began, and in-
formed consent was obtained.

Study design
This cross-sectional survey compared preschoolers’ self-perceived 
levels of healthy eating practices with their parents’ evaluations of 
the children’s practices. In addition, the study examined whether 
discrepancies between children’s and parents’ perceptions varied 

by child’s sex and age.

Study participants
The study participants were preschoolers aged 2 to 7 years and 
their parents, recruited from daycare centers and kindergartens 
supported by the Center for Children’s Foodservice Management 
(CCFSM) in Cheonan, South Korea. The survey was conducted 
in two phases: the first phase from August to November 2024, and 
the second phase from April to May 2025.

In the first phase, 136 pairs of preschoolers and parents partici-
pated; however, six pairs were excluded for incomplete responses, 
resulting in a final sample of 130 pairs (n = 260) included in the 
analysis. In the second phase, 118 pairs participated, and after ex-
cluding five pairs with insufficient data, 113 pairs (n= 226) were 
included. Finally, a total of 243 pairs (n = 486) from both phases 
were pooled for the final analysis.

General characteristics and growth status assessment of 
preschoolers
General characteristics of the preschoolers, including sex, age, 
height, weight, and body mass index (BMI), were obtained 
through self-reported questionnaires completed by their parents 
at the time of the survey. To assess growth status, we used the 
2017 Korean National Growth Charts for Children and Adoles-
cents developed by the Korea Disease Control and Prevention 
Agency and the Korean Pediatric Society. Short stature was de-
fined as height-for-age below the 3rd percentile, and underweight 
as weight-for-age below the 5th percentile. Based on BMI-for-age 
percentiles, children were classified as underweight ( < 5th per-
centile), normal weight (5th to < 85th percentile), overweight 
(85th to < 95th percentile), or obese (≥ 95th percentile) [17].

Healthy Eating Practices Questionnaire (HEPQ)
This study used the HEPQ developed to target infants and young 
children aged ≥ 24 months and validated through a stepwise pro-
cess from 2020 to 2022 to objectively assess the level of healthy di-
etary practices in preschoolers, including the effectiveness of early 
childhood education programs at the CCFSM [16,18]. The HEPQ 
was designed using child-friendly facial expressions and illustra-
tions so that children can independently choose response options 
to questions and consisted of versions for both preschoolers and 
parents, with established reliability and validity. Core dietary 
items were derived and subjected to rigorous validation during 
initial development [16,18]. Subsequently, the scoring system and 
domain-specific criteria were established, with evaluation objec-
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tivity strengthened through correlation analysis with the Nutri-
tion Quotient for Preschoolers [18].

The HEPQ assesses dietary behaviors, including food prefer-
ences, intake levels, and hygiene practices (hand washing and 
tooth brushing), categorized into two domains: nutrition and hy-
giene. The questionnaire responses from both preschoolers and 
parents were evaluated across four subdomains: food preference, 
food intake level, hand washing, and tooth brushing. Based on 
questionnaire responses, the Healthy Eating Practice Score 
(HEPS) was calculated. Each subdomain comprises three to five 
items, and the responses, measured on 3- to 5-point Likert scales, 
were converted to a 100-point scale for standardized scoring.

Statistical analysis
Categorical variables describing the general characteristics of pre-
schoolers were summarized as frequencies and percentages (%). 
Continuous variables, such as age, height, and weight, were ex-
pressed as mean ± standard deviation. The HEPS scores for pre-
schoolers and parents were calculated as mean± standard devia-
tion. Differences between child- and parent-reported HEPS 
scores were analyzed using paired t-tests. Independent t-tests were 
used to examine whether discrepancy scores differed by child’s 
sex or age group. All statistical analyses were performed using 
IBM SPSS ver. 28.0 (IBM Corp.), and statistical significance was 
defined at P< 0.05.

RESULTS

General characteristics of preschoolers
General characteristics of the participants are presented in Table 
1. Among the 243 children, 117 (48.1%) were boys and 126 
(51.9%) were girls. Three-year-olds comprised the largest age 
group (n= 64, 26.3%), followed by 4-year-olds (n= 61, 25.1%) and 
5-year-olds (n= 51, 21.0%). Most children were within the normal 
range for height (n= 229, 94.2%) and weight (n= 225, 92.6%). For 
BMI, 184 children (75.7%) fell within the normal range, followed 
by the overweight or obese group (n= 44, 18.1%) (Table 1).

HEPS difference scores between preschoolers’ self-
perceptions and parental perceptions
The difference between preschoolers’ self-reported HEPS scores 
and parental HEPS scores is shown in Table 2. The total scores re-
ported by preschoolers were significantly higher by 22.4 points 
than the scores evaluated by parents (P < 0.001). Regarding the 
subdomains, preschoolers’ self-reported scores for food prefer-

Table 1. General characteristics of study participants
Variable Total
Sex
  Boy 117 (48.1)
  Girl 126 (51.9)
  Total 243 (100)
Age (yr) 4.19±1.23
  2 46 (18.9)
  3 64 (26.3)
  4 61 (25.1)
  5 51 (21.0)
  6 19 (7.8)
  ≥7 2 (0.9)
  Total 243 (100)
Height (cm) 102.88±9.62
  Normal 229 (94.2)
  Short staturea) 14 (5.8)
  Total 243 (100)
Weight (kg) 17.65±8.06
  Normal 225 (92.6)
  Underweightb) 18 (7.4)
  Total 243 (100)
Body mass indexc)

  Normal 184 (75.7)
  Underweight 15 (6.2)
  Overweight or obese 44 (18.1)
  Total 243 (100)
Values are presented as number (%) or mean±standard deviation.
a)Short stature was defined as height-for-age below the 3rd percentile;  
b)Underweight was defined as weight-for-age below the 5th percentile; 
c)Body mass index was defined based on the BMI-for-age percentiles: 
underweight (<5th percentile), normal weight (5th to <85th percentile), 
overweight (85th to <95th percentile), or obese (≥95th percentile).

ence (mean= 78.2) and food intake level (mean= 85.3) were sig-
nificantly higher than parental evaluations (73.4 and 66.9, respec-
tively; P< 0.001). Conversely, for the hygiene subdomains (hand 
washing and tooth brushing), parental evaluation scores were 
slightly higher than those of the children; particularly, in tooth 
brushing, parents (mean= 42.2) scored significantly higher than 
preschoolers (mean= 41.6) (P= 0.033).

Comparison of the HEPS scores between preschoolers’ 
self-perceptions and parental perceptions stratified by 
sex and age
When stratified analyses to compare the HEPS total scores report-
ed by preschoolers and their parents were conducted by sex and 
age, preschoolers’ self-reported scores were significantly higher 
than those reported by parents, regardless of sex and age 
(P < 0.001). However, results varied across subdomains. In both 
boys and girls, and in both age groups ( ≤ 4 and > 4 years), pre-
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schoolers’ self-reported scores were significantly higher than par-
ents’ scores in the food preference and intake levels subdomain 
(P < 0.001). Conversely, in the hand washing or tooth brushing 
subdomain, parents’ scores tended to be higher than preschoolers’ 
self-reported scores, although this difference was not statistically 
significant (Table 3).

Preschooler-parent score differences compared by sex 
and age
Analysis of preschooler-parent score differences by sex and age 
showed significant differences by sex only. The mean difference in 
total HEPS scores was significantly higher for boys (25.0 points) 
than for girls (20.0 points, P= 0.035). In terms of the subdomains, 
boys showed a significantly larger discrepancy in the food prefer-

Table 2. HEPS difference scores between preschoolers’ self-perceptions and parental perceptions
HEPS Preschooler Parent Difference P-valuea) P-valueb)

Total 248.5±22.9 226.1±24.7 22.4±18.2 <0.001 <0.001
Food preference 78.2±9.9 73.4±10.1 4.8±7.6 <0.001 <0.001
Food intake level 85.3±12.4 66.9±13.2 18.4±12.4 <0.001 <0.001
Hand washing 43.5±5.4 43.7±4.5 −0.2±4.0 0.673 0.465
Tooth brushing 41.6±6.3 42.2±5.8 −0.7±4.7 0.238 0.033
Values are presented as mean±standard deviation.
HEPS, Healthy Eating Practice Score.
a)Independent sample t-test for comparing mean scores between preschoolers and parents; b)Paired t-test comparing preschoolers’ and parents’ scores 
for each child.

Table 3. Comparison of HEPS scores between preschoolers’ self-perceptions and parental perceptions stratified by sex and age
Variable Preschooler Parent Difference P-valuea) P-valueb)

Sex
  Boy
    HEPS 248.8±21.3 223.3±24.6 25.0±21.0 <0.001 <0.001
      Food preference 78.9±9.0 72.9±8.9 6.0±7.8 <0.001 <0.001
      Food intake level 85.8±12.2 65.9±12.9 19.7±13.9 <0.001 <0.001
      Hand washing 43.2±5.9 43.1±4.8 0.1±4.7 0.797 0.846
      Tooth brushing 40.9±6.5 41.5±6.1 −0.8±5.3 0.421 0.089
  Girl
    HEPS 248.2±24.4 228.2±25.0 20.0±14.9 <0.001 <0.001
      Food preference 77.5±10.7 73.8±11.0 3.7±7.2 0.008 <0.001
      Food intake level 84.7±12.7 67.8±13.4 17.2±10.8 <0.001 <0.001
      Hand washing 43.7±4.9 44.3±4.1 −0.4±3.2 0.339 0.126
      Tooth brushing 42.2±6.0 42.9±5.5 −0.5±4.2 0.375 0.202
Age
  ≤4 yr
    HEPS 247.5±23.3 226.0±22.8 21.4±18.3 <0.001 <0.001
      Food preference 77.4±10.0 73.1±9.7 4.3±7.6 <0.001 <0.001
      Food intake level 84.4±12.7 66.5±12.6 17.8±12.3 <0.001 <0.001
      Hand washing 44.0±5.1 44.1±4.1 −0.1±4.0 0.799 0.691
      Tooth brushing 41.9±6.3 42.4±6.0 −0.6±4.8 0.434 0.124
  >4 yr
    HEPS 250.5±22.2 226.3±28.8 24.6±18.0 <0.001 <0.001
      Food preference 80.0±9.5 74.1±10.9 6.1±7.3 <0.001 <0.001
      Food intake level 87.5±11.4 67.8±14.5 19.7±12.8 <0.001 <0.001
      Hand washing 42.3±5.7 42.6±5.1 −0.3±4.0 0.694 0.467
      Tooth brushing 40.8±6.2 41.8±5.5 −0.8±4.6 0.322 0.121
Values are presented as mean±standard deviation.
HEPS, Healthy Eating Practice Score.
a)Independent sample t-test for comparing mean scores between preschoolers and parents; b)Paired t-test comparing preschoolers’ and parents’ scores 
for each child.
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ence domain (6.0 points) compared to girls (3.7 points, P= 0.017). 
Conversely, no significant sex differences were observed in food 
intake level, hand washing, or tooth brushing (P> 0.05) (Table 4).

DISCUSSION

Although parental reports have traditionally been the primary 
method for assessing children’s dietary behaviors, relying solely on 
them may overlook the significant perceptual differences between 
parents and children. This study addressed this gap by directly 
comparing preschoolers’ self-perceptions with parental evalua-
tions, thereby providing a more comprehensive basis for pediatric 
dietary guidance. Overall, preschoolers rated their own dietary 
practices significantly more positively than their parents, with the 
largest discrepancy observed in food preferences.

These findings are consistent with previous studies reporting 
parent-child discrepancies in health behavior perceptions. For ex-
ample, Lago-Ballesteros et al. [19] found significant differences 
between adolescents’ actual physical activity levels and those per-
ceived by adolescents and their parents, highlighting perceptual 
gaps in health-related behaviors within families. Although their 
study focused on physical activity among adolescents rather than 
dietary habits in preschoolers, it supports the consistency of par-
ent-child perceptual discrepancies across health domains.

These perceptual discrepancies may reflect developmental 
characteristics of early childhood. Egocentric thinking and posi-
tive illusions often lead preschoolers to overestimate their own 
abilities, contributing to differences between parental and child 
responses. Supporting this, Venkatesh and DeJesus [20] reported 
that preschoolers’ self-reports on eating behaviors more positively 
than those of their parents. Similarly, Warren et al. [21] suggested 
that such overestimation may result from inherent cognitive and 
reporting limitations in young children. In this study, parent-child 
discrepancies in HEPS remained highly significant among older 

preschoolers (> 4 years; paired t-test, P< 0.001), in whom self-re-
porting is developmentally more reliable, with a magnitude com-
parable to that in younger children (≤ 4 years). This indicates that 
the observed discrepancy is robust across cognitive developmen-
tal phases and is not an artifact of the youngest children’s self-re-
ports.

The analysis of perceptual discrepancies by sex showed that 
parent-child score discrepancies were significantly larger for boys 
than for girls. This result aligns with the findings of Wrottesley et 
al. [22], who reported that perceptual differences between chil-
dren and parents are structurally distinct by sex. This finding may 
reflect boys’ higher activity levels and impulsive tendencies, which 
may lead to more positive perceptions of their eating habits. Alter-
natively, it may reflect that parents monitor boys’ dietary behav-
iors more strictly than girls’.

Parents’ tendency to evaluate their children’s behaviors more 
negatively than children themselves may reflect higher parental 
expectations, as Liu et al. [23] and Berge et al. [24] reported that 
parents with higher health expectations and normative standards 
tend to assess behaviors more strictly than they are in reality. This 
aligns with studies by Kwon et al. [25] and Marwaha et al. [26], 
which frequently observed instances in which parental evalua-
tions did not align with children’s actual behaviors or self-percep-
tions. Specifically, parents may apply more conservative criteria 
due to concerns about picky eating and inadequate intake, where-
as preschoolers interpret their behaviors positively, thereby con-
tributing to significant perceptual gaps.

These findings reveal that close cooperation between families 
and educational institutions is essential for improving healthy eat-
ing practices among preschoolers. Although positive self-percep-
tion may motivate children, discrepancies between perception 
and actual behavior may hinder the development of healthy eat-
ing habits. Therefore, parents and educators should understand 
preschoolers’ developmental characteristics and provide age-ap-

Table 4. Preschooler-parent score differences compared by sex and age

HEPS
Sex

P-valuea) Age
P-valueb)

Boy Girl ≤4 yr >4 yr
Total 25.0±21.0 20.0±14.9 0.035 21.4±18.3 24.6±18.0 0.221
Food preference 6.0±7.8 3.7±7.2 0.017 4.3±7.6 6.1±7.3 0.096
Food intake level 19.7±13.9 17.2±10.8 0.120 17.8±12.3 19.7±12.8 0.283
Hand washing 0.1±4.7 −0.4±3.2 0.313 −0.1±4.0 −0.3±4.0 0.693
Tooth brushing −0.8±5.3 −0.5±4.2 0.553 −0.6±4.8 −0.8±4.6 0.674
Values are presented as mean±standard deviation.
HEPS, Healthy Eating Practice Score.
a)Independent sample t-test for comparing mean scores between preschoolers and parents; b)Paired t-test comparing preschoolers’ and parents’ scores 
for each child.
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propriate guidance. Parent education programs that promote ob-
jective assessment of their children’s dietary development may 
help reduce the perceptual gap between children and parents 
through dietary education linked with home-based activities.

Limitations
This study has several limitations. First, the regional sample of 
preschoolers and parents may limit the generalizability of the 
findings to the broader population. Second, self-administered 
questionnaires may have introduced social desirability bias and 
recall error. Third, the food intake level subdomain was assessed 
based on perceptions rather than actual dietary intake, thereby 
limiting quantitative dietary assessment. The largest parent-child 
discrepancy was observed in this domain, with children rating 
their intake substantially higher than their parents did. On the pa-
rental side, picky or fussy eating is common among preschoolers 
and a frequent source of parental concern [24,25]. Parents wor-
ried about their child’s eating may focus on food refusal and inad-
equate intake, leading to conservative proxy ratings that reflect 
feeding concern rather than actual consumption. On the child’s 
side, preschoolers may overestimate their dietary behaviors due to 
self-presentation and developmental optimism bias, with a ten-
dency to report eating foods and recall preferred or recent meals 
more readily. These findings indicate that perception-based food 
intake ratings are subject to systematic biases among reporters, 
highlighting the need to complement them with objective dietary 
assessments and to address parental feeding concerns in pre-
school nutritional interventions. Fourth, this descriptive study did 
not examine factors potentially associated with the magnitude of 
parent-child perception discrepancies. These discrepancies may 
be influenced by a child’s weight status (e.g., overweight or obesi-
ty), parental feeding attitudes, and the dietary environment. Fu-
ture studies investigating the relationship between perception dis-
crepancies and clinical growth indicators are warranted. Despite 
these limitations, this study is among the first to directly compare 
preschoolers’ self-reported dietary perceptions with parental eval-
uations in a Korean population, providing foundational evidence 
for dual-perspective approaches in early childhood nutrition as-
sessment. Future studies should include diverse regions and so-
cioeconomic backgrounds to improve the generalizability of the 
findings. Additionally, future research incorporating observa-
tion-based behavioral assessments and objective dietary mea-
sures, such as the 24-hour recall method, is needed to determine 
how parent-child perceptual discrepancies relate to actual nutri-
tional status.

Conclusion
This study found that preschoolers consistently rated their dietary 
practices more positively than their parents did, regardless of sex 
and age, with the largest discrepancies observed in food prefer-
ences and intake rather than hygiene-related behaviors. Notably, 
the perceptual gap was significantly larger in boys than in girls, 
suggesting sex-specific influences on parent-child discrepancies. 
These findings highlight the need to incorporate both child and 
parental perspectives in early childhood dietary assessment. Tai-
lored dietary education programs that address these perceptual 
gaps may provide practical and policy-relevant evidence for pro-
moting healthy eating habits.
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Objective: This study investigated the prevalence and factors of concurrent wasting and stunting (WaSt) in Cambodian children 
aged 6–59 months.
Methods: This cross-sectional analysis of the Cambodia Demographic and Health Survey from 2021 to 2022 included 3,420 chil-
dren aged 6–59 months and a subsample of 1,237 aged 6–23 months for whom dietary indicators were available. WaSt was de-
fined as height-for-age and weight-for-height z-scores below −2 standard deviations according to the World Health Organization 
(WHO) Growth Standards. Dietary indicators followed 2021 WHO/UNICEF infant and young child feeding definitions. Survey-weight-
ed logistic regression was employed in Stata 18.0, with statistical significance set at P<0.05.
Results: The prevalence rates were 22.4% for stunting, 9.3% for wasting, and 2.1% for WaSt. The odds of WaSt were higher among 
children with low birth weight (adjusted odds ratio [AOR], 4.93; 95% confidence interval [CI], 1.92–12.63), those born to under-
weight mothers (AOR, 2.42; 95% CI, 1.06–5.56), and those from the poorest wealth tertile (AOR, 2.46; 95% CI, 1.14–5.31). Con-
trarily, the odds were lower among girls (AOR, 0.52; 95% CI, 0.28–0.97) and children of mothers who were overweight or obese 
(AOR, 0.25; 95% CI, 0.10–0.65). No dietary indicator was associated with WaSt, although power was limited by few cases (n=21).
Conclusion: WaSt was independently associated with low birth weight, maternal underweight, and household poverty, whereas no 
significant association with dietary indicators was observed. Integrated programs targeting maternal nutrition, birth outcomes, and 
poverty in vulnerable households are warranted.

Keywords: Wasting; Stunting; Cambodia Demographic and Health Survey; Child malnutrition

Received: June 10, 2026  Revised: July 13, 2026  Accepted: July 15, 2026

Correspondence to: Seungmin Lee
Department of Food and Nutrition, Sungshin Women’s University, 55 Dobong-ro 76ga-gil, Gangbuk-gu, Seoul 01133, Korea
Email: smlee@sungshin.ac.kr 

INTRODUCTION

To date, child undernutrition remains a major global public health 
concern. Progress toward achieving international nutrition targets 
has been slow, with an estimated 150.2 million children aged < 5 
years affected by stunting and 42.8 million by wasting [1,2]. Be-

yond these two conditions individually, researchers have increas-
ingly focused on concurrent wasting and stunting (WaSt), defined 
as the coexistence of wasting (weight-for-height z-score [WHZ], 
< −2) and stunting (height-for-age z-score [HAZ], < −2) [3,4]. As 
it combines acute and chronic growth failure, WaSt represents one 
of the most severe forms of undernutrition.
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Over the past two decades, Cambodia has achieved substantial 
reductions in stunting. The Cambodia Demographic and Health 
Survey (CDHS) 2021–2022 showed that the prevalence of stunt-
ing decreased from roughly 32% in 2014 to approximately 22% in 
2021–2022. However, wasting has barely changed, remaining at 
around 10%, a level still considered high for the region [5,6]. Re-
cent national and international reports present a similar picture, 
in which chronic undernutrition has improved over time while 
acute undernutrition continues to persist [7]. In other words, 
many Cambodian children continue to face several nutritional 
risks at once.

Child growth is influenced by factors operating at several levels. 
At the individual level, age (particularly between 6 and 23 
months), sex, birth weight, recent illness, and feeding practices 
can directly affect nutritional status. Household circumstances, 
such as poverty, food insecurity, limited access to clean water, and 
poor sanitation, further increase the risk of impaired growth. Ma-
ternal characteristics, including a mother’s nutritional status, edu-
cation, and general health, also influence the child’s development 
[8-10]. Although WaSt are frequently studied as separate prob-
lems, a growing body of evidence indicates that they share com-
mon underlying causes and often occur together, particularly in 
younger children and those exposed to repeated infections [8-10].

Children affected by WaSt face a significantly higher risk of 
poor health. Compared with children who have only one form of 
undernutrition, those with WaSt have greater morbidity and a 
markedly higher risk of death [3,11]. Although wasting alone can 
rapidly fluctuate, its coexistence with stunting signals more pro-
longed deprivation and vulnerability. However, most nutrition 
programs and surveillance systems still treat WaSt as distinct con-
ditions, which means children with WaSt may go unrecognized 
and untreated.

This gap in identification and management has practical conse-
quences for prevention and treatment. Earlier studies have associ-
ated WaSt with numerous factors, including low birth weight, 
male sex, frequent infections, poor complementary feeding, short 
birth intervals, and low maternal educational level and household 
wealth [8,12]. Nevertheless, the evidence base for WaSt remains 
limited, and few studies in Cambodia have used recent nationally 
representative data.

Against this background, a clearer understanding of the burden 
and determinants of WaSt in Cambodia is needed. Drawing on 
the CDHS 2021–2022 data, this study aimed to investigate the 
factors associated with WaSt among children aged 6–59 months. 
The findings are intended to inform more integrated nutrition 

policies and interventions that address WaSt, with particular at-
tention to vulnerable groups, such as children aged 6–23 months 
[5,7]. This period is also a critical window for growth faltering: 
linear growth steeply deteriorates over the first 24 months of life, 
the same interval in which complementary foods are introduced 
and infant feeding practices exert their greatest influence on 
growth [13]. As WaSt incorporates a chronic (stunting) compo-
nent, this is the window in which the association between diet 
and WaSt is most likely to be detectable.

Objectives
This study aimed to examine the factors associated with WaSt 
among children aged 6–59 months in Cambodia using data from 
CDHS 2021–2022.

Specifically, this study aimed as follows: (1) to determine the 
prevalence of stunting, wasting, and WaSt among children aged 
6–59 months in Cambodia; (2) to identify sociodemographic, 
maternal, child, and household environmental factors associated 
with WaSt among children aged 6–59 months in Cambodia; (3) 
to explore the association of dietary diversity and meal frequency 
with WaSt in children aged 6–23 months in Cambodia.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 
Sungshin Women’s University (No. SSWUIRB-2026-003). The 
study was a secondary analysis of publicly available data from the 
CDHS. Permission to use the dataset was obtained from the De-
mographic and Health Surveys (DHS) program. Informed con-
sent was obtained by the original survey organizers from the par-
ticipants. However, the requirement for additional informed con-
sent was waived. All data were anonymized before access, and no 
identifiable information was available to the researchers. All pro-
cedures were performed in accordance with the principles of the 
Declaration of Helsinki. This study was reported in accordance 
with the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines.

Study design and setting
This study was a cross-sectional secondary analysis of data ob-
tained from CDHS 2021–2022 [5]. The CDHS is a nationally rep-
resentative household survey conducted to obtain information on 
population health, nutrition, and demographic indicators. The 
survey was conducted across urban and rural areas in Cambodia 
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using a stratified two-stage cluster sampling design. Data were 
collected between June 15, 2021, and January 30, 2022, by trained 
fieldworkers using standardized questionnaires. The present study 
used data on children aged < 5 years and their mothers to evalu-
ate the factors associated with WaSt among children aged 6–59 
months in Cambodia.

Participants
The analytical sample was drawn from the Children’s Recode file 
of the CDHS 2021–2022, which contains records of all living chil-
dren aged < 5 years born to interviewed women. Anthropometric 
measurements in CDHS 2021–2022 were performed only among 
children aged 6–59 months. Younger infants were ineligible for 
anthropometric assessment and therefore excluded from the anal-
ysis. Children were eligible for inclusion if they (1) were aged 
6–59 months at the time of the survey; (2) had valid anthropo-
metric measurements; and (3) had HAZ and WHZ within the 
plausible range of −6 to +6 standard deviations (SDs) recom-
mended by the World Health Organization (WHO). Children 
with missing or biologically implausible HAZ or WHZ were ex-
cluded. All children in the CDHS anthropometry subsample were 
living with their mothers; therefore, no further exclusion was re-
quired for linking maternal variables.

The CDHS 2021–2022 Children’s Recode file included 3,544 
children aged 6–59 months with measured anthropometry. After 
excluding 124 children (3.5%) with missing or biologically im-
plausible HAZ or WHZ (outside ± 6 SD of the WHO median), 
3,420 children remained in the main analytical sample for the 
prevalence and multivariable analyses (objectives 1 and 2). For the 
sub-analysis of dietary indicators (objective 3), the sample was 

further restricted to children aged 6–23 months within the analyt-
ical sample (n = 1,237), according to the WHO/United Nations 
Children’s Fund (UNICEF) guidance [14] and DHS, phase 8 
(DHS-8) protocol [5]. A flow diagram of participant selection is 
shown in Fig. 1.

Data sources and measurement
All data were obtained from the publicly available CDHS 2021–
2022 standard recode files, including the Children’s Recode file, 
provided by the DHS program. Anthropometric measurements 
were obtained by trained CDHS field staff using standardized 
procedures consistent with WHO recommendations: recumbent 
length was measured for children aged < 24 months and standing 
height for children aged ≥ 24 months, and weight was measured 
to the nearest 0.1 kg using SECA digital scales. WHO-standard-
ized HAZ and WHZ provided in the CDHS dataset (variables 
HW70 and HW72, divided by 100) were used to calculate stunt-
ing, wasting, and WaSt according to the WHO 2006 Child 
Growth Standards [15].

Birth weight was based on either a written record (e.g., health 
card) or maternal recall. Maternal anthropometry (height, weight, 
body mass index [BMI]) was measured during the survey by 
trained interviewers. Household wealth was assessed using the 
DHS-constructed wealth index, a composite indicator derived 
from principal component analysis of household assets, dwelling 
characteristics, and access to utilities. Water source and sanitation 
facility variables were classified as improved or unimproved ac-
cording to the WHO/UNICEF Joint Monitoring Programme 
(JMP) ladder. Dietary indicators were derived from 24-hour di-
etary recall data following the 2021 WHO/UNICEF revised indi-

Cambodia Demographic and Health Survey (CDHS) 2021–2022 Children’s Recode file
- Children aged 6–59 months with measured anthropometry (n=3,544)

Main analytical sample 
- �Objectives 1 and 2: prevalence and 

determinants of WaSt (n=3,420)

Subsample with dietary indicators 
- �Objective 3: dietary indicators and 

WaSt among children aged 6–23 
months (n=1,237)

Excluded (n=124) 
- �Missing or biologically implausible 

HAZ or WHZ (outside ±6 SD)

Excluded (n=2,183)
- �Children aged 24–59 months 

(dietary indicators not available)

Fig. 1. Participant selection flowchart. WaSt, wasting and stunting; HAZ, height-for-age z-score; WHZ, weight-for-height z-score; SD, 
standard deviation.
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cator definitions (DHS-8 methodology) [14].

Variables
The primary outcome was WaSt, defined as a binary indicator 
with a value of 1 if a child had WHZ < −2 SD and HAZ < −2 SD 
according to the WHO Child Growth Standards (2006) and 0 
otherwise. Stunting (HAZ< −2 SD) and wasting (WHZ< −2 SD) 
were also separately examined to establish prevalence.

Independent variables were selected based on the UNICEF 
conceptual framework for child undernutrition and previous evi-
dence on the determinants of WaSt and were grouped into four 
domains:

(1) �Child-level factors: age (6–11, 12–23, 24–35, 36–47, and 48–
59 months), sex (male/female), birth weight (normal, 
≥ 2,500 g; low, < 2,500 g; missing/don’t know retained as a 
category), and breastfeeding status (currently breastfeeding, 
ever breastfed but not current, never breastfed)—examined 
for the youngest children only (n= 1,902), per DHS design.

(2) �Maternal factors: maternal age at child’s birth (quartiles: 14–
23, 24–27, 28–32, and 33–49 years), maternal education (no 
education, primary, secondary, or higher—secondary and 
higher were combined due to the small number of partici-
pants), maternal BMI (underweight, < 18.5 kg/m2; normal, 
18.5–24.9 kg/m2; overweight/obese, ≥ 25.0 kg/m²—preg-
nant women excluded), and number of antenatal care visits 
(≥ 4, 1–3, missing retained as a category).

(3) �Household factors: place of residence (urban/rural), wealth 
index (recategorized into three groups—poorest, poorer, 
and middle or above—to ensure adequate cell counts for the 
rare WaSt outcome), source of drinking water (improved/
unimproved, per WHO/UNICEF JMP criteria), and sanita-
tion facility (improved, unimproved, open defecation).

(4) �Dietary indicators (available for children aged 6–23 months 
only): three diet indicators, based on the standard WHO/
UNICEF infant and young child feeding indicator defini-
tions (DHS-8 methodology), were derived from maternal 
24-hour dietary recall data. These indicators were available 
only for children aged 6–23 months. First, each child’s food 
intake during the previous 24 hours was classified into eight 
groups: (1) breast milk; (2) grains, white roots, and tubers 
(including bread, noodles, rice-based products, plantains, 
potatoes, and cassava); (3) legumes and nuts (combined into 
a single variable in the CDHS questionnaire); (4) dairy 
products (cow milk, infant formula, yogurt, and cheese); (5) 
flesh foods (meat, poultry, fish, organ meats, and processed 

meats, including sausages and ham); (6) eggs; (7) vitamin 
A–rich fruits and vegetables (pumpkin, carrots, squash, dark 
green leafy vegetables, sweet leaf bush, cassava leaves) and 
vitamin A–rich fruits such as mangoes and papayas; and (8) 
other fruits and vegetables. According to the WHO/DHS-8 
guideline, a food group was considered consumed if the 
child had consumed any amount of food belonging to that 
group within the previous 24 hours; no minimum quantity 
threshold was applied. For each child, a food group score 
ranging from 0 to 8 was generated by summing the number 
of food groups consumed.

Subsequently, three binary dietary indicators were established 
using standard WHO/UNICEF cut-off points: (1) minimum di-
etary diversity (MDD) was defined as consumption of five or 
more of the eight food groups within the previous 24 hours; chil-
dren who met this threshold were coded as 1 and all the other 
children as 0. (2) Minimum meal frequency (MMF) was defined 
according to age and breastfeeding status: ≥ 2 solid, semi-solid, or 
soft feeds for breastfed children aged 6–8 months; ≥ 3 such feeds 
for breastfed children aged 9–23 months; and ≥ 4 feeds in total 
(combining solid meals and milk feeds) with at least two milk 
feeds for nonbreastfed children aged 6–23 months. Children who 
met the relevant age- and feeding status–specific threshold were 
coded as 1 and all the other children as 0. (3) Minimum accept-
able diet (MAD), a composite summary indicator of overall diet 
adequacy that combines dietary diversity and feeding frequency 
into a single measure of whether a child received a minimally ade-
quate diet, was defined as meeting the MDD and MMF simulta-
neously [14]. In addition, the food group score (0–8) was catego-
rized into three levels (0–2, 3–4, and ≥ 5 groups [MDD met]) to 
evaluate potential dose–response relationship with WaSt.

Statistical analysis
All analyses were conducted using Stata ver. 18.0 (StataCorp 
LLC). To account for the complex multi-stage stratified cluster 
sampling design of the CDHS, survey weights were applied 
throughout the analyses. All the reported prevalence estimates, 
confidence intervals (CIs), and regression coefficients were sur-
vey-weighted.

Unweighted frequencies and weighted percentages were calcu-
lated for categorical variables. Children were classified into four 
mutually exclusive nutritional status groups (normal, stunting 
only, wasting only, and WaSt). Differences in participant charac-
teristics across these groups were assessed using the Rao-Scott de-
sign-based F test, a survey-adjusted version of Pearson chi-
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squared test that accounts for the complex sampling design. The 
prevalence of stunting, wasting, and WaSt with 95% CIs were esti-
mated using survey-weighted proportions. Associations between 
each independent variable and WaSt were first evaluated via sur-
vey-weighted simple (unadjusted) logistic regression to obtain 
crude odds ratios (CORs) with 95% CIs. Reference categories for 
categorical variables were selected according to conventions used 
in published WaSt research: the oldest age group (48–59 months) 
for child age; male for sex; normal birth weight ( ≥ 2,500 g) for 
birth weight; secondary or higher for maternal education; normal 
BMI (18.5–24.9 kg/m²) for maternal BMI; middle or above for 
household wealth; urban for residence; and improved for water 
source and sanitation. For ordinal categorical variables (age group, 
maternal age quartiles, maternal education, BMI, antenatal care 
visits, wealth index, and food group score categories), tests for lin-
ear trend (P-trend) were conducted by entering the variable in its 
ordinal form.

WaSt-associated variables at P < 0.20 in the bivariate analysis 
[16], alongside variables considered theoretically important based 
on the UNICEF conceptual framework [17], were entered into a 
multivariable survey-weighted logistic regression model to identi-
fy independent factors associated with WaSt. Adjusted odds ratios 
(AORs) with 95% CIs were reported, and statistical significance 
was set at P< 0.05 (two-sided). Breastfeeding was evaluated only 
in the bivariate analysis as data were available only for the young-
est coresident children (n= 1,902).

For the subsample with dietary indicators of children aged 6–23 
months (n= 1,237), the associations between MDD, MMF, MAD, 
and the food group score categories and WaSt were evaluated us-
ing survey-weighted logistic regression. Owing to the small num-
ber of WaSt cases in this age subgroup (n= 21), models were ad-
justed for a parsimonious set of covariates (child age in months as 
a continuous variable, child sex, and the three-category household 
wealth index) to avoid model overfitting.

Variables with substantial missingness (birth weight, 45.5%; an-
tenatal care visits, 47.8%) were retained in the analysis, with 
“missing” coded as an explicit category, rather than excluding ob-
servations, to preserve statistical power and minimize selection 
bias caused by nonrandom missingness. No imputation was per-
formed.

RESULTS

Descriptive data
The characteristics of the 3,420 children by nutritional status 

group are shown in Table 1. The four groups were mutually exclu-
sive; thus, children with WaSt were counted only in the WaSt cate-
gory. Therefore, the overall prevalence rates were 22.4% for stunt-
ing and 9.3% for wasting, consistent with Table 2. Overall, 70.5% 
of the children were normal, 20.3% stunted only, 7.2% wasted 
only, and 2.1% WaSt.

Nutritional status varied by child age and sex (P = 0.030 and 
P= 0.002, respectively). WaSt was uncommon during infancy and 
became more common after the age of 12 months. Furthermore, 
boys were more frequently affected than girls across all three ab-
normal categories, including WaSt (2.7% vs. 1.5%).

Birth weight and maternal nutritional status exhibited the 
steepest gradients. WaSt was observed in 7.2% of children with 
low birth weight, compared with 1.5% of those with normal birth 
weight (P= 0.019), and in 5.7% of children of underweight moth-
ers but only 0.6% of those of overweight or obese mothers 
(P< 0.001).

Likewise, a socioeconomic gradient was evident. WaSt in-
creased from 1.1% among children in households of middle 
wealth or above to 4.7% in the poorest households (P < 0.001). 
Moreover, undernutrition became more common as maternal ed-
ucational level declined (P< 0.001). Children living in rural areas, 
using unimproved water sources, and lacking improved sanitation 
(P = 0.002, P < 0.001, and P = 0.001, respectively) were also more 
frequently affected, although some categories included few chil-
dren. Nutritional status did not differ by maternal age or antenatal 
care visits (P= 0.432 and P= 0.332, respectively). Therefore, chil-
dren with WaSt clustered among those with low birth weight, un-
dernourished mothers, and the poorest, least-educated house-
holds.

The dietary characteristics of the 1,237 children aged 6–23 
months are presented in Table 3. Just under half met the criteria 
for MDD (49.1%), whereas 80.3% and 43.7% met the MMF and 
MAD, respectively. Among the eight food groups, grains, roots, 
and tubers were the most commonly consumed (91.7%), followed 
by flesh foods (75.9%), vitamin A–rich fruits and vegetables 
(56.1%), and dairy products (54.4%). Legumes and nuts were the 
least-consumed food group (2.3%).

Outcome data
Of the 3,420 children in the main analytical sample, 765 were 
stunted, 317 were wasted, and 72 had WaSt. In the subsample 
with dietary indicators of 1,237 children aged 6–23 months, 21 
had WaSt.
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Table 1. Characteristics of children aged 6–59 months by nutritional status, Cambodia Demographic and Health Survey 2021–2022 
(n=3,420)
Characteristic Total sample Normal (%) Stunting only (%) Wasting only (%) WaSt (%) P-valuea)

All children 3,420 (100) 70.5 20.3 7.2 2.1 -
Child age (mo) 0.030
  6–11 399 (12.2) 76.6 12.7 9.9 0.8
  12–23 838 (24.1) 68.0 25.1 4.7 2.2
  24–35 665 (20.1) 68.7 21.2 8.0 2.0
  36–47 762 (21.9) 71.2 19.2 7.1 2.5
  48–59 756 (21.8) 70.6 19.3 7.6 2.4
Child sex 0.002
  Male 1,738 (50.4) 66.9 22.1 8.3 2.7
  Female 1,682 (49.6) 74.1 18.4 6.0 1.5
Birth weight (g) 0.019
  Normal (≥2,500) 1,699 (51.2) 70.7 20.6 7.2 1.5
  Low (<2,500) 125 (3.3) 59.8 28.2 4.8 7.2
  Missing/don’t know 1,596 (45.5) 70.9 19.4 7.2 2.5
Maternal age at birth (yr)b) 0.432
  14–23 842 (23.9) 70.0 22.7 5.7 1.6
  24–27 661 (23.2) 71.7 19.0 6.9 2.4
  28–32 713 (26.2) 72.2 18.1 7.2 2.6
  33–49 716 (26.7) 67.8 20.9 9.4 1.9
Maternal education <0.001
  No education 453 (10.3) 59.3 24.3 12.2 4.1
  Primary 1,466 (42.2) 65.6 24.1 7.5 2.7
  Secondary or higher 1,501 (47.4) 77.2 16.0 5.7 1.1
Maternal BMI (kg/m²)c) <0.001
  Underweight (<18.5) 221 (7.1) 52.8 26.7 14.8 5.7
  Normal (18.5–24.9) 2,148 (65.0) 71.1 19.1 7.5 2.4
  Overweight/obese (≥25.0) 849 (28.0) 74.0 20.7 4.7 0.6
Antenatal care visits 0.332
  ≥4 1,475 (45.8) 70.8 20.8 6.6 1.8
  1–3 272 (6.4) 63.6 22.3 11.8 2.4
  None/missing 1,673 (47.8) 71.1 19.5 7.1 2.4
Place of residence 0.002
  Urban 1,139 (38.5) 76.4 15.8 6.7 1.2
  Rural 2,281 (61.5) 66.8 23.1 7.4 2.7
Household wealth index <0.001
  Poorest 1,076 (22.9) 61.1 27.4 6.9 4.7
  Poorer 620 (19.1) 68.2 21.5 8.2 2.0
  Middle or above 1,724 (58.0) 74.9 17.1 6.9 1.1
Drinking water source <0.001
  Improved 2,765 (85.8) 71.9 19.2 7.2 1.8
  Unimproved 644 (14.2) 60.8 27.5 7.5 4.3
Sanitation facility 0.001
  Improved 2,758 (87.4) 71.7 19.4 7.1 1.9
  Unimproved 32 (0.7) 63.9 26.6 2.4 7.1
  Open defecation 616 (12.0) 60.3 27.5 8.4 3.7
Values in the total sample column are unweighted number (weighted %). Values in the normal, stunting only, wasting only, and WaSt columns are survey-
weighted row percentages (the prevalence of each nutritional status within the characteristic category); rows sum to approximately 100% across the four 
groups. Percentages may not sum to 100% because of rounding, and denominators vary slightly across characteristics because of item missingness. 
Nutritional status groups are mutually exclusive: normal, neither stunted nor wasted; stunting only, HAZ <−2 without wasting; wasting only, WHZ <−2 
without stunting; WaSt, concurrent WaSt (HAZ <−2 and WHZ <−2). 
WaSt, wasting and stunting; BMI, body mass index; WHZ, weight-for-height z-score; HAZ, height-for-age z-score.
a)P-value from the Rao-Scott design-based F test (survey-adjusted Pearson chi-square) for the association between the characteristic and nutritional status 
group. b)Maternal age at the child’s birth, categorized into quartiles. c)Maternal BMI; pregnant women were excluded.
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Main results

Prevalence of stunting, wasting, and WaSt
The survey-weighted prevalence of stunting was 22.4% (95% CI, 
20.4%–24.5%), wasting 9.3% (95% CI, 7.9%–10.8%), and WaSt 
2.1% (95% CI, 1.6%–2.8%) (Table 2). All three forms of undernu-
trition were more prevalent in male than in female children: 

stunting (24.8% vs. 19.9%, P = 0.003), wasting (11.0% vs. 7.5%, 
P = 0.008), and WaSt (2.7% vs. 1.5%, P = 0.042). Stunting preva-
lence significantly varied by age (P< 0.001), being lowest at 6–11 
months (13.5%) and highest at 12–23 months (27.3%). Contrarily, 
wasting and WaSt did not significantly differ across the age 
groups (P= 0.447 and P= 0.555, respectively).

Table 2. Survey-weighted prevalence of stunting, wasting, and WaSt among Cambodian children aged 6–59 months, CDHS 2021–2022 
(n=3,420)

Characteristic
Stunting Wasting WaSt

Weighted % (95% CI) P-value Weighted % (95% CI) P-value Weighted % (95% CI) P-value
Overall 22.4 (20.4–24.5) - 9.3 (7.9–10.8) - 2.1 (1.6–2.8) -
Sex 0.003 0.008 0.042
  Male 24.8 (22.1–27.6) 11.0 (9.0–13.4) 2.7 (1.9–3.8)
  Female 19.9 (17.6–22.5) 7.5 (6.0–9.3) 1.5 (1.0–2.4)
Age (mo) <0.001 0.447 0.555
  6–11 13.5 (9.8–18.3) 10.7 (7.1–15.8) 0.8 (0.2–2.4)
  12–23 27.3 (23.4–31.6) 6.9 (5.2–9.2) 2.2 (1.3–3.7)
  24–35 23.3 (19.2–28.0) 10.0 (6.4–15.5) 2.0 (1.0–4.0)
  36–47 21.7 (18.5–25.2) 9.6 (7.2–12.6) 2.5 (1.4–4.2)
  48–59 21.8 (18.3–25.7) 10.1 (7.6–13.2) 2.4 (1.3–4.6)
Values are presented as survey-weighted percentage (95% CI). Stunting, HAZ <−2 SD; Wasting, WHZ <−2 SD; WaSt, HAZ <−2 SD and WHZ <−2 SD per 
WHO Child Growth Standards (2006) [15]. P-values were obtained from the design-based Rao-Scott χ² test, which accounts for the complex multi-stage 
stratified cluster sampling design of the CDHS.
WaSt, concurrent wasting and stunting; CDHS, Cambodia Demographic and Health Survey; CI, confidence interval; HAZ, height-for-age z-score; WHZ, 
weight-for-height z-score. 

Table 3. Dietary characteristics of children aged 6–23 months in the Cambodia Demographic and Health Survey 2021–2022 (n=1,237)
Dietary characteristic No. of participants Weighted % (95% CI)
Dietary indicator
  MDDa) 565 49.1 (45.4–52.7)
  MMFb) 1,016 80.3 (77.1–83.2)
  MADc) 500 43.7 (39.9–47.5)
Food group score category
  0–2 food groups 187 14.5 (12.3–17.0)
  3–4 food groups 485 36.5 (33.1–40.0)
  ≥5 food groups (MDD met) 565 49.1 (45.4–52.7)
Individual food groups consumed (DHS-8)
  Breast milk 711 51.4 (47.7–55.2)
  Grains, roots, and tubers 1,143 91.7 (89.6–93.5)
  Legumes and nuts 21 2.3 (1.3–4.3)
  Dairy products 584 54.4 (50.9–57.9)
  Flesh foods 926 75.9 (72.8–78.8)
  Eggs 512 43.3 (39.5–47.2)
  Vitamin A–rich fruits/vegetables 660 56.1 (52.2–60.0)
  Other fruits and vegetables 585 48.8 (45.5–52.1)
Values are presented as unweighted number and survey-weighted percentage (95% CI). Food group consumption refers to the 24 hours preceding the 
survey.
CI, confidence interval; MDD, minimum dietary diversity; MMF, minimum meal frequency; MAD, minimum acceptable diet; DHS-8, Demographic and 
Health Surveys, phase 8.
a)MDD: consumption of ≥5 of 8 food groups in the previous 24 hours; b)MMF: ≥2 feeds (breastfed, 6–8 months), ≥3 feeds (breastfed, 9–23 months), ≥4 
feeds with ≥2 milk feeds (nonbreastfed, 6–23 months); c)MAD: meeting both MDD and MMF.
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Factors associated with WaSt
The crude and adjusted associations between child, maternal, and 
household characteristics and WaSt are shown in Table 4. In the 
unadjusted analysis, female sex (COR, 0.55; 95% CI, 0.31–0.99), 
low birth weight (COR, 5.21; 95% CI, 2.06–13.18), lack of mater-
nal education (COR, 3.85; 95% CI, 1.61–9.20), maternal under-
weight (COR, 2.50; 95% CI, 1.06–5.92), rural residence (COR, 
2.39; 95% CI, 1.03–5.51), belonging to the poorest wealth tertile 
(COR, 4.27; 95% CI, 2.14–8.54), unimproved drinking water 
(COR, 2.51; 95% CI, 1.31–4.82), and open defecation (COR, 2.02; 
95% CI, 1.02–4.00) exhibited significant association with WaSt. 
Significant linear trends were observed across maternal educa-
tion, maternal BMI, and household wealth (all P< 0.001).

In the multivariable model (n = 3,205), four factors remained 
independently associated with WaSt. Female children had lower 
odds than males (AOR, 0.52; 95% CI, 0.28–0.97; P= 0.041). Low 
birth weight was the strongest predictor (AOR, 4.93; 95% CI, 
1.92–12.63; P= 0.001). Maternal underweight was associated with 
higher odds of WaSt (AOR, 2.42; 95% CI, 1.06–5.56; P = 0.037), 
whereas maternal overweight or obesity was associated with lower 
odds (AOR, 0.25; 95% CI, 0.10–0.65; P= 0.004), relative to normal 
maternal BMI. Children from the poorest households had more 
than two-fold higher odds of WaSt than those from middle-or-
above households (AOR, 2.46; 95% CI, 1.14–5.31; P= 0.022). The 
associations of maternal education, rural residence, and open def-
ecation were attenuated and lost statistical significance after ad-
justment, indicating that their crude effects were partially ex-
plained by household wealth and maternal nutritional status.

Dietary indicators and WaSt among children aged 6–23 
months
The crude and adjusted associations between dietary indicators 
and WaSt are shown in Table 5. None of the dietary indicators ex-
hibited significant association with WaSt in either the unadjusted 
or adjusted analyses. After adjustment for child age, sex, house-
hold wealth, maternal BMI, and maternal education, meeting the 
MDD (AOR, 0.58; 95% CI, 0.19–1.78; P = 0.343), MMF (AOR, 
3.07; 95% CI, 0.75–12.63; P= 0.119), and MAD (AOR, 0.88; 95% 
CI, 0.28–2.80; P = 0.835) was not significantly associated with 
WaSt, and the food group score category showed no dose–re-
sponse relationship (≥ 5 vs. 0–2 groups: AOR, 0.63; 95% CI, 0.12–
3.22; P= 0.581). In these models, maternal underweight remained 
significantly associated with higher odds of WaSt and household 
wealth with markedly higher odds among the poorest children, 
although the wide CIs reflect the small number of WaSt cases 

(n= 21) in this subsample and should be cautiously interpreted.

DISCUSSION

This study investigated the prevalence of WaSt and its associated 
factors among Cambodian children aged 6–59 months using na-
tionally representative CDHS 2021–2022 data. The prevalence of 
WaSt was 2.1%, with stunting affecting 22.4% and wasting 9.3% of 
children. The multivariable analysis revealed that low birth 
weight, maternal underweight, and belonging to the poorest 
households were independently associated with higher odds of 
WaSt, whereas female sex and maternal overweight or obesity 
were associated with lower odds. Notably, none of the dietary in-
dicators (MDD, MMF, and MAD) exhibited an association with 
WaSt among children aged 6–23 months.

The WaSt prevalence of 2.1% observed in this study is compa-
rable to the 2.4% reported among Indonesian children aged 6–23 
months using a similar national survey [18] and is consistent with 
the global pooled WaSt prevalence of approximately 3.5%, which 
tends to be higher in Asia (approximately 5%) than in other re-
gions [19]. It is lower than estimates from several other settings, 
including Mozambique (3.5%) [4] and Ethiopia (4.7%–5.8%) 
[10,12]. The relatively lower prevalence in Cambodia may reflect 
the country’s substantial progress in reducing stunting over the 
past decade. However, the persistently high wasting prevalence of 
around 10% indicates that acute undernutrition remains an unre-
solved problem. Collectively, these patterns indicate a continuing 
nutritional transition for Cambodia, with longer-term reductions 
in stunting outpacing those in wasting. Over the past two decades, 
Cambodia’s rapid economic growth, urbanization, and gains in 
maternal education, sanitation, and access to clean water have re-
sulted in a dramatic reduction in chronic undernutrition [5,20]. 
However, wasting has remained at approximately 10% over the 
same period [6], reflecting its closer dependence on more acute 
and episodic factors, such as recent illness, seasonal food insecuri-
ty, and complementary feeding practices, which have not im-
proved at the same pace. National data also indicate that fewer 
than half of Cambodian children aged 6–23 months meet the 
MAD criteria, and these feeding patterns have demonstrated 
slight improvement in the past decade [21]. Similarly, a regional 
review of six Southeast Asian countries reported a pooled WaSt 
prevalence of 1.6% alongside a persistent wasting burden of 8.9%, 
noting that wasting has received less programmatic attention than 
stunting despite its greater risk of short-term mortality [15]. This 
pattern suggests that conventional nutrition programs centered 
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Table 4. Crude and adjusted associations between child, maternal, and household characteristics and concurrent wasting and stunting 
among Cambodian children aged 6–59 months, CDHS 2021–2022
Variable COR (95% CI) P-value AOR (95% CI) P-value
Child age (mo) (P-trend=0.154)
  48–59 1.00 (Reference) - 1.00 (Reference) -
  36–47 1.00 (0.41–2.45) 0.991 0.79 (0.31–2.04) 0.632
  24–35 0.83 (0.32–2.17) 0.708 0.66 (0.15–2.90) 0.577
  12–23 0.90 (0.40–2.01) 0.798 0.76 (0.17–3.48) 0.728
  6–11 0.31 (0.08–1.18) 0.086 0.24 (0.04–1.46) 0.121
Child sex
  Male 1.00 (Reference) - 1.00 (Reference) -
  Female 0.55 (0.31–0.99) 0.045 0.52 (0.28–0.97) 0.041
Birth weight
  Normal (≥2,500 g) 1.00 (Reference) - 1.00 (Reference) -
  Low (<2,500 g) 5.21 (2.06–13.18) 0.001 4.93 (1.92–12.63) 0.001
  Missing/don’t know 1.71 (0.92–3.20) 0.091 1.21 (0.27–5.50) 0.801
Maternal age at birth (yr) (P-trend=0.724)
  24–27 1.00 (Reference) - - -
  14–23 0.66 (0.29–1.50) 0.322 - -
  28–32 1.08 (0.45–2.57) 0.870 - -
  33–49 0.78 (0.33–1.82) 0.566 - -
Maternal education (P-trend<0.001)
  Secondary or higher 1.00 (Reference) - 1.00 (Reference) -
  Primary 2.54 (1.17–5.51) 0.019 1.94 (0.89–4.26) 0.098
  No education 3.85 (1.61–9.20) 0.003 2.62 (0.91–7.50) 0.074
Maternal BMI (kg/m²) (P-trend<0.001)
  Normal (18.5–24.9) 1.00 (Reference) - 1.00 (Reference) -
  Underweight (<18.5) 2.50 (1.06–5.92) 0.037 2.42 (1.06–5.56) 0.037
  Overweight/obese (≥25.0) 0.25 (0.10–0.64) 0.004 0.25 (0.10–0.65) 0.004
Antenatal care visits (P-trend=0.303)
  ≥4 1.00 (Reference) - - -
  1–3 1.34 (0.46–3.93) 0.591 - -
  None/missing 1.37 (0.75–2.48) 0.302 - -
Place of residence
  Urban 1.00 (Reference) - 1.00 (Reference) -
  Rural 2.39 (1.03–5.51) 0.042 1.33 (0.59–3.00) 0.494
Household wealth index (P-trend<0.001)
  Middle or above 1.00 (Reference) - 1.00 (Reference) -
  Poorer 1.77 (0.76–4.10) 0.185 1.15 (0.50–2.68) 0.741
  Poorest 4.27 (2.14–8.54) <0.001 2.46 (1.14–5.31) 0.022
Drinking water source
  Improved 1.00 (Reference) - - -
  Unimproved 2.51 (1.31–4.82) 0.006 - -
Sanitation facility
  Improved 1.00 (Reference) - 1.00 (Reference) -
  Unimproved 4.00 (0.58–27.81) 0.161 3.66 (0.68–19.73) 0.131
  Open defecation 2.02 (1.02–4.00) 0.045 0.72 (0.33–1.58) 0.415
Breastfeeding statusa)

  Currently breastfeeding 1.00 (Reference) - - -
  Ever breastfed, not current 0.47 (0.20–1.11) 0.086 - -
  Never breastfed 0.44 (0.11–1.85) 0.264 - -
Values are odds ratio (95% CI) from survey-weighted logistic regression accounting for the complex multi-stage stratified cluster sampling design of CDHS 
2021–2022. Crude odds ratios (COR) are from simple (unadjusted) logistic regression. Adjusted odds ratios (AOR) are from a single multivariable model 
(n=3,205) mutually adjusting for child age, sex, birth weight, maternal education, maternal BMI, household wealth, place of residence, and sanitation 
facility. Model F(16, 630)=5.00, P<0.001. P-values were obtained from the Wald test associated with each survey-weighted logistic regression coefficient. 
P-trend was estimated by entering the variable as an ordinal predictor in the unadjusted analysis.
CDHS, Cambodia Demographic and Health Survey; CI, confidence interval; BMI, body mass index; -, variable was not retained in the multivariable model.
a)Breastfeeding status was available only for the youngest coresident children (n=1,902) and was assessed in the unadjusted analysis only.
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on chronic undernutrition are insufficient to address the per-
sistence of acute undernutrition.

Low birth weight emerged as the strongest independent predic-
tor of WaSt, with affected children exhibiting nearly five times 
higher odds. This is consistent with evidence from Indonesia, 
where low birth weight was associated with roughly three times 
higher odds of WaSt [18]. Low birth weight reflects intrauterine 
growth restriction and prematurity, both of which impair linear 
growth and the accumulation of lean and fat mass, thereby in-
creasing the risk of WaSt. The association with maternal nutri-
tional status, with higher odds among underweight mothers and 
lower odds among overweight or obese mothers, further points to 
the intergenerational transmission of undernutrition, whereby 
maternal undernutrition contributes to impaired fetal growth, low 
birth weight, and subsequent child undernutrition. A similar pro-
tective effect of higher maternal BMI has been reported in Ethio-
pia, where children of mothers with a normal or higher BMI had 
significantly lower odds of WaSt than those of underweight moth-
ers [10].

Children belonging to the poorest households had more than 
two-fold higher odds of WaSt, consistent with evidence from In-
dia, where children from wealthier families were considerably less 
likely to experience WaSt [19], and with the well-established so-
cioeconomic gradient in child undernutrition. Interestingly, the 
crude associations of maternal education, rural residence, and in-
adequate sanitation weakened following adjustment, indicating 
that their associations are largely explained by household wealth 
and maternal nutritional status rather than representing indepen-
dent effects. The lower odds of WaSt among girls are consistent 
with evidence showing that boys are more likely than girls to ex-
perience WaSt in early childhood [22], the two conditions that 

collectively define WaSt. The underlying mechanisms driving this 
difference remain poorly understood and are likely multifactorial 
[23]. Boys may be somewhat more physiologically vulnerable to 
early-life nutritional and infectious insults; however, the biological 
basis remains uncertain, particularly during infancy. Social factors 
are also likely to contribute, as the way sons and daughters are fed 
and cared for can differ. Notably, the same review reported a 
weaker male excess in South Asia, suggesting that social and envi-
ronmental context influences the pattern rather than biology act-
ing alone [23]. Separating the biological from the social contribu-
tions to this sex difference warrants further study.

The finding that household wealth predicted WaSt while cur-
rent dietary indicators did not may seem paradoxical. However, 
household wealth is a marker of cumulative, structural conditions 
rather than a single day’s diet. Poorer households experience sus-
tained food insecurity; a higher burden of infection through inad-
equate water, sanitation, and hygiene; more limited access to 
health care; and greater maternal undernutrition. The pathways 
can influence child growth independently of complementary 
feeding diversity on any given day. As WaSt incorporates a chron-
ic (stunting) component, it is more likely to reflect these accumu-
lated deprivations than a contemporaneous measure of dietary di-
versity. Therefore, poverty may influence WaSt largely through in-
fection-related, environmental, and intergenerational pathways 
rather than solely through current dietary intake.

Contrary to these established determinants, none of the dietary 
indicators were associated with WaSt, even after adjustment for 
maternal and household factors. This aligns with evidence that di-
etary diversity is more closely associated with chronic undernutri-
tion than with acute wasting; in Tanzania, for example, low di-
etary diversity was significantly associated with stunting and un-

Table 5. Crude and adjusted associations between dietary indicators and WaSt among Cambodian children aged 6–23 months, CDHS 
2021–2022
Dietary indicator COR (95% CI) P-value AOR (95% CI)a) P-value
MDD met 0.48 (0.17–1.33) 0.158 0.58 (0.19–1.78) 0.343
MMF met 1.77 (0.44–7.15) 0.419 3.07 (0.75–12.63) 0.119
MAD met 0.63 (0.22–1.81) 0.387 0.88 (0.28–2.80) 0.835
Food group score - -
  0–2 groups 1.00 (Reference) - 1.00 (Reference) -
  3–4 groups 1.75 (0.42–7.33) 0.440 1.11 (0.24–5.11) 0.894
  ≥5 groups (MDD met) 0.74 (0.17–3.28) 0.687 0.63 (0.12–3.22) 0.581
Values are odds ratio (95% CI) from survey-weighted logistic regression accounting for the complex multi-stage stratified cluster sampling design of CDHS 
2021–2022. P-values were obtained from the Wald test associated with each survey-weighted logistic regression coefficient. Because of the small 
number of WaSt cases in this subsample (n=21), the adjusted estimates have wide CIs and should be interpreted with caution.
WaSt, concurrent wasting and stunting; CDHS, Cambodia Demographic and Health Survey; COR, crude odds ratio; CI, confidence interval; AOR, adjusted 
odds ratio; MDD, minimum dietary diversity; MMF, minimum meal frequency; MAD, minimum acceptable diet.
a)Adjusted for child age (in months), child sex, household wealth index, maternal body mass index, and maternal education.
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derweight but not consistently with wasting [24]. Several explana-
tions are plausible. As WaSt includes an acute (wasting) compo-
nent, it is more likely driven by recent illness, infection, and food 
insecurity than by current dietary diversity, whereas dietary indi-
cators capture only a single 24-hour recall that may not reflect a 
child’s habitual intake. Furthermore, WaSt includes stunting, 
which slowly develops and reflects sustained nutritional depriva-
tion over time. A single 24-hour recall records intake on 1 day 
only and cannot represent the repeated, day-after-day intake that 
influences linear growth. This mismatch between a short-term di-
etary measure and a partly chronic outcome may have attenuated 
the observed associations toward the null. The small number of 
WaSt cases in this subsample (n = 21) also limited the statistical 
power to detect modest associations. Collectively, these consider-
ations indicate that improving dietary diversity alone may be in-
sufficient to reduce WaSt without parallel attention to infection 
control, maternal nutrition, and household poverty.

Limitations
The strengths of this study include the use of recent nationally 
representative data with standardized anthropometric measure-
ments based on WHO growth standards and the application of 
survey weights to account for the complex sampling design, 
which improves the generalizability of the findings. This study has 
several limitations that need to be acknowledged. First, the 
cross-sectional design precludes any inference of causality, and as 
WaSt is an acute condition, a single cross-sectional survey may 
underestimate its true burden. Second, the number of WaSt cases 
was small (n= 72 overall and n= 21 in the subsample with dietary 
indicators), which widened CIs, particularly in the maternal-ad-
justed models for the dietary indicators. Therefore, these esti-
mates should be cautiously interpreted. Third, birth weight and 
antenatal care data had substantial missingness (45.5% and 47.8%, 
respectively). Although missingness was retained as an explicit 
category to preserve sample size, residual bias from nonrandom 
missingness cannot be ruled out. Finally, the dietary indicators 
and birth weight data relied on maternal recall, which is subject to 
recall bias.

Conclusion
In conclusion, WaSt affected approximately one in 50 Cambodian 
children aged 6–59 months and was independently associated 
with low birth weight, maternal underweight, and household pov-
erty. The dietary information available in this study had three spe-
cific limitations: it was derived from a single 24-hour recall, which 

reflects only 1 day rather than habitual intake; the available indica-
tors captured only meal frequency and whether a minimum 
number of food groups had been consumed, without information 
on portion sizes or dietary quality; and no detailed nutrient intake 
data were available, so energy, macronutrient, and micronutrient 
adequacy could not be evaluated. Within these limits, the dietary 
indicators exhibited no statistically significant association with 
WaSt; however, given the small number of WaSt cases (n = 21), 
this reflects an absence of detectable association under limited sta-
tistical power rather than demonstrated evidence of no effect. 
Within these limits, the findings indicate that WaSt may be driven 
more by biological vulnerability and socioeconomic disadvantage 
than by current feeding practices alone. Further studies using 
more detailed dietary assessments are warranted to better under-
stand the contribution of diet to WaSt. Overall, these findings 
highlight the need for integrated nutrition programs that address 
maternal nutrition, low birth weight, and poverty together, rather 
than treating WaSt as separate concerns, with particular attention 
to the most vulnerable households.
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Objective: Failure to achieve adequate caloric intake is common after percutaneous endoscopic gastrostomy (PEG) and may con-
tribute to progressive malnutrition in older adults. This study aimed to identify factors associated with achieving adequate caloric 
delivery early after PEG placement.
Methods: This single-center retrospective observational study included patients aged ≥65 years who underwent PEG between Jan-
uary 2022 and December 2024. Target caloric intake was determined based on basal energy expenditure (BEE). The target nutri-
tional intake achievement rate (TaNIAR) was defined as the ratio of final delivered calories to BEE. Patients were classified into an 
underfeeding group (TaNIAR <100%) and an appropriate-feeding group (TaNIAR ≥100%). Multivariable logistic regression analysis 
was performed to identify factors independently associated with achieving TaNIAR ≥100%.
Results: Fifty-nine patients were analyzed; 15 were classified as underfeeding and 44 as appropriate-feeding. The median final ca-
loric intake, calculated in increments of 300 kcal corresponding to the packet size of the enteral formula, was 1,200 kcal (range, 
600–1,200 kcal) in the underfeeding group and 1,200 kcal (range, 900–1,400 kcal) in the appropriate-feeding group. Multivari-
able analysis identified the use of a pectin-containing oligomeric formula (POF) (odds ratio [OR], 32.8; 95% confidence interval [CI], 
3.7–292.9) and BEE ≤990 kcal/day (OR, 29.5; 95% CI, 3.1–277.7) as factors independently associated with achieving TaNIAR 
≥100%. The final caloric intake clustered within a relatively narrow range in both groups.
Conclusion: Lower BEE and the use of POF were independently associated with achieving adequate caloric delivery after PEG 
placement. Optimization of enteral formula selection may represent a practical strategy to improve early nutritional adequacy in old-
er patients. Further prospective studies are required to validate these findings.
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INTRODUCTION

For patients who rely on long-term enteral nutrition, persistent 
failure to achieve adequate caloric intake leads to progressive mal-
nutrition with multisystem consequences. Inadequate delivery of 
calories and protein results in muscle wasting, weakness, impaired 

immune function, and deterioration of overall prognosis [1].
One of the major reasons for insufficient caloric delivery in en-

teral nutrition–dependent patients is feeding intolerance, includ-
ing vomiting, high gastric residual volume (GRV), diarrhea, and 
abdominal distension, which often leads clinicians to slow, inter-
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rupt, or discontinue feeding [2-4]. Although enteral nutrition via 
a nasogastric tube is commonly used during the initial phase, 
transition to a gastrostomy becomes necessary when long-term 
nutritional support is required. Percutaneous endoscopic gastros-
tomy (PEG) is widely used for this purpose and is superior to pro-
longed nasogastric feeding in terms of patient comfort and feasi-
bility [5-7].

Even in older adults with low physical activity, resting and total 
energy expenditures remain substantial when adjusted for body 
weight [8]. In Japan, basal energy expenditure (BEE) is commonly 
estimated using a population-specific predictive equation pro-
posed by the National Institute of Health and Nutrition [9]. How-
ever, despite standardized estimation of energy requirements, 
achieving adequate caloric intake immediately after PEG place-
ment remains challenging in daily clinical practice.

Importantly, factors that facilitate or hinder the achievement of 
adequate nutritional intake during the early post-PEG period 
have not been sufficiently investigated. Therefore, this study 
aimed to identify factors associated with achieving adequate ca-
loric delivery immediately after PEG placement in older adults.

METHODS

Ethics statement
The present study was approved by the Ethics Committee of 
Sonodakai and Sonoda Daiichi Hospital (approved March 22, 
2023; No. 172). Due to the retrospective observational design of 
the study, the requirement for written informed consent was 
waived. Conversely, an opt-out approach was implemented, there-
by affording eligible patients the opportunity to decline participa-
tion.

Study design and participants
This single-center retrospective observational study included pa-
tients aged 65 years or older who underwent PEG at Sonoda Daii-
chi Hospital between January 2022 and December 2024. Patients 
younger than 65 years of age and those who underwent PEG for 
indications unrelated to nutritional management were excluded 
from the study.

A total of 111 patients who underwent PEG during the study 
period were screened using the electronic medical record system. 
Following the application of the eligibility criteria, 59 patients 
were included in the final analysis. The target nutritional intake 
achievement rate (TaNIAR) was defined as the ratio of final de-
livered calories to BEE. According to this definition, patients 

were classified into two groups: an underfeeding group (TaNIAR 
<100%) and an appropriate-feeding group (TaNIAR ≥100%). 
All patients included in the study had received enteral nutrition 
via a nasogastric tube prior to PEG placement (Fig. 1). This study 
has been reported in accordance with the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE) 
guidelines.

Nutritional management after PEG
Target daily caloric intake was determined for each patient using 
BEE, which was calculated with the predictive equation proposed 
by the National Institute of Health and Nutrition in Japan [9]. The 
prescribed daily dose of enteral nutrition was calculated by divid-
ing the target caloric intake by the caloric content per package of 
the selected formula and rounding to the nearest whole number. 
For patients with impaired glucose tolerance, blood glucose man-
agement during hospitalization was conducted in accordance 
with the treatment algorithm recommended by the Japan Diabe-
tes Society [10].

Enteral feeding was initiated on the day after PEG placement at 
approximately 25% to 30% of the target caloric requirement. In-
termittent gastric feeding was used in all patients, and GRV was 
measured before each feeding. Feeding tolerance was assessed 
clinically. Intolerance was defined as the presence of excessive 
GRV ( > 100 mL/day), nausea, vomiting, abdominal distension, 
abdominal pain, or diarrhea. Signs suggestive of aspiration were 
also assessed, including cough during or after feeding, wet voice, 
respiratory distress, oxygen desaturation, increased sputum, and 
newly developed abnormal lung sounds.

Feeding volume was increased stepwise only when neither ex-
cessive GRV nor aspiration-related signs were present. Once the 
target intake was attained without adverse events, that level was 
maintained. When the target intake could not be achieved be-
cause of poor tolerance, the highest caloric intake that could be 
delivered without adverse events was defined as the final caloric 
intake.

Selection of enteral formula
Enteral formula type was included as a candidate explanatory 
variable because formula characteristics may influence gastroin-
testinal tolerance and thereby affect the amount of nutrition that 
can be delivered after PEG placement. During the study period, 
two enteral formulas were available at our institution: a pec-
tin-containing oligomeric formula (POF) (HINEX E-Gel, Otsuka 
Pharmaceutical Co. Ltd.) and a standard polymeric formula (SPF) 
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Fig. 1. Patient screening flowchart. TaNIAR = Final actual calorie intake/basal energy expenditure × 100 (%). a)Underfeeding group 
(target nutritional intake achievement rate [TaNIAR] <100%); b)Appropriate-feeding group (TaNIAR ≥100%).

(Peptamen, Nestlé Health Science). Formula selection was left to 
the discretion of the attending physician, and no standardized in-
stitutional protocol or uniform selection criteria were used. Multi-
ple physicians selected the formula independently on the basis of 
clinical judgment, taking into account each patient’s general con-
dition, gastrointestinal tolerance, and prior feeding response. 
Thus, formula selection reflected routine clinical practice at our 
institution.

The POF used in this study has an energy density of 0.8 kcal/mL  
and contains low-molecular-weight peptides, including collagen 
peptides and soy peptides, together with free amino acids. It also 
contains soluble dietary fiber including pectin and has an osmo-
lality of approximately 360 mOsm/L. The SPF used in this study 
has an energy density of 1.5 kcal/mL and is a peptide-based enter-
al formula without pectin supplementation.

Data collection
Clinical data were retrospectively extracted from electronic medi-
cal records. Candidate variables were selected on the basis of their 
clinical relevance to one of the following domains: estimated ener-
gy requirement, overall clinical condition, gastrointestinal toler-
ance, or upper gastrointestinal/swallowing-related findings that 
could influence enteral feeding after PEG.

Collected variables included age, sex, body mass index (BMI), 
BEE, Eastern Cooperative Oncology Group performance status, 
Glasgow Coma Scale (GCS), comorbidities, medication history, 

and the type of enteral formula used during hospitalization. Med-
ication history was reviewed with particular attention to drugs 
that could affect bowel function, including those associated with 
constipation or diarrhea. Stool consistency was evaluated using 
the Bristol Stool Scale (BSS). Post-PEG clinical outcomes included 
post-PEG complications, the duration required to reach the final 
caloric intake (DuFiCI), and post-PEG hospital stay (PPhs). En-
doscopic findings, including the presence of hiatal hernia and the 
Hyodo-Komagane score, were also recorded because they may be 
relevant to swallowing function, reflux risk, and feeding tolerance 
[11,12].

Statistical analysis
TaNIAR was calculated as the ratio of final delivered calories to 
BEE. Patients were then categorized into an underfeeding group 
(TaNIAR <100%) or an appropriate-feeding group (TaNIAR 
≥100%). Continuous variables are presented as median (range) 
and were compared using the Mann-Whitney U test or the inde-
pendent-samples t test, as appropriate. Categorical variables were 
compared using the chi-square test or Fisher exact test, as appro-
priate.

Receiver operating characteristic (ROC) curve analysis was per-
formed for continuous variables, and cutoff values were deter-
mined using the Youden index. Variables that demonstrated sig-
nificant associations in univariable analyses were entered into a 
multivariable logistic regression model to identify factors inde-

January 2022–December 2024
Patients who underwent endoscopic gastrostomy at our institution

(n=111)

n=59

Group U (n=15)a) Group A (n=44)b)

Hospitalized for reasons other than 
gastrostomy placement

(n=50)

Aged <65 years
(n=2)
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Table 1. Patients’ demographics, comorbidities, medication history, and endoscopic findings during percutaneous endoscopic 
gastrostomy
Characteristic Group U (n=15)a) Group A (n=44)b) P-value
Sex 0.003
  Male 12 (80.0) 16 (36.4)
  Female 3 (20.0) 28 (63.6)
Age (yr) 82 (66–93) 83 (65–97) 0.628
BMI (kg/m2) 19.40 (15.67–24.74) 18.47 (12.29–24.96) 0.317
BEE (kcal) 1,126.73 (807.27–1,330.96) 919.83 (702.16–1,202.68) <0.001
BEE ≤990 (kcal) 3 (20.0) 32 (72.7) <0.001
ECOG PS 0.259
  3 1 (6.7) 9 (20.5)
  4 14 (93.3) 35 (79.5)
GCS
  Eye opening 0.56
    3 0 (0) 3 (6.8)
    4 15 (100) 41 (93.2)
  Verbal response 0.882
    1 0 (0) 1 (2.2)
    2 8 (53.3) 25 (56.8)
    3 2 (13.3) 5 (11.4)
    4 5 (33.3) 12 (27.3)
    5 0 (0) 1 (2.2)
  Motor response 0.349
    3 5 (33.3) 8 (18.2)
    4 6 (40.0) 17 (38.6)
    5 4 (26.7) 17 (38.6)
    6 0 (0) 2 (4.5)
History of enteral feeding via the nasogastric tube 15 (100) 44 (100) NA
Comorbidity
  Neurological
    Cerebral hemorrhage 3 (20.0) 13 (29.5) 0.74
    Subarachnoid hemorrhage 2 (13.3) 5 (11.4) >0.999
    Cardioembolic stroke 3 (20.0) 2 (4.5) 0.1
    Atherothrombotic stroke 5 (33.3) 18 (40.9) 0.76
    Alzheimer’s disease 1 (6.7) 2 (4.5) >0.999
    Lewy body dementia 0 (0) 2 (4.5) >0.999
    Vascular dementia 0 (0) 1 (2.3) >0.999
    Frontotemporal dementia 0 (0) 4 (9.1) 0.56
    Parkinson’s disease 2 (13.3) 3 (6.8) 0.59
    Neurodegenerative disease 1 (6.7) 1 (2.3) 0.46
  Cardiovascular
    Coronary artery disease 1 (6.7) 4 (9.1) >0.999
    Chronic heart failure 2 (13.3) 7 (15.9) >0.999
    Arrhythmia 3 (20.0) 6 (13.6) 0.68
  Nephroendocrinological
    Type 2 diabetes mellitus 3 (20.0) 10 (22.7) >0.999
    Chronic kidney failure 1 (6.7) 0 (0) 0.25
  Orthopedic
    Femoral neck fracture 1 (6.7) 4 (9.1) >0.999
    Lumbar compression fracture 0 (0) 1 (2.3) >0.999
Medication history drugs likely to induce constipation 5 (33.3) 18 (40.9) 0.76
  Opioids 0 (0) 0 (0) NA
  Anticholinergics 2 (13.3) 7 (15.9) >0.999

(Continued to the next page)
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pendently associated with achieving TaNIAR ≥ 100%. Due to the 
limited sample size, the multivariable analysis was conducted as 
an exploratory analysis with a restricted number of variables in 
the final model. Odds ratios (ORs) with 95% confidence intervals 
(CIs) were calculated. Model fit was assessed using the Hos-
mer-Lemeshow test. All statistical analyses were performed using 
IBM SPSS ver. 28 (IBM Corp.), and a two-sided P-value < 0.05 
was considered statistically significant.

RESULTS

Baseline characteristics
The final analysis included a total of 59 patients. Of these patients, 
15 were classified into the underfeeding group (TaNIAR < 100%), 
while 44 were classified into the appropriate-feeding group (TaN-
IAR ≥ 100%). The baseline characteristics of the study partici-
pants are enumerated in Table 1. The feeding group that received 
adequate nourishment included a significantly higher proportion 
of female patients than the underfeeding group. Furthermore, 
BEE was found to be significantly lower in the appropriate-feed-
ing group. Prior to PEG placement, all patients had received en-
teral nutrition via a nasogastric tube. No significant between- 
group differences were observed in age, BMI, comorbidities, med-
ication history, or endoscopic findings, including hiatal hernia 
and Hyodo-Komagane score.

Post-PEG nutritional outcomes
The post-PEG clinical outcomes are outlined in Table 2. The type 
of enteral formula administered during hospitalization differed 
significantly between the two groups. In the underfeeding group, 
11 patients (73.3%) received the SPF, while four patients (26.7%) 

Characteristic Group U (n=15)a) Group A (n=44)b) P-value
  Calcium channel blockers 3 (20.0) 8 (18.2) >0.999
  Iron supplements 1 (6.7) 2 (4.5) >0.999
  Calcium supplements 0 (0) 4 (9.1) 0.56
  Vitamin D supplements 0 (0) 4 (9.1) 0.56
Drugs likely to induce diarrhea 3 (20.0) 9 (20.5) >0.999
  Antiemetics 0 (0) 0 (0) NA
  Metformin 0 (0) 4 (9.1) 0.56
  Any laxative 3 (20.0) 5 (11.4) 0.41
  Alpha-glucosidase inhibitor 0 (0) 2 (4.5) >0.999
Endoscopic finding
  Hiatal hernia 4 (26.7) 15 (34.1) 0.75
  Hyodo-Komagane score
    9 5 (33.3) 17 (38.6) 0.68
    10 3 (20.0) 11 (25.0)
    11 5 (33.3) 8 (18.2)
    12 2 (13.3) 8 (18.2)
Values are presented as number (%) or median (range).
BMI, body mass index; BEE, basal energy expenditure, ECOG PS, Eastern Cooperative Oncology Group performance status; GCS, Glasgow Coma Scale; 
NA, not available.
a)Underfeeding group (target nutritional intake achievement rate [TaNIAR] <100%); b)Appropriate-feeding group (TaNIAR ≥100%).

Table 2. Patients’ outcomes after percutaneous endoscopic gastrostomy

Variable Group U 
(n=15)a)

Group A 
(n=44)b) P-value

Type of nutritional formula <0.001
  SPF 11 (73.3) 6 (13.6)
  POF 4 (26.7) 38 (86.4)
BSS 0.011
  4 0 (0) 2 (4.5)
  5 5 (33.3) 33 (75.0)
  6 4 (26.7) 4 (9.1)
  7 6 (40.0) 5 (11.4)
  ≤5 5 (33.3) 35 (79.5) 0.003
Complication (any) 3 (20.0) 2 (4.5) 0.10
DuFiCI (day) 6 (4–20) 4 (4–18) <0.001
DuFiCI ≤6 days 4 (26.7) 37 (84.1) <0.001
PPhs (day) 8 (6–27) 7 (2–31) 0.005
PPhs ≤7 days 4 (26.7) 37 (84.1) <0.001
Values are presented as number (%) or median (range).
SPF, standard polymeric formula; POF, pectin-containing oligomeric 
formula; BSS, Bristol Stool Scale; DuFiCI, duration required to reach 
the final target calorie intake; PPhs, post-percutaneous endoscopic 
gastrostomy hospital stay.
a)Underfeeding group (target nutritional intake achievement rate [TaNIAR] 
<100%); b)Appropriate-feeding group (TaNIAR ≥100%). 

Table 1. Continued
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received the POF. Conversely, in the appropriate-feeding group, 
six patients (13.6%) received SPF and 38 (86.4%) received POF. 
Consequently, POF utilization was found to be considerably more 
prevalent in the appropriate-feeding group.

Furthermore, a substantial variation in stool consistency was 
observed among the study groups. According to the BSS, the ap-
propriate-feeding group exhibited a distribution that shifted to-
ward more favorable stool consistency in comparison with the 
underfeeding group. The DuFiCI was significantly shorter in the 
appropriate-feeding group than in the underfeeding group. Fur-
thermore, the duration of hospital stay following PEG was found 
to be significantly reduced in the group receiving appropri-

ate-feeding.
The absolute final caloric intake achieved during hospitaliza-

tion demonstrated a relatively narrow distribution in both groups. 
The median final caloric intake was 1,200 kcal (range, 600–1,200 
kcal) in the underfeeding group and 1,200 kcal (range, 900–1,400 
kcal) in the appropriate-feeding group. Despite the inherent dif-
ferences in the definition of TaNIAR across groups, the absolute 
amount of calories delivered during hospitalization remained 
comparable.

ROC analysis and multivariable analysis
ROC curve analysis identified cutoff values of 990 kcal/day for 
BEE, 6 days for DuFiCI, and 7 days for PPhs (Fig. 2). Variables 
that demonstrated significant associations in univariable analyses 
were subsequently entered into the multivariable logistic regres-
sion model. In the multivariable analysis, POF use and BEE ≤ 990 
kcal/day were independently associated with achieving TaNIAR 
≥ 100%. The utilization of POF was associated with an OR of 32.8 
(95% CI, 3.7–292.9; P= 0.002). Furthermore, BEE ≤ 990 kcal/day 
was associated with an OR of 29.5 (95% CI, 3.1–277.7; P= 0.003) 
(Table 3). Among patients with BEE > 990 kcal/day, those who re-
ceived POF achieved TaNIAR ≥ 100% more frequently than those 
who received SPF.

DISCUSSION

In this study, lower BEE and the use of a POF were found to be in-
dependently associated with achieving a TaNIAR of at least 100% 
immediately after PEG placement. Conversely, the absolute final 
caloric intake achieved during hospitalization was comparable be-
tween the two groups. The findings suggest that the attainment of 
TaNIAR was influenced not solely by the calculated energy re-
quirement but also by the amount of enteral nutrition that could 

Fig. 2. Receiver operating characteristic curves for target nu-
tritional intake achievement rate ≥100% occurrence and each 
factor. AUC, area under curve; BEE, Basal Energy Expenditure; 
DuFiCI, duration required to reach the final target calorie intake; 
PPhs, post-percutaneous endoscopic gastrostomy hospital stay.

Table 3. Analysis of factors capable of achieving target nutritional intake achievement rate≥100% after percutaneous endoscopic 
gastrostomy 

Variable
Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value
Type of enteral formula (POF) 11.9 (3.2–45.1) <0.001 32.8 (3.7–292.9) 0.002
Female sex 7.9 (1.9–31.7) 0.004 - 0.190
BEE ≤990 kcal 10.7 (2.6–43.7) 0.001 29.5 (3.1–277.7) 0.003
BSS ≤5 5.8 (1.7–20.0) 0.005 - 0.900
DuFiCI ≤6 days 10.2 (2.8–37.5) <0.001 - 0.530
PPhs ≤7 days 10.7 (2.7–37.1) <0.001 - 0.280
OR, odds ratio; CI, confidence interval; POF, pectin-containing oligomeric formula; BEE, Basal Energy Expenditure; BSS, Bristol Stool Scale; DuFiCI, 
duration required to reach the final target calorie intake; PPhs, post-percutaneous endoscopic gastrostomy hospital stay; -, not available.
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be tolerated and delivered.
In the present cohort, the median final caloric intake was 1,200 

kcal in both groups, despite differences in BEE. This finding sug-
gests that the delivered caloric intake tended to cluster within a 
relatively limited range in routine clinical practice. As TaNIAR 
was defined as the ratio of delivered calories to BEE, patients with 
lower BEE were more likely to reach 100% of their estimated re-
quirement within that range. Conversely, patients with higher 
BEE were less likely to do so. This interpretation aligns with prior 
reports indicating that enteral feeding is often hindered, interrupt-
ed, or discontinued due to feeding intolerance, including elevated 
GRV, vomiting, and diarrhea. These occurrences can result in a 
reduction of the actual nutritional delivery, despite predefined ca-
loric objectives [2-4]. Consequently, our findings align with the 
hypothesis that the early caloric adequacy after PEG is con-
strained by practical feeding tolerance as well as by estimated en-
ergy requirement. The concept of a strict physiological ceiling 
cannot be established from this retrospective study alone; howev-
er, the observed clustering of delivered calories suggests the pres-
ence of a practical upper boundary of tolerable gastric feeding in 
this clinical setting.

The association between POF use and achievement of TaNIAR 
≥ 100% is also clinically meaningful. In this study, the use of POF 
remained independently associated with adequate caloric delivery 
even after adjustment in the multivariable model. Furthermore, 
patients with BEE > 990 kcal/day who received POF more fre-
quently achieved TaNIAR ≥ 100% than those who received the 
SPF. This finding suggests that the efficacy of nutritional delivery 
subsequent to PEG is influenced by patient-related factors as well 
as nutritional strategy. One potential explanation for this phe-
nomenon is that pectin-containing formulas enhance gastrointes-
tinal tolerance. Increased viscosity may reduce gastroesophageal 
reflux, and soluble fiber, such as pectin, may help stabilize stool 
consistency and improve intestinal handling of enteral nutrition. 
These effects may facilitate stepwise advancement of feeding and 
allow a greater amount of nutrition to be delivered without inter-
ruption. This interpretation aligns with the findings of previous 
studies that reported enhanced tolerance and a reduction in gas-
trointestinal adverse events with pectin-containing enteral formu-
las [13,14].

Concurrently, the observed association between POF utiliza-
tion and caloric adequacy should be interpreted with caution. The 
selection of formula was not standardized and was left to the dis-
cretion of the attending physician. Therefore, the possibility of 
confounding by indication cannot be ruled out. It is plausible that 

physicians selected POF for patients whom they considered more 
likely to benefit from a better-tolerated formula. Furthermore, un-
measured clinical factors may have influenced both formula selec-
tion and feeding outcomes. Consequently, the present findings 
should not be interpreted as definitive evidence that POF is supe-
rior to standard formulas. Instead, they suggest that formula se-
lection is a potentially modifiable factor that merits further pro-
spective evaluation.

It is imperative to acknowledge the limitations of the present 
study. First, it should be noted that this was a retrospective sin-
gle-center study. Therefore, the identified relationships should be 
interpreted as statistical associations rather than causal effects. 
Second, the sample size was limited, and the multivariable model 
yielded large ORs with wide CIs. These findings suggest possible 
model instability and limited precision of the estimated associa-
tions. Third, despite the final model’s restriction to a limited num-
ber of variables, residual confounding remains a possibility. This is 
due to the fact that clinically relevant factors such as baseline nu-
tritional reserve, disease severity, and gastrointestinal functional 
status were not fully captured. Fourth, TaNIAR was defined using 
BEE as the reference value. As a component of the patient’s total 
energy expenditure, the BEE is an important metric in determin-
ing the patient’s basal metabolic demand. However, it is important 
to note that BEE does not fully represent total energy require-
ments in all hospitalized patients, particularly those with stress-re-
lated or disease-related metabolic changes. Consequently, classifi-
cation based on TaNIAR may not accurately reflect the nutritional 
adequacy in every patient. It is imperative to acknowledge that the 
cutoff values derived from the ROC analysis should be regarded 
as exploratory in nature and necessitate external validation prior 
to their clinical implementation.

Notwithstanding these limitations, the present study offers clin-
ically relevant information regarding early nutritional manage-
ment after PEG placement in older adults. The findings suggest 
that the successful achievement of caloric intake relative to esti-
mated requirements is contingent on both the magnitude of the 
requirement and the amount of nutrition that can be delivered. 
The findings also identify enteral formula selection as a potential-
ly modifiable component of early PEG management. The necessi-
ty for prospective multicenter studies is evident in order to con-
firm these associations and to determine whether formula-based 
strategies can improve early nutritional delivery after PEG place-
ment.
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Mood disorders, including major depressive disorder, bipolar disorder, generalized anxiety disorder, and posttraumatic stress disor-
der, constitute a primary source of global disability, and with conventional monoamine-targeted pharmacotherapy, approximately 
one-third of patients remain with treatment-resistant disease. Over the past decade, the microbiota-gut-brain axis (MGBA) has 
emerged as a systems-level pathophysiological framework that explains the chronic neuroinflammation, hypothalamic-pituitary-ad-
renal axis hyperactivity, and impaired neuroplasticity that characterize treatment-resistant mood disorders. Short-chain fatty acids 
(SCFAs) are key molecular mediators in MGBA signaling, exerting epigenetic regulation through the inhibition of histone deacetyl-
ase, suppression of microglial toll-like receptor 4/nuclear factor-kappa B signaling, reinforcement of intestinal and blood-brain barri-
er integrity, and rebalancing of tryptophan–kynurenine metabolism. A few small randomized controlled trials and meta-analyses 
have reported that restoring SCFA output using next-generation psychobiotics (Faecalibacterium prausnitzii, Akkermansia muciniphi-
la, and Clostridium butyricum), prebiotic-rich dietary patterns, defined synbiotics, and direct postbiotic supplementation is associat-
ed with symptom improvement, although the evidence base remains preliminary, and have been proposed as candidate prognostic 
biomarkers. This narrative review synthesizes 2022 to 2026 mechanistic and clinical evidence on SCFA-producing psychobiotics in 
mood disorders; integrates these findings within a clinical nutrition framework that positions dietary fiber, microbiota-accessible 
carbohydrates, and targeted psychobiotic supplementation as legitimate adjuncts to conventional psychopharmacology; and dis-
cusses the translational challenges of strain specificity, dosing variability, and precision-psychobiotic medicine. Nevertheless, cur-
rent evidence remains dominated by preclinical models, with human trials constrained by size, duration, and number.
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INTRODUCTION

Major depressive disorder (MDD), generalized anxiety disorder, 
bipolar disorder (BD), and posttraumatic stress disorder (PTSD) 
collectively constitute one of the most urgent global health crises 
of the 21st century, with the World Health Organization estimat-

ing that mood and anxiety disorders together affect more than 580 
million people worldwide and represent the single largest contrib-
utor to years lived with disability [1]. Despite this escalating epide-
miological pressure, conventional pharmacotherapy anchored in 
the monoamine hypothesis, primarily selective serotonin reuptake 
inhibitors (SSRIs) and serotonin–norepinephrine reuptake inhibi-
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tors (SNRIs), has reached an unmistakable efficacy plateau, with 
delayed onset of action, modest initial remission rates, and sub-
stantial gastrointestinal and metabolic adverse effects continuing 
to undermine clinical utility. Approximately one-third of patients 
with MDD fail to achieve remission after two or more adequate 
antidepressant trials, fulfilling current criteria for treatment-resis-
tant depression (TRD) [2]. Moreover, the persistent neurobiologi-
cal hallmarks of TRD, such as chronic low-grade neuroinflamma-
tion, aberrant synaptic plasticity, hippocampal volumetric loss, 
and sustained hypothalamic-pituitary-adrenal (HPA) axis hyper-
activity, argue compellingly for therapeutic strategies that move 
beyond the narrow synaptic monoamine framework toward sys-
temic, multiorgan pathophysiology.

Within this context, biological psychiatry has undergone an in-
tense paradigm shift over the past decade, recognizing the gastro-
intestinal tract and its resident microbial ecosystem as a profound 
modulator of central nervous system (CNS) function through the 
microbiota-gut-brain axis (MGBA) [3]. The human gut harbors 
more than 100 trillion microorganisms whose collective metage-
nome significantly exceeds the host genome and engage in con-
tinuous bidirectional crosstalk with the CNS through neural, en-
docrine, immune, and metabolic pathways. Compelling causal ev-
idence has emerged from fecal microbiota transplantation (FMT) 
experiments in which the transfer of microbiota from depressed 
patients into germ-free or antibiotic-treated rodents was found to 
induce depression- and anxiety-like phenotypes accompanied by 
neuroinflammation and diminished hippocampal brain-derived 
neurotrophic factor (BDNF) expression [4]. Correspondingly, a 
2025 meta-analysis of randomized controlled trials (RCTs) en-
compassing 681 participants reported that FMT significantly alle-
viated depressive symptoms compared with placebo [5], strength-
ening the translational relevance of microbiota-targeted interven-
tions in human psychiatric disease.

Among the myriad bioactive metabolites elaborated by the gut 
microbiota, short-chain fatty acids (SCFAs), including predomi-
nantly acetate, propionate, and butyrate generated through anaer-
obic fermentation of dietary fiber, have emerged as one of the 
most extensively investigated mediators in MGBA signaling, ex-
erting pleiotropic neuroactive, immunomodulatory, and epigene-
tic effects through histone deacetylase (HDAC) inhibition, free 
fatty acid receptor activation, and direct modulation of microglial 
polarization, blood-brain barrier (BBB) integrity, and trypto-
phan–kynurenine flux [6,7]. Recent mechanistic studies have sub-
stantially extended this picture. In parallel, a 2025 systematic re-
view of 19 RCTs reported symptom amelioration across the in-

cluded trials, although with substantial heterogeneity in strain, 
dose, and duration after psychobiotic intervention [8], and a 2026 
meta-analysis reported an SCFA-deficit signature in individuals 
with MDD compared with that in healthy controls [9].

From a clinical nutrition perspective, these accumulated find-
ings reframe dietary fiber intake, fermentable substrate selection, 
and targeted psychobiotic supplementation as legitimate, mecha-
nism-based nutritional interventions for mood disorders rather 
than peripheral lifestyle recommendations. Accordingly, the pres-
ent review synthesizes 2022–2026 mechanistic and clinical evi-
dence on SCFA-producing psychobiotics in mood disorders; dis-
sects the molecular bases by which SCFAs modulate neurotrans-
mission, microglial polarization, BBB integrity, and HPA reactivi-
ty; summarizes recent RCTs of next-generation psychobiotic 
(NGP) strains and direct postbiotic SCFA supplementation; and 
integrates these findings within a clinical nutrition framework in-
tended to inform integrative care for patients with treatment-re-
sistant mood disorders.

THE MGBA: A BIDIRECTIONAL COMMUNICATION 
NETWORK

The MGBA operates as a highly integrated, bidirectional commu-
nication network in which neural, endocrine, immune, and meta-
bolic conduits act synchronously to translate luminal microbial 
activity into measurable changes in CNS function and emotional 
behavior (Fig. 1) [3,10]. These pathways converge upon overlap-
ping molecular hubs that include free fatty acid receptors, toll-like 
receptor 4 (TLR4), aryl hydrocarbon receptor (AhR), corticotro-
pin-releasing hormone (CRH) signaling, and microglial reactivity. 
Consequently, the perturbation of one arm can propagate through 
the others and generate the systems-level dysregulation that un-
derlies MDD, BD, anxiety disorders, and PTSD. The next four 
subsections outline each pathway at the conceptual level, and the 
molecular details by which SCFAs intercept these circuits are re-
served for ‘MOLECULAR MECHANISMS OF SCFA-MEDIAT-
ED MOOD REGULATION’ section.

Neural pathway: vagus nerve and enteric nervous 
system
The neural arm of the MGBA represents the most rapid informa-
tion channel between the gut and brain and is anatomically 
grounded in the enteric nervous system, which is an autonomous 
plexus of more than 100 million neurons distributed across the 
submucosal and myenteric layers of the gastrointestinal tract, to-
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gether with the vagus nerve, whose afferent fibers comprise ap-
proximately 80% of total vagal axons and project gut-derived sen-
sory information directly to the nucleus tractus solitarius and on-
ward to limbic structures, including the amygdala, insular cortex, 
hypothalamus, and prefrontal cortex [10]. The enteric nervous 
system continuously monitors luminal contents through special-
ized epithelial sensors, including enteroendocrine cells, enteroch-
romaffin (EC) cells, and neuropod cells, each equipped with a 
battery of G-protein-coupled receptors that decode microbial me-
tabolites. Microbial SCFAs and other small molecules engage free 

fatty acid receptors on EC cells, triggering the paracrine release of 
peptide YY, glucagon-like peptide-1, and approximately 90% of 
the body’s peripheral serotonin (5-hydroxytryptamine [5-HT]), 
all of which converge upon vagal afferents to shape interoceptive 
signaling and emotional tone [11]. Reigstad et al. [12] demon-
strated in gnotobiotic mice that SCFAs directly upregulate trypto-
phan hydroxylase 1 transcription in colonic EC cells, suggesting a 
molecular association between microbial fermentation and host 
serotonergic capacity. Bayrer et al. [13] reported that genetically 
defined EC-cell ablation suppressed visceral pain and anxiety-like 
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behaviors in mice, providing causal evidence in mice that intesti-
nal sensory cells modulate higher-order affective processing.

Recent loss-of-function experiments support a causally essen-
tial role for the vagal conduit in rodent models for microbio-
ta-driven mood pathology. For instance, Siopi et al. [14] demon-
strated that fecal transfer of stress-altered microbiota induced de-
pressive-like behavior and impaired adult hippocampal neuro-
genesis only in vagus-intact recipient mice, whereas subdiaphrag-
matic vagotomy abolished both phenotypes. The classical demon-
stration by Bravo et al. [15] that subdiaphragmatic vagotomy 
abolishes the anxiolytic and antidepressant-like effects of Lactoba-
cillus rhamnosus JB-1, including changes in central γ-aminobutyr-
ic acid (GABA)-A and GABA-B receptor expression, remains a 
foundational demonstration for this paradigm.

Endocrine pathway: the HPA axis
The endocrine arm is dominated by the HPA axis, which acts si-
multaneously as the primary mediator of psychological stress and 
as a sensitive readout of microbial status. Hypothalamic CRH 
drives pituitary adrenocorticotropic hormone release, which in 
turn stimulates adrenal cortisol secretion, and chronic glucocorti-
coid exposure subsequently degrades intestinal barrier function, 
reshapes microbial community composition toward a proinflam-
matory dysbiotic state, and alters bile acid and SCFA metabolism 
in a self-perpetuating feedback loop [10]. The seminal observa-
tion of Sudo et al. [16] that germ-free mice display exaggerated 
plasma corticosterone and adrenocorticotropic hormone re-
sponses to acute restraint stress, accompanied by reduced hippo-
campal BDNF and glucocorticoid receptor expression, provided 
early evidence that postnatal microbial colonization contributes to 
program normal HPA reactivity. A particularly striking recent ad-
vance came from Tofani et al. [17], who reported in Cell Metabo-
lism that the gut microbiota gates the HPA-axis responsiveness in 
a strictly circadian manner, with antibiotic-induced microbial de-
pletion phase-shifting corticosterone peaks and uncoupling adap-
tive stress responses from time-of-day cues. This finding suggests 
a chronobiological dimension of MGBA endocrine signaling and 
partially explains why disrupted circadian rhythms, a near-uni-
versal feature of depressive and bipolar disorders, are so tightly 
coupled to gut dysbiosis. The molecular details of how SCFA-pro-
ducing psychobiotics diminish CRH transcription and attenuate 
cortisol responses are addressed in ‘neuroendocrine recalibration: 
HPA axis dampening’ section.

Immune-inflammatory pathway
The immune-inflammatory arm provides the molecular substrate 
for the long-standing “cytokine hypothesis of depression.” In this 
framework, dysbiosis-driven intestinal hyperpermeability (“leaky 
gut”) permits the systemic translocation of pathogen-associated 
molecular patterns (most importantly lipopolysaccharide [LPS]), 
which engage TLR4 on circulating monocytes and, after BBB 
transit or endothelial relay, on parenchymal microglia, driving the 
nuclear translocation of nuclear factor-kappa B (NF-κB) and the 
elaboration of proinflammatory cytokines, including interleukin 
(IL)-1β, IL-6, and tumor necrosis factor (TNF)-α [3]. Cumulative 
meta-analytic evidence has confirmed increased peripheral IL-6 
and C-reactive protein levels among the most consistently repli-
cated inflammatory biomarkers of MDD across independent co-
horts, with effect sizes particularly pronounced in treatment-resis-
tant cases [18]. A 2025 systematic review of antidepressant-naive, 
first-episode patients further demonstrated increases in IL-6, 
TNF-α, IL-2, IL-10, IL-4, and interferon-γ levels before any phar-
macological exposure. This finding suggests that immune dysreg-
ulation is not solely attributable to medication [19]. Cao et al. [20] 
recently reported evidence in germ-free mice consistent with mi-
crobial transmission of affective vulnerability, demonstrating that 
fecal microbiota from prenatally depressed mothers transferred to 
germ-free recipients induced depressive-like behaviors and hip-
pocampal microglial activation through the LPS–TLR4–myeloid 
differentiation primary response 88 (MyD88)–NF-κB pathway. 
The downstream mechanisms by which SCFAs reverse this im-
mune-inflammatory cascade are described in ‘Microglial repro-
gramming: TLR4/NF-κB and NLRP3 suppression’ section.

Metabolic pathway: microbial metabolites
The metabolic arm comprises the most diverse and therapeutical-
ly tractable conduit of the MGBA, with the gut microbiota func-
tioning as a virtual endocrine organ that continuously generates a 
vast bioactive metabolome impinging on brain physiology [6]. 
SCFAs are among the most abundant and best characterized of 
these metabolites and are described in detail in ‘SCFAs: BIOSYN-
THESIS, TRANSPORT, AND RECEPTOR PHARMACOLOGY’ 
and ‘MOLECULAR MECHANISMS OF SCFA-MEDIATED 
MOOD REGULATION’ sections. Beyond SCFAs, microbially 
deconjugated and dehydroxylated secondary bile acids activate 
Takeda G-protein-coupled receptor 5 and the farnesoid X recep-
tor to modulate hepatic energy homeostasis, peripheral immuni-
ty, and central neuroinflammation. Microbial catabolism of di-
etary tryptophan represents an equally critical metabolic axis. 
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Specifically, gut commensals generate indole derivatives such as 
indole, indole-3-propionic acid, indole-3-aldehyde, and in-
dole-3-acetic acid. These metabolites traverse the BBB and engage 
AhR on astrocytes and microglia to suppress the activation of 
NLR family pyrin domain containing 3 (NLRP3) inflammasome, 
preserve barrier integrity, and exert antidepressive effects [21]. 
Critically, this microbial tryptophan circuitry is sensitive to in-
flammation and reciprocally controlled by the SCFA-mediated 
regulation of indoleamine 2,3-dioxygenase 1 (IDO-1), as detailed 
in ‘Tryptophan flux rebalancing and the kynurenine pathway’ sec-
tion. Additional microbial metabolites also converge upon over-
lapping receptor systems, which include GABA generated 
through Lactobacillus and Bifidobacterium glutamate decarboxy-
lase activity, trimethylamine N-oxide, and branched-chain amino 
acid derivatives. Their convergence suggests that the metabolic 
arm functions less as a parallel conduit than an integrated chemi-
cal language through which neural, immune, and endocrine arms 
are coordinately tuned.

PSYCHOBIOTICS: CONCEPTUAL FRAMEWORK AND 
CLASSIFICATION

Conceptual evolution
The conceptual framework of “psychobiotics” was originally artic-
ulated in 2013 by Dinan and Cryan [22], who proposed a deliber-
ately narrow definition encompassing live organisms that, when 
ingested in adequate amounts, produce a health benefit in patients 
with psychiatric illness. However, over the past decade, rapid 
progress in microbiome science, multiomics profiling, and trans-
lational psychiatry has rendered this initial framework highly re-
strictive. Therefore, Sarkar et al. [23] have expanded the term to 
encompass any microbiota-targeted intervention, whether live or 
nonviable, that exerts a bacterially mediated, positive effect on 
brain-behavior relationships through the MGBA. Under this ex-
panded definition, psychobiotics now include conventional live 
probiotics, prebiotics, synbiotics, postbiotics, paraprobiotics, FMT, 
and engineered live biotherapeutic products (LBPs), unified by a 
shared mechanistic logic rather than a particular pharmaceutical 
form. The core therapeutic actions of modern psychobiotics re-
volve around four interlocking axes. The first is restoration of in-
testinal barrier integrity through tight-junction protein induction. 
The second is suppression of systemic and central inflammation 
through the downregulation of TLR4/NF-κB signaling. The third 
is normalization of HPA axis hyperactivity through reduced CRH 
and corticosterone output. The fourth is biochemical reprogram-

ming of the gut into a factory for neuroactive metabolites, includ-
ing SCFAs, GABA, serotonin precursors, and indole derivatives 
[24]. Comprehensive 2024–2025 systematic reviews have consoli-
dated this expanded definition by demonstrating that probiotic, 
prebiotic, synbiotic, and postbiotic interventions confer statistical-
ly significant improvement in depressive symptomatology com-
pared with placebo, thereby supporting the view that “psychobiot-
ic” is a functional rather than a structural designation [25].

Functional taxonomy: probiotics, prebiotics, synbiotics, 
and postbiotics
Psychobiotic therapeutics are structurally classified into four func-
tionally complementary categories (Table 1). Probiotics are live 
beneficial microorganisms, most prominently strains of Lactoba-
cillus and Bifidobacterium genera. They transiently colonize the 
gut and exert three major actions, viz., production of neurochem-
icals (especially GABA via glutamate decarboxylase activity), sup-
pression of inflammatory cytokine secretion, and modulation of 
vagal afferent signaling. Prebiotics are selectively fermented di-
etary fibers and nondigestible oligosaccharides, including galac-
to-oligosaccharides (GOS), fructo-oligosaccharides (FOS), inulin, 
and resistant starches. These substrates expand native SCFA-pro-
ducing commensals such as Faecalibacterium prausnitzii, Rose-
buria, and Coprococcus. Synbiotics leverage the rationally matched 
combination of live probiotics and prebiotic fibers. This pairing 
ensures that the introduced strains receive appropriate fer-
mentable substrates, allowing them to survive gastrointestinal 
transit and maximize SCFA output upon colonic arrival. Postbiot-
ics encompass nonviable microbial cells, cell wall fragments, ex-
tracellular vesicles, and purified functional metabolites such as 
synthesized sodium butyrate and tributyrin. They have emerged 
as highly stable, immunologically safer alternatives and are partic-
ularly attractive for immunocompromised individuals. By bypass-
ing the engraftment risks associated with live bacterial therapy, 
postbiotics retain the capacity to inhibit HDACs, suppress NLRP3 
inflammasome activation, and curtail neuroinflammation. Specif-
ic clinical evidence for each category is detailed in ‘THERAPEU-
TIC STRATEGIES AND CLINICAL EVIDENCE’ section.

Besides these defined categories, dietary patterns rich in micro-
biota-accessible carbohydrates merit specific mention. Berding et 
al. [26] demonstrated in healthy adults that a 4-week prebiot-
ic-rich “psychobiotic diet” significantly reduced perceived stress 
and stabilized microbial diversity, providing rare nutritional-grade 
evidence that fiber-focused dietary modification alone can modu-
late stress reactivity—a finding of direct relevance to clinical nutri-
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tion practice.

NGPs and LBPs
The frontier of psychiatric microbiome therapy is rapidly shifting 
away from conventional, broad-spectrum, dairy-associated Lacto-
bacillus/Bifidobacterium preparations toward NGPs, which are 
highly specific commensal anaerobes identified through compar-
ative metagenomic profiling of healthy versus depressed popula-
tions and characterized at strain-level mechanisms. Three NGPs 
have advanced furthest in psychiatric translation. It must be em-
phasized at the outset that, for F. prausnitzii and Akkermansia mu-
ciniphila, the available psychiatric evidence is entirely preclinical, 
and no RCT of either organism has been conducted in patients 
with mood disorders. For Clostridium butyricum, the only clinical 
evidence is derived from a single uncontrolled open-label trial 
[27]. First, F. prausnitzii is a highly abundant obligate anaerobe 
that serves as a major contributor to colonic butyrate synthesis. 
Preclinical research has demonstrated that F. prausnitzii ATCC 
27766 attenuates chronic unpredictable mild stress (CUMS)-in-
duced anxiolytic and antidepressant-like deficits in rats by in-
creasing cecal SCFA levels and reducing C-reactive protein and 
corticosterone levels [28]. Building on this evidence, a 2024 synbi-
otic formulation incorporating this strain together with FOS and 
GOS rescued TRD-like behaviors in rats by simultaneously re-
storing multiple gut-brain axis nodes [29]. Second, A. muciniphila 
is the mucin-degrading sentinel of the colonic mucus layer. In 
chronic-restraint-stress depression models, this organism restores 
HPA axis function, normalizes corticosterone levels, reestablishes 
dopaminergic homeostasis, and rescues hippocampal BDNF ex-
pression [30]. Mechanistically, its outer membrane protein 
Amuc_1100 alone attenuated CUMS-induced depression-like be-
havior in mice. The protein exerts this effect by increasing colonic 
and serum 5-HT levels, upregulating hippocampal BDNF/tropo-
myosin receptor kinase B signaling, and inhibiting microglial acti-
vation through TLR2-dependent pathways [31]. A 2025 systemat-
ic review and meta-analysis reported that live A. muciniphila, its 
pasteurized form, Amuc_1100, and A. muciniphila-derived extra-
cellular vesicles were associated with the alleviation of anxi-
ety-like, depression-like, and stress-related behaviors and rescue 
memory deficits across multiple stress paradigms in rodent mod-
els [32]. Third, C. butyricum, a robust SCFA generator, demon-
strated efficacy across both preclinical and clinical settings, 
wherein an 8-week prospective open-label trial of C. butyricum 
MIYAIRI 588 as an adjunct to standard antidepressants in pa-
tients with TRD reported a 70% response rate with > 50% reduc-

Ta
bl

e 
1.

 F
un

ct
io

na
l t

ax
on

om
y 

of
 p

sy
ch

ob
io

tic
 in

te
rv

en
tio

ns
 fo

r m
oo

d 
di

so
rd

er
s

Ca
te

go
ry

D
ef

in
iti

on
Re

pr
es

en
ta

tiv
e 

ag
en

t
Pr

im
ar

y 
m

ec
ha

ni
sm

 o
f S

CF
A 

m
od

ul
at

io
n

K
ey

 e
vi

de
nc

e 
in

 m
oo

d 
di

so
rd

er
Pr

ob
io

tic
Li

ve
 m

ic
ro

or
ga

ni
sm

s 
th

at
, w

he
n 

in
ge

st
ed

 in
 a

de
qu

at
e 

am
ou

nt
s,

 
co

nf
er

 m
en

ta
l h

ea
lth

 b
en

ef
it 

th
ro

ug
h 

M
G

B
A 

si
gn

al
in

g

La
ct

ob
ac

ill
us

 rh
am

no
su

s 
JB

-1
In

di
re

ct
 S

CF
A 

el
ev

at
io

n 
vi

a 
cr

os
s-

fe
ed

in
g 

ne
tw

or
ks

; d
ire

ct
 G

AB
A 

bi
os

yn
th

es
is

 
th

ro
ug

h 
gl

ut
am

at
e 

de
ca

rb
ox

yl
as

e 
ac

tiv
ity

; v
ag

al
 a

ff
er

en
t m

od
ul

at
io

n

B
ra

vo
 e

t a
l. 

[1
5]

, 2
01

1;
 T

ia
n 

et
 a

l. 
[4

9]
, 2

02
2 

R
CT

; N
ik

ol
ov

a 
et

 a
l. 

[5
0]

, 2
02

3 
R

CT
B

ifi
do

ba
ct

er
iu

m
 b

re
ve

 C
CF

M
10

25
B

ifi
do

ba
ct

er
iu

m
 lo

ng
um

 1
71

4
M

ul
tis

tr
ai

n 
La

ct
ob

ac
ill

us
/

B
ifi

do
ba

ct
er

iu
m

 fo
rm

ul
at

io
ns

Pr
eb

io
tic

Se
le

ct
iv

el
y 

fe
rm

en
te

d 
no

nd
ig

es
tib

le
 

di
et

ar
y 

su
bs

tr
at

es
 th

at
 s

up
po

rt
 

th
e 

ex
pa

ns
io

n 
of

 n
at

iv
e 

SC
FA

-
pr

od
uc

in
g 

co
m

m
en

sa
ls

FO
S,

 G
O

S,
 in

ul
in

, β
-g

lu
ca

ns
 (o

at
s,

 b
ar

le
y)

, 
re

si
st

an
t s

ta
rc

he
s,

 p
ec

tin
; p

sy
ch

ob
io

tic
 

di
et

ar
y 

pa
tt

er
ns

D
ire

ct
 e

xp
an

si
on

 o
f F

ae
ca

lib
ac

te
riu

m
, 

R
os

eb
ur

ia
, a

nd
 C

op
ro

co
cc

us
, w

ith
 a

 
co

ns
eq

ue
nt

 in
cr

ea
se

 in
 c

ol
on

ic
 b

ut
yr

at
e,

 
pr

op
io

na
te

, a
nd

 a
ce

ta
te

 o
ut

pu
t

B
er

di
ng

 e
t a

l. 
[2

6]
, 2

02
3 

di
et

ar
y 

R
CT

Sy
nb

io
tic

R
at

io
na

lly
 m

at
ch

ed
 c

om
bi

na
tio

ns
 o

f 
liv

e 
pr

ob
io

tic
 s

tr
ai

ns
 w

ith
 p

re
bi

ot
ic

 
su

bs
tr

at
es

 d
es

ig
ne

d 
fo

r c
ro

ss
-

fe
ed

in
g 

op
tim

iz
at

io
n

Fa
ec

al
ib

ac
te

riu
m

 p
ra

us
ni

tz
ii+

FO
S+

G
O

S
O

pt
im

iz
ed

 c
ol

on
ic

 S
CF

A 
ou

tp
ut

 v
ia

 
su

bs
tr

at
e–

st
ra

in
 p

ai
rin

g 
en

su
re

s 
vi

ab
le

 c
ol

on
ic

 d
el

iv
er

y 
an

d 
m

ax
im

al
 

fe
rm

en
ta

tiv
e 

yi
el

d

Pa
le

pu
 e

t a
l. 

[2
9]

, 2
02

4 
TR

D
 

sy
nb

io
tic

M
ul

tis
tr

ai
n 

La
ct

ob
ac

ill
us

/
B

ifi
do

ba
ct

er
iu

m
+i

nu
lin

Po
st

bi
ot

ic
N

on
vi

ab
le

 m
ic

ro
bi

al
 c

el
ls

, c
el

l 
w

al
l c

om
po

ne
nt

s,
 e

xt
ra

ce
llu

la
r 

ve
si

cl
es

, o
r p

ur
ifi

ed
 b

ac
te

ria
l 

m
et

ab
ol

ite
s 

w
ith

 re
ta

in
ed

 
bi

oa
ct

iv
ity

So
di

um
 b

ut
yr

at
e,

 tr
ib

ut
yr

in
, A

m
uc

_1
10

0 
(A

kk
er

m
an

si
a 

m
uc

in
ip

hi
la

 o
ut

er
 

m
em

br
an

e 
pr

ot
ei

n)
, b

ac
te

ria
l 

ex
tr

ac
el

lu
la

r v
es

ic
le

s,
 h

ea
t-k

ill
ed

 
La

ct
ob

ac
ill

us
 p

re
pa

ra
tio

ns

D
ire

ct
 H

D
AC

 in
hi

bi
tio

n 
(b

ut
yr

at
e)

; 
re

ce
pt

or
-in

de
pe

nd
en

t e
pi

ge
ne

tic
 

ef
fe

ct
s;

 b
yp

as
s 

liv
e 

st
ra

in
 e

ng
ra

ft
m

en
t 

ris
ks

; s
ui

ta
bl

e 
fo

r i
m

m
un

oc
om

pr
om

is
ed

 
pa

tie
nt

s

H
an

 e
t a

l. 
[3

7]
, 2

01
4;

 C
he

ng
 e

t a
l. 

[3
1]

, 2
02

1;
 M

a 
et

 a
l. 

[4
1]

, 2
02

5

SC
FA

, s
ho

rt-
ch

ai
n 

fa
tty

 a
ci

d;
 M

G
BA

, m
ic

ro
bi

ot
a-

gu
t-b

ra
in

 a
xis

; G
AB

A,
 γ

-a
m

in
ob

ut
yr

ic
 a

ci
d;

 R
CT

, r
an

do
m

ize
d 

co
nt

ro
lle

d 
tri

al
; F

O
S,

 fr
uc

to
ol

ig
os

ac
ch

ar
id

es
; G

O
S,

 g
al

ac
to

ol
ig

os
ac

ch
ar

id
es

; T
RD

, 
tre

at
m

en
t-r

es
is

ta
nt

 d
ep

re
ss

io
n;

 H
DA

C,
 h

is
to

ne
 d

ea
ce

ty
la

se
.



Juhyun Song.  Psychobiotics in mood disorders 

217https://e-cnr.org

tion in HAMD-17 scores [27], thereby providing preliminary, un-
controlled clinical data; however, the open-label design without a 
placebo arm precludes causal inference.

Beyond individual strain therapy, the regulatory category of 
LBPs has matured rapidly. LBPs are biological products contain-
ing live organisms intended for the prevention, treatment, or cure 
of human disease. Recent FDA approvals (2022–2023) of micro-
biome-based therapies for recurrent Clostridioides difficile infec-
tion have established the regulatory pathway. The 2025 Asia-Pa-
cific Microbiota Consortium position statement on LBP develop-
ment codified manufacturing, quality control, and clinical evalua-
tion standards specifically tailored to neuropsychiatric indications 
[33]. Recent precision-psychobiotics frameworks emphasize that 
strain selection, dose, fermentation substrate, and host–microbi-
ome compatibility must be optimized at the individual level rather 
than applied as one-size-fits-all formulations [34].

SCFAS: BIOSYNTHESIS, TRANSPORT, AND RECEPTOR 
PHARMACOLOGY

SCFAs are aliphatic monocarboxylic acids generated predomi-
nantly through anaerobic bacterial fermentation of indigestible 
dietary fibers in the cecum and proximal colon. The three pre-
dominant species are acetate (C2), propionate (C3), and butyrate 
(C4), which together constitute > 95% of the colonic SCFA pool 
in an approximate 3:1:1 molar ratio [6,7]. Their biosynthesis is 
taxonomically partitioned. Acetate is produced widely by Bifido-
bacterium and Akkermansia. Propionate is generated predomi-
nantly by Bacteroidetes via the succinate or propanediol path-
ways. Butyrate, the most extensively investigated with respect to 
neuroactive effects, is produced primarily by F. prausnitzii, Rose-
buria, Coprococcus, and Clostridium species. Several of these bu-
tyrate producers are found to be depleted in MDD and chronic 
stress models. Butyrate is consumed locally as the principal ener-
gy substrate of colonocytes, whereas acetate and propionate enter 
the portal circulation. Circulating acetate reaches systemic con-
centrations of 100 to 200 μM in humans.

Once in systemic circulation, SCFAs cross the BBB through 
proton-coupled monocarboxylate transporter 1 and sodium-cou-
pled monocarboxylate transporter 1, yielding measurable cere-
brospinal fluid concentrations (acetate up to 171 μM, propionate 
up to 6 μM, and butyrate up to 2.8 μM) [7]. Mechanistically, SC-
FAs act as endogenous ligands for free fatty acid receptor 2 
(FFAR2/GPR43), free fatty acid receptor 3 (FFAR3/GPR41), and 
hydroxycarboxylic acid receptor 2 (HCAR2/GPR109A). All three 

are G-protein-coupled receptors expressed on enteroendocrine 
L-cells, peripheral immune cells, and CNS targets, including the 
cerebrovascular endothelium, microglia, and astrocytes. FFAR2 
couples primarily to Gi/o and Gq, whereas FFAR3 couples to Gi/
o. Both engage downstream protein kinase pathways and 
ion-channel modulation, which translate luminal SCFA availabili-
ty into systemic neuroendocrine and immune signals. GPR109A 
also recognizes the vitamin niacin. It is enriched on colonocytes, 
adipocytes, and microglia and mediates the anti-inflammatory ef-
fects of butyrate at relatively high local concentrations.

A second mechanistic dimension operates intracellularly. SC-
FAs, particularly butyrate, act as competitive inhibitors of class I 
and class IIa HDACs. Among physiological SCFAs, butyrate 
demonstrates the highest potency. By increasing histone acetyla-
tion marks, such as histone H3 lysine 9 acetylation and histone 
H3 lysine 18 acetylation, at promoters of genes relevant to mood 
and synaptic plasticity (especially Bdnf), SCFAs exert chroma-
tin-level transcriptional regulation independent of receptor en-
gagement. Altogether, the BBB-permeable transport, surface-re-
ceptor architecture, and intrinsic HDAC-inhibitory activity posi-
tion SCFAs to engage the downstream mechanisms described in 
‘MOLECULAR MECHANISMS OF SCFA-MEDIATED MOOD 
REGULATION.’ From a clinical nutrition perspective, endoge-
nous SCFA synthesis depends critically on the availability of fer-
mentable substrates. The most important of these substrates are 
microbiota-accessible carbohydrates such as resistant starches, 
β-glucans, inulin, FOS, and GOS. This dependence directly moti-
vates the prescription of dietary fibers as a foundational, mecha-
nism-based intervention for mood disorders.

MOLECULAR MECHANISMS OF SCFA-MEDIATED 
MOOD REGULATION

Unless otherwise specified, the mechanistic evidence summarized 
in this section is derived from rodent and in vitro studies; the only 
human data addressing these pathways directly are the acute cor-
tisol findings discussed in 'Neuroendocrine recalibration: HPA 
axis dampening’ section [35]. The extent to which these mecha-
nisms operate at physiological SCFA concentrations in the human 
brain remains to be established.

The cumulative mechanistic findings outlined above converge 
upon six interlocking molecular axes through which SCFAs—
particularly butyrate, propionate, and acetate—mediate antide-
pressant-like and anxiolytic-like effects (Fig. 2). The following 
subsections systematically dissect each mechanism, integrating 
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the above-described relevant components of MGBA signaling 
into a coherent therapeutic framework.

Epigenetic remodeling: HDAC inhibition and BDNF 
transcription
One of the most extensively documented mechanisms by which 
SCFAs mitigate depression operates through epigenetic remodel-

Fig. 2. Six molecular mechanisms of SCFA-mediated mood regulation. SCFAs, including primarily acetate (C2), propionate (C3), 
and butyrate (C4), exert convergent antidepressant- and anxiolytic-like actions through six interconnected molecular mechanisms 
(‘MOLECULAR MECHANISMS OF SCFA-MEDIATED MOOD REGULATION’ section). (1) Epigenetic remodeling: butyrate inhibits class 
I and IIa HDAC, increasing histone H3K9ac and H3K18ac at the BDNF promoter to restore synaptic plasticity. (2) Neurotransmitter 
reprogramming: enhanced tyrosine hydroxylase expression and increased biosynthesis of 5-HT, GABA, dopamine, and NE stabilize 
the glutamate–glutamine cycle and restore neurotransmitter balance. (3) Microglial reprogramming: suppression of TLR4/MyD88/
NF-κB signaling promotes M1 to M2 polarization, attenuates NLRP3 inflammasome activation, and reduces hippocampal ferroptosis. 
(4) Neuroendocrine recalibration: HPA axis dampening—reductions in hypothalamic CRH, ACTH, and cortisol output restore circadian 
stress-response synchrony, resulting in measurable attenuation of Trier Social Stress Test responses. (5) Dual-barrier reinforcement: 
upregulation of claudin-5, occludin, and ZO-1, coupled with the downregulation of myosin light-chain kinase and MMP-9, restores 
intestinal and blood-brain barrier integrity. (6) Tryptophan flux rebalancing and the kynurenine pathway: suppression of indoleamine 
2,3-dioxygenase 1 redirects tryptophan away from the neurotoxic kynurenine pathway toward serotonin synthesis, whereas sustained 
microbial indole production engages AhR signaling to modulate microglial and astrocytic function. The integrated outcome of these 
mechanisms is reduced neuroinflammation, restored neuroplasticity, normalized HPA reactivity, reinforced barrier integrity, and clini-
cal remission of depressive, anxious, and treatment-resistant phenotypes. HDAC, histone deacetylase; H3K9ac, histone H3 lysine 9 
acetylation; H3K18ac, histone H3 lysine 18 acetylation; BDNF, brain-derived neurotrophic factor; TLR4, toll-like receptor 4; MyD88, 
myeloid differentiation primary response 88; NF-κB, nuclear factor-kappa B; NLRP3, NLR family pyrin domain containing 3; ZO-1, zonu-
la occludens 1; MMP-9, matrix metalloproteinase 9; SCFA, short-chain fatty acid; 5-HT, 5-hydroxytryptamine; GABA, γ-aminobutyric 
acid; NE, norepinephrine; CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone; AhR, aryl hydrocarbon receptor; 
HPA, hypothalamic-pituitary-adrenal. 
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ing. Among SCFAs, butyrate is the most potent HDAC inhibitor. 
Through competitive inhibition of class I and class IIa HDACs, it 
promotes the accumulation of acetyl groups on histone tails and 
relaxes chromatin into a transcriptionally permissive state in brain 
regions that regulate mood [36]. In the hippocampus and pre-
frontal cortex, SCFA-induced HDAC inhibition upregulates 
BDNF transcription in the rodent brain, with the associated resto-
ration of neuronal survival, dendritic arborization, and activi-
ty-dependent synaptic plasticity. In chronic restraint and CUMS 
rodent models, sodium butyrate reverses stress-induced reduc-
tions in the expression of phosphorylated cAMP response ele-
ment-binding protein, acetylated histone H3, and BDNF; normal-
izes the expression of HDAC2 and HDAC5; and rescues behav-
ioral despair in forced swim and tail suspension tests [37]. These 
epigenetic effects are accompanied by parallel reductions in DNA 
methyltransferase activity in stressed animals, suggesting that SC-
FA-driven antidepressant-like actions involve dual remodeling at 
both histone and DNA methylation levels.

Neurotransmitter reprogramming
SCFAs modulate the biosynthesis and turnover of central neu-
rotransmitters regulating the affective state. Propionate and butyr-
ate increase tyrosine hydroxylase expression in the frontal cortex, 
improving dopamine and norepinephrine biosynthetic capacity 
[7]. Acetate, the most BBB-permeable SCFA, is taken up by astro-
cytes and incorporated into the glutamate–glutamine–GABA cy-
cle, balancing excitatory glutamatergic and inhibitory GABAergic 
pools and providing biochemical stabilization against the excito-
toxicity and hyperarousal characteristic of anxiety and depression. 
Synbiotic administration of GABA-producing Lactobacillus and 
Bifidobacterium strains together with butyrate-yielding fibers in-
creases the expression of both peripheral GABA and hippocam-
pal GABA-A receptors in stressed animals, mechanistically link-
ing SCFA-mediated cross-feeding to inhibitory neurotransmis-
sion [15]. SCFA enrichment also improves the peripheral and 
central serotonergic tone through the induction of tryptophan hy-
droxylase 1 in EC cells, as described above [12], thereby integrat-
ing monoaminergic and amino-acid neurotransmitter pathways 
through a single fermentation-derived signal.

Microglial reprogramming: TLR4/NF-κB and NLRP3 
suppression
The landmark study by Erny et al. [38] demonstrated that germ-
free mice exhibit severely malformed microglia, substantially res-
cued by the oral administration of SCFA mixture, indicating that 

microbiota-derived SCFAs are essential for normal microglial 
maturation in mice. Building on the immune-inflammatory 
framework described above, SCFAs promote a shift in microglia 
phenotype from a proinflammatory M1 phenotype toward an an-
ti-inflammatory M2 phenotype enriched in arginase-1 and IL-10. 
Sodium butyrate attenuates microglia-mediated neuroinflamma-
tion through coordinated TLR4/MyD88/NF-κB inhibition in car-
diac arrest mice [39], and rifaximin-induced enrichment of Lach-
nospiraceae and Ruminococcaceae increases brain butyrate levels 
and reverses CUMS-induced microglial proinflammatory polar-
ization in adolescent rats [40]. SCFA-mediated activation of 
GPR109A on microglia engages the nuclear factor erythroid 2-re-
lated factor 2 (Nrf2)/heme oxygenase-1 antioxidant pathway and 
inhibits NLRP3 inflammasome assembly, with the associated pro-
tection of neurons in preclinical models. Recent research has 
demonstrated that butyric and valeric acids attenuate stress-in-
duced hippocampal ferroptosis and depressive-like behaviors by 
suppressing iron-dependent neuroinflammation [41], thus add-
ing ferroptosis to the expanding repertoire of SCFA-targeted neu-
rodegenerative pathways.

Neuroendocrine recalibration: HPA axis dampening
Beyond the broader microbiota-mediated HPA modulation dis-
cussed above, SCFAs themselves function as the active molecular 
effectors of this regulation. Experimental administration of SCFAs 
or FMT from SCFA-enriched donors significantly downregulates 
hypothalamic CRH and its cognate receptors. This downregula-
tion attenuates the initiation of the stress cascade. It translates into 
marked reductions in circulating corticosterone and cortisol levels 
after acute and chronic stressors [10]. Critically, Dalile et al. [35] 
provided rare clinical-grade evidence in a randomized place-
bo-controlled trial that colon-delivered SCFA mixtures attenuate 
cortisol responses to the Trier Social Stress Test in healthy men, 
using an acute laboratory stressor rather than a clinical popula-
tion, directly linking microbial fermentation products to top-
down HPA modulation. Moreover, the recent demonstration that 
the gut microbiota gates HPA axis responsiveness in a strictly cir-
cadian manner suggests that SCFA-producing psychobiotics exert 
anxiolytic effects partially by restoring circadian stress-response 
synchrony—a hypothesis with direct implications for the timing 
of nutritional and psychobiotic interventions [17].

Dual-barrier reinforcement: intestinal and BBB 
integrity
SCFAs, and butyrate in particular, are important regulators of bar-
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rier integrity at both the intestinal epithelium and BBB. They po-
tently upregulate transcription and proper membrane localization 
of essential tight-junction proteins at both interfaces. These pro-
teins include claudin-5, which serves as the master gatekeeper of 
paracellular BBB permeability, and occludin and zonula oc-
cludens-1. Mechanistically, SCFAs inhibit the myosin light-chain 
kinase pathway and downregulate matrix metalloproteinase-9 
(MMP-9), potentially interrupting the proposed cycle of “leaky 
gut” and “leaky brain.” Monocolonization of germ-free mice with 
SCFA-producing strains reversed BBB hyperpermeability and re-
stored the cerebral expression of tight-junction proteins [42]. 
Greene et al. [43] established claudin-5 as a depression- and 
schizophrenia-relevant gatekeeper whose dysregulation is associ-
ated with behavioral phenotypes in animal models, thus support-
ing tight-junction reinforcement as a plausible therapeutic target 
in mood disorders.

Tryptophan flux rebalancing and the kynurenine 
pathway
As outlined above, tryptophan metabolism is linked with AhR 
signaling. Building on that framework, SCFAs exert specific con-
trol over the inflammatory diversion of tryptophan away from se-
rotonin and toward neurotoxic kynurenine metabolites. Under 
inflammatory conditions, proinflammatory cytokines such as in-
terferon-γ and TNF-α upregulate IDO-1 in both peripheral mac-
rophages and brain microglia. This upregulation shunts trypto-
phan flux away from serotonin synthesis and toward neurotoxic 
kynurenine metabolites, including 3-hydroxykynurenine and 
quinolinic acid. Quinolinic acid is a potent N-methyl-D-aspartate 
receptor agonist and drives glutamatergic excitotoxicity, hippo-
campal neuronal apoptosis, and depressive symptomatology [44]. 
SCFAs counteract this diversion through multiple complementary 
mechanisms. First, they suppress the upstream microglial inflam-
matory activation that induces IDO-1. Second, they directly 
downregulate IDO-1 expression in the gut and hippocampus. 
Third, they sustain the microbial production of indole derivatives. 
These indoles engage AhR on astrocytes and microglia to sup-
press NLRP3 inflammasome activation, modulate type I interfer-
on responses, and preserve barrier integrity [21,45]. Vascular-de-
pression rodent studies have confirmed that SCFA administration 
potently suppresses IDO-1 expression in both the gut and hippo-
campus, restores tryptophan flux toward serotonin, and mitigates 
depressive-like behavior [46]. By redirecting tryptophan metabo-
lism away from the neurotoxic kynurenine cascade and toward 
mood-elevating serotonin and AhR-engaging indoles, SCFAs may 

serve as a convergence point linking the immune, neurotransmit-
ter, and metabolic arms of the MGBA into a unified therapeutic 
node.

THERAPEUTIC STRATEGIES AND CLINICAL EVIDENCE

Disease-stratified therapeutic rationale: a largely 
preclinical framework
The therapeutic rationale for SCFA-generating psychobiotics is 
anchored in disease-specific microbial and metabolic signatures 
documented across the spectrum of affective disorders. In MDD, 
large-scale multiomics analyses have frequently reported the de-
pletion of Faecalibacterium, Roseburia, Coprococcus, and Subdoli-
granulum. This taxonomic depletion is accompanied by reduced 
levels of fecal and serum acetate, propionate, and butyrate. Rodent 
FMT experiments support a contributory causal role wherein de-
pression-associated microbiota were transferred into rodents [4]. 
In a TRD rat model generated by CUMS plus adrenocorticotropic 
hormone, FMT from TRD donors transferred severe anxiety-like 
and depression-like behavior to recipients, whereas supplementa-
tion with a synbiotic combining F. prausnitzii with FOS and GOS 
rescued these behavioral deficits and restored the levels of hippo-
campal BDNF, monoamines, and tight-junction proteins [29]. 
Anxiety disorders share a similar dysbiotic footprint marked by 
reduced acetate and propionate levels that fail to appropriately 
tune inhibitory GABAergic signaling required to suppress amyg-
dala hyperreactivity [47]. PTSD-associated dysbiosis is dominated 
by the depletion of butyrate-producing Lachnospiraceae and Ru-
minococcaceae and an overgrowth of proinflammatory taxa, re-
sulting in LPS leakage that perpetuates microglial activation and 
impairs fear-extinction circuitry [48]. In vascular depression, 
chronic-cerebral-hypoperfusion rodent studies have demonstrat-
ed that SCFA supplementation attenuated microglial activation, 
oxidative stress, and IDO-1-driven tryptophan depletion in the 
hippocampus, thus providing a preclinical rationale for further in-
vestigation [46].

Probiotics and synbiotics: mood-modulating efficacy
Although conventional Lactobacillus and Bifidobacterium prepa-
rations primarily produce lactic and acetic acids, they orchestrate 
a beneficial cross-feeding environment that increases colonic bu-
tyrate production, exerting psychobiotic effects through indirect 
elevation of SCFA levels. A 4-week double-blind RCT of Bifido-
bacterium breve CCFM1025 (109 CFUs/day) in 45 patients with 
MDD demonstrated significant reductions in 24-item Hamilton 
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Depression Rating Scale (HDRS-24) and Montgomery–Asberg 
Depression Rating Scale scores accompanied by increased levels 
of fecal SCFAs, modulated tryptophan metabolism, and decreased 
serotonin turnover, consistent with neuroactive effects, although 
the small sample (n = 45) and 4-week duration limit inference 
[49]. Furthermore, a 2023 RCT published in JAMA Psychiatry 
confirmed the acceptability and putative benefit of multistrain 
probiotic adjunctive therapy in adults with MDD [50]. Among 
next-generation strains, F. prausnitzii ATCC 27766 robustly re-
verses CUMS-induced anxiety- and depression-like deficits by in-
creasing cecal SCFA levels and reducing C-reactive protein and 
corticosterone levels [28], whereas live A. muciniphila and its out-
er membrane protein Amuc_1100 normalize HPA function, re-
store hippocampal BDNF levels, and rescue dopaminergic ho-
meostasis across multiple stress paradigms [30-32].

Synbiotics are combinations of live probiotics with rationally 
matched prebiotic fibers. They optimize colonic SCFA output and 
have demonstrated promising preclinical efficacy in treatment-re-
sistant models. For instance, a synbiotic combining F. prausnitzii 
with FOS and GOS reversed TRD-like behaviors in a rat model 
induced by CUMS plus adrenocorticotropic hormone. This effect 
was achieved by simultaneously restoring cecal SCFA concentra-
tions, hippocampal neurogenesis, and gut-barrier integrity [29]. 
Microbiota-accessible carbohydrates include resistant starches, 
β-glucans, inulin, FOS, and GOS, which selectively expand native 
Bifidobacterium and butyrate-producing Firmicutes. In healthy 
adults, a 4-week dietary intervention with a prebiotic-rich psycho-
biotic diet significantly reduced perceived stress and stabilized mi-
crobial diversity [26].

Postbiotic SCFA delivery
Postbiotic strategies involve the direct administration of purified 
microbial metabolites or nonviable bacterial components. They 
bypass the engraftment complexities of live bacterial therapy and 
represent particularly attractive options for severe, treatment-re-
sistant cases. Direct administration of sodium butyrate or tribu-
tyrin has demonstrated efficacy in preclinical paradigms across 
multiple preclinical paradigms. These postbiotics act as potent 
acute HDAC inhibitors and restore histone acetylation, rescue 
hippocampal BDNF expression, rebuild BBB tight junctions, and 
attenuate behavioral despair in rodents [36,37]. In high-fructose-
fed mice, an SCFA mixture rescued hippocampal neurogenesis 
decline and BBB damage, demonstrating that postbiotic supple-
mentation can reverse diet-induced affective deterioration [42]. 
Recent research on butyric and valeric acids has further demon-

strated the attenuation of stress-induced hippocampal ferroptosis 
and depressive-like behaviors [41]. Postbiotic formats currently 
advancing toward clinical translation include nonviable Lactoba-
cillus preparations, A. muciniphila-derived Amuc_1100, and bac-
terial extracellular vesicles [32].

Clinical translation: RCTs and meta-analyses (2022–
2026)
The clinical translation of SCFA-generating psychobiotics has 
substantially accelerated over the past 4 years. Table 2 summarizes 
the key RCTs and meta-analyses. A 2025 systematic review of 19 
RCTs reported that all included trials demonstrated significant 
amelioration of depression status with probiotic or psychobiotic 
intervention. The intervention was used as a standalone therapy 
in five trials and as an adjunct to antidepressants in 10 trials [8]. 
Furthermore, a 2025 meta-analysis of FMT trials encompassing 
681 participants reported a standardized mean difference of −1.21 
(95% confidence interval, −1.87 to −0.55; P= 0.0003) for depres-
sive symptom reduction, providing the largest pooled clinical esti-
mate to date, although the wide confidence interval and heteroge-
neity across small trials warrant caution for microbiota transfer in 
depression [5]. Another 2025 case-control study demonstrated 
that baseline circulating SCFA concentrations significantly pre-
dicted 6-month remission in patients with MDD. This finding 
supports the dual role of SCFAs as biomarkers and therapeutic 
targets. Moreover, a 2026 meta-analysis quantitatively confirmed 
a robust SCFA-deficit signature in MDD individuals versus 
healthy controls. The signature consisted of reduced acetate, pro-
pionate, butyrate, and isobutyrate levels [9]. Although multistrain 
formulations generally outperform single-strain preparations, 
their efficacy remains heavily dependent on baseline severity, dos-
age, and intervention duration, with interventions exceeding 8 
weeks tending to demonstrate superior outcomes. The open-label 
trial by Miyaoka et al. [27] demonstrating that C. butyricum MI-
YAIRI 588 as an adjunct to standard antidepressants achieved a 
70% response rate in patients with TRD remains the only avail-
able clinical dataset for a single-strain NGP, although the trial was 
uncontrolled.

Clinical nutrition perspective: integrating dietary fiber, 
MAC, and psychobiotics
From a clinical nutrition viewpoint, the foregoing mechanistic 
and clinical evidence reframes three elements as legitimate, mech-
anism-based nutritional interventions for mood disorders rather 
than peripheral lifestyle recommendations. These elements are di-
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etary fiber intake, fermentable substrate selection, and targeted 
SCFA-generating psychobiotic supplementation. Several action-
able principles emerge for clinical nutrition practice. First, base-
line dietary fiber intake should be evaluated and optimized. Typi-
cal adult intakes in numerous populations are well below 25 to 38 
g/day generally recommended for adults. Habitual low fiber in-
take may not support sufficient endogenous generation of SCFAs. 
Second, the dietary diversity of microbiota-accessible carbohy-
drates maximizes the substrate range required to support a di-
verse SCFA-producing microbial consortium. Practical food 
sources include resistant starches from cooled potatoes and le-
gumes, β-glucans from oats and barley, inulin and FOS from chic-
ory, garlic, leeks, and onions, GOS from legumes, and pectin from 
apples and citrus fruits. Third, traditional fermented foods such as 
kimchi, yogurt, kefir, and miso provide live Lactobacillus and Bi-
fidobacterium that, although rarely engrafting permanently, tran-
siently support cross-feeding networks that increase butyrate out-
put. Fourth, defined synbiotic formulations and postbiotic SCFA 
preparations may be considered adjuncts to conventional psycho-
pharmacology in patients with TRD, anxiety with prominent gas-
trointestinal symptoms, or vascular depression with documented 
dysbiosis. Personalized nutritional protocols integrating these ele-
ments provide a biologically rational complement to mono-
amine-targeted therapy and simultaneously address the gastroin-
testinal and metabolic comorbidities that frequently accompany 
mood disorders.

CHALLENGES, FUTURE DIRECTIONS, AND 
CONCLUSION

The intense exploration of the MGBA over the past decade has 
substantially expanded our conception of mood disorders, trans-
forming the pathophysiological framework from an isolated, 
brain-centric defect toward a systemic derangement involving the 
intestinal microbiome and its metabolic output. SCFAs, particu-
larly butyrate, propionate, and acetate, have emerged as important 
molecular mediators within this network. They can exert epigene-
tic regulation through HDAC inhibition, may attenuate neuroin-
flammation by modulating microglial TLR4/NF-κB and NLRP3 
signaling, may reinforce the structural integrity of the BBB and in-
testinal mucosa, and may rebalance the metabolic flow of mono-
amines and the tryptophan-to-kynurenine pathway. Restoration 
of these depleted microbial metabolites through targeted adminis-
tration of NGPs, prebiotics, synbiotics, and direct postbiotic sup-
plementation represents a rapidly advancing therapeutic frontier 

that has demonstrated promise in preclinical models of treat-
ment-resistant phenotypes. Nonetheless, whether that promise 
extends to patients depends on how the field confronts the limita-
tions and translational hurdles described in the next section.

Limitations and knowledge gaps
Several limitations of the current evidence base, and of this review 
itself, warrant explicit acknowledgment.

First, the mechanistic–clinical asymmetry
The molecular mechanisms rest almost entirely on rodent and in 
vitro studies. Direct human evidence is confined to a single acute-
stress RCT in healthy men [35], three small trials in patients with 
depression [27,49,50], a dietary intervention trial in healthy adults 
[26], and observational biomarker studies. No RCT has yet evalu-
ated F. prausnitzii or A. muciniphila in a psychiatric population, 
and no trial has demonstrated that clinical improvement is medi-
ated by SCFA elevation rather than merely accompanied by it.

Second, pharmacokinetic uncertainty
Reported cerebrospinal fluid concentrations of butyrate (up to ap-
proximately 2.8 μM) are two to three orders of magnitude less 
than those required for HDAC inhibition in vitro [7]. Whether 
butyrate acts as a direct central HDAC inhibitor at physiological 
concentrations or whether central histone acetylation changes are 
mediated indirectly via acetate-derived acetyl-CoA in astrocytes, 
peripheral receptor signaling, or vagal relay remains unresolved.

Third, the assumption of uniform benefit
This review has emphasized beneficial SCFA actions; however, the 
literature is not uniformly positive. Propionate administration 
causes behavioral and neuroinflammatory abnormalities in some 
rodent paradigms, increased rather than reduced SCFA levels 
have been reported in certain patient cohorts, and FFAR2/FFAR3 
signaling is context- and cell-type-dependent. Therefore, the ef-
fects of SCFAs may be dose-, timing-, and host-dependent rather 
than monotonically beneficial.

Fourth, risk of publication and small-study bias
The observation that all 19 trials in a recent systematic review re-
ported significant benefit is itself atypical for a heterogeneous in-
tervention literature and raises the possibility that null trials are 
underreported [8]. Existing trials are small, short, and rarely in-
clude an intention-to-treat analysis or long-term follow-up. 
Hence, pooled effect estimates such as the FMT standardized 
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mean difference of −1.21 must be considered provisional [5].

Fifth, limitations of this review
As a narrative rather than a systematic review, this synthesis did 
not use a preregistered protocol, systematic search strategy, or for-
mal risk-of-bias assessment and is consequently subject to selec-
tion bias in the cited studies.

These gaps define the priorities for the next phase of research, 
viz., adequately powered, placebo-controlled trials of defined 
strains in well-characterized clinical populations, with prespeci-
fied SCFA mediation analyses and long-term follow-up. Realizing 
that agenda requires confronting several translational hurdles.

Translational challenges and future directions

Strain specificity
Psychobiotic effects appear to be largely strain-specific and cannot 
be safely generalized across taxonomic genera, or in some cases 
even across strains of the same species. Therefore, clinical trials 
require standardized identification and reporting at the strain lev-
el, together with the deposition of characterized strains in public 
culture collections.

Methodological standardization
Existing trials are inconsistent in two key parameters, viz., dosing 
ranges from 108 to 1010 CFU and intervention duration typically 
spans 4 to 12 weeks. Beyond the abovementioned interpretive dif-
ficulties, this variability has prevented the field from establishing 
dose-response relationships or a minimum effective duration—
both prerequisites for evidence-based prescription. Consensus re-
porting standards for strain, dose, viability at administration, and 
fermentable substrate co-intake are necessary.

Delivery and formulation
The rapid hepatic first-pass metabolism and short systemic half-
life of exogenous SCFAs constrain sustained delivery. The central 
concentrations achievable by this route may be inadequate for the 
mechanisms most frequently invoked. Colon-targeted and sus-
tained-release formulations, prodrug approaches such as tributyr-
in, and strategies that stimulate endogenous colonic production 
rather than supplying exogenous SCFAs each warrant systematic 
head-to-head comparison.

Interindividual variability
The human microbiome is highly individualized, shaped by host 

genetics, habitual diet, geography, and lifetime antibiotic expo-
sure. This individuality may restrict the reliability of one-size-fits-
all formulations and argues for a shift toward precision-psychobi-
otic medicine, guided by the following three pillars: multiomics 
profiling supported by computational and machine-learning ap-
proaches; validated SCFA-based biomarker panels incorporating 
circulating SCFA ratios, the kynurenine-to-tryptophan balance, 
and microbial enterotypes; and rigorously standardized clini-
cal-grade manufacturing under emerging LBP regulatory frame-
works [33,34].

Therapeutic positioning
Psychobiotics must not be positioned as standalone replacements 
for conventional pharmacotherapy. Their most plausible near-
term value lies in adjunctive integration with SSRIs and SNRIs, 
where preclinical evidence suggests additive or synergistic antide-
pressant-like effects together with possible mitigation of the gas-
trointestinal and metabolic adverse effects associated with mono-
aminergic drugs [37]. Neither observation has yet been con-
firmed in humans, and adequately powered add-on trials with 
prespecified tolerability endpoints represent an immediate priori-
ty.

From a clinical nutrition perspective, four translational priori-
ties stand out as most immediate. The first is to integrate validated 
assessment of dietary fiber and microbiota-accessible carbohy-
drate intake into routine psychiatric and clinical nutrition consul-
tation. The second is to develop evidence-based synbiotic and 
postbiotic formulations standardized for psychiatric indications. 
The third is to register psychobiotic nutrition interventions pro-
spectively within structured clinical trial frameworks, including 
the reporting of null results. The fourth is to educate dietitians 
and clinicians on strain-level mechanism, dosing, and duration of 
psychobiotic interventions, so that emerging evidence is translat-
ed neither prematurely nor with undue delay.

Conclusion
The field is advancing toward precision medicine and toward the 
strategic integration of microbiota-targeted therapies with con-
ventional psychopharmacology. Within this trajectory, SC-
FA-modulating interventions hold promise as a complementary 
approach in psychiatric care, although current evidence remains 
dominated by preclinical models, and the human trials conducted 
to date are limited in size, duration, and number. Personalized nu-
tritional protocols integrating microbiota-accessible carbohy-
drates, defined synbiotic formulations, and postbiotic SCFA 
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preparations provide a biologically rational adjunct to conven-
tional psychiatric pharmacotherapy, one that may simultaneously 
address the gastrointestinal, metabolic, and neurobehavioral di-
mensions of disease. As the evidence base matures, and provided 
the above-described methodological and translational require-
ments are met, microbiota-targeted nutritional therapy may be-
come a useful component of integrative clinical care for patients 
with TRD and other mood disorders.
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Objective: As global populations age, nutrition management is important for healthy aging. Digital technologies, including mobile 
applications, web-based platforms, messaging tools, and artificial intelligence (AI)-enabled systems, are used in personalized nutri-
tion interventions. However, evidence on their characteristics, effectiveness, and user experiences remains limited. This scoping re-
view examined technology-based personalized nutrition interventions for older adults.
Methods: This review followed the Joanna Briggs Institute methodology and the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Extension for Scoping Reviews guidelines. PubMed, Embase, and Web of Science were searched for studies 
published from January 1, 2010, to June 30, 2026. Among 2,727 records, 2,044 were screened after duplicate removal, 28 full-
text articles were assessed, and 13 articles representing 12 studies were included.
Results: Technologies included mobile, messaging, web-based, information and communications technology, tablet-based, and 
AI-supported systems. Interventions involved dietary recording, personalized feedback, remote counseling, coaching, and self-moni-
toring. Outcomes included dietary intake and quality, nutritional status, physical function, frailty, cognition, cardiometabolic indica-
tors, engagement, usability, and acceptability. Findings were more consistent for dietary behaviors and individualized nutrition man-
agement. Evidence for physical function, frailty, cognition, cardiometabolic health, and quality of life was limited and often based on 
small or multidomain studies. Familiar interfaces and professional support were accepted, whereas low digital literacy, complex 
navigation, and limited food databases were barriers.
Conclusion: Digital personalized nutrition interventions may support dietary behavior change and individualized nutrition manage-
ment in older adults. Larger studies and user-centered systems addressing digital literacy, usability, cultural context, and AI-feed-
back validation are needed.
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INTRODUCTION

Globally, population aging is accelerating due to longer life expec-
tancy and declining fertility rates. The World Health Organization 
estimated that 1 billion of the global population aged ≥ 60 years in 

2019 and that this number is expected to reach 1.4 and 2.1 billion 
by 2030 and 2050, respectively [1]. These demographic changes 
underscore the importance of healthy aging, which extends be-
yond longevity to maintaining physical, cognitive, and social func-
tions in later life [2,3]. Nutrition plays a pivotal role in maintaining 
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physical function, preserving cognitive function, and preventing 
and managing chronic diseases during aging. Inadequate nutri-
tional status is closely associated with frailty, sarcopenia, cognitive 
decline, and reduced quality of life [4-7]. Therefore, intervention 
strategies to enhance nutritional status should be developed and 
assessed in geriatric healthcare [8,9].

Recent advances in information and communications technol-
ogy (ICT) have rapidly expanded digital health interventions us-
ing mobile applications, web-based platforms, wearable devices, 
remote monitoring systems, and artificial intelligence (AI)-based 
tools [10-13]. These digital technologies facilitate automated di-
etary recording, continuous collection of health and dietary data, 
real-time feedback, remote counseling, and monitoring, address-
ing the limitations of traditional face-to-face interventions [14,15]. 
Particularly, personalization strategies that provide tailored infor-
mation and feedback based on individual nutritional status, di-
etary intake, health risks, physical function, food preferences, and 
stages of behavioral change have become increasingly well known 
for their potential to improve engagement and adherence and sus-
tain behavioral change [16,17].

However, older adults may be hesitant to accept and use digital 
technologies due to differences in previous experience with digital 
devices and digital literacy levels, as well as age-related declines in 
sensory and cognitive functions and physical limitations [18,19]. 
Therefore, technological efficiency, usability, accessibility, accept-
ability, and the potential for sustained engagement should be con-
sidered in designing digital technology-based nutrition interven-
tions for older adults [20,21]. Furthermore, an integrated review 
should be conducted to assess the criteria used to develop person-
alization strategies, the digital technologies through which these 
strategies are delivered, and their effects on nutritional status, 
health outcomes, and user experiences [14].

Various countries and settings have implemented digital tech-
nology-based nutrition interventions for older adults. However, 
only a few studies have comprehensively synthesized the types of 
technologies employed, personalization criteria, intervention de-
livery modes, outcome measures, and user experiences [14,15]. 
Although emerging technologies, such as AI-based dietary recog-
nition, algorithm-based recommendations, and wearable-linked 
feedback, have been introduced into nutrition interventions, a 
systematic review is needed to determine how these technologies 
are applied in digital nutrition interventions for older adults.

Accordingly, this study used a scoping review approach to ex-
plore digital technology-based personalized nutrition interven-
tions for older adults and systematically summarize their charac-

teristics and current applications. Specifically, this study aimed to 
(1) determine the types of digital technologies and delivery modes 
adopted in these interventions; (2) examine the criteria and meth-
ods used for personalization strategies; (3) synthesize the main 
outcome measures and findings, including nutritional status, 
physical function, cognitive function, cardiovascular health, us-
ability, and acceptability; and (4) identify implications and re-
search gaps for the future design of digital nutrition interventions 
for older adults.

METHODS

Ethics statement
This scoping review used previously published studies and did 
not involve human participants or primary data collection. 
Hence, Institutional Review Board approval and informed con-
sent were not required.

Study design
This scoping review systematically explores digital technolo-
gy-based personalized nutrition interventions for older adults in 
accordance with the Joanna Briggs Institute methodology for scop-
ing reviews [22]. Study selection and reporting followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses 
Extension for Scoping Reviews (PRISMA-ScR) guidelines. The 
population, concept, and context (PCC) framework was used to 
develop the research question and eligibility criteria. The review 
process consisted of developing a search strategy, conducting the 
literature search, selecting studies, extracting data, mapping evi-
dence, and synthesizing findings. No review protocol was regis-
tered. Due to the absence of a registered protocol, the PCC frame-
work was used to predefine the research question and eligibility 
criteria, and the search, study selection, and data extraction proce-
dures were established before screening and used consistently 
throughout the review.

Search strategy
The PubMed, Embase, and Web of Science databases were 
searched on June 30, 2026, covering articles published from Janu-
ary 1, 2010, through June 30, 2026. Search terms were developed 
according to the PCC framework and combined terms: older 
adults (“older adults,” “elder,” “elderly,” and “senior”), nutrition in-
terventions (“nutrition intervention,” “dietary intervention,” “nu-
trition education,” “nutrition counseling,” “dietary advice,” “dietary 
modification,” “nutrition program,” “nutrition therapy,” and “nu-
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tritional intervention”), digital and AI technologies (“digital 
health,” “eHealth,” “mHealth,” “mobile health,” “mobile app,” “mo-
bile application,” “telehealth,” “telemedicine,” “artificial intelli-
gence,” “AI,” “machine learning,” “algorithm,” “chatbot,” “wearable,” 
and “remote”), and personalization (“personalized,” “tailored,” “in-
dividualized,” “customized,” “adaptive,” “targeted,” “feedback,” and 
“recommendation”). The search strategy was adapted to the 
search structure of each database. Title/abstract fields in PubMed, 
title/abstract/keyword fields in Embase, and topic fields in Web of 
Science were searched for original peer-reviewed journal articles 
published in English between 2010 and 2026. Theses, conference 
abstracts, commentaries, editorials, letters, news articles, and oth-
er nonoriginal publications were excluded.

Inclusion and exclusion criteria
The inclusion criteria were as follows: studies involving adults 
aged ≥ 60 years; studies evaluating nutrition or dietary improve-
ment interventions delivered through digital technologies (e.g., 
mobile applications, web-based programs, remote counseling, AI, 
chatbots, text messaging, wearable devices, or ICT); studies with 
intervention content or feedback personalized according to indi-
vidual nutritional and health statuses, dietary intake, food prefer-
ences, physical function, disease-related information, or behavior-
al data; original intervention studies (e.g., randomized and non-
randomized controlled trials [RCTs] as well as quasi-experimen-
tal, pilot, feasibility, mixed-methods, and observational interven-
tion studies); and peer-reviewed journal articles published in En-
glish. The exclusion criteria were as follows: studies involving chil-
dren, adolescents, younger adults, or mixed-age populations with-
out separate outcomes for older adults; evaluating only exercise, 
cognitive, or disease management interventions without a nutri-
tion intervention component; studies involving face-to-face inter-
ventions without digital technology; including interventions that 
provided only standardized general nutrition information or di-
etary recording without personalized feedback; usability, percep-
tion, technology development, or algorithm development studies; 
examining only the validity of nutrition assessment applications 
or tools without implementing an actual nutrition intervention; 
and protocol papers, theses, conference abstracts, commentaries, 
editorials, letters, news articles, animal studies, and cell studies.

Study selection process
After removing duplicates, the retrieved articles were screened us-
ing the predefined inclusion and exclusion criteria. First, titles and 
abstracts were screened based on the target population, interven-

tion components, use of digital technologies, inclusion of person-
alization strategies, and study type. Subsequently, full-text articles 
were reviewed to identify final eligibility. During the full-text re-
view, studies were reviewed for eligibility by considering the in-
volvement of older adults, inclusion of a nutrition intervention, 
use of digital technologies, incorporation of personalized feed-
back or intervention tailoring, implementation of an actual inter-
vention, and meeting the publication type and language criteria. 
The final study selection process was documented using a PRIS-
MA flow diagram, with results presented in Fig. 1. Study screen-
ing and full-text review were performed based on the predefined 
criteria, and the research teams evaluated studies with unclear eli-
gibility until a final decision was made. Articles reporting on the 
same participant cohort were retained but treated as a single 
study.

Data extraction and analysis
Data, including author and publication year, country, study de-
sign, participant characteristics and age, sample size, intervention 
duration, intervention setting, type of digital technology used, de-
livery mode, study objective, nutrition intervention components, 
personalization criteria and methods, AI use, main outcome mea-
sures, effectiveness outcomes, and user perception and acceptabil-
ity-related findings, were extracted from included studies and de-
scriptively summarized based on study characteristics, types of 
digital technologies, intervention delivery modes, and personal-
ization strategies. The main outcomes were categorized and syn-
thesized across the following domains: dietary intake and diet 
quality, nutritional status, physical function and frailty, cognitive 
function, cardiovascular and health-related indicators, behavioral 
change and engagement, usability, and acceptability. Qualitative 
findings associated with user experience, acceptability, usability, 
and feasibility were thematically summarized based on recurring 
patterns across the included studies.

RESULTS

Study selection process
The database search identified 2,727 records. After removing 683 
duplicate records, 2,044 were screened based on their titles and 
abstracts using the predefined inclusion and exclusion criteria (Ta-
ble 1). Eligible studies involved adults aged ≥60 years, included 
nutrition intervention components, incorporated digital or AI-en-
abled technologies, and used personalization strategies. During 
this process, 2,016 records that did not meet the inclusion criteria 
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were excluded, and 28 articles were subsequently subjected to a 
full-text review. All full-text articles were retrieved, and none were 
excluded due to unavailability. After the full-text review, 15 articles 
were excluded: non-intervention studies (n=4), lack of personal-
ization strategy (n=4), inclusion of populations other than adults 
aged ≥60 years or mixed-age populations without separately re-
ported data for this age group (n =5), algorithm or simulation 
studies without implementation of an actual intervention (n=1), 
and insufficient information to assess eligibility (n=1). Finally, 13 
articles representing 12 unique studies were included in the analy-
sis. The study selection process is shown in Fig. 1.

Review scope according to the PCC framework
This scoping review was defined using the PCC framework (Table 
2). The study population comprised older adults aged ≥ 60 years, 
including community-dwelling older adults, frail or prefrail indi-
viduals, those at risk of malnutrition, and those residing in nurs-
ing homes or long-term care facilities. The concept was defined as 
personalization strategies incorporated into digital or AI-enabled 
nutrition interventions, such as personalized dietary feedback, in-
dividualized nutrition counseling, meal planning, self-monitor-

ing, and algorithm- or AI-based recommendations. The context 
included community, home-based, clinical, institutional, long-
term care, remote, and telehealth-based settings.

General characteristics of the included studies
The 13 included articles, representing 12 unique studies, were 
conducted in various countries and regions, including the Nether-
lands, Thailand, the United States, the United Kingdom, Chile, 
France, Japan, Taiwan, Germany, and Singapore, as well as multi-
national studies conducted in Europe and Japan (Table 3). The 
study designs included RCTs, pilot RCTs, quasi-experimental 
studies, feasibility or pilot studies, cluster RCTs, iterative design 
and pilot studies, as well as usability and development evaluation 
studies. Most studies were designed as pilot or feasibility studies to 
examine intervention feasibility before conducting a full-scale ef-
fectiveness evaluation. Study participants were mainly communi-
ty-dwelling older adults aged ≥ 60 or 65 years. Some studies tar-
geted specific at-risk populations, such as older adults at risk of 
frailty, cognitive decline, or dementia, overweight older adults at 
risk of diabetes, and rehabilitation inpatients. Sample sizes ranged 
from 15 to 224 participants. Although many interventions were 

Records identified from:
Databases (n=2,727)

Identification of new studies via databases and registers

Id
en

tifi
ca

tio
n

In
clu

de
d

Sc
re

en
in

g
Records removed before screening:
Duplicate records removed (n=683)

Records excluded
(n=2,016)

Reports not retrieved
(n=0)

Reports excluded:
•	Not an intervention study (n=4)
•	No personalization strategy (n=4)
•	Not specific to adults aged ≥60 years or mixed-

age population without separate data (n=5)
•	Algorithm or simulation study without 

implementation of an actual intervention (n=1)
•	 Insufficient eligibility information (n=1)

Records screened
(n=2,044)

Reports sought for retrieval
(n=28)

Studies included in review (n=12)
Reports of included studies (n=13)

Reports assessed for eligibility
(n=28)

Fig. 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram of study selection. 
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short-term (approximately 3 months), some implemented longer 
interventions up to 12 months. Mobile applications were fre-
quently used to deliver interventions. Other technologies included 
messaging platforms, such as LINE, web-based platforms, tab-
let-based applications, wearable devices, and AI-based image rec-
ognition or recommendation systems. The intervention delivery 
modes ranged from fully automated approaches offering recom-
mendations or feedback via digital technologies alone to those 
that combined digital tools with support from dietitians, coaches, 
researchers, or care staff.

Intervention characteristics and main findings
The intervention objectives and contents varied across the includ-

ed studies (Table 4). Some studies evaluated the development and 
field applicability of personalized dietary recording, assessment, 
or feedback tools. Conversely, others aimed to enhance diet quali-
ty, manage nutritional status, prevent frailty, improve physical 
function, prevent cognitive decline or diabetes, or maintain quali-
ty of life in older adults. The intervention components included 
personalized dietary recommendations, dietary recording, nutri-
tion counseling, dietary self-monitoring, education on the Medi-
terranean diet or healthy dietary patterns, protein intake counsel-
ing, multidomain lifestyle interventions, and AI-based dietary 
analysis and feedback. Several studies reported positive changes in 
diet quality, dietary adherence, protein intake, cardiovascular 
health indicators, physical function, frailty-related indicators, and 
cognitive function. Specifically, studies providing personalized 
feedback based on individual dietary intake or health status using 
digital tools reported positive findings in terms of dietary behav-
ior change and sustained engagement. Users generally considered 
mobile applications, messaging platforms, web-based platforms, 
tablet-based e-coaches, and AI-based image recognition functions 
acceptable. However, some studies also reported limitations, such 
as small sample sizes, limited food databases, usability challenges, 
and the burden of digital technology use.

Mapping of the reported effectiveness outcomes
To enhance evidence mapping, effectiveness outcomes reported 

Table 1. Inclusion and exclusion criteria
Category Inclusion criteria Exclusion criteria
Population Studies targeting older adults aged ≥60 years and reviewing 

community-dwelling, institutionalized, frail, prefrail, nutritionally at 
risk, or sarcopenia-risk older adults, as well as older adults with 
chronic conditions

Studies targeting children, adolescents, 
younger adults, or mixed-age populations 
that did not separately identify data for older 
adults

Concept: nutrition 
intervention

Studies focusing on nutrition education, counseling, dietary 
feedback, meal planning, dietary behavior change, nutrition 
monitoring, or malnutrition prevention/management

Studies without nutrition or dietary intervention 
components

Concept: digital or  
AI-enabled 
component

Studies using apps, web platforms, telehealth, messaging tools, 
ICT platforms, wearable devices, algorithms, AI, or image-based 
dietary assessment to implement or support the intervention

Face-to-face-only interventions without digital, 
remote, ICT, or AI-enabled components

Concept: 
personalization 
strategy

Studies designing the intervention based on dietary intake, 
nutritional status, health status, preferences, physical function, 
frailty, behavior, user profile, app data, wearable data, or AI-
generated recommendations

Studies providing only standardized general 
information without individualized feedback, 
tailoring, goal setting, or recommendations

Study type RCTs, nonrandomized trials, quasi-experimental studies, pilot/
feasibility studies, mixed-methods studies, and observational 
intervention studies

Reviews, editorials, commentaries, letters, 
conference abstracts, theses, animal studies, 
cell studies, and non-intervention studies

Publication type Peer-reviewed journal articles Gray literature and non-peer-reviewed 
documents

Language English Non-English articles
Publication year Articles published from January 1, 2010, through June 30, 2026 Articles published before January 1, 2010, or 

after the final search date
AI, artificial intelligence; ICT, information and communications technology; RCT, randomized controlled trial.

Table 2. PCC framework for scoping review
PCC element Definition in this review
Population (P) Older adults aged ≥60 years, including 

community-dwelling, institutionalized, frail, 
prefrail, and nutritionally at risk older adults

Concept (C) Personalization strategies in digital or AI-enabled 
nutrition interventions, such as individualized 
dietary feedback, tailored nutrition counseling, 
meal planning, self-monitoring, and algorithm- 
or AI-supported recommendations

Context (C) Community, home-based, clinical, institutional, 
long-term care, and remote or telehealth-based 
settings

AI, artificial intelligence.
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across the included studies were organized into broad outcome 
categories (Table 5) used for descriptive purposes and not mutual-
ly exclusive, as several studies reported outcomes across more 
than one area. Regarding dietary intake, diet quality, and dietary 
adherence, personalized nutrition counseling, mobile app-based 
feedback, AI-based dietary analysis, and web-based dietary man-
agement interventions improved diet quality or adherence to 
healthy dietary patterns. Reported dietary changes included im-
proved adherence to the Mediterranean diet, increased legume in-
take, and improved meal balance scores. Interventions that in-
cluded protein counseling reported increased protein intake. For 
nutritional status, risk of malnutrition, and anthropometric mea-
sures, digital assessment tools utilized in long-term care settings 
supported the identification of malnutrition risk and food prefer-
ences. Some studies reported reductions in waist circumference, 
improvements in cardiovascular health indicators, and changes in 
mid-upper arm or calf circumference. Regarding physical func-
tion, frailty, and activities of daily living, positive changes were ob-
served in indicators such as the short physical performance bat-
tery (SPPB), gait speed, Timed Up and Go test, muscle strength, 
physical activity levels, frailty-related indicators, and activities of 
daily living. Cognitive outcomes were assessed mainly in digital 
multidomain interventions targeting older adults at risk of cogni-
tive decline, although findings were inconsistent across studies. 
Cardiovascular and other health-related outcomes included car-
diovascular health scores, body weight, blood pressure, and select-
ed cardiovascular indicators. Several studies reported high partici-
pant retention rates, strong adherence to self-monitoring, pro-
gression to the maintenance stage of behavioral change, and sus-
tained app use regarding behavioral change, engagement, and re-
tention. User-related outcomes, such as usability, acceptability, 
and user perceptions, positively perceived simple and familiar in-
terfaces, image-based dietary recording, AI-based automated rec-
ognition, familiar platforms such as LINE, and professional sup-
port.

User-related findings
Findings associated with user experience, acceptability, usability, 
and feasibility were grouped by recurring considerations in all in-
cluded studies (Table 6). Older adults perceived digital interven-
tions more positively when tools were simple, familiar, and direct-
ly associated with their daily dietary practices. Automated or sim-
plified dietary recording methods, including image-based dietary 
recording and AI-based food recognition, reduced the burden of 
manual dietary recording and facilitate more efficient nutrition St
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monitoring. Tailored feedback based on dietary intake, nutritional 
status, health risks, stages of behavioral change, food preferences, 
or activity data supported dietary behavioral change and interven-
tion engagement. Human support was also commonly reported 
as an important component of digital interventions. Several stud-

Table 5. Objectives and findings of the included studies
Outcome variable Study Results
Dietary intake, diet 

quality, and dietary 
adherence

Gaewkhiew et al. [24] (2025) No between-group differences in nutrient intake; both groups showed 
decreased energy/nutrient intake over time (P<0.05)

Su et al. [25] (2023) Mediterranean diet adherence improved (adjusted P=0.04); legume 
intake increased (adjusted P<0.01)

Kurotani et al. [28] (2025) Dietary quality improved (+9.5 points; 95% CI, 2.3–16.7; P=0.01)
van den Helder et al. [33] (2020) Protein intake increased (+0.32 g/kg/day, P<0.001)

Nutritional status, 
malnutrition risk, 
and anthropometric 
outcomes

Connelly et al. [23] (2025) Malnutrition risk and food preference identification supported. P-value 
not reported

Gaewkhiew et al. [24] (2025) No between-group difference in body measurements
Gutierrez et al. [26] (2025) Waist circumference decreased, and CVH index improved (P<0.001)
Li et al. [29] (2025) Mid-upper arm circumference increased (P<0.001); calf circumference 

improved (P<0.01)
Physical function, frailty, 

and daily functioning
Li et al. [29] (2025) SPPB improved (P<0.05); Five Times Sit-to-Stand test performance 

improved (P<0.05); TUG test performance improved (P<0.001); 
physical activity level increased (P<0.001)

van den Helder et al. [33] (2020) m-PPT, no difference (HBex, P=0.933; HBex-Pro, P=0.730); gait speed, 
improved (P=0.001); muscle strength, improved (P=0.001); muscle 
mass, improved (P=0.017)

Li et al. [34] (2025) Frailty and daily activities improved; exact P-value not reported in the 
abstract

Cognitive and brain-
related outcomes

Chew et al. [35] (2024) NTB composite score improved (between-group difference=0.17; 95% 
CI, 0.071–0.27; P=0.001)

Rainero et al. [32] (2021) Stroop C incongruent time improved (P=0.012); stroop C incongruent 
errors improved (P=0.015)

de Souto Barreto et al. [27] (2021) No significant effect for most cognitive outcomes
Cardiometabolic 

and health-related 
indicators

Gutierrez et al. [26] (2025) CVH index improved from 64 to 68 (P<0.001)
Gerber et al. [30] (2024) Intervention group lost 9.5% body weight; control group gained 2.4%; 

90% lost ≥5% body weight
Su et al. [25] (2023) HOMA-IR, no difference (adjusted P=0.85)

Behavioral change, 
engagement, and 
maintenance

Gaewkhiew et al. [24] (2025) Retention, 100%
Su et al. [25] (2023) Retention, 100%; average app use, about 12 min/wk
Gerber et al. [30] (2024) Attendance and self-monitoring adherence, 100%; greater weight loss 

among eating behavioral change participants (−12.0% vs. −5.0%, 
P<0.005)

Happe et al. [31] (2023) Nutrition recommendation achievement increased from 24% to 66%; 
physical activity recommendation achievement increased from 33% to 
71%. P-value not reported

Li et al. [29] (2025) Dietary behavioral action/maintenance stage reached by 81.4%
Usability, acceptability, 

and users’ perceptions
Connelly et al. [23] (2025) AI-assisted food image recording reduced documentation burden. 

P-value not reported
Happe et al. [31] (2023) SUS, 78.6
Li et al. [29] (2025) Satisfaction, 9.25/10
Chew et al. [35] (2024) High adherence; average usability

CI, confidence interval; CVH, cardiovascular health; SPPB, Short Physical Performance Battery; TUG, Timed Up and Go; m-PPT, modified Physical 
Performance Test; HBex, home-based exercise; HBex-Pro, home-based exercise plus protein; HOMA-IR, homeostatic model assessment of insulin 
resistance; SUS, System Usability Scale.

ies reported that dietitians, counselors, coaches, or care staff inter-
preted information collected using digital tools and provided in-
dividualized guidance. Combining digital tool use and profession-
al guidance may be particularly useful for older adults who expe-
rience difficulties using digital technologies. Several challenges 
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were also identified, such as low digital literacy, limited familiarity 
with web-based platforms, complex navigation structures, and 
difficulties using digital devices. Continued participation was sup-
ported by goal setting, self-monitoring, regular contact, tailored 
tasks, and strategies based on stages of behavioral change. AI-
based image recognition and algorithm-based recommendations 
can potentially support real-time personalized dietary guidance. 
AI-enabled approaches may facilitate dietary assessment and per-
sonalized feedback. However, current evidence is limited; there-
fore, the clinical validity of algorithm-based nutrition recommen-
dations remains unclear. Furthermore, intervention designs that 
accounted for care environments, user preferences, and available 
resources enhanced the relevance and usability of digital nutrition 
interventions for older adults.

DISCUSSION

This scoping review analyzed 13 articles representing 12 unique 
studies on digital technology-based personalized nutrition inter-

ventions for older adults and synthesized evidence on the types of 
digital technologies used, personalization strategies, intervention 
effectiveness, and user perceptions across the included studies 
[23-35]. The included studies used various digital technologies: 
mobile applications, web-based platforms, tablet-based e-coaches, 
ICT platforms, messaging applications, wearable devices, and AI-
based food recognition and recommendation systems. Moreover, 
interventions considerably varied across studies, comprising per-
sonalized dietary feedback to improve diet quality, nutritional sta-
tus management, protein intake promotion, combined exercise 
and nutrition interventions for frailty prevention, programs for 
physical function improvement, multidomain interventions for 
cognitive decline prevention, cardiovascular health management, 
diabetes prevention programs, and strategies for maintaining 
quality of life [25,26,28,29,32-35]. These findings reveal that digi-
tal technology-based personalized nutrition interventions have 
evolved beyond the simple delivery of nutrition information or fa-
cilitation of dietary recording. Instead, they are increasingly used 
as integrated tools for behavioral change that continuously collect 

Table 6. Qualitative outcomes of the included studies 
Identified theme Description
Acceptability of 

digital nutrition 
interventions

Several studies showed that digital nutrition interventions were generally acceptable to older adults when 
the tools were simple, familiar, and directly related to their daily dietary practices. Mobile apps, web-based 
platforms, and messaging applications, such as LINE, were considered feasible delivery methods, particularly 
when supporting dietary self-monitoring, nutrition education, or remote counseling.

Reduced burden 
through automated 
or simplified dietary 
recording

Image-based dietary recording, AI-assisted food recognition, and structured app-based food logs alleviated the 
burden of manual dietary recording. These approaches were specifically relevant for older adults and care staff 
as they reduced the effort required to document meals and supported more efficient nutrition monitoring.

Importance of 
personalization and 
feedback

Personalized feedback based on dietary intake, nutritional status, health risk, behavioral stage, food preference, 
or activity data was considered useful for supporting behavioral changes. Studies using visual feedback, 
individualized goals, expert counseling, or algorithm-based recommendations reported that personalization 
may enhance engagement and adherence to nutrition-related behaviors.

Role of human 
support in digital 
interventions

Although digital tools were widely used, several interventions relied on nutritionists, counselors, coaches, or 
care staff to interpret data and offer individualized guidance. Blended models combining digital platforms with 
professional support appeared particularly useful for older adults, who may require additional encouragement, 
clarification, or motivational support.

Digital literacy and 
usability challenges

Some studies showed barriers associated with low digital literacy, unfamiliarity with digital platforms, complex 
navigation, or difficulties using digital devices. Older adults preferred clear instructions, simple interfaces, 
readable visual materials, and direct messages. These findings underscore the need for age-friendly design in 
digital nutrition interventions.

Engagement 
and behavior 
maintenance

Interventions including goal setting, self-monitoring, regular contact, tailored tasks, or stage-based behavioral 
change strategies appeared to support continued engagement. Structured digital follow-up and ongoing 
professional contact may help older adults sustain nutrition-related behaviors.

Feasibility of AI-
enabled approaches

AI-enabled approaches, such as image recognition, algorithm-based recommendations, and generative AI 
feedback, potentially supported real-time and individualized dietary guidance. However, AI use remained limited 
across studies, and issues such as food database coverage, food recognition accuracy, small sample sizes, and 
validation of AI-generated recommendations should be considered.

Need for culturally 
and contextually 
appropriate design

Included studies revealed that digital nutrition interventions should consider care settings, user preferences, 
digital literacy, and available resources. Familiar communication tools and practical support from healthcare 
professionals or care staff may improve the relevance and usability of interventions for older adults.

AI, artificial intelligence.
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dietary and health-related data, offer individualized feedback, and 
support self-management in everyday life. This shift reflects that 
sustained dietary behavioral change in older adults requires ongo-
ing monitoring and personalized support rather than one-time 
nutrition education [23,25,28,30,31,35].

Personalized interventions in this review were implemented in 
different ways across studies. Some studies offered tailored feed-
back based on dietary intake, food preferences, nutritional re-
quirements, health status, physical function, frailty level, and 
stage of behavioral change [24-26,29,31,33,34]. Conversely, other 
studies conducted algorithm- or AI-based analyses to assess di-
etary intake and provide personalized interventions [23,28,35]. 
These findings reveal that personalized nutrition interventions 
are evolving from simple rule-based tailored messages to more 
comprehensive approaches that consider individual nutritional 
requirements, health conditions, functional status, dietary habits, 
living environments, and digital literacy. Such personalization 
may be particularly important for older adults, as their nutrition-
al needs can vary depending on frailty, chronic diseases, appetite, 
and physical function. However, due to varied criteria and meth-
ods for tailoring across studies, future studies should clearly de-
scribe how interventions are tailored to individual participants 
and determine whether these personalized approaches improve 
dietary behavioral change and health outcomes. The findings 
present the broader transition from standardized nutrition edu-
cation toward personalized nutrition approaches. Future inter-
ventions should include interindividual differences in nutritional 
status, chronic disease burden, functional capacity, dietary pref-
erences, and behavioral readiness. As digital technologies evolve, 
personalized nutrition interventions may increasingly integrate 
precision nutrition concepts to provide more adaptive and indi-
vidualized recommendations. Digital nutrition interventions for 
older adults should assess malnutrition risk, appetite, uninten-
tional weight loss, muscle status, swallowing difficulties, and dis-
ease-specific dietary needs. Nutrition goals should be personal-
ized due to varied priorities between older adults at risk of mal-
nutrition or sarcopenia and those with obesity, diabetes, hyper-
tension, or renal disease. Qualified nutrition professionals should 
review automated recommendations, particularly when identify-
ing clinically significant nutrition risks. Another important find-
ing of this review is that several studies not only relied on digital 
tools but also included support from dietitians, coaches, re-
searchers, care staff, or healthcare professionals [24,28-31,33,34]. 
These professionals reviewed dietary records, health status, and 
behavioral data collected using digital tools and offered individu-

alized counseling or tailored feedback [24,28-31,33,34]. These 
findings reveal that professional support and ongoing communi-
cation may be as critical as the technology itself in designing dig-
ital nutrition interventions for older adults. Differences in digital 
device experience and digital literacy level among older adults 
may make fully automated systems burdensome. Therefore, digi-
tal nutrition interventions for older adults should be designed to 
combine digital tools with professional support, rather than rely-
ing solely on technology.

Using familiar digital platforms was also identified as an im-
portant factor influencing the acceptability and use of interven-
tions among older adults. Messaging platforms such as LINE may 
be useful as they are already familiar to many older adults and can 
promote intervention participation and ongoing communication 
with healthcare professionals [24,29,34]. In contrast, newly devel-
oped applications can offer various functions; however, processes 
such as installation, login, screen navigation, and notification 
management may be burdensome for older users [25,26,28]. 
Therefore, ease of use in daily life should be prioritized over the 
number of new functions when designing digital interventions for 
older adults.

AI-based technologies represent one of the most rapidly devel-
oping areas of personalized nutrition. However, most applications 
in the reviewed studies were largely limited to food image recog-
nition or dietary assessment rather than AI-driven personalized 
decision support. Further advances will require more sophisticat-
ed algorithms that can incorporate dietary intake, nutritional sta-
tus, chronic diseases, physical function, and behavioral data to 
generate adaptive nutrition recommendations [23,28,35]. Food 
photo records and AI-based food recognition can address the 
burden of written dietary records and allow faster dietary assess-
ment and feedback [23,28]. However, AI-based dietary assess-
ment remains limited in accurately recognizing complex mixed 
dishes, estimating portion sizes, and identifying hidden ingredi-
ents. Limitations in food database coverage may also reduce the 
accuracy of nutrient estimation. These limitations are especially 
relevant for older adults with malnutrition, sarcopenia, or chronic 
diseases. Therefore, algorithm-based nutrition recommendations 
should be clinically validated and reviewed by qualified nutrition 
professionals before routine use.

Most studies remain at the development or feasibility evaluation 
stage. Further research is needed to expand food database cover-
age, improve the accuracy of food and mixed-dish recognition, 
and clinically validate AI-generated assessments and feedback 
[23,28,35].
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Regarding effectiveness, several studies have reported positive 
findings, despite the varied areas of improvement. Reported di-
etary outcomes included improved adherence to healthy dietary 
patterns, meal balance scores, diet quality, and protein intake 
[25,28,33]. Other studies showed positive changes in physical 
function, frailty-related indicators, cardiovascular health indica-
tors, cognitive function, and quality of life [26,29,32,34,35]. Al-
though multiple outcome domains improved, evidence was rela-
tively stronger for dietary behaviors and diet quality. Conversely, 
evidence for cognitive function, cardiovascular health, and quality 
of life was more limited and often derived from multidomain in-
terventions. Therefore, identifying independent contribution of 
nutritional components remains difficult. However, these effects 
should be interpreted as the outcome of tailored feedback, profes-
sional support, behavioral change strategies, social interaction, 
and continuous monitoring, rather than the effect of digital tech-
nology alone.

Many included studies incorporated nutrition interventions 
into broader multidomain interventions that also included physi-
cal activity, cognitive training, social activities, sleep management, 
or psychosocial support [26,27,29,32,34,35]. Several included 
studies combined personalized nutrition with physical activity, 
cognitive training, or behavioral support. Therefore, observed ef-
fects cannot be attributed to nutrition alone. Future studies should 
compare nutrition-only interventions with combined interven-
tions and assess outcomes such as dietary intake and nutritional 
status to clarify specific effects of nutrition.

Usability and acceptability also provided important insights. In-
cluded studies reported that simple and familiar screen layouts, 
image-based dietary recording, automated feedback, and profes-
sional support may help improve participation and acceptability 
among older adults [23,24,26,28-31,34,35]. Conversely, some 
studies reported challenges associated with low digital literacy, 
limited familiarity with web-based platforms, complex screen de-
signs, and difficulty using devices [26,27,31,35]. Therefore, digital 
nutrition interventions for older adults should prioritize simplici-
ty and usability rather than additional features. Future interven-
tion development should consider older adult-friendly design fea-
tures, such as large font sizes, clear instructions, simple input pro-
cedures, intuitive screen layouts, repeated user training, and the 
support of caregivers or care staff.

Limitations
This review has several limitations. Although the review protocol 
was not prospectively registered, predefined eligibility, screening, 

and data extraction procedures were consistently used to enhance 
methodological transparency. In addition, several included stud-
ies were small-scale pilot, feasibility, or short-term intervention 
[23-26,28-31,34,35], and some had no control group or small 
sample sizes [23,26,31]. Furthermore, participants were often rela-
tively healthy or familiar with digital devices, which limits finding 
generalizability among older adults who experience difficulty us-
ing digital technologies [26,28,30,31,35]. Therefore, positive find-
ings in this review should be interpreted as preliminary evidence 
supporting the potential of digital personalized nutrition inter-
ventions. Future studies should include RCTs with sufficient sam-
ple sizes and long-term follow-up and assess applicability in re-
al-world community and long-term care settings. Collectively, di-
etary intake, nutritional status, physical function, cognitive func-
tion, quality of life, usability, and cost-effectiveness should be eval-
uated. This scoping review identified digital personalized nutri-
tion interventions for older adults using mobile applications, mes-
saging platforms, web-based systems, and AI-supported tools. 
The evidence revealed potential benefits for dietary self-monitor-
ing, diet quality, adherence, and individualized nutrition manage-
ment. However, findings for physical function, frailty, cognition, 
cardiometabolic health, and quality of life were less consistent and 
were frequently based on small-scale or multidomain studies. 
Further rigorous studies and clinical validation are needed before 
AI-assisted assessment and recommendations can be routinely 
adopted in geriatric nutrition care.

Overall, this review reveals that digital personalized nutrition 
interventions are a promising strategy for promoting dietary be-
havioral change and individualized nutrition management among 
older adults. Future interventions should shift from technolo-
gy-centered approaches to person-centered models that integrate 
personalized nutrition, age-friendly digital design, and continu-
ous professional support to achieve sustainable benefits in older 
adults.

Conclusion
This scoping review investigated 13 articles representing 12 
unique studies on digital technology-based personalized nutrition 
interventions for older adults and found that mobile applications, 
messaging platforms, web-based systems, and AI-supported tools 
have been used to support dietary behavioral change, nutritional 
status management, and improvements in physical and cognitive 
function. In particular, blended approaches integrating digital 
technologies with healthcare professional support, combined with 
platforms familiar to older adults, emerged as important strategies 
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for improving intervention acceptability and sustaining engage-
ment. However, current evidence is largely based on small-scale 
pilot or feasibility studies. Therefore, future studies should include 
sufficient sample sizes, rigorous study designs, and long-term fol-
low-ups. Furthermore, user-friendly designs should reflect older 
adults’ digital literacy and usability needs, alongside validation of 
AI-based dietary assessment and feedback. These approaches 
may help develop sustainable digital nutrition management strat-
egies to support healthy aging among older adults.
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Conflicts of interest: Disclose any potential conflicts of interest, 
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funding agency, country, and (if available) the number of the 
grant provided by the funding agency. If the funding agency lacks 
a FundRef ID, please ask that agency to contact the FundRef reg-
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Data availability: Include a statement indicating where the data 
supporting the article’s results can be found, with hyperlinks to 
publicly archived datasets if applicable.

Data sharing: Based on the ICMJE recommendations for data 
sharing statement policy (http://icmje.org/icmje-recommenda-
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content that could not be included in the print version, such as 
appendices or extra tables. All supplemental materials will be 
available online alongside the full-text article. Include a listing of 
supplementary materials at the end of the manuscript file, and en-
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Abstract & keywords
Abstract: For original articles, provide a structured abstract of less 
than 250 words with the following headings: Objective, Methods, 
Results, and Conclusion.
Keywords: Two to five keywords must be prepared at the bottom 
of the abstract. Using the medical terminology from Index Medi-
cus (MeSH; https://www.nlm.nih.gov/mesh/) is recommended. If 
there is no appropriate match to a new concept at present, the au-
thors can use their choice of expression.

Main text
The main text of an original article should contain the following 
subheadings: Introduction, Methods, Results, and Discussion 
consisting of no more than 5,000 words (excluding the Abstract, 
References, Table and Figure legends).

Introduction: The background of the study and its objective must 
be stated clearly in the Introduction. Describe pertinent findings 
of others and include the specific questions addressed by the in-
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sponding to the study design (Table 1).

Ethics statement: For studies involving human participants or hu-
man-derived materials, include the institutional review board 
(IRB) approval number and a statement of informed consent 
from all participants. For animal studies, describe adherence to 
national or institutional research committee guidelines. If an IRB 
number is not available, consult the editor.

Study design: Specify the study design (e.g., descriptive analysis, 
randomized controlled trial, cohort study, case-control study, or 
meta-analysis).

Materials and/or participants: Provide sufficient detail on the ma-
terials used to enable reproducibility. For purchased materials, list 
the source or manufacturer. Describe research participants with 
relevant characteristics such as age, sex, region, school, country, 
intervention period, or occupation. Explain the inclusion criteria, 
reasons for participant selection, and reasons for excluding partic-
ular groups. Non-English questionnaires may be submitted as 
supplementary materials.

Methods: Refer to appropriate reporting guidelines when describ-
ing analytic methods. Cite established methods with references 
and indicate any modifications. Describe novel methods in suffi-
cient detail for replication. If necessary, provide complex statistical 
analyses in the supplementary materials. Clearly describe the du-
ration of observation, survey, intervention, analysis, or follow-up.

Statistical analysis: Describe the statistical analyses in sufficient 
detail to allow replication. Specify the software used, including the 
program name, manufacturer, and version. Report measurement 
error or uncertainty, such as confidence intervals, in addition to 
P-values.

Reporting of Sex, Gender, Race, and Ethnicity: Ensure correct use 
of the terms sex (when reporting biological factors) and gender 
(identity, psychosocial or cultural factors). Unless inappropriate, 
report the sex and/or gender of study participants. If the study 
was done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases (e.g., 
prostate cancer). Authors should define how they determined 
race or ethnicity and justify their relevance.

Results: Results must be presented in the same logical sequence 
of tables and figures in the text. Do not repeat the results in the 
text when they are explained in detail through the tables and fig-
ures. Emphasize or summarize important observations at the end 
of this section.

Discussion: Discussion should emphasize concisely the novel and 
important aspects of the study and avoid unrelated references and 
statements. The summary and conclusion should be brief, written 
in the context of the research purpose.

References
All references should be listed in the order of citation in the text, 
with corresponding numbers. The reference limits are 30 for orig-
inal articles, 50 for review articles, and 15 for case reports and re-
search notes.
• �Identify references in the main text by listed Arabic numerals in 

brackets and numbered in consecutive order, as they appear in 
the main text. Use “-” when there are more than 3 references to 
be cited; for example, [4-7].

• �List all authors’ names for a reference with up to 6 authors; list 
first 3 authors’ names followed by ‘et al.’ if more than 6 authors.

• �Use the abbreviated journal title according to MEDLINE, avail-
able at https://www.ncbi.nlm.nih.gov/journals. For example, 
“Clinical Nutrition Research” should be written as Clin Nutr 
Res. Other types of references not described below should follow 
Citing medicine: the NLM style guide for authors, editors, and 
publishers (https://www.ncbi.nlm.nih.gov/books/NBK7256/).

Journal articles
1. �Jung DH, Moon G, Lee CK, et al. Changes in nutritional status 

through low-lactose processed milk consumption in Korean 
adults with lactose intolerance. Clin Nutr Res 2025;14:30-40.

2. �Gard CN, Freigeh GE, Janssen EM. Allergic manifestations of 
actinopathies: a review. J Allergy Clin Immunol 2025;156:1456-
64.

3. �Sultan T, Brustad N, Kyvsgaard JN, et al. Dominance of IL-5 
and CCL17 in nasal cytokine profiles of children with type 2 in-
flammation. J Allergy Clin Immunol 2025 Dec 4 [Epub]. 
https://doi.org/10.1016/j.jaci.2025.11.009

Entire book and book chapter
4. �Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical 

microbiology. 4th ed. Mosby; 2002.
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5. �Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations 
in human solid tumors. In: Vogelstein B, Kinzler KW, editors. 
The genetic basis of human cancer. McGraw-Hill; 2002. p. 93-
113.

Abstract or supplement
6. �Addicott M, Saldana S, Ip E, Oliveto A, Daughters S, Beckham 

J. Effects of recent smoking and daily hassles on mood and 
craving during a cigarette quit attempt [abstract]. Drug Alcohol 
Depend 2005;267 Suppl 1:111422.

Online sources
7. �Korean Statistical Information Service (KOSIS). Prevalence of 

obesity [Internet]. KOSIS; 2024 [cited 2025 Dec 18]. Available 
from: https://kosis.kr/eng/

Tables and Figures
The total number of tables and figures should not exceed 6 for 
original and review articles, and 2 each for case reports and re-
search notes.

Tables
Each table should begin on a new page, with the table number 
and title above the table and explanatory notes below. Table num-
bers must correspond to the order in which they are cited in the 
main text. Tables should be self-explanatory, and the data present-
ed should not be duplicated in the main text or figures.
• �For footnotes, use lowercase letters followed by a parenthesis in 

alphabetical order: a), b), c), etc or asterisks (*) for statistical signifi-
cance.

• �Avoid unnecessary longitudinal lines.
• �If using previously published tables, the original source must be 

cited in the footnote. For copyrighted materials, authors are re-
sponsible for obtaining official permission from the copyright 
holder.

Figures
• �Color and grayscale images should be at least 300 dpi. Line 

drawings must be high-quality black on white graphics.
• �Each figure should be submitted as a single file in PPT, JPG, or 

GIF, PDF format.
• �Figure numbers should correspond to the order in which they 

are mentioned in the main text.

• �Figure legends should be listed after the reference list in the 
manuscript file. Legends should provide a brief but comprehen-
sive explanation of all figure information. Include the name of 
the stain and magnification for light microscopic photographs.

• �If the figure has been previously published, cite the source in the 
legend. For copyrighted materials, authors are responsible for 
obtaining official permission from the copyright holder.

Videos
Video files must be compressed to the smallest possible size while 
maintaining high resolution and quality. Video submissions 
should be in MPEG4, AVI, WMV, or ASF format. Include a video 
legends page with a brief description of the content of each video, 
beginning on a new page after the figure legends page.

• Review articles
Review articles focus on a specific topic and may include theoreti-
cal perspectives, critical summaries, or updates on current knowl-
edge. Reviews are usually invited by the editors and should have a 
main text of 5,000–8,000 words, excluding the abstract, keywords, 
references, tables, and figures. The unstructured abstract should 
not exceed 250 words. The number of references is limited to 50, 
and the total number of tables and figures should not exceed 6. 
However, systematic reviews should be accompanied by a struc-
tured abstract, and up to 100 references are permitted.

• Case reports
CNR publishes case reports that can be either (1) rare cases of 
clinical nutrition care that are significant to advancing the field, or 
(2) illustrative cases that provide educational value for researchers. 
Case reports should have a main text of no more than 3,000 
words, excluding the unstructured abstract (within 250 words), 
keywords, introduction, case, discussion, references (up to 15), ta-
bles, and figures. The number of tables and figures should not ex-
ceed 2 each. It should be described according to CARE statement 
in Table 1.

• Research notes
Research notes should be 2,000–5,000 words in length, excluding 
abstract, keywords, main text, references, tables, and figures. The 
abstract should be no more than 250 words. The number of refer-
ences is limited to 15, and the number of tables and figures should 
not exceed 2 each.
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Table 2 summarizes each publication type’s key features and word 
count limit.

Table 2. Key features and word count limits of publication typea)

Type of 
article

Abstract 
(words)

Text  
(words) References Tables and 

figures
Original 

article
Structured, 

250
5,000 30 6 in total

Review 
articleb)

Unstructured, 
250

5,000–
8,000

50 6 in total

Case report Unstructured, 
250

3,000 15 2 (for each)

Research 
Note

Unstructured, 
200

2,000–
5,000

15 2 (for each)

a)The limits on word count, references, tables, and figures may 
be exceeded at the discretion of the editor in chief when justified;  
b)Systematic reviews should be accompanied by a structured abstract, and 
up to 100 references are permitted.

6. MANUSCRIPT SUBMISSION, PEER REVIEW PROCESS 
& POST-PUBLICATION DISCUSSIONS

A. Online submission
Authors should submit manuscripts via the online submission 
system for CNR (https://mc04.manuscriptcentral.com/clinnutr). 
After registering and logging into your account, the online system 
will guide you through the submission process step-by-step. For 
assistance, please contact us via email at kscn@korscn.or.kr.

B. Peer review process 
It is available at https://e-cnr.org/policy/ethics.php.

C. Post-publication discussions 
It is available at https://e-cnr.org/policy/policies.php.
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Kyungnam University, 7 Kyungnamdaehak-ro, Masanhappo-gu, 
Changwon 51767, Korea
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Editorial Office
Korean Society of Clinical Nutrition
Health Sciences Building, Kyungnam University,
7 Kyungnamdaehak-ro, Masanhappo-gu, Changwon-si, Gyeong-
sangnam-do 51767, Korea
Tel: +82-55-249-2218
E-mail: kscn@korscn.or.kr
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Checklist

The corresponding author must consult a recent issue of Clinical Nutrition Research for manuscript format and refer to the 
Instructions for authors to ensure that the submission meets all requirements.

General Submission Requirements
☐ �This work has not been submitted elsewhere for publication.
☐ All authors who have significantly contributed to this work are included.
☐ �All authors have read and understand the requirements and policies for the journal as specified in the Instructions for authors 

and on the Clinical Nutrition Research website.
☐ Authors have disclosed any conflict of interest related to this article.
☐ �Research has been approved by appropriate human subjects research review boards, which are named in the text of the 

manuscript.
☐ �All persons who have made substantial contributions to this work but did not fulfill the authorship criteria are named in the 

Acknowledgments.

General Manuscript Requirement
☐ Text should be written in standard font (Times New Roman) with font size 11.
☐ The work is submitted in high quality American English.
☐ All pages are double-spaced, and numbered (start with the title page).
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