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Abstract: Depression is the most common mental illnesses worldwide. The consumption of ultra-
processed food (UPF) has increased globally due to its affordability and convenience; however, only a
few studies have investigated the link between UPF intake and depression in the general population.
We investigated the associations between UPF and depression using the Korea National Health and
Nutrition Examination Survey. A total of 9463 individuals (4200 males and 5263 females) aged above
19 years old participated in this study. The prevalence of depression was identified using the Patient
Health Questionnaire-9. Dietary intake was assessed through a 24-h recall interview. The percentage
of energy from UPFs was ascertained based on the NOVA classification. The associations between
the quartile ranges of UPF intake and depression were estimated using logistic regression models.
Individuals in the highest quartile had a 1.40 times higher likelihood of having depression, with
marginal significance (95% confidence intervals (CIs) = 1.00–1.96). In a sex-specific stratification, only
females demonstrated a significant association (odds ratio (OR) = 1.51, 95% CI 1.04–2.21), even after
adjusting for confounders (p-value for trend = 0.023). Our findings revealed a significant association
between higher UPF intake and depression among females but not among males in the Korean
general population.

Keywords: ultra-processed food; depression; general population; mental health

1. Introduction

Depression is among the most prevalent mental disorders worldwide [1]. A meta-
analysis demonstrated that the burden of depression was 12.9%, particularly higher in
females by 14.4% [2]. A general population-based study among adults in the United States
(US) showed that the prevalence of depression increased from 8.5% in 2017–2018 to 27.8%
in 2020 [3]. Among Korean adults, the prevalence of depression has been increased from
4.3% in 2018 to 5.2% in 2020 [4]. Also, depression increases not only the risk of suicide
deaths [1] but also the risk of metabolic syndrome [5].

As a modifiable risk factor, dietary intervention mitigates the risk of depression. The
recent advances in food technologies including food packaging, preparation, and extension
of shelf-life made possible convenient food packages such as home meal replacements,
meal kits, and ready-to-cook meals. Due to its palatability and affordability, the intake of
ultra-processed foods (UPFs) intake has increased globally. Particularly, previous stud-
ies reported persistent increases in UPFs intake among adults in the US from 53.5% in
2001–2002 to 57.0% in 2017–2018 [6], and among adults in the United Kingdom (UK) from
48.6% in 2009–2010 [7] to 56.8% in 2008–2014 [8]. By contrast, Asian countries reported
lower proportions. For example, previous studies have reported the percentage of the
UPF intake among Korean adults was 26.8% [9] and 25.1% [10] in 2016 and 2018, respec-
tively. Among Italians, a median UPF intake was approximately 10% [11] due to their
characterized Mediterranean diet. Evolving evidence demonstrated that high UPF intake

Nutrients 2023, 15, 2169. https://doi.org/10.3390/nu15092169 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu15092169
https://doi.org/10.3390/nu15092169
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-8703-5852
https://doi.org/10.3390/nu15092169
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15092169?type=check_update&version=1


Nutrients 2023, 15, 2169 2 of 10

has been associated with mortality [12], obesity [13,14], hypertension [15], diabetes [16],
cardiovascular disease [17,18], and dementia [19]. This increased risk of developing chronic
diseases was attributed to high sodium intake, excessive sugar intake, high fat intake, and
use of food additives [20]. Furthermore, these highly processed foods are less likely to
contain fiber, vitamins, and minerals that are commonly found in fresh vegetables and
fruits. Therefore, high UPF intake affects the physiology of individuals.

However, existing evidence supporting the association between the psychological
aspects of individuals and UPF intake, especially depression, is limited. In addition, only a
few studies have examined this link. In France, a previous study among 26,730 individuals
aged from 18–86 years old with over 5.4 years of follow-up reported a link between UPF
and a higher risk of developing depressive [21]. Particularly, this study demonstrated that
the risk of depression was enlarged by 1.21 times as 10% of UPF intake increased (hazard
ratio (HR) = 1.21, 95% confidence intervals (CIs) = 1.15–1.27) [21]. Another study in Spain
examining 14,907 young adults aged about 36.7 years showed that participants in the high-
est quartile of UPF intake had a 1.33 times higher likelihood of developing depression than
those in the lowest quartile (HR = 1.33, 95% CI 1.07–1.64) [22]. These studies suggested the
potential biological links between UPF intake and depression through not only nutritional
aspects but also non-nutritious food additives. Hence, more epidemiological evidence
needs to be accumulated to elucidate this link.

Thus, we aimed to examine the associations between UPF intake and depression among
9463 participants (4200 males and 5263 females) aged 20 years or older in a general population
using the Korea National Health and Nutrition Examination Survey (KNHANES).

2. Materials and Methods
2.1. Study Population

This study used the data derived from the KNHANES by the Korea Centers for Disease
Control and Prevention. The KNHANES was regularly performed to monitor the dietary
intakes, health status, and health-related factors in a nationally representative sample. All
the participants signed an informed consent. We followed the Declaration of Helsinki
guidelines and received approval from the Institutional Review Board (2018-01-03-2C-
A, 2018-01-03-P-A). This survey has an exemption by the Bioethics Act of 2016 with the
purpose for the public well-being.

Of the 23,501 participants included in 2016, 2018, and 2020 KNHANES, 3589 with no
data on dietary intake, 327 with implausible daily energy intake (such as <500 or >5000 kcal),
and 5559 with no Patient Health Questionnaire-9 (PHQ-9) scores were excluded. Of the
remaining 14,026 participants, 3810 who were receiving dietary therapy (n = 3761) and were
pregnant (n = 49) at the time of the study were excluded. In addition, 753 with missing data
on body mass index (BMI, n = 74), physical activity (PA, n = 21), education (n = 4), smoking
(n = 18), hypertension (n = 48), diabetes (n = 460), and UPF (n = 128) were excluded. Hence,
9463 adults were in the study. A flowchart of this process is illustrated in Figure 1.

2.2. Definition of Depression

The PHQ-9 was used to identify cases of depression. It comprised nine questions. The
scores of PHQ-9 ranged from 0 to 27, with a score of 10 or higher indicating depression [23].
The validity and reliability of the PHQ-9 were previously confirmed [24,25]. The PHQ-9
was administered during the 2016, 2018, and 2020 KNHANES.

2.3. Dietary Measurement

To order to determine the dietary intake, professionally trained research staff inter-
viewed those participants and helped them to complete a 24-h recall examination. The
nutrient and energy intakes were calculated using the dietary intake data from the Rural
Development Administration of Korea database [26]. More than 4000 food items were
classified according to the NOVA classification to examine the UPF intake [27,28]. As
highlighted by Monteiro and colleagues, the NOVA system has classified food items into
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four groups: (1) minimally processed or unprocessed foods, (2) culinary ingredients, (3) pro-
cessed foods, and (4) ultra-processed foods [27,28]. After ascertaining the UPF group, the
percentages of total energy intake from the consumption of UPF (%UPF) were calculated.

Nutrients 2023, 15, x FOR PEER REVIEW 3 of 12 
 

 

 

Figure 1. Flow diagram of the study participants. 

2.2. Definition of Depression 
The PHQ-9 was used to identify cases of depression. It comprised nine questions. The 

scores of PHQ-9 ranged from 0 to 27, with a score of 10 or higher indicating depression 
[23]. The validity and reliability of the PHQ-9 were previously confirmed [24,25]. The 
PHQ-9 was administered during the 2016, 2018, and 2020 KNHANES. 

2.3. Dietary Measurement 
To order to determine the dietary intake, professionally trained research staff inter-

viewed those participants and helped them to complete a 24-hour recall examination. The 
nutrient and energy intakes were calculated using the dietary intake data from the Rural 
Development Administration of Korea database [26]. More than 4000 food items were 
classified according to the NOVA classification to examine the UPF intake [27,28]. As high-
lighted by Monteiro and colleagues, the NOVA system has classified food items into four 
groups: (1) minimally processed or unprocessed foods, (2) culinary ingredients, (3) pro-
cessed foods, and (4) ultra-processed foods [27,28]. After ascertaining the UPF group, the 
percentages of total energy intake from the consumption of UPF (%UPF) were calculated. 

2.4. Covariates 
All participants completed the study questionnaires and underwent physical exami-

nations in two large-sized buses as mobile examination centers. Physical activity (PA) was 
determined using the Global Physical Activity Questionnaire (GPAQ), with moderate or 
vigorous activities and total activity [29]. Based on the time spent performing these activ-
ities and the intensity of moderate or vigorous activities, the participants were asked about 
activities at work, for recreation, and when traveling to and from certain places, and the 
frequency and duration of walking during a usual week [29,30]. The validity and 

Figure 1. Flow diagram of the study participants.

2.4. Covariates

All participants completed the study questionnaires and underwent physical exam-
inations in two large-sized buses as mobile examination centers. Physical activity (PA)
was determined using the Global Physical Activity Questionnaire (GPAQ), with moderate
or vigorous activities and total activity [29]. Based on the time spent performing these
activities and the intensity of moderate or vigorous activities, the participants were asked
about activities at work, for recreation, and when traveling to and from certain places,
and the frequency and duration of walking during a usual week [29,30]. The validity
and reliability of the Korean version of the GPAQ have been verified [30]. According to
the PA guidelines [31], adults should perform more than 150 min of moderate–intensity,
75 min of vigorous–intensity, or the corresponding analogous combined time [30]. Smoking
status was classified as nonsmoker, ex-smoker, or current smoker. “Alcohol drinker” was
defined as an individual who consumed alcohol more than once per month during the past
year; “alcohol non-drinker” was defined as an individual who consumed alcohol less than
once per month. Individuals with “hypertension” were identified as those with a systolic
blood pressure of ≥140 mmHg, with a diastolic blood pressure of ≥90 mmHg, or using
antihypertensive medications. Participants with “diabetes mellitus” were defined as those
with a fasting glucose level of ≥126 mg/dL, who were diagnosed by a medical doctor or
were using antidiabetic medications.

2.5. Statistical Analysis

To investigate the KNHANES data derived using the complex sampling method,
weighted survey analyses such as surveymeans, surveyfreq, and surveyreg, were used to
examine the data. To evaluate the different characteristics according to the quartiles of UPF,
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survey regression models were used with a p-value for trend. Additionally, to assess the
associations between UPF intake and depression, multivariable logistic regression models
(e.g., surveylogistic) were used after adjusting for confounding variables including age,
BMI, education, PA, alcohol drinking, smoking, hypertension, and diabetes. All analyses
were performed using SAS version 9.4, with the significant level as p-value < 0.05.

3. Results

Table 1 demonstrates the general characteristics of the 9463 participants and the com-
parisons of sex-specific characteristics among 4200 males and 5263 females between those
with and without depression. Among males, smoking status (p < 0.001) and diabetes
(p = 0.003) were significantly associated with depression; among males with depression,
53.79% were current smokers, and a significantly higher proportion had diabetes. On the
other hand, among females, BMI (p = 0.008), education (p = 0.003), smoking (p < 0.001), dia-
betes (p < 0.001), and UPF intake (p = 0.002) were significantly associated with depression.

Table 1. General characteristics of the study participants according to depression (n = 9463).

Total (n = 9463)

p

Male (n = 4200)

p

Female (n = 5263)

pDepression No
Depression Depression No

Depression Depression No
Depression

n = 445
(4.40%)

n = 9018
(95.60%)

n = 133
(3.04%)

n = 4067
(96.96%)

n = 312
(5.90%)

n = 4951
(94.10%)

Age, years 45.81 ± 1.07 46.97 ± 0.29 0.276 44.06 ± 1.61 46.17 ± 0.36 0.195 46.80 ± 1.35 47.87 ± 0.33 0.433
BMI, kg/m2 24.01 ± 0.24 23.76 ± 0.05 0.324 24.58 ± 0.47 24.47 ± 0.07 0.825 23.68 ± 0.27 22.96 ± 0.07 0.008
Education, %

<High school 31.57 21.12
<0.001

23.72 16.54
0.094

36.01 26.30
0.003High school 36.08 36.95 39.82 39.19 33.96 34.42

>High school 32.35 41.93 36.46 44.27 30.03 39.28
Physical activity, %

Active 37.02 44.04 0.021 39.79 46.88 0.171 35.45 40.83 0.125Inactive 62.98 55.96 60.21 53.12 64.55 59.17
Smoking status, %

Current smokers 32.75 21.31
<0.001

53.79 35.33
0.001

20.82 5.43
<0.001Ex-smokers 19.21 22.48 30.35 37.19 12.90 5.84

Non-smokers 48.05 56.21 15.87 27.48 66.28 88.73
Alcohol drinker, % 55.92 59.11 0.298 74.01 71.32 0.557 45.68 45.29 0.919
Hypertension, % 27.05 26.10 0.696 31.40 29.15 0.623 24.59 22.66 0.463
Diabetes mellitus, % 14.80 8.22 <0.001 18.12 9.61 0.003 12.92 6.64 <0.001

UPF, % 31.11 ± 1.28 27.32 ± 0.29 0.003 33.29 ± 2.41 29.07 ± 0.41 0.080 29.87 ± 1.41 25.34 ± 0.35 0.002

UPF energy, kcal 615.01 ±
35.52

590.64 ±
8.36 0.504 739.06 ±

68.58
713.87 ±

12.63 0.717 544.72 ±
40.21

451.16 ±
7.87 0.023

Total energy, kcal/day 1875.81 ±
48.46

2037.47 ±
12.21 0.001 2209.56 ±

76.30
2326.86 ±

17.07 0.131 1686.71 ±
56.51

1709.92 ±
11.87 0.686

Mean ± SE; BMI, body mass index.

Table 2 lists the general characteristics of 4200 males according to the quartile ranges of
UPF intake. Among the 133 males with depression, those in the higher quartile groups were
younger (p < 0.001). In contrast, among the 4067 males without depression, those in the
higher quartile groups were significantly younger (p < 0.001), had a higher BMI (p = 0.004),
had higher education level (p < 0.001), were current smokers (p < 0.001), were alcohol
drinkers (p < 0.001), and were less likely to have diabetes (p = 0.012) and hypertension
(p < 0.001).
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Table 2. Means and frequencies of the general characteristics of the males according to ultra-
processed food.

Males (n = 4200)

Depression (n = 133) No Depression (n = 4067)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 28

(13.32%)
n = 27

(23.94%)
n = 32

(25.30%)
n = 46

(37.44%)
n = 891

(18.55%)
n = 943

(22.81%)
n = 1069
(26.30%)

n = 1164
(32.34%)

Age, years 52.52 ±
5.53

39.30 ±
2.80

42.66 ±
3.28

45.03 ±
2.18 <0.001 53.94 ±

0.71
48.54 ±

0.64
45.25 ±

0.57
40.81 ±

0.49 <0.001

BMI, kg/m2 22.65 ±
0.78

25.82 ±
0.83

25.05 ±
0.99

24.15 ±
0.66 0.891 24.14 ±

0.14
24.28 ±

0.13
24.67 ±

0.13
24.65 ±

0.14 0.004
Education

<High school 35.87 15.91 14.75 30.46
0.581

28.42 18.85 12.58 11.32
<0.001High school 39.58 38.30 46.70 36.24 32.57 35.86 39.86 44.78

>High school 24.55 45.78 38.56 33.30 39.01 45.29 47.55 43.90
Physical activity, %

Active 19.09 45.61 39.36 43.74 0.370 45.71 47.38 46.62 47.42 0.915Inactive 80.91 54.39 60.64 56.26 54.29 52.62 53.38 52.58
Smoking status, %

Current smokers 45.19 36.08 52.58 68.98
0.306

26.63 28.36 37.58 43.40
<0.001Ex-smokers 35.13 43.87 29.20 20.77 44.23 41.72 35.85 31.04

Non-smokers 19.68 20.06 18.22 10.25 29.14 29.92 26.57 25.56
Alcohol drinker, % 71.39 74.72 67.71 78.73 0.789 64.00 67.70 72.39 77.19 <0.001
Hypertension, % 41.35 31.30 20.22 35.46 0.452 36.88 27.81 27.03 27.38 <0.001
Diabetes mellitus, % 13.56 11.04 20.34 22.77 0.565 12.76 9.80 9.15 8.05 0.012

Mean ± SE; BMI, body mass index.

Table 3 shows the characteristics of 5263 females according to the quartile of UPF
intake. Among the 312 females with depression, those in the higher quartile groups were
significantly younger (p < 0.001), had higher education level (p < 0.001), were current
drinkers (p = 0.007), and were less likely to have hypertension (p = 0.001) and diabetes
(p = 0.023). Among 4951 females without depression, those in the higher quartile groups
were significantly younger (p < 0.001), had a lower BMI (p < 0.001), had higher education
level (p < 0.001), were more physically active (p = 0.026), were current smokers (p < 0.001),
were current drinkers (p < 0.001), and were less likely to have diabetes (p < 0.001) and
hypertension (p < 0.001).

Table 3. Means and frequencies of the general characteristics of the females according to ultra-
processed food.

Females (n = 5263)

Depression (n = 312) No Depression (n = 4951)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 73

(21.60%)
n = 72

(21.13%)
n = 76

(23.84%)
n = 91

(33.44%)
n = 1357
(24.39%)

n = 1317
(25.27%)

n = 1193
(25.41%)

n = 1084
(24.93%)

Age, years 60.39 ±
2.66

48.28 ±
2.33

46.87 ±
2.40

37.03 ±
1.75 <0.001 56.94 ±

0.51
50.11 ±

0.55
44.82 ±

0.51
39.84 ±

0.57 <0.001

BMI, kg/m2 24.55 ±
0.46

22.87 ±
0.71

23.74 ±
0.57

23.60 ±
0.47 0.445 23.51 ±

0.11
23.01 ±

0.12
22.77 ±

0.13
22.57 ±

0.14 <0.001
Education

<High school 66.91 33.81 33.43 19.29
<0.001

46.64 27.63 17.53 13.97
<0.001High school 17.65 41.09 26.79 45.10 30.05 34.82 34.59 38.12

>High school 15.44 25.10 39.78 35.61 23.31 37.55 47.88 47.90
Physical activity, %

Active 41.47 42.15 31.06 30.45 0.392 38.05 40.20 44.91 40.04 0.026Inactive 58.53 57.85 68.94 69.55 61.95 59.81 55.09 59.96
Smoking status, %

Current smokers 15.15 12.11 22.09 29.09
0.103

3.81 4.69 4.06 9.18
<0.001Ex-smokers 6.05 15.60 16.20 13.27 3.43 6.09 5.94 7.82

Non-smokers 78.80 72.29 61.71 57.64 92.76 89.22 90.00 83.00
Alcohol drinker, % 26.60 47.49 43.84 58.17 0.007 30.90 43.81 48.46 57.66 <0.001
Hypertension, % 41.61 29.34 22.64 11.99 0.001 35.59 24.68 17.22 13.50 <0.001
Diabetes mellitus, % 20.68 15.81 14.74 4.78 0.023 12.06 5.68 4.87 4.11 <0.001

Mean ± SE; BMI, body mass index.

Table 4 presents the nutrient intake of 4200 males and 5263 females according to the
quartile of UPF intake. In both males and females, the intakes of sugar, fat, saturated fat, and
dietary sodium were positively increased as the consumption of UPFs increased (p < 0.001,
respectively), except for the carbohydrate and protein intakes. By contrast, the intakes of
vegetables and fruits were significantly decreased as the UPF intake increased (p < 0.001,
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respectively). The nutrient intake according to individuals with and without depression
within 4200 males and 5263 females were examined and were shown in consistent results
(Supplemental Tables S1 and S2).

Table 4. Means of nutrient intakes of the study participants according to the quartile range of
ultra-processed food intakes (n = 9463).

Males (n = 4200) Females (n = 5263)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 919

(18.39%)
n = 970

(22.84%)
n = 1101
(26.27%)

n = 1210
(32.50%)

n = 1430
(24.22%)

n = 1389
(25.03%)

n = 1269
(25.32%)

n = 1175
(25.43%)

UPF energy, kcal 93.27 ±
3.08

333.32 ±
5.91

698.12 ±
8.99

1347.65 ±
19.51 <0.001 64.04 ±

1.74
251.52 ±

3.58
511.46 ±

6.86
978.01 ±

16.87 <0.001
Total energy,
kcal/day

2001.36 ±
27.92

2193.04 ±
32.99

2398.40 ±
28.44

2536.30 ±
29.36 <0.001 1547.14 ±

18.17
1685.45 ±

20.61
1762.20 ±

21.22
1831.62 ±

25.94 <0.001

Carbohydrate, g 322.26 ±
4.59

328.48 ±
4.58

338.22 ±
4.14

324.77 ±
4.07 0.639 263.91 ±

3.29
267.1 ±

3.46
262.62 ±

3.14
264.62 ±

3.50 0.868

Sugar, g 49.59 ±
1.33

62.16 ±
1.57

69.19 ±
1.55

70.22 ±
1.46 <0.001 47.35 ±

1.13
57.53 ±

1.36
61.55 ±

1.23
64.45 ±

1.37 <0.001

Protein, g 79.67 ±
1.55

85.76 ±
1.64

89.20 ±
1.44

82.75 ±
1.23 0.213 56.74 ±

0.96
63.15 ±

1.03
64.96 ±

0.99
59.02 ±

1.02 0.056

Fat, g 41.73 ±
1.41

53.24 ±
1.77

59.09 ±
1.29

58.04 ±
1.12 <0.001 29.04 ±

0.75
38.84 ±

0.93
45.44 ±

0.94
46.91 ±

1.12 <0.001

Saturated fat, g 12.29 ±
0.48

16.55 ±
0.59

18.83 ±
0.43

20.03 ±
0.43 <0.001 8.37 ± 0.24 12.05 ±

0.33
14.70 ±

0.32
17.06 ±

0.47 <0.001

Dietary sodium, mg 3712.80 ±
80.11

3863.48 ±
76.64

4214.23 ±
70.02

4271.37 ±
72.22 <0.001 2557.88 ±

49.32
2852.45 ±

55.58
3053.09 ±

61.80
3182.66 ±

61.09 <0.001

Food Groups
Vegetables, g 394.40 ±

8.49
353.28 ±

7.77
342.59 ±

7.16
275.66 ±

5.99 <0.001 309.21 ±
6.18

282.97 ±
5.34

253.56 ±
5.50

203.41 ±
5.59 <0.001

Fruits, g 286.27 ±
14.47

254.31 ±
12.29

224.84 ±
11.68

164.82 ±
9.74 <0.001 292.48 ±

10.51
268.06 ±

13.27
223.78 ±

10.00
179.66 ±

8.20 <0.001

Mean ± SE; BMI, body mass index.

Table 5 demonstrates the association between UPF intake and depression after con-
sidering the confounding factors. In the total population, individuals in the highest
quartile were 1.40 times more likely to have depression, with marginally significance
(95% CI = 1.00–1.96). Males showed no association, whereas females demonstrated a signif-
icant association, indicating that females in the highest quartile of UPF were 1.51 times more
likely to have depression (95% CI 1.04, 2.21), even after adjusting for age, BMI, education,
PA, alcohol drinking, smoking, diabetes, and hypertension (p for trend = 0.023).

Table 5. Odds ratios associated with the quartile ranges of the ultra-processed foods on depression
(n = 9463).

Odds Ratio (95% Confidence Intervals)

p-Value for TrendQuartile Range

Q1 Q2 Q3 Q4

Total
n (%) 2349 (21.17%) 2359 (23.89%) 2370 (25.81%) 2385 (29.13%)

UPF% range [0, 9.17] [9.17, 21.22] [21.22, 37.76] [35.76, 100]
OR (95% CI) 1.00 (Ref) 1.18 (0.83, 1.66) 1.21 (0.84, 1.75) 1.40 (1.00, 1.96) 0.066

Males
n (%) 919 (45.47%) 970 (50.06%) 1101 (53.27%) 1210 (58.40%)

UPF% range [0, 9.18] [9.18, 21.22] [21.22, 37.75] [35.75, 100]
OR (95% CI) 1.00 (Ref) 1.47 (0.74, 2.91) 1.23 (0.64, 2.39) 1.34 (0.70, 2.55) 0.624

Females
n (%) 1430 (54.53%) 1389 (49.94%) 1269 (46.73%) 1175 (41.60%)

UPF% range [0, 9.17] [9.17, 21.21] [21.21, 37.76] [35.76, 100]
OR (95% CI) 1.00 (Ref) 1.04 (0.70, 1.54) 1.24 (0.81, 1.91) 1.51 (1.04, 2.21) 0.023

Adjusted for age, body mass index, education, physical activity, smoking, alcohol drinking, hypertension, and
diabetes mellitus.
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4. Discussion

In this cross-sectional study, we found that the burden of depression in the Korean
population from 2016 to 2020 was 4.40%, indicating that it was more prevalent in females
than males (5.90% vs. 3.04%). Moreover, we identified that the average percentage of energy
from UPFs in the Korean general population was approximately 27.49%. Furthermore,
participants with higher UPF intake had higher sugar, fat, saturated fat, and dietary sodium
intake (p for trend < 0.001, respectively) but lower intakes of vegetables and fruits (p for
trend < 0.001, respectively). Furthermore, females in the highest quartile of UPF intake
had a 1.51 times higher likelihood of having depression, after adjusting for confounders
(OR = 1.51, 95% CI 1.04–2.21, p for trend = 0.023).

Our study was the first to examine the associations between UPF intake and depression
in a general population from an Asian country. The percentage of energy intake from the
consumption of UPFs varies among different cultural backgrounds; the US reported an
energy intake of 57.0% in 2017–2018 [6], the UK indicated 56.8% in 2008–2014 [8], and Italy
had approximately 10% due to the Mediterranean diet [11].

Few studies that previously assessed the association between UPF intake and de-
pression reported results that were concurrent with our findings [21,22,32,33]. A previous
study of 26,730 participants with a follow-up of 5.4 years reported the association of in-
creased risk of depressive symptoms with UPF intake, showing that a 10% increase in
UPF intake was associated with 1.21 times higher risk of developing depression (95%
CI = 1.15–1.27) [21]. Another study among 14,907 adults demonstrated an increased risk of
depression in the highest quartile of UPF compared with that in the lowest quartile of UPF
(HR = 1.33, 95% CI 1.07–1.64) [22]. A recent study among Italian participants demonstrated
a significant association between UPF intake and depressive symptoms (OR=2.04, 95%
CI 1.04–4.01) [33]. Furthermore, a meta-analysis indicated the link between UPF intake and
higher risk of depression (RR = 1.28, 95% CI = 1.19–1.38) [32]. However, different from the
two studies, their results adopted various methods in defining UPFs, including not only
the NOVA classification of food items but also fast foods, Western dietary patterns, and
sweetened foods.

Our study participants showed a relatively lower prevalence of depression. To ascer-
tain those with depression among the study participants, we used the PHQ-9, which has
been confirmed to be valid and reliable [24,25]. A study using the NHANES data with
PHQ-9 among 34,963 participants aged 18 years or older showed that the prevalence of
depression was 8.1% (males: 6.5% and females: 9.6%) between 2015 and 2016 [23]. Based on
the responses to the PHQ-9, this current study demonstrated that the prevalence of depres-
sion was 4.40% (males: 3.04% and females: 5.90%) between 2016 and 2020. Furthermore,
females consistently demonstrated a higher prevalence of depression, which may explain
in part the differences in the significance of depression associated with high UPF intake.

We also observed sex-specifically differences in the profiles of risk factors for depres-
sion and their associations with UPF intake. The general characteristics among males
with or without depression were not different except for smoking status and prevalence
of diabetes. However, females with and without depression tended to show significant
differences in BMI, education level, smoking status, the prevalence of diabetes, and UPF
intake. Sex differences in depression were consistent with a previous study [34].

More importantly, in addition to the significantly higher intake of UPFs among those
with depression that we observed above, our findings revealed that according to the
quartiles of UPF intake, both males and females demonstrated significantly increasing
trends in nutrient intakes in total energy, sugar, fat, and saturated fat, dietary sodium,
but significantly decreasing trends in food groups of vegetables and fruits. However, no
significant trends were shown in carbohydrate and protein intakes.

The mechanisms underlying the psychological aspects linked to UPFs have not yet
been elucidated. However, previous studies have attempted to explain this association.
First, high UPF intakes are deficient in bioactive micronutrients such as minerals and
vitamins due to limited whole food constituents from vegetables or fruits. This defi-
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ciency may subsequently be attributable to the increased risk of depression [21]. Second,
high UPF intakes aggravate the disturbance of gut microbiota balance, leading to gut
dysbiosis, followed by detrimental effects on the gut–brain axis, which reduce the pro-
duction of neurotransmitters such as serotonin [32,35]. Moreover, high UPF intake causes
hypothalamic-pituitary adrenal (HPA) dysregulation, which affects appetite hormones and
regulatory neurotransmitter signals [13,22]. Third, gut dysbiosis from high UPF intake
stimulates pro-inflammatory cytokines [36], leading to increased concentrations of high-
sensitivity C-reactive protein [37]. Finally, food additives for flavoring, coloring, palatable
enhancers, and emulsifiers [38], or byproducts and contaminants in the production of UPFs
may induce detrimental effects by disrupting endocrine signals or homeostatic regulatory
pathways [39,40]. Thus, further studies on these links are warranted.

This study has several strengths and limitations. Firstly, the study sample was rel-
atively large with 9463 participants; therefore, it had enough statistical power to detect
the differences even in the sex-specific stratified groups. Secondly, the data were obtained
from the general population through a nationally representative survey, which enables the
generalizability of the study results to other populations. However, this study also has
limitations. It used a cross-sectional design which limited to establish a causal relation-
ship. Moreover, data on dietary intake were obtained through a single 24-h dietary recall
interview, which might have day-to-day variations. However, the day-to-day variations
in dietary intake could be mitigated with the person-to-person variations due to the large
sample size used in the study.

5. Conclusions

In conclusion, our findings revealed a significant association between high UPF intake
and depression among 5263 females but not in 4200 males in the general Asian population,
even after adjusting for age, BMI, alcohol drinking, smoking, education, hypertension,
diabetes, and PA. Based on these findings, further studies are warranted.
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