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Abstract

The COVID-19 pandemic has presentedmultifaceted challenges globally, impacting adolescent
health. Among these, food security and nutrition are intertwined closely with mental health
outcomes. In Indonesia, with its diverse socio-economic landscape, these interconnections may
have been exacerbated by the pandemic. This study investigated the relationship between food
security, nutrition and adolescent mental health in Indonesia during COVID-19. Longitudinal
data were collected from 511 adolescent boys and girls in 2021–2022 in Gunungkidul district,
Yogyakarta. Food security was measured using the Household Food Insecurity Access Scale
(HFIAS), and the validated Kessler-10 Psychological Distress Scale (K10) was used to measure
adolescent depression. Multivariate linear regression and linear mixed-effects regression were
employed to explore associations between these variables, while adjusting for sex, age, pubertal
status and household income. Overall, food insecurity score was positively associated with
depressive symptoms (β: 0·72, 95 % CI 0·52, 0·92), while BMI z-score was inversely associated
(β: −0·31, 95 % CI 0·68, −0·03). We found an increase in strength of association between food
insecurity and depressive symptoms over time (moderately food-insecure: β: 1·36 (95 % CI
−0·10, 2·83) to 4·63 (95 % CI 2·17, 7·09); severely food-insecure: β: 1·89 (95 % CI 0·36, 3·41) to
3·30 (95 % CI 1·50, 5·10). Enhancing food access, improving nutritional status and providing
mental health support are crucial components of adolescent health.

The COVID-19 pandemic spread quickly around the world in 2020–2021, resulting in
significant setbacks in progress towards the sustainable development goals. Whereas the global
prevalence of severe food insecurity steadily declined since the year 2000, it has again risen from
9·3 % in 2019 onwards to 11·7 % in 2021, following multiple global crises including the
pandemic(1,2). Currently, close to 800 million people experience hunger, the majority of whom
lives in Asia. Simultaneously, the pandemic has had profound adverse effects on the mental
health condition of youth worldwide. According to UNICEF, lockdowns have had a direct
impact on mental health of at least one out of seven students worldwide(3). Evidence for this
unwanted side effect mostly comes from high-income countries(4–6). The few studies from low-
and middle-income countries have mainly relied on convenience samples and Internet-based
surveys, which are unlikely to be representative and to reach the rural poor. Food security and
mental health are linked through complex pathways of interconnected determinants(7,8). In a
recent systematic evidence gap map including 1895 studies on Food and Nutrition Security
(FNS) and mental health, it was concluded that most scientific information on this topic comes
from high-income countries, and that there were only few that combined design, contextual
factors and analyses to provide the most needed information to develop efficient programmes
and policies(9).

In Indonesia, a Large-Scale Social Restriction (PSBB) in response to the COVID-19
pandemic was stipulated starting in April 2020. This has disrupted food security in terms of
availability and access to food, with 13 % of households reporting food shortages(10). As reported
from other countries, reduced household income may also have impacted food availability and
household food security(11). This has given rise to increased malnutrition in the country(12,13).
Unfortunately, little is known about the impact of the pandemic on nutritional status of
Indonesian adolescents, nor on their mental health condition. One study showed a higher
occurrence of social behaviour problems due to increased subjective anxiety during the COVID-
19 pandemic, triggered by social media(14).We have previously shown that, against the backdrop
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of the COVID-19 pandemic, certain typologies of depression
predicted the occurrence of anaemia 1 year later among
adolescents living in Gunungkidul, Yogyakarta(15). It has also
been demonstrated that unhealthy dietary patterns and diet quality
are associated with depression and, in some cases, with severe
anxiety(9,16,17). There is only limited evidence of a link between food
security and mental health among adolescents(18,19). Addressing
these factors is crucial for preventing outbreaks and pandemics, as
poor nutrition and mental health can weaken immune responses,
making adolescents more susceptible to diseases. Immediate
intervention is needed to mitigate severe health outcomes and
support long-term well-being. The present study aims to
determine the association between food security, nutrition and
mental health among Indonesian adolescents during the COVID-
19 pandemic. Insights from this research can guide effective
policies and interventions, not only for Indonesia but also for other
regions facing similar challenges, ultimately contributing to better
pandemic preparedness and public health strategies.

Method

Study design and participants

In this study, we collected information from 576 adolescents,
including 286 boys and 286 girls, who were between the ages of 10
and 19 years, in Gunungkidul district, Yogyakarta province,
Indonesia. In data collection procedure, we first randomly selected
nine subdistricts based on probability proportional to size from
three areas: north, central and south. Next, in each of the chosen
subdistricts, two villages were selected, and we randomly selected
eight girls and eight boys from each of these eighteen villages
according to age group: 10–14 years and 15–19 years. To enable
this, we first conducted a listing survey for which we visited all
villages and all households with adolescents. This resulted in a list
of 9942 adolescents who could potentially be part of our study. If a
selected adolescent refused participation, we applied random
replacement with another adolescent from the same village. The
selection procedure and data collection only covered rural areas,
and therefore this study does not reflect urban areas.

Data collection

In Indonesia, school closures due to the COVID-19 pandemic were
implemented from March 2020 until April 2022. The gathering of
baseline data occurred from May to August 2021. Subsequent
follow-up data collection took place from May to July 2022.
Initially, data were collected from a total of 576 adolescents.
Among them, 288 were boys and 288 were girls. However, during
the follow-up period, only 511 adolescents continued to participate
in the study (222 boys and 230 girls; Fig. 1). Loss to follow-up was
mostly (71 %) due to relocation. Nevertheless, there were no
discernible differences in characteristics between adolescents who
remained in the study and those who dropped out (online
Supplementary Table 1).

All procedures for data collection have been described in a
previous publication(20). In summary, data collectors visited the
selected adolescents, chosen through random sampling, at their
residences. Permission letters from authorities, including subdis-
trict, village and sub-village heads, were carried by the data
collectors. Prior to conducting interviews, an information sheet
and consent form was signed by the adolescents themselves as well
as their parents or guardians.

For data collection, two mobile data collection software
programs were utilised: ODK Collect by Get ODK Inc. and Offline
Surveys by LimeSurveyGmbH.Thismobile data collection set-upwas
designed to minimise errors during data entry and management. To
ensure practicality and reliability, these software programs were
continuously tested during a pilot phase and their performance was
further assessed during the initial week of data collection. Automated
checks of completed answers were implemented for data quality
control, and advanced settings were incorporated in the answer boxes
to prevent improper data entry during interviews. Interviews were
recorded to ensure adherence to established protocols and to aid data
managers in the verification processes. In instances of power supply
issues or software challenges, data collectors swiftly transitioned to a
paper-based questionnaire. Data collectors entered the manual data
into the online database on the same day under supervision of the field
coordinator and data managers. Subsequently, paper-based ques-
tionnaires were uploaded to the ODK software tool for further data
verification, if necessary. Each datamanager was taskedwith verifying
the work of four data collectors. Additionally, to uphold data validity,
several respondents in each village were randomly revisited. Feedback
from respondents and village leaders was sought to validate the
interview process, survey listing and mapping methods executed by
data collectors. To minimise interview bias, the same data collectors
conducted interviews during both the baseline and follow-up phases.
Interviews were conducted away from adolescents’ homes and
without the presence of parents to maintain objectivity. On average,
each interview lasted up to 90 min, adhering to a consistent and
objective approach throughout the study.

Study variables

Food security and food consumption
Household food security before and during the pandemic was
measured using an adapted version of the Household Food
Insecurity Access Scale (HFIAS). The HFIAS comprises ten
questions of occurrence and severity food insecurity. Occurrence
questions (nine questions), inquire about specific food insecurity
conditions in the past 4 weeks, with response options of 0 for no
and 1 for yes. The HFIAS score quantifies household food
insecurity over the past 4 weeks. Total score (scores range from 0 to
27) can be calculated by summing frequency-of-occurrence
question codes, treating instances where occurrence questions
were answered ‘no’ as 0, ‘rarely’ as 1, ‘sometimes’ as 2 and ‘often’ as
3. The Household Food Insecurity Access Prevalence (HFIAP)
status indicator, used to report household food insecurity,
categorises households into four levels of food insecurity: food-
secure, mildly, moderately and severely food-insecure(21). In
addition, dietary diversity score was assessed by total count of
the following ten food groups when being consumed in the
previous 24 h: starchy staples, dark-green leafy vegetables, vitamin
A-rich fruits and vegetables, other vegetables, other fruits, flesh and
organ meat, eggs, fish, legumes/nuts/seeds and milk products. We
also assessed the consumption of risk foods, referring to the
consumption of salty food, high-fat food and soft drinks, which
was classified as low if adolescents consumed such foods only 1–2
times a week, moderate if they consumed them 3–6 times a week
and high if they consumed them every day.

Anthropometric measurements
Weight and height were measured to assess nutritional status.
Anthropometric measurements were mostly taken in the respon-
dents’ home straight after the interviews, to minimise response
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bias. Adolescent height was measured to the nearest 0·1 cm using a
stadiometer (Kenko Stadiometer 250). Weight was measured
without shoes and other accessories and recorded to the nearest 0·1
kg using a flat digital weighing scale (GEA EB1622), placed on a flat
surface. Height and weight were measured and recorded twice,
with an acceptable difference of 0·2 cm and 0·1 kg. All equipment
was calibrated by the Certified Health Laboratory and Calibration
Unit, Yogyakarta.

Hb data were collected from all adolescents who were willing to
have their finger-prick blood taken, using HemoCue 201þ
(HemoCue AB). After correction of Hb concentrations for altitude
and smoking(22), anaemia was classified as Hb< 11·5 g/dl for
adolescents aged 10–11 years, < 12 g/dl for those aged 12–14 years
and for girls aged 15 years and older, and< 13 g/dl for boys aged 15
years and older. All adolescents included at baseline (n 576)
underwent the finger-prick test, whereas at follow-up the response
rate was lower (n 452).

Assessment of mental health
The Kessler-10 Psychological Distress Scale (K10) was used to
measure non-specific psychological distress in the anxiety-
depression spectrum, that is, levels of nervousness, agitation,
psychological fatigue and depression in the past 4 weeks. The K10
has been translated and validated in Bahasa Indonesia (all the
scales had Cronbach’s α> 0·8, with sensitivity of 85·7 % and
specificity of 74·7 %). The K10 comprises of ten questions that have
strong psychometric properties by which psychiatric cases and
non-psychiatric cases can be discriminated (online Supplementary
Table 1). A cut-off≥ 18 points was used to determine the
prevalence of depression among adolescent boys and girls(23).

Other variables
At the household level, parental education was ascertained as the
highest educational attainment achieved by the parents. Additionally,
parental occupation was evaluated, denoting the nature of the
income-generating activities in which the parents were engaged.
Household size was determined by number of all occupants
residing within the same domicile, irrespective of their formal
household registration. Notably, this enumeration accounted for
instances where multiple households cohabited within the same
physical structure, a phenomenon prevalent in the Indonesian
context. Household total income was defined as the aggregate

income derived from all family members, encompassing both
sustenance and non-sustenance expenditures. This income was
stratified into distinct categories, specifically: less than IDR
3.000.000 (categorised as low), ranging between IDR 3.000.000
and IDR 5.000.000 (categorised as moderate) and exceeding IDR
5.000.000 (categorised as high).

Statistical analysis

Frequency distribution and percentages were calculated for all
variables both at baseline (2021) and at follow-up (2022). χ2 tests were
utilised to investigate the differences in characteristics between years.
Additionally, a paired t test was used to compare the means of the
continuous variable at baseline and follow-up. Directed acyclic graph
was constructed to determine the confounders and the causal
inference of the variables to food security, nutritional status and
depression score (online Supplementary Fig. 1). All variables outlined
in the directed acyclic graph were included in the analysis.
Assumptions and multicollinearity were checked, and all values were
found to be within the moderate to low range.

Furthermore, stepwise regression was performed using forward
and backward elimination techniques to identify the most
appropriate variables for predicting depression scores. Lastly, to
analyse the relationships between food security and nutritional
status with depression longitudinally among this cohort of
adolescents, a linear mixed-effects regressionmodel was employed.
All statistical analyses were conducted using STATA-17 packages,
with a significance level of P< 0·05.

Result

The characteristics of the adolescents who participated in the study
are detailed in Table 1. The majority were students, of normal weight
and in early puberty. Notably, there was a high prevalence of smoking
(18·3% in 2021 and 16·8% in 2022) and overweight-obesity (20·7%
in 2021 and 19·3% in 2022). Additionally, most parents had only
elementary school education, unsecured jobs and low incomes.

There was a large reduction in depression from year 2021
(28·3 %) to follow-up (6·9 %). Reversely, anaemia was more
prevalent at follow-up (32·1 %) compared with baseline (23·4 %)
and was more prevalent among girls compared with boys (year
2021:33·5 v. 12·7 and year 2022:45·5 v. 18·7, respectively). Notably,

Enrolment, Year: 2021
N=576

288 boys
288 girls

Follow-up, Year: 2022
N=511

Lost to follow-up.
N=65

Reasons:
31 boys:

-    20 boys relocated;
-    6 boys did not respond;
-    5 boys  were  registered in
     boarding  school  and  could
     not be reached.

34 girls:
-    26 girls relocated;
-    4 girls refused to participate;
-    4  girls  were  registered  in
     boarding  school  and  could
     not be reached.

257 boys
254 girls Figure 1. Flow chart of enrolment (year: 2021)

and follow-up (year: 2022) of adolescents from
Gunungkidul district, Yogyakarta, Indonesia.
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Table 1. Individual and household characteristics of adolescents (10–19 years) living in Gunungkidul, Yogyakarta, Indonesia, during COVID-19 pandemic year 2021 (n
576) and 2022 (n 511) (Numbers and percentages; median and minimum and maximum values; mean values and standard deviations)

Characteristics

Year

2021 (n 576) 2022 (n 511)

Pn % n %

Adolescent characteristics

Sex

Boys 288 50·0 257 50·3 0·923

Girls 288 50·0 254 49·7

Age group

10–≤ 14 years 288 50·0 203 39·7 0·001

> 15–≤ 19 years 288 50·0 308 60·3

Adolescent occupation

Unemployed 70 12·5 45 8·8 < 0·001

Student 485 84·2 407 79·7

Work 21 3·8 59 11·7

Smoking status (yes) 105 18·3 86 16·8 0·545

Pubertal status (based on PBIP)

Pre-pubertal 109 18·9 63 12·3 < 0·001

Early pubertal 350 60·8 288 56·4

Late pubertal 117 20·3 160 31·3

Depression (yes) 163 28·3 35 6·9 < 0·001

Nutritional status (BMI z-score)

Severely thin 11 1·9 4 0·9 0·577

Thin 52 9·1 35 7·9

Normal 391 68·3 320 71·9

Overweight 73 12·8 53 11·9

Obese 45 7·9 33 7·4

Anaemia (yes) 129 23·4 148 32·1 0·002

Mean SD Mean SD

Hb (g/dl)* 13·1 1·80 12·9 1·85 0·060

Nutritional status (BMI z-score)* –0·27 0·48 –0·26 0·39 0·891

Median Min-Max Median Min-Max

Diet diversity scores† 9 0–10 9 1–10 0·595

n % n %

Diet diversity (Inadequate) 43 7·5 8 1·6 < 0·001

Risk consumption

High 21 73·1 167 32·7 < 0·001

Moderate 74 12·8 140 27·4

Low 81 14·1 204 39·9

Household characteristics

Paternal education

No education 43 7·5 24 4·7 0·291

Elementary school 349 60·6 323 63·2

Senior high school 161 27·9 145 28·4

University 23 4·0 19 3·7

(Continued)
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there was an improvement in the prevalence of inadequate diet
diversity (7·5 % v. 1·6 %), a reduction in the consumption of high-
risk foods (73·1 % v. 32·7 %) and an increase in food security
(59·9 % v. 67·5 %) after 1 year of follow-up.

Bivariate associations between adolescent and household
factors and depression scores at both time points are shown in
Table 2. In 2021, being a girl, older age and higher household
income were associated with higher depression scores; however,
only sex and age remained associated with mental health in 2022 in
bivariate analysis. Regarding access to food during the COVID-19
pandemic, there were marked reductions in access to all means of
food sourcing during both years of study, including access to wet
markets, groceries, warung (small food stores), vegetable warung,
mobile stalls, own gardens and barter systems (Fig. 2). The
association between moderate and severe food-insecure access
with depression scores became stronger from baseline to follow-up
(moderate: β: 1·36 (95 % CI −0·10, 2·83) to 4·63 (95 % CI 2·17,

7·09); severe: 1·89 (95 %CI 0·36, 3·41) to 3·30 (95 %CI 1·50, 5·10)).
Additionally, inadequate diet diversity and lower Hb concen-
tration were found to be associated with higher scores of adolescent
depression (Table 3).

In the longitudinal analysis (Table 4), it was observed that a
higher food insecurity score was associated with higher scores of
depression in adolescents (β: 0·72, 95 % CI 0·52, 0·92)), while BMI
z-score was inversely associated with depression score (β: −0·31,
95 % CI 0·68, −0·03)). Diet diversity scores and Hb concentrations
were negatively associated with depression scores, but a null-effect
could not be ruled out. Although the interaction was not
statistically significant, we observed an interaction effect between
age and sex in the relationship between Hb and depression.
Specifically, we noted a trend where older boys exhibited a stronger
association between higher Hb and depression, whereas the
opposite trend was observed in girls, with older age associated with
lower effect of Hb on depression.

Table 1. (Continued )

Characteristics

Year

2021 (n 576) 2022 (n 511)

Pn % n %

Maternal education

No education 42 7·3 16 3·1 0·024

Elementary school 387 67·2 358 70·1

Senior high school 112 19·4 107 20·9

University 35 6·1 30 5·9

Paternal occupation

Unemployed 3 0·5 3 0·6 0·044

Unsecured job 287 49·8 293 57·3

Secured job 286 49·7 215 42·1

Maternal occupation

Unemployed 187 32·5 188 36·8

Unsecured job 304 52·8 269 52·6

Secured job 85 14·7 54 10·6

Number of household members> 5 people 117 20·3 84 16·4 0·000

Household income

Low 478 83·0 441 86·3 0·000

Moderate 77 13·4 56 11·0

High 21 3·6 14 2·7

Median Min-Max Median Min-Max

Food insecurity scores† 1 0–17 0 0–14 0·039

n % n %

Food insecurity classification 0·003

Food-secure 345 59·9 345 67·5

Mildly food-insecure access 114 19·8 88 17·2

Moderately food-insecure access 61 10·6 26 5·1

Severely food-insecure access 56 9·7 52 10·2

*Data are presented as Mean (SD).
†Data are presented as Median (Min-Max).
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Table 2. Bivariate associations between individual and household factors withmental health outcome of adolescents (10–19 years) living in Gunungkidul, Yogyakarta,
Indonesia during COVID-19 pandemic year 2021 (n 576) and 2022 (n 511) (Beta and 95 % confidence intervals)

Adolescent depression score

Depression (K10) score

2021 2022

β* 95 % CI P β* 95 % CI P

Adolescent characteristics

Sex

Boys Ref.

Girls 2·57 1·71, 3·44 < 0·001 3·62 2·57, 4·68 < 0·001

Age group

10–≤ 14 years Ref.

> 15–≤ 19 years 1·64 0·76, 2·52 < 0·001 2·47 1·36, 3·57 < 0·001

Adolescent occupation, n (%)

Unemployed 1·08 –1·58, 3·74 0·425 0·05 –2·41, 2·52 0·964

Student 1·09 –1·28, 3·48 0·366 –0·59 –2·33, 1·13 0·499

Work Ref.

Smoking status (yes), n (%) 0·828 –1·02, 1·28 0·828 –0·65 –2·12, 0·82 0·384

Pubertal status (based on PBIP), n (%)

Pre-pubertal Ref.

Early pubertal 1·88 0·72, 3·04 0·002 2·85 1·15, 4·54 0·001

Late pubertal 1·88 0·46, 3·29 0·009 4·39 2·57, 6·20 < 0·001

Self-aspiration for higher education, n (%) 0·50 –0·03, 1·40 0·263 0·52 –0·70, 1·75 0·404

Household characteristic

Paternal education, n (%)

No education –2·07 –4·84, 0·69 0·141 –0·15 –4·01, 3·69 0·938

Elementary school –2·13 –4·43, 0·17 0·070 –0·29 –3·26, 2·67 0·846

Senior high school –1·53 –3·92, 0·85 0·207 –0·50 –3·56, 2·55 0·747

University Ref.

Maternal education, n (%)

No education –1·71 –4·16, 0·73 0·169 –1·24 –5·05, 2·56 0·521

Elementary school –1·36 –3·25, 0·52 0·156 –0·74 –3·09, 1·60 0·532

Senior high school –0·67 –2·74, 1·39 0·520 –0·15 –2·70, 2·38 0·903

University Ref.

Paternal occupation, n (%)

Unemployed 0·10 6·09, 6·30 0·974 –6·01 –13·26, 1·23 0·104

Unsecured job –0·41 –1·33, 0·49 0·372 0·76 –0·38, 1·91 0·192

Secured job Ref.

Maternal occupation, n (%)

Unemployed –0·71 –2·12, 0·70 0·324 1·80 –0·09, 3·70 0·062

Unsecured job –0·37 –1·72, 0·97 0·583 1·64 –0·21, 3·49 0·083

Secured job Ref.

Number of household members> 5 people, n (%) –0·58 –1·69, 0·52 0·298 0·22 –1·26, 1·71 0·766

Household income, n (%)

Low –2·89 –5·26, −0·51 0·017 –1·86 –5·22, 1·50 0·277

Moderate –3·35 –5·97, −0·73 0·012 –2·19 –5·89, 1·50 0·244

High Ref.

*Unadjusted β from regression analysis.

6 M. Asrullah et al.

https://doi.org/10.1017/S0007114524003027  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524003027


Figure 2. Household food sourcing in COVID-19 year 2021 and 2022. The percentage indicates respondents who replied ‘yes’, and multiple answers are allowed.

Table 3. Association between food security and nutrition tomental health of the adolescents in year 2021 (n 576) and 2022 (n 511) (Beta and 95 % confidence intervals)

Food security and nutrition

Depression (K10) score

2021 2022

β* 95 % CI P β* 95 % CI P

Food security

Food insecurity scores (mean (SD)) 0·29 0·10, 0·49 0·002 0·63 0·38, 0·87 < 0·001

Food insecurity classification, n (%)

Food-secure Ref. Ref

Mildly food-insecure access 1·57 0·42, 2·71 0·007 2·83 1·39, 4·28 < 0·001

Moderately food-insecure access 1·36 –0·10, 2·83 0·069 4·63 2·17, 7·09 < 0·001

Severely food-insecure access 1·89 0·36, 3·41 0·015 3·30 1·50, 5·10 < 0·001

Diet diversity scores (mean (SD)) 0·04 –0·14, 0·23 0·622 –0·60 –1·10, −0·11 0·016

Diet diversity (inadequate), n (%) –0·49 –2·19, 1·19 0·565 5·27 0·85, 9·69 0·020

Risk consumption, n (%)

High –0·73 –2·02, 0·56 0·268 –0·42 –1·72, 0·88 0·525

Moderate –1·15 –2·87, 0·56 0·187 –0·26 –1·63, 1·10 0·703

Low Ref. Ref.

Nutrition

Anaemia (yes), n (%) 0·91 –0·17, 2·01 0·098 0·80 –0·46, 2·07 0·212

Hb (mean (SD)) –0·29 –0·55, −0·04 0·022 –0·41 –0·73, −0·10 0·010

Nutritional status (BMI z-score) –0·23 –0·53, 0·06 0·131 –0·35 –0·79, 0·08 0·109

Nutritional status (BMI z-score), n (%)

Severely thin 0·36 –2·91, 3·63 0·829 –3·20 –9·64, 3·24 0·330

Thin 0·20 –1·37, 1·78 0·797 1·24 –1·03, 3·52 0·285

Normal Ref. Ref.

Overweight –1·11 –2·48, 0·24 0·108 –0·30 –2·20, 1·59 0·754

Obese –1·39 –3·07, 0·28 0·104 –2·03 –4·37, 0·31 0·089

*Unadjusted effect from regression analysis.
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Discussion

We investigated the relationship between household food security
and nutritional factors with mental health of adolescents living in
Gunungkidul, Yogyakarta, Indonesia, during the COVID-19
pandemic. We found that, overall, there was a striking decline
in depression from the first to the second year of the pandemic.
Food security improved from baseline to follow-up as well as diet
diversity, whereas the prevalence of anaemia increased especially
among girls. Our data indicate that household food insecurity was
associated with higher depression scores, whereas higher BMI
z-scores were associated with lower depression scores among
adolescents in Gunungkidul district.

The improvement in food security and diet diversity during the
COVID-19 pandemic may be attributed to government assistance,
which included the provision of cash or food items (typically rice,
noodles and oil). This assistance has helped protect households
from food insecurity, especially during the pandemic(24). However,
this information was not collected in the present study.
Furthermore, we found the improvement of food security is
linked with better dietary diversity, consistent with previous
research showing that greater dietary diversity can be a reliable
measure of food security and reflects higher household con-
sumption and energetic availability from non-staples(25).
Improvement of food security was also associated with a reduction
in high-risk food consumption, likely due tomore consistent access
to a variety of foods, which supports better dietary choices(26).

Our findings align with a previous longitudinal study in 2601
Singaporean children which showed that food insecurity during
the COVID-19 pandemic was associated with children’s well-
being(27). A study among adolescents living in an urban slum area
in Bangladesh found that, during the pandemic, moderate and
severe food insecurity was related to harmful coping strategies that
are likely to have negative implications for health and well-
being(28). Our results are also consistent with earlier studies that
were conducted before the COVID-19 pandemic era. A study in
the USA among parents who had at least one child < 18 years of
age highlighted the detrimental impact of food insecurity on the
mental well-being of adolescents(29). Furthermore, a systematic
review of 108 studies including 203 822 children aged 2–17 years
showed significant correlations between food insecurity and

depression, including externalising and internalising behaviours
as well as hyperactivity(30). Also, a large study involving 132 618
individuals aged 15 years or older from 138 countries found a
significant association between food insecurity and subjective well-
being(31). Similarly, a study in Ethiopia discovered that facing food
insecurity and dealing with stressful life events were both linked to
increased symptoms of depression, anxiety and post-traumatic
stress(32). In addition, a longitudinal study among 2120 children
conducted in Canada reported that family food insecurity
predicted children’s adverse mental health symptoms, particularly
hyperactivity and inattention(33). Taken together, these findings
suggest a universal impact of food insecurity on mental health and
well-being of adolescents.

A potential mechanism to explain the connection between food
insecurity and depression could be that adolescents who face food
insecurity experience higher levels of stress and anxiety(34), which
may be further exacerbated by inadequate dietary intake and
poorer nutritional status(35). Parents in food-insecure households
also experience more emotional distress(36,37), which may affect
their parenting style by resorting to harsher disciplinary methods,
all of which contribute to their children’s behaviour issues(38,39).
Another possible pathway could be that food insecurity and
consequentmalnutritionmay impact brain health via alterations in
neurotransmitter release, either directly or via alterations in the gut
microbiota(40,41).

In relation to nutritional status, we found a higher BMI z-score
to be associated with lower depression scores among our
Indonesian study population. A previous study among 39 542
French adolescents aged 17 years found that the effect of BMI on
mental health differs between the sexes: boys exhibited a U-shaped
association, indicating elevated depression levels for those who
were either too thin or too fat, while girls, conversely, showed an
initial U shape followed by an inverse convex curve. The latter
suggests that underweight girls experienced higher depression
levels than normal-weight girls, whereas level of depression was
higher in overweight compared with obese girls(42,43). In line with
this, our findings, as BMI changes in our study were more
prominently associated with alterations in severely thin, thin and
normal-weight adolescents compared with those with overweight
and obese individuals (online Supplementary Fig. 2).

Table 4. Longitudinal associations (unadjusted and adjusted) between food security, diet diversity, Hb concentration and BMI z-score with depression among
adolescents 10–19 years living in Gunungkidul, Yogyakarta, Indonesia, during the COVID-19 pandemic using a mixed-effects linear model (n 511) (Beta and 95 %
confidence intervals)

Adolescent depression score

Depression (K10) score

Unadjusted model Adjusted model

β 95 % CI P β 95 % CI P

Food insecurity

Food insecurity score 0·61 0·40, 0·80 < 0·001 0·72* 0·52, 0·92 < 0·001

Diet diversity score –0·12 –0·36, 0·12 0·343 –0·17* –0·41, 0·06 0·151

Nutrition

Hb concentration, g/dl –0·21 –0·46, 0·05 0·116 –0·22† –0·47, 0·22 0·090

Hb concentration, g/dl –0·21 –0·46, 0·05 0·116 0·20‡ –0·08, 0·48 0·161

BMI z-score –0·27 –0·60, 0·04 0·092 –0·31† –0·68, −0·03 0·030

*Adjusted for sex, age, pubertal status and household income.
†Adjusted for age.
‡Adjusted for age and sex.
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Based on the present study, the prevalence of anaemia has
increased, especially among girls. This could be due to the fact that
the Weekly Iron-Folic Acid Supplementation (WIFS) programme
is still in its early stages and has reported poor coverage and
compliance(44). Additionally, during the pandemic, the WIFS
programme in Indonesia was replaced with online education about
anaemia(45), which may not have been as effective. Whereas our
analysis showed that Hb concentration was inversely related to
depression scores in bivariate analysis, this association is found
for boys but not for girls in longitudinal analysis. This is consistent
with findings from a cohort study of 2920Dutch individuals aged 18–
65 years, which also found no independent link between Hb
concentration and depressive or anxiety disorders(46). However, past
research has demonstrated that lowerHb levels can be associated with
increased depressive symptoms(47–49). Studies conducted among high-
risk populations, such as elderly(50) and individuals with CVD(48),
have reported inverse relationships. This may be attributed to
underlying factors such as poorer physical health, low Fe or vitamin
B12 status, decreased brain oxygen levels or inflammation(51–53).
Discrepancies in findings may arise from differences between study
populations, such as age, sex and overall health status, and differences
in contextual drivers of anaemia and depression.

This study represents the first longitudinal study into the
relationship between food security, nutritional factors and mental
health among a representative sample of adolescents from
Gunungkidul district, Yogyakarta, Indonesia, during the COVID-19
pandemic. The longitudinal design of this study not only reveals
changes over time but also uncovers cause-and-effect relationships.
However, limitations include potential challenges in generalising
findings due to the dynamic nature of the pandemic’s impact on
socio-economic factors, as well as the reliance on self-reported data
and the lack of some variables such iron folic supplementation and
heme-iron consumption, whichmay introduce bias and limit causal
inference. Furthermore, it is important to note that differences in
study populations and methodologies, including sampling tech-
niques, measurement tools, data collection and data analysis, may
contribute to discrepancies in results with other studies.

In conclusion, we found that food insecurity is associated with
depression, whereas better nutritional status is inversely associated
with depression among Indonesian adolescents during the COVID-
19 pandemic. While our findings align with several previous studies,
disparities exist, emphasising the need for continued research to
explore the interactions between food security, nutritional factors and
mental health among adolescents.

Supplementary material. For supplementary material/s referred to in this
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