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Iron deficiency can affect emotional regulation and contribute to symptoms
of anxiety, stress, and depression. Poor dietary habits combined with mental
health problems may further increase the risk of anemia. This study
examined the association between anemia, mental health, and nutritional
status among junior high school students in Pontianak. A cross-sectional
design was used from May to December 2024 involving 277 students. Data
were collected using body mass index (BMI) measurements, hemoglobin
screening, and the DASS-Y questionnaire, and were analyzed with
Spearman’s Rho. Most respondents were female (63.9%), and 90.96% had
experienced menstruation. A total of 103 students were underweight, with an
average mid-upper arm circumference of 21.48 cm, indicating chronic
nutritional risk. Eighty-one students (29.2%) had anemia, predominantly
females. Most students had good mental health (below the 50th percentile).
No significant associations were found between anemia and mental health

(p = 0.623) or between anemia and nutritional status (p = 0.664). Despite the
lack of significant relationships, ongoing nutrition education, regular iron
supplementation, counseling support, and routine monitoring of students’
nutritional and mental health remain important to maintain and improve
overall wellbeing.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Agustina Arundina Triharja Tejoyuwono

Department of Community Medicine, Faculty of Medicine, Tanjungpura University

Prof. Dr. H. Hadari Nawawi Street, Bansir Laut, South Pontianak District, Pontianak City,
West Kalimantan 78124, Indonesia

Email: agustina.arundina@medical.untan.ac.id

1. INTRODUCTION

Depression, anxiety, and stress have become mental health problems, impacting many people in
various parts of the world. Globally, their prevalence rose during the COVID-19 pandemic, particularly for
stress and depression in Asia, and later declined after the pandemic [1]. Reported rates reached (28.1%) for
depression, (29.57%) for anxiety, and (25.18%) for stress, higher than before February 2020, and were nearly
halved afterward [2]. These problems were most common among individuals under 18 and females [3]. In the
U.S., however, depression remained significantly higher than pre-pandemic levels (12.4%, 95% CI: 10.6—
14.1%), with greater increases among young adults, women, and people with lower socioeconomic status [4].
A systematic literature review also showed rising global anxiety prevalence after SARS-CoV-2 infection,
ranging from (16.6%) to (29.6%) across different questionnaires [5]. In Southeast Asia, a high level of
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psychological distress persisted a year and a half after the pandemic, particularly among women, non-binary
individuals, and low-income groups. In Indonesia, severe or extremely severe anxiety was more prevalent
(aOR 1.08 [1.03-1.15]), while depression and stress were less common [6]. Nationally, the 2022 Indonesia
National Adolescent Mental Health Survey (I-NAMHS) reported that 1 in 3 adolescents experienced a mental
health problem within a year, and 1 in 20 had a mental disorder in the past 12 months, with anxiety being the
most frequent [7].

Stress will affect the hypothalamic-pituitary-adrenal (HPA) axis and protein metabolism. Iron
deficiency has an influence on the neurological function and development, including the synthesis of
emotional control neurotransmitters like dopamine, serotonin, and noradrenaline [8], [9]. Poor myelination
and problems in monoamine metabolism influence the neurotransmitter homeostasis (glutamate and y-
Aminobutyric acid (GABA)), resulting in deficits in memory, learning, and behavior, as well as emotional
and psychological problems [10].

Proinflammatory cytokines (IL-6) are hypothesized to impact the pathways of iron metabolism
under chronic stress conditions, dysregulated cortisol, epigenetic changes, increased cytokines, and
proinflammation. Proinflammation results in a change in hepcidin activity during the inflammation period,
and eventually increases the risk of iron deficiency associated with chronic stress [11]. Conversely, it is
reported that iron deficiency would increase the risk of anxiety disorders [12], [13], depression [13]-[15], and
stress [11].

A study in SMPN 17 Tangerang in 2022 found that female adolescents suffered from anemia (40%).
Some of the causes of anemia are inadequate knowledge, low maternal education, family income, and eating
habits [16]. The low consumption of protein (p: 0.378) and iron (p: 0.087) was identified as a risk factor of
anemia, especially among female adolescents [17]. Dietary patterns involving protein and carbohydrate
intake, as well as the nutritional status, had a relationship with anemia cases, and malnutrition status would
increase the risk of anemia among adolescents by 5.35 times [18]. Besides, stress would change someone's
eating habits; the kinds of food they choose would be high in fat and sugar, and low in iron [11]. Nutritional
status based on the measurement of upper arm circumference also had a significant relationship with anemia
among females [19].

Based on a study conducted in senior high schools in Pontianak in 2023, there were more
adolescents with underweight nutritional status than those with overweight (29.9%: 21.4%). This condition
could lead to anemia among adolescents, even though some studies showed that there was no relationship
between nutritional status and anemia cases [20], [21]. Consumption of iron supplements by adolescents is
also important not only to prevent anemia but also to significantly decrease psychiatric problems of patients
with iron-deficiency anemia [10].

This study is expected to serve as a basis for improving the regulation and distribution of iron
supplementation for adolescents, a program currently targeted at those aged 12-18 years. At present, the
implementation is more concentrated in senior high schools, and coverage among junior high school students
remains limited. Early adolescents, however, are also vulnerable to iron deficiency due to rapid growth and
increased physiological demands. For this reason, the researcher conducted this study to focus specifically on
the condition of junior high school students in Pontianak, providing updated data that can support the need to
expand iron supplementation and preventive strategies to younger adolescent groups.

2. METHOD

This study used a cross-sectional design to assess anemia status, mental health conditions, and
nutritional status among junior high school students at a single point in time. A cross-sectional design was
chosen because it allows researchers to measure multiple health indicators simultaneously and examine their
associations efficiently. This study was conducted from May to December 2024 and involved 277 eighth-
grade students from five junior high schools in Pontianak City, West Kalimantan, Indonesia. The selected
schools were those with the largest student populations in each sub-district. The initial sample size was
determined using Slovin’s formula based on a total student population of 4,767 across the five schools, with a
5% margin of error, resulting in a required sample of 369 students. However, during data collection, 92
(24.9%) parents and students declined the blood examination at the informed consent stage, reducing the
final sample to 277 participants. Sampling followed a quota approach to ensure representation from all sub-
districts, and participants were recruited based on class level and voluntary participation. In addition, the
parents or legal guardians of participants also provide informed consent.

Data collection was carried out in each school from 2 August to 3 September, according to the
schedule agreed upon with school administrators. Questionnaire data were obtained through guided
interviews, conducted in groups, where the researcher directly facilitated students in completing the paper-
based questionnaires. The variables of depression, stress, and anxiety were assessed using a questionnaire of
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the Indonesia-Depression Anxiety Stress Scale for Youth (DASS-Y [22]), which has been reported in another
study to be valid and reliable [23]. It is comprised of 21 questions that assess students’ feelings during the
week of the data collection. Each part of the DASS-Y questionnaire contains 7 questions for assessing
depression, which are dysphoria, hopelessness, devaluation of life, self deprecation, lack of
interest/involvement, anhedonia and inertia; item 3, 5, 10, 13, 16, 17, 21), anxiety (autonomic arousal,
skeletal muscle effects, situational anxiety, and subjective experience of anxious effect; item 2, 4, 7, 9, 15,
19, 20), and stress (chronic nonspecific arousal, difficulty relaxing, nervous arousal, being easily
upset/agitated, irritable/over-reactive, and impatience; items 1, 6, 8, 11, 12, 14, 18). Likert scale between
0-3 from every question is summed, with the total score of 0-63. Categorization is based on percentiles,
where the 50" percentile shows the average mental health status of the responder. The 90™ percentile and
above shows high psychological pressure, reflecting more symptoms compared to peers of the same age. The
50" percentile, which indicates good mental health, is scored <33 and the 90" percentile with >52 is
categorized as low mental health.

Anemia was assessed using a digital hemoglobin meter for anemia from the brand FamilyDr HB
Meter. The data were obtained from hemoglobin (Hb) measurements using blood samples collected from
students’ fingertips. Hb screening using a hemoglobinometer was considered accurate, showing no
significant difference from venous cyanmethemoglobin (gold standard) (p = 0.651) [24]. The digital
hemoglobinometer showed a negative predictive value (NPV) of (75.8%), sensitivity (89.4%), specificity of
(63.6%), and a positive predictive value (PPV) of (82.6%) when compared with the autoanalyzer [25], while
the automated hematology analyzer with sodium lauryl sulphate (AHA-SLS) showed significant results
(p: 0.000) [26]. Therefore, the use of a digital hemoglobinometer is considered suitable for anemia screening,
especially at the community level in low-resource settings. According to the World Health Organization
(WHO), anemia is indicated by Hb <12 g/dL in females and males aged between 12-45 years old [27]. The
variable of nutritional status was measured using body mass index (BMI), with the standard >25 categorized
as overweight and obese, and <18.5 as underweight. Mid-upper arm circumference (MUAC) was measured
using cutoffs of 23 cm for females and 23.5 cm for males. MUAC of the dominant arm was measured at the
mid-point between the tip of the shoulder and elbow. Measurements below those numbers are considered at
risk of chronic undernutrition [28]. The Kolmogorov-Smirnov test showed that the data were not normally
distributed (p = 0.000 <0.005). Therefore, Spearman’s Rho correlation analysis was used to examine the
relationship between mental health, nutritional status, and anemia.

3. RESULTS AND DISCUSSION

The subjects of this research were 177 female students (63.9%) and 100 male students (36.1%), with
13-year-old students dominating the sample with 205 students (74%). Based on the BMI, it was found that
131 students had normal nutritional status (47.3%), but malnutrition was still observed in 103 students who
were categorized as thin (37.2%). The least number was overweight students, which were observed at 43
students (15.5%). Looking at the measurement of arm, the average was 21.48 cm which indicated the risk of
chronic undernutrition. If broken down by sex, then 62 (62.6%) of the male students had a MUAC <23.5 cm,
and 119 female students (66.9%) had a MUAC <23, similar risk patterns. The result of Hb screening showed
that on average the Hb was 13.08 g/dL There were 81 students (29.2%) who had anemia, consisting of 65
female students and 16 male students. The observation of mental health condition of the students through
DASS-Y questionnaire showed that in general the junior high school students in Pontianak were mentally
healthy with low risk of depression, anxiety, and stress in 135 students (48.7%), moderate risk in 117
students (42.2%), and high risk in 25 students (9.0%). When observed based on each mental health problem,
it was found that 28 students (10.1%) had depression, 27 students (9.7%) had anxiety, and 23 students (8.3%)
had stress.

Based on the number of students with anemia cases, it occurred more on female students than on
male students. The risk of anemia in female adolescents could be observed from their menstruation history.
Of 177 female students, 161 students (90.96%) had gotten their first period. 36 female students (22.36%)
reported they did not have regular periods every month. Most students had menarche at the age of 11
(62 students). There were 65 students who had menstrual periods for 2 years, and 90 students menstruated for
7 days every month. Menstruation that lasts for 4-7 days would result in 30-80 ml blood loss per day, along
with iron, which in the long run would cause the risk of iron-deficiency anemia in female adolescents [29].
A previous study had found a significant correlation between menstrual cycle and anemia cases [29], [30].
Most female adolescents who suffered from anemia had hypermenorrhea cycle (>8 days), making them to
change menstrual pads 5-6 times per day. Although conflicting findings regarding the association between
anemia and menstruation (menarche, bleeding quantity, duration, and regularity of cycle) are still reported, it
remains important to consider interventions that reduce menstrual blood loss and their impact on iron loss,
especially in severe cases [25]. This menstrual problem could be caused by anatomical problems like uterine
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structural anomalies or hormonal imbalance caused by lifestyle habits such as physical activity and dieting,
hypothyroidism, hyperprolactinemia or microprolactinoma, a noncancerous pituitary gland tumor, which
could led to an increase of anxiety, stress, and the risk of depression in the students [31].

Based on the data in Table 1, the relationship between anemia and students’ mental health was that
most students with no anemia had good mental health (33.6%), and this was not different from students with
anemia (15.2%). As for the students with anemia, only 8 (2.9%) had bad mental health. The significance test
showed no relationship between anemia and mental health status among junior high school students
(p = 0.623>0.05). The correlation coefficient was —0.030, indicating a negative and very weak association.

Table 1. The relationship between anemia and mental health DASS-Y

Anemia status Good Average Low Total
n (%) n (%) n (%) n
Not anemia 93(33.6) 86(31.0) 17(6.1) 196
Anemia 42 (15.2) 31(11.2) 8(2.9) 81
Total 135(48.7) 117 (42.2) 25(9.0) 277

Note. Spearman’s correlation showed no relationship between
anemia and mental health status, p = .623, r;=-.030

Anemia cases in adolescents based on other studies also showed a significant correlation with
mental health problems even though this study showed no significant relationship between the two.
Depression, anxiety, and stress were experienced by Generation-Z adolescents who had anemia, with
symptoms like nervousness, excessive anxiety, and unfounded fear. Depression as a response to mental
health problems was also suffered by adolescents with anemia, like feelings of hopelessness, enthusiasm loss,
and low self-worth, especially those who were facing medical problems [32]. Lack of ferritin (the iron serum)
and transferrin in males, as with female, iron deficiency is positively associated with an increased risk of
depression [33], [34]. This could be influenced by neurotransmitter synthesis and disregulation ability, which
affects hormone such as dopamine, serotonin, and norepinephrine hormone.

This could also happen because the early stage of anemia starts from the lack of blood cells that
bring oxygen to the brain and throughout the body, which leads to some symptoms like fatigue and
weakness, losing happiness and feelings of sadness often observed in depressed people; furthermore, risk of
anemia could increase as depression symptoms develop [35]. Eventually, anemia and mental health problems
in students would influence their learning achievement because of low concentration, physical problems,
reduced adaptive skill, and diminished capability to control learning pressure [36]. Although our findings
showed no association between anemia and mental health status, other studies report similar results, possibly
due to coping mechanisms and the 120-day lifespan of red blood cells, with younger individuals having faster
physiological recovery. In addition, relying only on Hb to assess anemia may be insufficient to reveal
potential links with anxiety [37]. Moreover, stress has been negatively linked to Hb levels. No relationships
were observed between anxiety and ferritin after adjusting for key variables (body mass index (BMI),
menstruation, iron intake, and coffee or tea consumption), and serum iron was unrelated to iron intake but
declined with higher BMI [38]. These results highlight the complex interplay of physiological and behavioral
factors influencing iron status. Even though no correlation was found, observation and appropriate
intervention on the students with risk of mental health need to be given, including providing counseling. The
use of digital platforms for children’s and adolescent health services could be a good be a beneficial tool for
early prevention [39] or by doing physical activities, like aerobic which is believed to lift mood and cognitive
function while yoga and tai chi can support stress management and emotional regulation [40].

On the other hand, another factor that causes anemia is adolescents’ nutritional status. Furthermore,
based on the correlation test between nutritional status and anemia in Table 2, it was found that 42 students
(51.9%) had normal nutritional status, compared to 31 students (38.3%) with anemia who were underweight.
81 students without anemia (45.4%) had normal nutritional status, followed by 72 students (36.7%) having
nutritional status underweight. Based on Spearman’s correlation test, the p-value was 0.664 (>0.05),
indicating no correlation between nutritional status and anemia. The correlation coefficient was —0.028,
showing a negative and very weak relationship.

Based on the study that had been conducted, it was shown that there was no correlation between
nutritional status and anemia in junior high school students. This result is similar to the previous study that
showed no correlation between BMI and Hb levels in adolescent girls [19], [21]. Menstrual blood loss and
MUAC became the main factor of anemia case, aside of iron consumption [19]. Iron consumption could be
influenced by high consumption of antinutrient tannin that can lower the absorption of iron from food [41].
Tea is one of the drinks that contain tannin with concentration of 5-15%, and its consumption is considerably
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high for people aged 11-20 years old, around 1,25 cup/day [42]. Another factor that causes anemia is the
consumption of low-protein food [18], low variety of food consumed causes a deficiency of other micro-
minerals that help iron absorption [17].

One of the ways to control the risk of anemia, which influences mental health, is by monitoring the
nutritional intake (variety of irregular meals, and animal food sources), supplement intake rich in iron,
sleeping habits, and fatigue [10], [19], [43]-[45]. Excessive dieting influenced by adolescent body image
today has become one of the risk factors for anemia [46]. However, a previous study showed that iron intake
did not have a correlation with the Hb level and body image [47].

This research has several limitations. The cross-sectional design restricts causal inference,
particularly regarding the interplay between iron status and mental health. The reliance on Hb as the sole
biomarker may overlook subclinical iron deficiency, limiting diagnostic sensitivity, and the absence of
additional biochemical indicators, such as ferritin, C-reactive protein (CRP), or transferrin saturation,
prevents differentiation between iron deficiency anemia and anemia of inflammation. Self-reported dietary
intake and menstrual characteristics may introduce recall and reporting bias, while psychosocial factors that
could influence mental health outcomes were not comprehensively measured.

The use of quota sampling, although practical for school-based research, may introduce selection
bias and limit representativeness, and sampling confined to eighth-grade students further narrows external
validity. Measurements of MUAC and Hb were taken at a single time point, which may not capture
physiological and dietary variations over time. Despite these limitations, schools can strengthen nutrition
education, conduct routine anemia screening with follow-up, ensuring consistent iron supplementation. They
can also provide counseling for students with early mental health symptoms, promote healthy lifestyle habits,
and involve parents in monitoring eating patterns and overall well-being. In addition, it is very important to
explore and increase students’ knowledge, attitude, and practice regarding anemia and its prevention

Table 2. Correlation between nutritional status and anemia
Nutritional status  Not anemia (>12 g/dL)  Anemia (<12 g/dL) Total

n (%) n (%) n
Normal 89 (32.1) 42 (15.2) 131
Overweight 35 (12.6) 8(2.9) 43
Underweight 72 (26.0) 31(11.2) 103
Total 196 (70.8) 81(29.2) 277

Note: Spearman’s correlation showed no significant association between
nutritional status and anemia, p = .664, r,=—.028.

4. CONCLUSION

The study found no significant relationship between anemia, mental health, and nutritional status
among junior high school students in Pontianak, with most students showed normal Hb levels, good mental
well-being, and adequate nutritional status. Even so, continued efforts are needed to strengthen nutrition
education, promote consumption of iron-rich foods, ensure regular distribution and monitoring of iron
supplements, and provide counseling for students with early signs of mental health concerns. Routine
monitoring of nutritional status, support from schools and parents in developing healthy eating habits, and
consistent mental health programs remain essential to maintain and improve students’ overall health.
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