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For long, research and policy on adolescent nutrition has been neglected globally. This
thesis is part of the Ten2Twenty project, which started in 2015. The project aims to
improve understanding of the interactions and interrelationships between nutritional,
psychosocial, and economic trajectories in order to optimize adolescent nutrition for
better health, pregnancy, and birth outcomes. Apart from Indonesia, the overall project
is conducted in a range of low- and middle-income countries such as Mexico [1], Nepal
[2], Ghana [3], Philippines, Malawi, Bangladesh [4], Ethiopia, and Vietnam. Adolescence
is viewed as a so-called ‘second window of opportunity’, a period during the life span
that can have great impact on health at later age. However, many knowledge gaps in
adolescent nutrition have been identified, and hence the Ten2Twenty project was
initiated. This chapter provides an overview of adolescent health and nutrition globally,
and then explores the Indonesian context specifically. The chapter ends with the rationale
and aims of this thesis.

ADOLESCENCE: PHYSICAL, SOCIAL, AND PSYCHOLOGICAL
CHANGES

About 1.3 billion people around the world are adolescents, defined by WHO as persons
aged 10 to 19 years old [5]. Adolescence is a period of rapid physical growth, and of
cognitive and socio-emotional development, also known as puberty [6]. While the age at
which people become socially mature rises, the age at which puberty begins is gradually
declining [6,7]. The most noticeable changes during puberty are those that affect the body
such as growth in height, muscle mass gain, body fat distribution, and the emergence of
secondary sexual traits such as breast development in girls, increase in the size of penis
and testicles in boys, and appearance of pubic hair in boys and girls. Another physical
change in puberty is continued brain development that affects complex behaviour and
social skills, including self-control and decision making.

As a consequence of physical maturation, adolescents may feel social pressure to
become acknowledged as well-adjusted adults in their society [8]. Some of the significant
psychosocial changes in adolescents are the development of personal and sexual identity,
the emergence of abstract thinking, and an increased capacity for social life [9]. With
regard to personal identity, for instance, adolescents generally have trouble answering the
question "Who am I?". This includes inquiries on their physical characteristics, vocations
and career goals, relationships, sexuality, social beliefs, personality, and interests [10]. The
transitional changes also critically depend on social structure such as norms and culture in
the community [7,11]. For example, the physical onset of puberty has been found to occur
earlier in some ethnic groups [12], among those with a lower economic status, and those
living in urban areas [13]. Circumstances and limited access to resources may expose
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less privileged adolescents to stressors, and trigger them to take excessive risks, which
will have a negative impact on adolescents' life-course trajectories [6]. Furthermore,
adolescents in the modern society experience an increasing amount of insecurity related
to income disparities, unstable families, loss of social coherence, violence, pressure from
social media, conflict, climate change, forced displacement and migration [14].

The developmental stage of puberty, particularly early puberty, has been linked to a wide
range of psychopathological symptoms during adolescence for both boys and girls [15]. In
boys maturing early, lower self-esteem and higher incidence of tobacco use were found
[16], while in girls with early menarche a higher occurrence of depressive disorders and
eating disorders was reported [17]. Adolescents are at increased risk for psychological
problems due to a variety of social and cultural factors that are greatly influenced
by interactions with their peers, connections to their school and other community
organizations, and ties with their parents [18].

NUTRITIONAL DEMANDS DURING ADOLESCENCE

Good nutrition during adolescence is essential to meet the demands of physical and
cognitive growth and development, provide adequate energy stores during illnesses
and pregnancy, and to prevent the development of diseases related to nutrition in
adulthood [19]. Moreover, good nutrition during adolescence may support the catch-up
from nutritional deficiencies experienced during childhood. Due to physical and nutrition
demands, adolescents’ metabolism, determined by basal metabolic rate (BMR), energy
cost of growth (ECG), and Activity Energy Expenditure (AEE), is directly related to total
energy requirements and indirectly to growth spurt [20]. The need of energy requirements
for boys is higher than girls, but for requirements of nutrients this is not necessarily so.
For instance, there is a difference in the iron requirement for girls compared to boys of
the same age. The reason for sex discrepancies in nutrient requirements after the age of
10 are earlier puberty in girls and physiological needs for some specific nutrients [21].
Iron is needed for myoglobin in muscles, and haemoglobin in blood increases due to the
rapid growth that occurs during adolescence, including the sharp rise in lean body mass,
blood volume, and red cell mass. Especially for girls, overall iron requirements increase
from a pre-adolescent level of ~0.7— 0.9 mg Fe/day to as much as 2.2 mg Fe/day and are
probably even higher in adolescents with heavy menstruation [22]. Overconsumption of
total calories can cause overweight and obesity, but if total calories are dropped to below
BMR, ECG and AEE will cause growth retardation, pubertal delay, aberrant menstrual
cycles in females, and interference with bone mass accumulation [23].
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Recently, adolescent obesity has become more prevalent globally, which is explained by
widespread dietary shifts toward energy-rich diets and a decline in physical activity [24].
The tendency to consume higher total fat, saturated fat, cholesterol, sodium, and sugar
has become part of adolescents’ lifestyle [25]. Furthermore, nutritional studies revealed
that many youngsters consumed insufficient amounts of vitamins and minerals, with girls
being more likely than boys to fall into this category [26]. A variety of factors, such as peer
pressure, parental modelling, food availability, dietary preferences, pricing, convenience,
personal and cultural values, mass media, and body image, have an impact on eating
patterns and behaviour [27,28]. These factors can be broadly divided into two categories:
personal variables, such as attitudes, beliefs, food preferences, self-efficacy, and biological
changes; and environmental influences, such as peer networks, family, and friends [25].
The rapid growth that adolescents undergo in terms of physical changes, combined with
increased loss of nutrients (such as loss of iron through menstrual blood among girls),
make adolescents susceptible to nutritional deficiencies [21]. Therefore, adequate dietary
intake is crucial reach their full growth potential.

ADOLESCENCE IS A VULNERABLE PHASE OF LIFE FOR
PHYSICAL AND MENTAL HEALTH

Anaemia

For many years, anaemia has been recognized as a major health problem in low- and
middle-income countries (LMICs). WHO (2011) estimated that 27% of adolescents in
developing countries were anaemic [29]. A more recent publication showed that the
numbers of anaemia cases in 10-24 year old youngsters rose from approximately 202.6
millionin 1990 to 243.3 million in 2016 for women, and from 153.9 to 187.3 million for men
[30]. Anaemia in adolescents affects their health [31], physical and mental development,
and work and study performance [21,32—-35]. Adolescent anaemia is associated with and
caused by several factors such as sex, age, inadequate intake or absorption of iron and
other nutrients, increased iron loss during menstruation, increased iron requirement
during pregnancy, infectious diseases (e.g., malaria), and genetics [36—38]. Adolescent
boys and girls have a high risk of anaemia because of the increase in blood volume related
to their growth spurt, and specifically for girls the onset of menstruation [39]. Depending
on when it occurs, how severe it is, and how long it lasts, anaemia can have a variety of
effects, from persistent fatigue to a higher chance of mortality due to e.g. infections [40].
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Early puberty and the risk of overweight and obesity

Age at menarche is often used to determine a girls’ physical maturity level, while for
boys’ features such as facial hair and voice break are being used. Puberty in girls begins
between 8 to 13 years of age, while in boys it starts between 10 to 14 years of age
[41,42]. Factors associated with timing of puberty comprise genetics, nutritional status
[43-47], ethnicity and environmental factors [48]. A longitudinal study published in 2020
comprising 14,545 U.S youngsters showed that earlier pubertal timing in both girls and
boys was associated with a higher body-mass index (BMI), more screen time, and less
sleep, while later timing of puberty showed the opposite [49]. Worldwide, the prevalence
of overweight and obesity in boys and girls aged 10 to 24 years has increased by 120%
from approximately 147.3 million in 1990 to 324 million in 2016, with a higher increase in
girls compared to boys [30]. Overweight and obese teenagers are more likely to develop
long-term health conditions such as type Il diabetes, cardiovascular disease, and certain
types of cancer. Specifically in girls, overweight is related to complications in pregnancy,
such as gestational diabetes and pre-eclampsia, high birth weight, and features of the
metabolic syndrome in later life of their offspring [50]. Data from a large population
cohort study in the US indicated that an increase of one BMI unit before 5 years of age
was associated with earlier puberty of 0.11 years on average in 7,495 boys and girls [51].
In contrast, a smaller long-term cohort study among 215 German boys, of which the first
one was examined at 3 months old and the last one followed until the age of 23 years, did
not identify an association between childhood BMI, timing of puberty and later BMI [42].

Early puberty has been shown to cause higher risk for adult diseases such as diabetes,
heart diseases, obesity and breast cancer [52-54]. Pubertal timing has also been identified
as a risk factor for early initiation of first sexual activity, pregnancy, and having a poor
body image [55]. Adolescent girls experiencing early menarche were found to have more
frequent intercourse, more sexual partners, and to use contraception less often [56]. As
such, timing of onset of puberty can also predict the outcomes of pregnancy, because
early maturing girls are more likely to be sexually active, which increases their risk of
adolescent pregnancy [57], and adolescent mothers are more likely to have eclampsia,
puerperal endometritis, and systemic infections than women in their 20s and 30s [58].
Their offspring is also more likely to have low birth weight, to be delivered preterm, and
to have a serious neonatal condition [59]. For boys, health and behavioural consequences
of pubertal timing are far less well studied. For a large part, this is due to the lack of a
distinct, quantifiable pubertal event (like menarche in girls) that can be accurately and
retrospectively documented in epidemiological studies.
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Cognitive development

Adolescence is a period of distinctive neurocognitive growth. A previous large longitudinal
study showed that a basic reorganization of the brain occurs during adolescence [60]. An
imbalance between the more mature subcortical areas and less mature prefrontal areas
occurs during adolescent age and may account for typical adolescent behaviour patterns,
including risk-taking [61]. Pubertal status was found to be a crucial factor, as the hormonal
differences affect the sex-specific restructuring of the adolescent brain. For instance, girls
may be more sensitive to stress because of oestrogen, while androgens make boys more
resilient to it [62]. Furthermore, the following types of factors can have an impact on
cognitive development during childhood and adolescence: biologic factors, for instance
maternal and infant nutrition, infectious illnesses, and birth weight [63]; socioeconomic
factors, such as parental income and education [64]; contextual factors, including the
family environment, the availability of appropriate toys and developmental materials, and
access to healthcare [53]; and psychosocial factors including opportunities for learning
and parent-child interactions [65]; and, finally, parental mental health [66].

Mental health

Mental health disorders have a high prevalence globally, especially in LMICs [67].
Worldwide, adolescents carry a significant disease burden due to mental healthissues, with
one out of seven adolescents estimated to be affected in 2019 [68]. During adolescence
the prevalence of mental health disorders is generally higher in girls than in boys [69].
Poor mental health during adolescence is a predictor of several risky behaviors, such as
self-harm, use of cigarettes, alcohol, and other drugs, risky sexual behavior, and violence
[70], of which the repercussions can last over the course of a person's life. Moreover, one
of the top three leading causes of death among adolescents is suicide [71]. The COVID-19
pandemic has generally worsened the mental health situation of youngsters globally [72].

As the world community works to achieve the Sustainable Development Goals (SDGs) by
2030, particularly SDG 3: “Ensure healthy lives and promote well-being for all at all ages”,
the need to focus on adolescents' mental health is becoming more and more evident
[73]. In order to meet the SDG targets, it is essential to address the major determinants of
adolescents' health including their mental health.

ZOOMING IN ON ADOLESCENT NUTRITION AND HEALTH IN
INDONESIA

Indonesia has a population of 45 million adolescents, which makes up 4% of the global
adolescent population [74]. Anaemia is one of the major public health problems among
Indonesian adolescents. The prevalence of anaemia was 26.4% and 32% among age
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groups 5-14 years and 15-24 years respectively, based on the Indonesian National
Health Survey (or Riskesdas: Riset Kesehatan Dasar) in 2018 [75], which was higher than
in 2013, 29.4% among 5-12 years old and 17.9% among 13-18 years [76]. In the same
time period, the prevalence of adolescents with obesity increased from 10.8% to 16.0%
among 13-15-year-olds, and from 7.3% to 13.5% among 16—18-year-olds [75]. The data
showed that the prevalence of obesity was higher in girls (15.9%) than in boys (11.3%)
[75]. Gender-specific risks may be involved: obese adolescent boys were found more
likely to have a sedentary lifestyle and lower levels of education, whereas obese girls
were more likely to have a depression, to be married, and to have high fat intake [77].
Daily meal frequency (3 times or more) was found to be associated with higher odds of
developing anaemia compared to fewer eating occasions [78]. Regarding mental health,
the prevalence of depression among all age groups in Indonesia was found to be 6.1%,
and that of mental health disorders was 9.1% [75]. The percentages of depression and
mental health disorders among 15-24 year-olds were higher than the national prevalence
among all age groups [75].

A recent publication in Indonesia highlighted the lack of information on drivers and
determinants of the triple burden of malnutrition [79]. In addition, a call was made to use
national and disaggregated data to investigate associations and time trends in adolescent
nutrition and health outcomes, and to conduct in-depth research to identify vulnerable
groups in order to support the development and implementation of effective integrated
nutrition and health programs for Indonesian adolescents [80].

PROBLEM STATEMENT

Anaemia is a persistent public health problem in Indonesia, that threatens the long-term
health status of adolescents. Understanding the context-specific causes of anaemia, such
as timing of puberty, will help to identify vulnerable population groups for interventions.

Intra-uterine maternal anaemia to adolescents’ cognitive function

Previous studies showed that children and adolescents who were anaemic during prenatal
life or infancy tend to have delayed a mental and motor development [81-83]. However,
there are only few studies that investigated the consequences of exposure to intrauterine
maternal anaemia for cognitive function with long-term follow-up into adolescence and
adulthood [84,85]. Knowing the long-term implications of maternal anaemia will help to
explain and tackle inequalities between population groups in Indonesia.
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Anaemia and mental health

Depression has been identified as a marker of anaemia [86]. Iron, folic acid and vitamin
B12 have crucial roles in normal formation of red blood cells resulting in anaemia due to
ineffective erythropoiesis when they fall short [87]. The same nutrients are also known
to be involved in processes affecting mental disorders [88-90]. A study showed that
iron and folic acid supplementation may help to prevent mental disorders by providing
proper folate and iron for the brain [88]. In other studies, it has been shown that vitamin
B12 deficiency increased depressive symptoms in patients [89,90]. During puberty,
requirements for energy, protein, and other nutrients markedly increase, including iron,
folic acid, and vitamin B12 [91]. So far, however, there is limited evidence on the role
of anaemia in the development of mental health disorders in adolescents, specifically
regarding the direction of the association between the two conditions. Research on this
topic is important to build the evidence-base for health programming, both targeting
anaemia as well as mental health disorders.

Pubertal development and mental health

Previous studies have indicated that a strong association exists between early menarche
and increased risk of depression and mental health problems in adolescents worldwide
[92-97]. Onset of menstruation can be a shocking event for girls, and may trigger anxiety
and negative feelings, both because of the physical manifestation itself as well as by
increased sex steroid circulation [98]. Experiencing physical changes earlier than peers
can give rise to a negative attitude for both boys and girls [99,100], can make them feel
sick and moody, and may also hamper their school performance [101,102]. Girls who
mature early were found to be more worried about their periods, and this was correlated
with depressive symptoms, lower body satisfaction, lower self-esteem, a more external
locus of control, and anxiety [103]. In Indonesia, the prevalence of depression and mental
health problems among 15-24 year-olds is higher than in other age groups [75].

Because depressive symptoms are more common in girls with early menarche, and because
pubertal development is accelerating worldwide, it is important to better understand
the association between Age at Menarche (AAM), depression, and mental health in the
Indonesian context. Better understanding of the prevalence of early puberty and how
this is perceived by adolescents, as well as its longitudinal effect on mental health, would
facilitate better design of interventions for effective prevention, and assessment of
whether, when, and on what processes to intervene.
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STUDY AIMS

The aim of the research described in this thesis was to better understand the connections

between pubertal development, anaemia, and nutritional status in relation to physical,

mental, and cognitive health of Indonesian adolescents. The specific objectives were:

1. To identify the time trend of AAM and its association with obesity and NCD among
women from diverse socio-economic groups, living areas, and regions in Indonesia;

2. To evaluate the relationship between intra-uterine maternal Hb concentration and
cognitive function of their offspring at adolescent age;

3. To assess associations between pubertal development, anaemia, and mental health
outcomes.

THESIS OUTLINE

This thesis consists of two methodological approaches: secondary analysis of nationally
representative data (Chapters 2, 3, and 4), and analysis of primary collected data (Chapter
5). After this introductory chapter 1, in chapter 2, the time trend of AAM and its association
with BMI and Non-Communicable Disease (NCD) prevalence at later age was analysed
using data of 15,744 women aged 15-65 years from 5 waves of the Indonesian Family
Life Survey (IFLS) conducted in the period 1993 to 2015. In chapter 3, the association
between intra-uterine maternal hemoglobin (Hb) concentration and cognitive function of
their adolescent offspring aged 10-14 years old was investigated using longitudinal cohort
data of 363 paired pregnant mothers and their offspring at 10-14 years of age from the
Indonesian Family Life Survey (IFLS) conducted in 1997-2014. In chapter 4, the association
between AAM, haemoglobin concentration and other determinants of Common Mental
Disorders (CMD) was investigated based on data of 1,052 adolescent girls aged 15-19
years old from the Indonesian Basic Health Survey 2018. For chapter 5, baseline (2021)
and follow-up (2022) data of 452 adolescents (boys and girls) aged 10 to 19 years old
were collected across all subdistricts in Gunungkidul district, Yogyakarta province,
Indonesia. These data were analysed to determine the association between haemoglobin
concentrations, sleep quality, and depressive symptoms. Lastly, chapter 6 provides the
summary, synthesis, and discussion of all main findings from chapters 2-5.

STUDY SETTING

For the work described in Chapter 5, a survey has been conducted in the district of
Gunungkidul in Yogyakarta Province, which has a high prevalence of anaemia (23%) and
mental health problems (18.4%). The total population in Yogyakarta is 3.6 million, of
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which 14.5% consists of adolescents aged 10-19 years. The survey was conducted in 9
subdistricts and 18 villages in Gunungkidul district. A structured manual mapping strategy
was employed to produce valid data by visiting households with adolescents and listing
a total of 9,942 adolescents to select from. Due to the COVID-19 pandemic, the baseline
study had to be postponed by about one year from 2020 to 2021. During the pandemic, we
successfully conducted the interviews with all participants while respecting and applying
all local health protocols. The data collection manual and protocol were developed
by Wageningen University and Research (WUR) and the Centre for Health Policy and
Management (CHPM) and approved by the Ethical Committee of the Universitas Gadjah
Mada, Indonesia. The follow-up study was conducted in 2022, one year after the baseline
study. Fourteen data collectors were involved in this study, and the same data collectors
were recruited for the follow-up study. Data collectors were hired based on their academic
background in health, and their willingness to stay in the study area during the periods
of data collection. Data collectors were trained online and off-line before each round of
data collection in Yogyakarta for two days. The training manual included explanations of
all study questions, data collection protocols, and procedures.

Regarding data quality and data validation, we randomly re-visited several respondents
in each village. Questions were asked to respondents and head of villages, to validate
both the interview process, listing, and the mapping methods by the data collectors. To
minimize interview bias, adolescents were interviewed by the same data collectors during
baseline and follow-up. During data collection we used two web-based apps, LimeSurvey
(LimeSurvey GmbH), for data verification and quality processes. If a problem was
encountered either online or offline, the data collectors used a paper-based questionnaire.

We collected, amongst others, the following data from respondents through structured
questionnaires: demographics; socioeconomic variables; ethnicity and culture; disease
history; mental health and well-being; pubertal development; physical activity; disabilities/
injury; characteristics of menstruation; anthropometry; and haemoglobin concentration.
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ABSTRACT

In western countries age at menarche (AAM) is nowadays lower than a century ago,
coinciding with increased Body Mass Index (BMI) and prevalence of non-communicable
diseases (NCD). This study aimed to determine the time trend in AAM and its association
with BMI and NCD prevalence at later age, in Indonesia. We used secondary data of
15,744 women aged 15-65 years from the Indonesian Family Life Survey (IFLS) conducted
in the period 1993 to 2015. Multiple linear regression was applied to determine the
association of AAM with BMI, and Poisson regression with robust variance for investigating
the association of AAM with NCD prevalence ratios. Models were adjusted for age, and
effect modification by wealth status, living area, and region was investigated. AAM has
significantly declined from 14.4 (SD:2.1) years of age in the 1940s to 13.4 (SD:1.5) in the
1990s. AAM was inversely associated with BMI (f: -0.30 kg/m?, 95%Cl: -0.37, -0.22) and
body weight (B: -0.67 kg, 95%Cl: -0.75, -0.54), but was not associated with height. After
adjustment for age, AAM was not associated with NCD, i.e., hypertension, type 2 diabetes
mellitus, liver diseases, asthma, chronic lung diseases, cardiovascular diseases, stroke,
cancer, or arthritis. Including BMI in the models did not change the results. From the
1940s to 1990s, AAM has declined with 1 year in Indonesia. Women with earlier AAM
had higher BMI and body weight at later age, but AAM was not associated with NCD
prevalence in later life in the Indonesian population. Further longitudinal research is
needed to disentangle the direction of causality of the associations.

Keywords: Menarche, Nutritional status, Non-Communicable Diseases, Indonesia
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INTRODUCTION

In recent decades, non-communicable diseases (NCD) have emerged as the leading
cause of death in both developing and developed countries. In Indonesia, six of the top
ten leading causes of death consisted of NCD in 2017, of which stroke was the number
one cause from 2007 to 2017 [1]. Based on Indonesian National Health survey data, the
prevalence of NCD increased significantly from 2013 to 2018. For example, the prevalence
of stroke among people aged 15 years or older increased from 7.0 to 10.9 percent, type
2 diabetes mellitus (DM) from 6.9 to 8.5 percent, and hypertension from 25.8 to 34.1
percent. The prevalence of cancer, arthritis, and cardiovascular diseases (CVD) also
increased, especially among the older age groups (> 55 years).

The aetiology of NCD is explained by a multitude of factors such as ethnicity, age, physical
activity, dietary patterns, smoking status, as well as early biological maturation [2].
Overweight and obesity, which have globally increased over the past fourty years [3],
are known as the most important proximal risk factors for NCD [4]. Any increase in the
prevalence of overweight and obesity should therefore be of concern. The prevalence
of overweight, obesity and abdominal obesity among people aged 15 years or older
in Indonesia increased from 8.6, 10.5 and 18.8 percent in 2007 to 13.6, 21.8, and 31.0
percent in 2018, respectively [5]. Overweight and obesity during childhood have been
associated with accelerated pubertal maturation [6]. Obese girls experience earlier age
at menarche (AAM) than normal [7], but it is not clear if higher BMI is either a cause or
a consequence of earlier menarche, or both. In addition, some studies have reported
that earlier AAM is associated with increased risk of NCDs in later life such as stroke,
cardiovascular diseases [8], and diabetes [9]. Moreover, AAM has shown to be predictive
for cardiovascular disease events and mortality [8].

In Indonesia, a previous study showed that higher Body Mass Index (BMI), higher parental
income, and living in an urban area were associated with earlier puberty in both girls
and boys based on Tanner scale assessment (pubic hair, female breast development, and
male external genitalia) [10]. Globally, menarche occurs at an earlier age than in previous
decades [11,12]. For example, in Mexico mean AAM decreased from 13.6 to 12.6 years of
age from 1900s to 1980s, while undergoing rapid economic transition, and earlier AAM
was associated with diabetes and hypercholesterolemia [13]. Therefore, early AAM may
be an intermediary factor between childhood obesity and the development of NCD.

We aimed to identify the association of AAM with obesity and NCD among women
from diverse socio-economic groups, living areas, and regions in Indonesia by analysing
nationally representative data from the Indonesian Family Life Survey. We expected these
associations to be inverse.
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MATERIAL AND METHODS

Indonesian Family Life Survey

Data collection. The Indonesian Family Life Survey (IFLS) has so far been conducted in 5
waves, namely in 1993, 1997-1998, 2000, 2007-2008, and 2014-2015. IFLS is the only large
longitudinal survey in Indonesia and represents 83 percent of the Indonesian population.
Administration of questionnaires and health measurements, such as anthropometry and
blood analysis, has been conducted under supervision of the non-profit RAND Corporation
(Santa Monica, CA, USA). The aim of the IFLS survey is to provide multi-factorial data
on economic and non-economic behavioural variables and outcomes such as food
consumption, health status, and insurance utilization.

The first wave of IFLS included 13 out of 27 provinces and included 22,000 individuals living
in 7,244 households, using a stratified random sampling technique. The sampling method
considered the heterogeneity of the population and represents four out of the five largest
islands of Indonesia: Sumatra, Java, Kalimantan, and Sulawesi. Data collection areas were
adapted from the areas covered by the National Socioeconomic Survey (SUSENAS) in
1993, which was based on the 1990 census. The details of the sampling frame have been
described previously in an online IFLS report [14].

IFLS wave 2 collected data from the same individuals as in 1997, covering approximately
94.4% of the first wave. The next IFLS data collection rounds (wave 3-5) mostly interviewed
dynasty households, which means that they already participated in any of the previous
IFLS data collection rounds. The proportion of dynasty data was 95.3 percent in 2000
(wave 3), 93.6 percent in 2007 (wave 4), and 92 percent in 2014 (wave 5). The proportion
of successfully re-contacted households was higher for the IFLS than generally seen in
surveys conducted in the United States and Europe. Data collection, comprising self-
reported data and direct measurements, was conducted by duly trained data collectors.

Participants. For the aim of the present analysis, data were selected of all women aged 15
years and older with a complete record for AAM, age, anthropometric indicators, and NCD
from each IFLS wave. Information on AAM was only collected from married women, while
NCD was assessed for all women, albeit only in wave 4 and 5. For women participating in
multiple survey waves only data of the most recent survey were included (Supplemental
Figure 1).
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Explanatory and outcome variables

AAM was assessed using a questionnaire by asking: “how old were you (in years) at your
first menstruation?” We classified early AAM as <12 years of age, normative AAM as in
the range 212 — <16 years, and late AAM as 216 years. This classification is based on the
AAM distribution in our population which was defined as normative of AAM between plus
and minus one standard deviation of the mean (mean: 13.75 and SD: 1.80). The same age
classification of AAM has been used in previous studies [15,16].

Trained data collectors measured body weight of each participant using a body weight
scale up to the nearest tenth of a kilogram or one single decimal, while height was
measured using a Seca plastic height board (model 213) up to the nearest millimetre. BMI
was calculated as weight (kg)/height (m)? and classified into overweight (BMI 225 - <30)
and obese (BMI >30) categories.

Occurrence of NCD was assessed by questionnaire, asking whether or not participants
had been diagnosed with any of the following chronic conditions: hypertension, type 2
diabetes mellitus, asthma, chronic lung disease, cardiovascular disease, liver disease,
stroke, cancer and arthritis. Because not all waves collected these data, only waves 4 and
5 were included in the analysis relating AAM to NCD.

Other variables that were included in our analysis were household socio-economic status,
living area, and region. Socio-economic status (SES) was constructed by assigning weights
of eleven household assets (ownership of the house, ownership of another building,
possession of farmland, fishpond or poultry, vehicles, electronic devices (e.g., radio, tv,
refrigerator or washing machine), savings, jewellery, and other assets) into a five-quintile
wealth index by Principal Component Analysis (PCA). For the present analysis, we
categorized this index further into three groups: poor for the two bottom quintiles, average
for the two middle quintiles, and rich for the highest quintile. The same classification of
SES has been used for IFLS data in previous studies [17]. Participants were categorized
into rural and urban areas of living using classification of Indonesia’s Bureau of Statistics
[18], which is based on population density, percentage of agricultural households, and
presence/access to facilities.
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Statistical analysis

Data were analysed using STATA statistical software version 14. Data cleaning was employed
at two levels; the first level was the data cleaning for AAM and BMI data which were
extracted from all IFLS waves, and the second level was conducted for NCD data which
were additionally extracted only from the last two waves (wave 4 and 5), since these were
not available for the earlier waves. (Supplementary Figure 1). Data on AAM were used to
determine the time trend of AAM and its association with BMI, while NCD data were used
to assess associations between AAM and NCD. Completeness of variables such as AAM,
BMI, age, wealth index, and unrealistic AAM and body weights because of input errors
were considered in data cleaning. Wealth index, BMI and NCD were taken from the last
wave in which the respondent was enrolled since these outcomes are influenced by age.
Unrealistic data were removed, and the normality assumption and completeness of the
variables have been checked by conducting Q-Q plots. In addition, the multicollinearity
was checked by plotting the correlation matrix of all the independent variables and
identifying the variance Inflation Factor (VIF) for each variable. The correlation matrix
showed all the correlations were less than 0.4 and the average of VIF was less than 2.

AAM, women’s weight, height, and BMI| were described using means and standard
deviations. We determined a mean AAM based on the birth year of participants to
investigate the time trend per decade. The analysis of the determinant variables in each
wave was done by ANOVA and Chi-square test. Furthermore, associations between AAM
and nutritional status (BMI, weight, and height) were determined by multiple linear
regression and Poisson regression models with robust variance, adjusted for age. The data
were stratified by wealth index, living area, and region since these variables were found
to be effect modifiers. Finally, we used Poisson regression models with robust variance to
determine the association of AAM with the prevalence of NCD, while adjusting for age as
well as for BMI as a potential intermediate.

RESULTS

Characteristics of the respondents in all waves

Characteristics of respondents are shown in Table 2.1. The total number of respondents
was 15,744 women and the average age of the respondents was 36 years old (SD:10.1).
Most respondents were classified in the poor and average wealth index categories. More
than half of respondents lived in urban areas and in the region of Java and Bali islands.
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Time Trend of AAM

AAM decreased with approximately one year from 14.4 (SD:2.1) years for women born in
the 1940s to 13.4 (SD:1.5) years for women born in the 1990s. Mean AAM over the entire
period of 1940s to 1990s was 13.8 years (SD:1.8). Of all respondents, 5.8 percent were
categorized as having early AAM (<12 years), 81.6 percent as normative (212 — <16 years),
and 12.5 percent as late (216 years). AAM was not significantly different between women
who lived in urban (mean:13.7 SD:1.7 ) and rural areas (mean:13.9 SD:1.8; p:0.08), who
lived on the two main islands Java or Bali (mean:13.7 SD:1.9) and elsewhere (mean:13.8
SD:1.7; p:0.10), or who fell in different wealth status classifications; poor (mean:13.7
SD:1.8), average (mean:13.8 SD: 1.8), and rich, ( mean:13.8 SD:1,9 ; p:0.10) (Figure 2.1).
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Figure 2.1. Time trend of AAM based on year of birth, wealth index, living area, and region among 15,744 respon-
dents from IFLS waves 1-5.
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AAM and risk factors for BMI, weight, and height

Table 2.2 shows the results of multiple linear regression models investigating the
association between AAM and BMI. In unadjusted as well as in age-adjusted analysis,
AAM (in years) was inversely associated with BMI (adjusted B: -0.30 kg/m? per year of
AAM, 95%Cl: -0.37, -0.22). When stratifying this analysis, the association appeared to be
stronger in the highest wealth category (B: -0.39 kg/m? per year, 95%Cl: -0.43, -0.26), in
the urban area (B: -0.35 kg/m? per year, 95%Cl: -0.43, -0.26) and at the two main islands
(Java and Bali; B: -0.33 kg/m? per year, 95%Cl: -0.40, -0.24) compared to the other socio-
demographic categories. Further analysis using Poisson regression models adjusted for
age shows that in later life, overweight and obesity were more prevalent among women
with early age at menarche (overweight: PR: 1.11 95%Cl: 1.02-1.22; and obesity: PR: 1.35
95%Cl: 1.35-1.76) as compared to women with normative age at menarche, whereas the
prevalence ratio of overweight and obesity among women with late age at menarche was
lower (overweight: PR: 0.86 95%Cl: 0.81-0.94; and obesity: PR: 0.77 95%Cl: 0.67-0.87).

Table 2.2. Age-adjusted association between AAM and BMI at later age among female respondents of IFLS waves
1-5 (N=15,744).

BMI (kg/m?)

Variables n (%) Unadjusted Age-adjusted

B (95% CI) B (95% CI)
Total population 15,744 (100) -0.23 -0.31;-0.16 -0.30 -0.37;-0.22
Wealth index"
Poor 6,345 (40.3) -0.21 -0.31;-0.11 -0.29 -0.39;-0.19
Average 6,371 (40.5) -0.20 -0.27;-0.12 -0.24 -0.31;-0.17
Rich 3,028 (19.2) -0.33 -0.49; -0.17 -0.39 -0.54;-0.23
Living area*
Urban 8,705 (55.3) -0.26 -0.34; -0.17 -0.33 -0.41;-0.25
Rural 7,039 (44.7) -0.17 -0.25; -0.08 -0.26 -0.34;-0.17
Region?
Java and Bali 8,931 (56.7) -0.25 -0.32;-0.16 -0.33 -0.40; -0.24
Outside Java and Bali 6,813 (43.3) -0.22 -0.30; -0,13 -0.26 -0.34;-0.16

! p-value variable interaction: <0.001; ? p-value interaction: <0.050

AAM was also inversely associated with current weight (adjusted B: -0.67 kg per year of
AAM, 95%Cl: -0.75, -0.54) (Table 2.3). The association was stronger in urban (p -0.68 kg
per year of AAM, 95%Cl: -0.81, -0.54) versus rural women (B: -0.52 kg per year, 95%Cl:
-0.67, -0.38), whereas differences between other sociodemographic categories were
small. The association between AAM and height was either small or absent (B: -0.03 cm
per year of AAM, 95%Cl: -0.09, 0.02). (Table 2.4).
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Table 2.3. Age-adjusted association between AAM and body weight at later age among female respondents from
IFLS waves 1-5 (N=15,744).

AAM (years) 15,744 (100) -0.58 -0.68l; -0.48 -0.67 -0.75;-0.54
Wealth index*

Poor 6,345 (40.3) -0.55 -0.71;-0.40 -0.67 -0.83;-0.50
Average 6,371 (40.5) -0.60 -0.75; -0.48 -0.67 -0.83;-0.51
Rich 3,028 (19.2) -0.53 -0.74;-0.32 -0.57 -0.78:-0.35
Living area’

Urban 8,705 (55.3) -0.54 -0.67;-0.39 -0.68 -0.81;-0.54
Rural 7,039 (44.7) -0.50 -0.64; -0.35 -0.52 -0.67;-0.38
Region?

Java and Bali 8,931 (56.7) -0.52 -0.64;-0.38 -0.61 -0.74;-0.48
Outside Java and Bali 6,813 (43.3) -0.67 -0.82;-0,50 -0.73 -0.88;-0.56
! p-value interaction: <0.001; 2 p-value interaction: <0.001

Table 2.4. Age-adjusted association between AAM and body height at later age among female respondents from
IFLS waves 1-5 (N=15,744).

AAM (years) 15,744 (100) -0.10 -0.15; -0.04 -0.03 -0.09; 0.02
By wealth®

Poor 6,345 (40.3) -0.09 -0.17; 0.01 -0.01 -0.10; 0.07
Average 6,371 (40.5) -0.11 -0.20; -0.04 -0.06 -0.13; 0.03
Rich 3,028 (19.2) -0.06 -0.18; -0.06 -0.03 -0.11; 0.12
By area’

Urban 8,705 (55.3) -0.07 -0.14; <0.01 <0.01 -0.06; 0.08
Rural 7,039 (44.7) -0.09 -0.17;-0.01 -0.02 -0.10; 0.05
By region®

Java and Bali 8,931 (56.7) -0.09* -0.16; -0.02 <-0.01 -0.07; 0.06
Outside Java and Bali 6,813 (43.3) -0.10* -0.18; -0,02 -0.06 -0.14; 0.02

! p-value interaction: 0.911; ? p-value interaction: 0.100; ® p-value interaction: 0.330
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AAM and Risk of NCD

Hypertension was the NCD with the highest prevalence (14.7 percent) while liver
disease and stroke were less prevalent (0.8 and 0.6 percent respectively) in the study
population. Although AAM was associated with an increased prevalence of hypertension,
cardiovascular diseases and arthritis in crude models, these associations disappeared
after adjusting for age and BMI (Table 2.5).

Table 2.5. Prevalence ratio of NCD outcomes with AAM (in years) among female respondents from IFLS wave 4 and
5 (N=13,267).

Frequency’ Crude model Age-Adjusted Age and BMI-adjusted

Diseases Outcome
n (%) PR 95% Cl PR 95% ClI PR 95% ClI

Hypertension 1,950 (14.7) 1.03 1.01 1.06 0.98 0.96 1.01 0.99 0.97 1.01
Diabetes Mellitus 283 (2.2) 1.04 0.97 1.12 0.97 0.91 1.03 0.97 0.91 1.03
Asthma 399 (3.0) 1.02 0.96 1.08 1.03 0.97 1.1 1.03 0.97 1.1
Chronic lung 197 (1.5) 0.98 0.90 1.06 0.97 0.90 1.05 0.95 0.88 1.03
diseases
Cardiovascular 242 (1.8) 1.09 1.02 1.16 1.03 0.97 1.1 1.03 0.97 1.1
diseases
Liver diseases 99 (0.8) 1.08 0.97 1.2 1.08 0.99 1.22 1.09 1.001 1.23
Stroke 71 (0.6) 1.01 0.88 1.15 0.94 0.83 1.06 0.94 0.83 1.06
Cancer 134 (1.0) 0.97 0.89 1.05 0.96 0.88 1.04 0.96 0.89 1.04
Arthritis 826 (6.3) 1.1 1.06 1.14 1.02 0.99 1.06 1.02 0.99 1.06

Note: 'percentage was measured from total respondents; *percentage was measured from total respondents in
each wave (column percentages); PR: prevalence ratio. Independent variable: AAM; dependent variable: NCD

DISCUSSION

In this study, we found that among Indonesian women AAM declined over birth decades
from 14.4 years in the 1940s to 13.4 years in the 1990s. Furthermore, AAM was inversely
associated with BMI and body weight in later life, independently of age. AAM was also
associated with a higher prevalence of several NCDs such as hypertension, CVD, and
arthritis, but this depended on age. Additional adjustment for BMI did not alter these
results.

A previous study that reviewed published data indicated a similar time trend of AAM in
Indonesia, with a decline from 14.4 y to 13.6 y since 1970 [19]. For China, also a decline
in AAM is reported, with an average of 16.2 y for women born before 1950 to 14.7 y for
those born after 1959 [20]. Whereas AAM in China is estimated at 15.4 years for the period
of 2004-2008, for Taiwan, this is 13.9 years for the same period of time; this disparity may
have been influenced by the economic development in Taiwan since the mid-1980s, leading
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to changes in lifestyle and nutritional status, and thereby to earlier maturation of women
[21]. Decline in AAM in both developed and developing countries has been associated with
factors such as wealth index, access to health facilities, and intake of food, and it varies
within a population based on the local context [22]. Nevertheless, AAM did neither differ
between rural and urban areas, nor between different wealth groups in our study.

We observed a significant inverse association of AAM with BMI and body weight, indicating
that each year of earlier menarche was associated with a higher BMI of 0.30 kg m™ and of
0.67 kg in adult body weight after adjustment for age. Previous research, both in western
and Asian countries, showed a similar pattern [8,23]. A systematic review showed that
the mean difference in BMI of adult women with earlier compared to later menarche
(menarche <12 vs 212 years) was 0.34 kg m™?[23]. This is less than what we found in the
current study (1.13 kg m™) when using the same classification. In a survey among 12,336
Korean women it was reported that early AAM (defined as <11 years) was correlated with
a higher BMI [24]. The same trend was also seen in a number of longitudinal studies from
the UK that made use of mendelian randomization by genetic traits related to pubertal
onset, although in one of these cohorts the association attenuated after adjusting for
pre-pubertal BMI [25,26].

The question arises whether increased body mass predisposes girls to earlier puberty,
or that earlier puberty in physical and hormonal changes contributes to increased body
(fat) mass in later life. In support of the prior pathway, a longitudinal study showed that
girls with a higher percentage of body fat at 5 years of age, and higher BMI and waist
circumference at 7 years of age, were more likely to be classified with earlier pubertal
development at 9 years of age. Earlier pubertal development was assessed by breast
development, level of oestradiol, and pubertal developmental scale (PDS) [27]. Also, a
higher BMI-for-age z score at 9 and 43 months of age and rapid increase in BMI during
childhood were associated with having menarche before 12 years of age among 2,083
women in Southern Brazil [28]. Furthermore, fast increases in BMI at 4 months, 1 year,
and 4 year of age were associated with increased likelihood of having a 4.6-month earlier
menarche in the United States [29]. This may be explained by the fact that children
with higher BMI are exposed to higher circulating concentrations of leptin, which could
stimulate gonadotropin releasing hormone and premature secretion of sex hormones
[30]. A 4-year longitudinal study among adolescents showed that AAM indeed declined
by approximately 1 month per 1-ng/mL increase in leptin concentration [31]. In contrast,
however, cohort data from India, Peru, and Vietnam consistently showed that increases
in BMI during childhood (1-8 years of age) were not associated with earlier menarche
[32]. The discrepancy between findings might be explained by lower obesity prevalence
in low- and middle-income countries (LMICs) compared to advanced economies such
as the United States and some Latin American and European countries [33,34]. Despite
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rapid increases in the prevalence of childhood overweight in LMICs, the prevalence of
undernutrition also remains high [32].

There is also evidence that early maturation may induce higher BMI in later life [35].
Prospective cohort studies conducted in the UK and in Australia showed that earlier
menarche was related to higher BMI in middle age, independent of their BMI at 4-6 years
of age, and at 20 years of age, independent of their BMI at 8 years of age, respectively
[36,37]. Furthermore, a systematic review on genetic predisposition of pubertal timing by
mendelian randomization found that earlier pubertal timing assessed by several pubertal
traits such as age at menarche, age at voice breaking, male genital and female breast
development, was related to increased BMI at adult age [38]. Therefore, both pathways
may play a role in the relationship between AAM and BMI which cannot be disentangled
by our cross-sectional data.

Although we did not find any association with height, a previous large prospective study
with data from 286,205 women from nine European countries found that they were
0.31 cm taller for each year of later menarche [39]. A prospective study in South Africa
also showed an increase in adult height of 1.15 cm per year of later menarche after
adjusting for prepubertal height and BMI [40]. It has been hypothesized that women with
early menarche experience premature closure of the epiphyseal growth plate which is
responsible for elongation of the bones. Therefore, later menarche would allow further
development of the long bones resulting in a greater adult height [39].

Regarding NCD, a number of large studies did find associations between AAM and
cardiovascular diseases, hypertension, and stroke, both in developed and developing
countries [8,20,24], whereas some others, consistent with our findings, did not [13,41].
Among 118,964 women with breast cancer from 117 epidemiological studies, it was
shown that with every year decline in AAM, the risk for breast cancer increased with
5% [42]. Early menarche (<12 years) was also identified to increase the risk of asthma
[43]. Furthermore, a one-year earlier menarche was associated with a higher risk of Non-
Alcoholic Fatty Acid Disease (NAFLD) [9,44]. The effect of AAM on rheumatoid arthritis
is still under debate, with some studies showing a protective effect for early AAM [45],
as well as for late AAM [46], whereas others reported no association [41]. The longer
oestrogen exposure among women with earlier AAM may provide a possible mechanism
for the related higher risk of NCD [39]. In addition, the higher BMI in middle age seen with
earlier AAM may mediate the association with NCD. The prevalence of obesity among
Indonesian women has increased while AAM has declined, as shown in this study. Even
though the prevalence of NCD has also risen, it may not be at its highest point yet. The
incidence of high blood pressure, type 2 diabetes mellitus and stroke is still much lower in
Indonesia than for example in the UK [8], China [20], and Korea [24]. This may explain why
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an association between AAM and NCD for Indonesia could not yet be shown, although
an association between AAM and BMI has been clearly demonstrated. More studies with
large sample sizes and small confidence intervals are needed in similar populations to
clarify the relationship between AAM and NCD.

This is the first study using nationally representative data to explore the trend of AAM and
its association with nutritional status and disease outcomes in Indonesia. The longitudinal
nature of this study allowed us to assess the trend in AAM over six decades based on the
year of birth. This study highlights an inverse association between AAM and BMlI, with
the latter known to be the most important proximal risk factor for Non-Communicable
Diseases. There are some limitations to our study. For instance, the retrospective recall
of NCDs or AAM might not be accurate, although the respondents of IFLS were generally
healthy and able to remember their health history. Self-reported AAM collected by
personal interview, like we used for this study, was shown to be consistent with AAM recall
30 years earlier in a retrospective follow-up study [47], as well as in a study with repeated
interviews of menstrual history in the period of 1985-1993 [48]. To better understand the
associations between AAM, BMI and NCD, prospective, longitudinal research with more
details on pubertal stage and measurement of sex hormones and other biological factors
are needed. Full characterization of body composition would also be needed instead of
relying on BMI alone [35]. In the current study, no data on prepubertal BMI was available
from the women included in the first two waves, nor for NCD data in the first three waves
of IFLS. Possible selection bias may have occurred since data on AAM was only collected
from married women. The analysis may have selectively excluded women due to early
mortality or non-response; nevertheless, the number of missing cases was relatively small
and therefore we do not expect it would change our conclusion.

CONCLUSION

In Indonesia, AAM declined over birth decades from 14.4 years in the 1940s to 13.4 yearsin
the 1990s. We found that women from the Indonesian Family Life Survey with earlier AAM
had a higher BMI and body weight later in life. Nevertheless, AAM was not independently
associated with any of the NCD outcomes. With the prospect of rising overweight and
obesity prevalence, future longitudinal cohort studies should include pubertal stage with
comprehensive indicators and its risk factors of early AAM as a common variable, to
unravel causal pathways.
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ABBREVIATION

AAM: Age At Menarche; BMI: Boddy Mass Index; NCD: Non-Communicable Diseases; SD:
Standard Deviation; IFLS: Indonesian Family Life Survey; SUSENAS: The Indonesia National
Socio-economic Survey; PCA: Principal Component Analysis; SES: Socio-economic Status;
LMIC: Low-and-Middle Income Countries; NAFLD: Non-alcoholic Fatty Acid Disease.
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ABSTRACT

Maternal anaemia is a major public health problem that has a negative impact on the
neurodevelopment of children under five years, but its impact on long-term cognitive
performance is largely unknown. This study aims to investigate the association between
intra-uterine maternal haemoglobin (Hb) concentration and cognitive function of their
offspring during adolescence. We performed secondary analysis of longitudinal cohort
data of 363 paired pregnant mothers and their offspring at 10-14 years of age from the
Indonesia Family Life Survey (IFLS) conducted in 1997-2014. Multiple linear regression
models with maternal Hb as exposure and cognitive function (Raven's Progressive Matrices
test) as outcome were explored, with adjustments for maternal age, maternal height,
and socioeconomic status. The weighted anaemia prevalence was 49.3% in pregnant
mothers and 22.2% in adolescents. The mean total cognitive score of adolescents was
12.4 points out of 17. Adolescents who were stunted, anaemic, or living in a rural area
had a significantly lower cognitive score than their counterparts. In the adjusted model,
maternal Hb was not associated with adolescent cognitive function (B: 0.14; 95%ClI:
-0.052 — 0.340). However, the effect of maternal Hb concentration on cognitive function
of their offspring was modified by stunting status (3, stunted: 0.44; 95%Cl: 0.05 — 0.82
and 3, non-stunted: 0.01; 95%Cl: -0.02 — 0.24, p-interaction 0.039). This study shows that
adverse cognitive outcomes at adolescent age is likely to be multi-causal and may best be
addressed by tackling pregnancy-related anaemia as well as warranting good nutrition for
growth and development during childhood.

Keywords: Pregnancy, Anaemia, Adolescent, Cognition, Indonesia
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INTRODUCTION

About one-third of the world’s population, especially in Low-and Middle-Income Countries
(LMICs), is suffering from iron deficiency anaemia, a condition with abnormally small-sized
red blood cells and reduced haemoglobin (Hb) concentration [1]. Anaemia affects around
800 million children and women in the world, with almost half of all pregnant women
being affected [2]. In Indonesia, anaemia is considered a moderate public health problem
with a prevalence among pregnant women of 37.1% in 2013, which increased to 48.9% in
2018 based on the Indonesian National Basic Health Survey [3].

Pregnancy is a vital stage in human development, and maternal anaemia during the intra-
uterine period can affect growth and development of the offspring. A meta-analysis of 26
cohort studies (both with prospective and retrospective study designs) conducted in LMICs
confirmed that anaemia during pregnancy is associated with low birth weight, preterm
birth, and perinatal mortality [4]. A cohort study in India among 1,007 pregnant women
found that women who were anaemic in the second trimester of gestation gave birth
to infants with lower birth weight [5]. Low birth weight is an important determinant of
stunting later in life, as also shown for children aged 0 — 23 months in Indonesia based on
three waves of data (2000, 2007, and 2014) from the Indonesian Family Life Survey (IFLS)
[6]. Previous studies also found that maternal anaemia is associated with anaemia in the
offspring. For instance, a study in China found that infants at the age of 5-7 months and
11-13 months had a higher risk of anaemia when their mothers had been anaemic during
mid-pregnancy [7]. An intervention study among 359 Filipino pregnant women found that
maternal iron deficiency anaemia is linked to an increased risk of iron deficiency during
infancy [8].

More importantly, children tend to have delayed neurocognitive development, including
mental and motor development, at young age if their mothers had been anaemic during
pregnancy [9]. This may be due to the non-reversible nature of neurodevelopmental
damage incurred during early stages of life [10]. Also, anaemia during infancy, which is
predominantly caused by iron deficiency worldwide [11], is associated with poorer cognitive
and motor development [12,13]. The potential mechanism underlying an iron deficiency-
related cognitive deficit is not yet well studied in humans [14], but animal studies showed
that iron deficiency may interfere with neurogenesis, myelination, dendrite growth, and
protein expression during neurodevelopment [15-17]. A study in India showed that
3-week old infants whose mothers had not been anaemic during pregnancy scored 3.9
times higher on behavioural outcomes such as attention and interactive abilities [18].
A nationwide prospective cohort study over 30 years conducted among 11,656 Finnish
women found that low maternal Hb, especially during late gestation, was associated with
lower educational performance of their offspring at the ages of 14 and 16 years [19].
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Evidence on the persistent impact of early-life anaemia on cognitive performance in
later life has been summarized in a systematic review including 27 observational and
randomized controlled trials (RCT), but it was concluded that there is a scarcity of studies
with long-term follow-up into adolescence and adulthood [20,21]. We therefore aimed to
evaluate the relationship between intra-uterine maternal Hb concentration and cognitive
function of their offspring at adolescent age (10-14 years), using longitudinal data from
the Indonesian Family Life Survey (IFLS).

MATERIAL AND METHODS

Indonesian Family Life Survey (IFLS)

IFLS is a longitudinal survey in Indonesia that started in 1993/1994 (IFLS 1). The IFLS used a
multistage stratified sampling design and collected data at individual and household level
[22]. The total sample of IFLS comprises >30,000 individuals from 13 out of 27 provinces in
Indonesia and represents about 83% of the Indonesian population. IFLS 2 was performed
in 1997/1998, IFLS 3 in 2000, IFLS 4 in 2007/2008, and IFLS 5 in 2014/2015. For the current
analysis, we only used data from IFLS waves 2 to 5, since maternal Hb concentration was
not assessed in the first wave.

Participants

Subjects were adolescents aged 10-14 years from IFLS waves 4 and 5, who had a complete
cognitive score record (n= 8,109). Participants without weight and height measurements
(n=22) and Hb data (n= 349) were excluded, yielding 7,712 adolescents. A total of 867
pregnant women >15 years with complete Hb data from waves 2 and 3 were then paired
with their children at adolescent age (n= 363; Figure 3. 1).
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Figure 3.1. Flowchart of participant selection based on data availability

Assessment of cognitive function

Cognitive function was measured using a subset of questions from Raven’s Progressive
Matrices (RPM). RPM is the most commonly used nonverbal test to measure general
intellectual ability, or cognitive function. It relates to several abilities such as analysing,
reasoning, and understanding of unconcret concepts [23]. This intelligence test has been
validated for use in different socio-economic groups, ethnicities, and cultures [24]. Two
members of the testing division of the Indonesian Ministry of Education adapted the test
for the Indonesian setting by drawing items from the National Achievement Test [25]. In
IFLS, an RPM module (EK1) was developed for participants aged 7-14 years while a larger
module including EK1 items was developed for participants aged 15 years or older. EK1,
as used for the present study, consists of 17 questions; 12 questions to test cognitive
abilities, such as general intelligence and non-concrete reasoning, and 5 questions to test
mathematic skills. Correct answers were scored as ‘1’ and incorrect answers as ‘0’, so that
the maximum total score was 17.

Assessment of maternal anaemia

Hb concentrations were determined from finger prick blood. Hb was measured consistently
in all waves using a Hemocue (HemoCue Hb201+) [22]. Based on WHO guidance, anaemia
status was defined as Hb <11.5 g/dl for adolescents aged 10-11 years, < 12.0 g/dL for
adolescents aged 12-14 years, and <11 g/dL for pregnant women [26]. In the present
study, Hb concentrations were not adjusted for altitude or smoking.
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Assessment of other variables

Body Mass Index (BMI)-for-age and height-for-age z-scores were calculated using the WHO
growth standard for children aged 5-19 years, with a BMI-for-age z-score <-2 SD classified
as thin, =-2 SD to <1 SD as normal body weight, >1 SD as overweight, and >2SD as obese
[27]. Height-for-age z score (HAZ) <-2 SD defined stunting [28]. Per capita expenditure
(PCE) was used to indicate socioeconomic status (SES) [28]. The PCE was formulated based
on all household expenditures (expenditures for food and non-food items, education and
housing) over a month, divided by the number of household members [29]. To correct
for inflation rate and to standardize the value, PCE of waves 2 and 3 were converted to
Jakarta’s price level in December 2000 [29]. Missing values (n=2) were imputed with the
median value of PCE in the sub-district where they lived. PCE is presented as tertiles, with
the first tertiles representing the lowest per capita expenditure class [30].

Statistical analysis

The statistical analysis was performed using STATA version 16 [31]. Data analysis was
done based on complete cases (Figure 1). A comparison was made between included
(n=363) and excluded cases (n=9) to verify that this approach did not lead to selection
bias (Supplementary Table 3.1). Subjects' characteristics such as age, sex, living area,
BMI z-score, and HAZ were first analysed descriptively. Before regression analysis, the
assumption of normal value distribution was checked for continuous data by inspecting
the Q-Q plot of regression standardized residuals, and multicollinearity was checked
by variance inflation factor (VIF<10), with VIF < 10 reflecting no collinearity. A one-way
ANOVA was performed to analyse differences in total cognitive scores between groups.
Multiple linear regression was used to relate maternal Hb concentration during pregnancy
to adolescents' total cognitive score before and after adjusting for maternal age, maternal
height, and SES.

Adolescent characteristics, such as Hb concentration, HAZ, and BMI-for-age-z-score were
tested to be effect modifiers or mediating factors, since these factors may either be more
proximate predictors in the pathway between maternal Hb and cognitive outcomes, or
they may amplify or downplay any effects. This was done by including interaction terms
between maternal Hb concentration and children’s Hb concentration, HAZ, and BMlI-for-
age-z-scores to identify the effect modifiers, and a mediation analysis [32] to identify
the mediating factors. Variables with a P-value <0.05 in the interaction model were used
for stratification to estimate the group-specific regression coefficients with their 95%
confidence intervals.
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RESULTS

In Table 3.1, characteristics of the 363 paired mothers-adolescents are summarized.
Almost half of the pregnant women (49.3%) were anaemic. Anaemia prevalence among
adolescents was 22.2%, and 32.3% of the adolescents were stunted. The mean cognitive
score of the adolescents was 12.35 out of 17 (Table 3.2). Adolescents who were stunted,
anaemic or lived in a rural area had lower cognitive test scores than their counterparts
who were non-stunted (11.68 + 3.01 vs 12.66 + 2.86, P=0.003), non-anaemic (11.33 +
3.28 vs 12.66 + 2.74, P<0.001), or lived in an urban area (11.92 + 3.27 vs 12.68 + 2.62,
P=0.015). Cognitive score did not differ between adolescents whose mothers had been
anaemic or non-anaemic during pregnancy, nor for any of the other characteristics.

Table 3.1. Characteristics of pregnant women and their 10-14 y old adolescents (n=363) from IFLS waves 2-5 who
were included in the data analysis.

Characteristics Values®
Household Per capita expenditure, IDR
e Low 91 (25.07)
e Medium 182 (50.14)
« High 90 (24.79)
Living area
e Urban 214 (58.63)
* Rural 148 (40.55)
Pregnant women Age, y
e <20y 50 (13.77)
*20-35y 279 (76.86)
¢ >35y 33(9.09)
Haemoglobin concentration, g/dL 11.06 + 1.55
e Anemic 179 (49.31)
Adolescents Age,y 13.17 £ 1.24
Sex (boys / girls) 179 (49.31) / 184 (50.69)
BMI-for-age z-score 0.002 + 1.00
e Thin 0(0)
¢ Normal weight 316 (87.05)
e Overweight 28 (7.71)
¢ Obese 19 (5.23)
Height-for-age z-score -1.52+1.02
¢ Stunted 117 (32.23)
Hemoglobin concentration, g/dL 12.90 +1.47
* Anemic 81(22.19)

! Values are means + SD for continuous variables, and n (%) for categorical data; IFLS = Indonesian Family Life Sur-
vey; IDR = Indonesian Rupiah based on December 2000 Jakarta baseline
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Table 3.2. Mean (+ SD) total cognitive score on the Raven’s Progressive Matrices (RPM) test of adolescents (n=363)
from IFLS in relation to household, maternal and individual characteristics.

Cognitive Score

Characteristics P Value

(Mean % SD)
Household Per capita expenditure, IDR
e Low 12.07 £ 2.89 0.581
¢ Medium 12.43 +3.01
* High 12.46 +2.89
Living area 0.015
e Urban 12.68 + 2.62
e Rural 11.92 + 3.27
Pregnant women Age,y
e <20y 11.71 £ 2.84 0.171
©20-35y 12.50 +2.92
e >35y 12.03 + 3.26
Haemoglobin concentration
¢ Anaemic 12.15 + 2.88 0.204
* Non-anaemic 12.66 + 2.74
Adolescents Sex
* Boys 12.47 £2.93 0.426
* Girls 12.22 +2.97
BMI-for-age z-score
¢ Thin - 0.212
e Normal weight 12.26 +2.99
e Overweight 13.28 + 2.62
* Obese 12.31+2.45
Height-for-age z-score
e Stunted 11.68 +3.01 0.003
¢ Non-stunted 12.66 + 2.86
Haemoglobin concentration, g/dL
* Anaemic 11.33+3.28 0.000
¢ Non-anaemic 12.66 + 2.74

IFLS = Indonesian Family Life Survey; IDR = Indonesian Rupiah currency based on December 2000 Jakarta baseline

No association was found between maternal Hb and adolescent’s cognitive score in
unadjusted and adjusted models (Table 3.3). We did not find any mediation of adolescent
Hb, BMI-Z score, and HAZ in the association between maternal Hb and adolescent
cognitive scores (supplementary Table 2). However, we observed an interaction between
maternal haemoglobin concentration and stunting (P=0.039), as well as a difference in
cognitive scores between stunted and non-stunted adolescents among the group of
anaemic mothers (Supplementary Table 3). Therefore, we continued with stratifying
the analysis for stunted and non-stunted adolescents separately. In contrast to the non-
stunted population, we found a positive association between maternal haemoglobin
concentration and cognitive score in stunted adolescents both in the unadjusted model



IU maternal Hb concentration is associated with impaired cognitive function in stunted adolescents | 61

(B=0.46, 95%Cl 0.08 — 0.84) as well as in the model adjusted for maternal age, maternal
height, and socioeconomic status (f= 0.44, 95%Cl 0.05 — 0.82) (Table 3). No interaction
was observed for maternal Hb and adolescent BMI (p= 0.830), and maternal Hb and
adolescent Hb (p=0.844).

Table 3.3. Multiple linear regression of the association between maternal haemoglobin concentration (g/L) during
pregnancy and cognitive score of her adolescent child aged 10-14 years from IFLS waves 2-5, adjusted for maternal
age, maternal height, and socioeconomic status

Cognitive Score®

Unadjusted Adjusted
B (95% Cl) P-value B (95% ClI) P-value
Total study population (n=363) 0.14 -0.06,0.34 0.165 0.14 -0.05,0.34 0.160
Stunted adolescents (n=117) 0.46 0.08,0.84 0.018 0.44 0.05,0.82 0.026
Non-stunted adolescents (n=246)  0.01 -0.22,0.23 0.960 0.01 -0.22,0.24 0.922

Cognitive score was assessed using the EK1 module from the Raven’s Progressive Matrices test in IFLS

DISCUSSION

In this study, we examined the association between maternal Hb concentration and her
offspring’s cognitive function presented as RPM total scores at adolescent age (10-14
years). We found that adolescents who suffered from anaemia, were stunted, or lived in a
rural area had lower total cognitive scores. Maternal Hb was not associated with adolescent
cognitive function. However, the association between maternal Hb concentration and
cognitive function of their offspring was modified by stunting status of the adolescents
and showed a positive association in stunted adolescents indicating synergy.

Our study showed that almost half of pregnant women were anaemic (49.3%), and the
overall anaemia prevalence in adolescents was 22.9%. This shows that, based on WHO
classification, anaemia was a moderate (adolescents) to severe (pregnant women) public
health problem in the population under study [11]. It should be noted that the data from
pregnant women in this study originated from IFLS waves 2 and 3, conducted in 1997
and 2000. Another study also reported that the prevalence of anaemia during pregnancy
in this period was high (45.1-46.5%) [33]. An explanation for the high prevalence of
maternal anaemia during this time period could be the Indonesian economic crisis, in
which the poverty increased from 17% to 24% from 1996 to 1999 [34]. Although there has
been a dip in the prevalence of maternal anaemia recorded by the national basic health
survey (Riskesdas; Riset Kesehatan Dasar) in 2013, i.e. 37.1%, data from the most recent
Riskesdas conducted in 2018, shows a similarly high prevalence of maternal anaemia, i.e.
48.9%, despite the fact that a nationwide iron-folic acid (IFA) supplementation program
has been implemented since 1990 [3]. Incomplete coverage of the IFA supplementation
program, with a national coverage of ~78% from 2002 to 2007, might be a reason for
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the lack of decline in the prevalence of maternal anaemia. It should also be noted
that IFA supplementation has not been distributed equally over the population, i.e.
pregnant women who were higher educated and those who lived in urban areas took IFA
supplementation more often than pregnant women with a lower educational level and
who lived in rural areas [35]. Populations living in rural areas often experience more health
disparities [36]. This may be related to geographic isolation, lower SES, limited access to
medical and preventive care, and less job opportunities. A previous study confirmed that
low SES was associated with anaemia during pregnancy in Indonesia [37].

Our finding on the prevalence of anaemia among adolescents is largely in line with
the most recent Riskesdas (2018), showing that the prevalence of anaemia was 26.8%
among those aged 5-14 years and 32.4% among those aged 15-24 years [3]. Anaemia
among adolescents can be due to the increased need for iron and other micronutrients
in support of their physical growth and, for girls, to compensate for menstrual loss of iron
[38] and the adoption of unhealthy eating habits in a time period of physical, mental, and
emotional change [39].

We did not find an overall association between maternal Hb concentration and total
cognitive scores among adolescents either in unadjusted or adjusted models. The limited
number of studies on this topic performed to date have shown inconsistent findings
[20,21]. Some observational studies found a negative/inverse association [9,40,41], or
an inverted U-shaped association [42] when developmental outcomes were measured
in infancy. The largest 30-year prospective cohort study to date, including 11,656 Finnish
women, showed that low maternal haemoglobin, especially during late pregnancy,
was linked to lower educational achievement of their offspring at the age of 14 and
16 years [19]. This is in line with study findings from 850 women and their children in
China, showing that maternal anaemia, especially in the third trimester, was associated
with worse neurodevelopment in their children [7]. We could not differentiate between
anaemia across trimesters of pregnancy since data on gestational age at the time point of
Hb testing were not collected. Discrepancies between study findings may also be explained
by certain contextual differences, such as differences in SES, prevalence of malnutrition,
health status, and health care access.

It should be emphasized that Hb cannot be interpreted as a direct measure of iron
deficiency, and therefore it is also worthwhile to look at studies that used indicators of
iron status. lron plays an important role during foetal development in cell maturation and
myelination of the frontal lobes [43]. Iron-containing enzymes are crucial especially in the
development of the striatum and hippocampus, [21] which are important for memory,
optimal learning, processing speed, and decision making [44]. Iron deficiency during
specific time windows of pregnancy may importantly modify in utero neurodevelopment
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[21]. A rapid growth of the hippocampus in humans starts in late pregnancy throughout
the first year of life [21]. There is some evidence that low maternal iron status especially
in the late gestational period is adversely associated with offspring’s neurodevelopment
from infancy (<1 year) till adulthood (>18 years) [18]. Furthermore, iron deficiency
together with low haemoglobin concentration is more clearly associated with long-term
deficits in cognitive and motor function of children than low iron status only. Children
with IDA and haemoglobin concentration < 105 g/L had consistently lower cognitive
abilities as compared to non-anaemic iron deficient children [45]. In children with IDA
and low haemoglobin concentration (Hb < 115 g/L for 5-11 years old; Hb < 120 g/L for
12-13 years old), still a positive association between haemoglobin concentration and
cognitive performance was shown, although no such association existed in non-anaemic
iron-deficient children [46]. A RCT found a beneficial effect of correction of iron status
during late pregnancy on developmental child outcomes [7]. In the present study, we did
not have information on iron metabolism indicators and therefore could not assess the
association between maternal iron status and cognitive outcomes.

The present study only showed a significant association between maternal Hb and
cognitive function for adolescents who were stunted. Collective data from 137 countries
found that maternal anaemia is one of the key factors of child stunting [47]. About one-
third of adolescents in our study were stunted, and it has been shown before that stunted
children also have a higher risk of being anaemic [48,49]. Moreover, stunting has been
associated with a lower cognitive functioning at school age and adulthood, along with
other risk factors, such as poverty and poor home environment [50]. A prospective birth
cohort study among 1,291 children conducted in eight countries in Asia, America, and
Africa showed that early-onset persistent stunting was associated with lower cognitive
development scores at 5 years of age [51]. The effects might persist to adolescent age,
since a study from the Philippines showed lower cognition scores at early adolescent age
(8 and 11 years) after recovering from stunting [8]. Another study found that stunted
Jamaican children still had lower cognitive scores at adolescent age (17-18 years) despite
nutritional supplementation and stimulation at the age of 9-24 months [52]. Thus, stunting
may be an important explanatory factor in the pathway between maternal anaemia
and cognitive function. Nevertheless, our analysis revealed that stunting was rather an
effect modifier than a mediating factor between maternal Hb and cognitive outcomes at
adolescent age. The results suggested that stunting exacerbates the effect of maternal
anaemia on adolescent cognitive function.

Since adolescents in the present study were born during the economic crisis, their
parents’ economic status may have been affected. The Young Lives study, an observational
cohort study among 3000 children in four developing countries (Ethiopia, Peru, India,
and Vietnam), found that three factors were strongly associated with cognitive function
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at adolescent age: child growth (including stunting status), parental education and
socioeconomic status [53]. Previous studies in Indonesia found a stronger and more
consistent association of adolescents’ cognitive scores with socioenvironmental risk factors
including stunting than with biomedical factors [54]. Previous IFLS studies found only a
weak association of household expenditure with children’s cognitive function [55,56].
It should be noted that stunting in adolescents is multi-causal and can be the result of
infection, poor nutrition, and environmental stress starting from the foetal period to later
in life [57]. Furthermore, inequalities in education and learning outcomes exist, with rural
areas lagging behind compared to urban areas in Indonesia [58]. Thus, the lower cognitive
function of adolescents who were both exposed to maternal anaemia and were stunted in
this study may be attributable to the same root causes of long-term poverty.

To our knowledge, this is one of few studies which evaluated the long-term effects of
maternal anaemia on cognitive function in adolescence, using a prospective longitudinal
study design. However, gestational age at the time point of Hb testing was not assessed,
and no indicators of iron status were measured in this study. Furthermore, this study also
did not take into account the altitude and smoking status to correct Hb concentrations as
suggested by the WHO [26]. There may also be unmeasured confounding, e.g., by other
maternal exposures and variables that impact both maternal nutritional status and child
development. In that case, there is a possibility that maternal anaemia may not be causal
to poor cognitive development of her stunted adolescent child, but rather is a result of
the same cause, i.e., poverty. The RPM is a standardized method to measure non-verbal
cognitive ability that has previously been used in Indonesia [59] and is not biased by
educational background or by cultural or linguistic deficiencies [60], but we acknowledge
that we cannot compare cognitive function measured by RPM with other tools.

CONCLUSION

In conclusion, maternal Hb concentration was, overall, not associated with cognitive
function in adolescents aged 10-14 years, but it was associated in those who were stunted.
For each 1 g/dL increase in Hb, cognitive scores increased by 0.44 in stunted adolescents,
but not in non-stunted ones. This study reveals that adverse cognitive outcomes at
adolescent age is likely to be multi-causal.
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Supplementary Table 3.1. Comparison of characteristics of adolescent-mother pairs from IFLS 2-5 who were in-
cluded (N=363) and excluded (N=9) from analysis due to missing data.

Characteristics Exclu«;l\:e:c;cases Incll.:\;i:: Ggases P value’
Household Per capita expenditure, IDR

* Low 3(33.33) 91 (25.07) 0.573

¢ Medium 5(55.56) 182 (50.14) 0.748

« High 1(11.11) 90 (24.79) 0.346

Living area

e Urban 6 (66.67) 214 (58.63) 0.628

e Rural 3(33.33) 148 (40.55) 0.663
Pregnant women Age

e <20y 2(22.22) 50 (13.77) 0.316

©20-35y 5 (55.56) 279 (76.86) 0.138

e >35y 2(22.22) 33(9.09) 0.475
Adolescents Sex

* Boys 2 (22.22) 179 (49.31) 0.108

 Girls 7(77.78) 184 (50.69)

Values are n (%) for categorical data. P values were generated using a two-sample test of proportion.

Supplementary Table 3.2. Mediation analysis results of adolescent Hb, BMI-Z score, and adolescent HAZ in the
association between maternal anaemia and adolescents’ cognitive score

Moderated mediation results Coefficient P value' RIT? RID?
Adolescent Hb

Adolescent Hb: maternal Hb 0.03 0.064 26% 0.35
Total score: adolescent Hb 1.38 <0.001

Adolescent BMI Z-score

Adolescent BMI Z-score: maternal Hb 0.09 0.005 12% 0.10
Adolescent BMI Z-score: adolescent Hb 0.18 0.242

Adolescent HAZ

Adolescent HAZ: maternal Hb 0.01 0.559 6% 0.10
Adolescent HAZ: adolescent Hb 0.97 0.003
Note:

! P value was generated by mediation analysis using Baron and Kenny’s approach, modified by Lacobucci et al.
(2007) with the medsem package in STATA-16 software. Mediation analysis aimed to identify the mediating factors
in the association between maternal anaemia and adolescents’ cognitive score

% RIT is the ratio of the indirect effect to the total effect. Analysis of adolescent Hb as a mediator showed that about
26% of the effect of maternal Hb on cognitive scores is mediated by adolescent Hb.

3RID is the ratio of the indirect effect to the direct effect. Analysis of adolescent Hb as a mediator showed that the
mediated effect is about 0.3 times as large as the direct effect of maternal Hb on cognitive scores.
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Supplementary Table 3.3. Cognitive scores of adolescents, grouped by maternal anaemia and adolescent stunting
status

Anaemic mother + stunted adolescent 55 11.52+2.95 0.0253
Anaemic mother + non stunted adolescent 110 12.59 +2.71
Non-anaemic mother + stunted adolescent 62 11.80 * 3.07
Non-anaemic mother + non stunted adolescent 136 12.72+2.98

Note: Maternal anaemia was defined as Hb <11 g/dL; Adolescent stunting = height-for-age z score <-2. Adolescents
were 10-14 y at the time of cognitive assessment. Cognitive scores were measured by Raven Matrixes. Differences
between groups were tested with One-way ANOVA. The result showed that stunting status exacerbates the effect
of maternal anaemia on adolescent cognitive function.
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ABSTRACT

Common Mental Disorders (CMD) are distress conditions which manifest themselves
with anxiety, somatic, and depressive symptoms. CMD are highly prevalent in Indonesia
especially among adolescents. Adolescent girls have a higher risk to develop CMD
than boys. This may be related to anaemia, potentially aggravated by early onset of
menstruation. This study aimed to determine the association between haemoglobin
concentration and other determinants of CMD among adolescent girls in Indonesia. Data
of 1,052 adolescent girls aged 15-19 years old from the Indonesian Basic Health Survey
2018 were analysed. CMD was measured using the Self Reporting Questionnaire (SRQ-20).
Principal Component Analysis of main determinants was applied and resulting principal
components were investigated as risk factors for CMD. The prevalence of CMD among the
study population was 16.5%. Anaemia and Age at Menarche (AAM) were not associated
with CMD. Three principal components were significantly associated with higher CMD
score: 1) higher parental education, better employment of the father, and living in an
urban area (f3: 0.16, 95%-Cl: 0.02; 0.30); 2) higher consumption of salty foods, high-fat
foods, and soft drinks (f: 0.23, 95%-Cl: 0.05; 0.40); and 3) having asthma, smoking, and a
higher haemoglobin concentration (f3: 1.74, 95%-Cl: 1.59; 1.89). The strongest clustered
associates of CMD among adolescent girls in Indonesia were asthma, smoking status,
and higher haemoglobin concentration, whereas anaemia and AAM were not associated.
Causality of smoking and diet to CMD could not be disentangled in this cross-sectional
study. Our findings imply that adolescent girls who have asthma and smoke, as well as
those having parents with higher education and secured occupation, are more likely to
have mental disorders.

Keywords: Common Mental Disorders; adolescent girls; asthma; smoking; haemoglobin;
Indonesia
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INTRODUCTION

Common mental disorders comprise a number of distressing conditions characterized by
anxiety and depression that are often seen in primary care and community settings. These
disorders are highly prevalent in the global population with around 4.4% being depressive
and 3.6% having an anxiety disorder [1]. Adolescents are specifically susceptible for
mental disorders, and the prevalence of CMD among this age group is increasing rapidly
in developing countries to an estimated 10 - 20% [2]. In Indonesia, the prevalence of
depression and other mental health disorders were found to be 6.2 and 10%, respectively,
among 15 to 24 year olds in 2018, which is higher than the national average [3].

Patients with psychiatric problems suffer more often from anaemia than the overall
population [4]. Anaemia is also consistently reported to be related to depression and
other mental disorders in adults [5-7]. The most common cause of anaemia is iron
deficiency, but shortage of B-vitamins such as vitamin B12 can also play a role. Loss of
oxygen-carrying haemoglobin affects normal brain functioning [8]. In addition, both iron
and vitamin B12 are known to be involved in physiological processes affecting mental
disorders [9]. Anaemia is common among adolescent girls in view of their higher iron
needs to compensate for menstrual loss. Globally, more than 50% of adolescent girls
at the age of 12-15 are reported to be anaemic by WHO [10]. However, besides a few
reports, there is a dearth of literature on the association between anaemia and CMD in
adolescent girls [11].

The aetiology of CMD is multi-factorial and still not fully understood. Puberty and
adolescence are characterized by cognitive, physical, social, and emotional changes,
and as such it is a vulnerable period in life during which multiple risk factors for CMD
coincide. Mental health disorders in adolescents are shaped to a large extent by social
determinants, including socioeconomic status and environmental factors [12]. This also
concerns quality of parenting and family characteristics that affect children’s physical
and emotional growth [13]. From a nutritional viewpoint, puberty markedly increases
energy and protein requirements [14]. However, girls tend to diet, which may cause mood
disturbances because of caloric deprivation [15]. Dieting may also increase depressive
symptoms because of failure to control body weight [16]. The global prevalence of CMD
is higher in girls than in boys, approximately 38% versus 23%, respectively [17]. This is
apparently related to menarche, a major milestone in puberty which can be perceived by
girls as a startling realization of their own physical development [18]. Circulation of sex
steroids and their physical manifestation during menarche, as well as neurological changes
during adolescent growth may therefore increase the risk of developing a depression [19].
Early pubertal onset is one of the factors associated with increased risk of CMD around
the world [18,20]. This may be caused by new situations and expectations that girls have
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to face, leading to shame, distress, and to self-imposed behaviour to keep menstrual
status hidden. Experiencing physical changes earlier than peers, such as increases in body
mass index, is correlated with Detrimental Psychological Outcomes such as depression
and sleep disturbances [21]. It can lead to feelings of sickness and moodiness, hampered
school and cognitive performance, psychosomatic symptoms, eating disorders, and lower
body satisfaction because of social stigma and peer pressure [22]. Girls that mature early
were found to worry more about their menarche, which was correlated with a lower self-
esteem, a more external locus of control, and increased anxiety [23].

In this paper, we aim to explore the epidemiologic evidence on anaemia and other
potential aetiologic factors as determinants of CMD in Indonesian adolescent girls aged
15-19 years. For this, we analysed data from the Indonesian Basic National Health Survey
conducted in 2018. Better understanding of the aetiology of CMD will help us to design
preventive interventions and effective programs for adolescent girls in Indonesia.

MATERIAL AND METHODS

Ethics Statement

All procedures were in accordance with the ethical standards to protect the respondent’s
information and privacy. Ethical approval has been issued by the Health Research Ethics
Commission, Ministry of Health, Republic of Indonesia No. LB.02.01/2/KE.267/2017,
and informed consent was obtained from all participants and their parent. The dataset
was obtained from the National Institute of Health Research and Development (NIRD),
Ministry of Health, Republic of Indonesia without respondent’s personal information due
to data privacy policy, after approval of the proposed data analysis.

Study design and data collection

The Indonesian Basic Health Survey (Riskesdas) is a National Health Survey which represents
the Nation, Provinces, and Districts and is conducted every five years on household and
individual level. For the present study, the data from Riskesdas conducted in 2018 was
analysed because of the availability and completeness of CMD data. The Riskesdas was
established by the National Institute of Health Research and Development, Ministry of
Health, Republic of Indonesia. Data collection instruments in 2018 had mostly been used
in previous Basic National Health Surveys (Riskesdas surveys), conducted in 2007, 2010,
and 2013. The validation of these instruments was carried out by a variety of researchers,
the Research and Development Agency, academics, and professional organizations. During
data collection, field supervision was done by provincial technical and managerial teams
in order to monitor interviews, to check the data entry and cleaning process, and to check
availability of tools [3].
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Cascade training was applied from national level to data collectors on district level to have
the same perception on content and procedures. Trained staff collected the data using
a one-on-one interview through structured questionnaires on household and individual
level, and anthropometry measurements. The households were selected randomly
through 4 stages of sampling, based on the representativeness of the population and
rural-urban distribution [3,24]. Adolescent girls were recruited from these households
with all adolescents in the house being interviewed. Data was collected from 282,654
households, including 1,017,290 household members (the overall recruitment rate of
household interviews was 95.58%, while this was 93.2% for individual interviews). For
blood collection, a national representative subsample of 24,980 households was selected
using a probability proportional to size approach with linear systematic sampling (final
sample: 19,418; completion rate: 77.7%). Blood samples were collected by a different team
of data collectors who were experienced in medical services. Haemoglobin measurement
was done for all household members, but only after signing for informed consent. The
respondents for the present analysis were female adolescents aged 15-19 years who
were interviewed, amongst others, about their age at menarche (AAM), depression and
mental health, and of whom haemoglobin concentration was measured (n=1,274). After
removing cases with incomplete data on CMD, AAM, and other individual and parental
characteristics, data of 1,052 adolescent girls remained for analysis (S1 Fig).

Variables

CMD was measured using a self-reporting questionnaire (SRQ-20), a psychometric tool
developed by the World Health Organization (WHO) that has been used widely in Low and
Middle Income Countries (LMIC) [25]. The SRQ-20 has been adopted by the Indonesian
Ministry of Health since the first Riskesdas in 2007, and has been locally validated for
use among people 15 years and older with a Positive Predictive Value (PPV) of 60% and
a Negative Predictive Value (NPV) of 92% [26]. The Indonesian Ministry of Health with
WHO and other researchers have used the data to monitor CMD among all age groups
at the national level over time [27-29]. In this questionnaire, CMD is determined by 20
yes/no questions related to mental disorders, divided over four subcategories, namely
‘depression/anxiety’, ‘somatic symptoms’, ‘reduced vital energy’, and ‘depressive
thoughts’. We dichotomized the presence or absence of CMD (cut off point = 6) in order
to calculate the prevalence of occurrence and used the continuous CMD score of 0-20
in further analysis to determine associations with potential determinant variables.
To see whether the SRQ-20 was reliable in the present study, the reliability coefficient
(Cronbach’s alpha) was calculated.

Determinants of CMD considered in this study consisted of both adolescent-related
and environmental factors (Supplementary Table 4.1). Adolescent-related factors
were anaemia status, age at menarche (AAM), Body Mass Index (BMI)-for-age z-score,
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adolescent occupation, iron supplementation, smoking status, diagnosed respiratory tract
infection and asthma, and consumption of unhealthy foods. Environmental factors were
factors related to household and living circumstances such as parental education, parental
occupation, number of household members, and demographic area.

Adolescent factors

Anaemia status was identified based on haemoglobin concentration which was measured by
finger prick method using a portable HemoCue 201+ machine. A haemoglobin concentration
<12.0 g/dl was classified as anaemia. AAM was determined by two questions in a structured
questionnaire, namely “Have you started to menstruate?” followed by a question “How
old (years) were you when you had your first menstruation?” AAM was classified into the
following age categories: <11 years,12-14 years, 15-17 years, and 218 years.

Height was measured by microtoise (SECA 206) and weight by a flat digital weighing scale.
BMlI-for-age z-score was classified into five categories namely severe thinness (< -3 SD),
thinness (> -3 SD < -2 SD), normal (>-2 SD to <1 SD), overweight (>1 SD to <2 SD), and
obesity (>2 SD). Smoking status was labelled into “yes” if a respondent smoked every day
or sometimes, while respondents who had no smoking experience were labelled into “no”
(i.e., non-smoker). Information on any diagnosed communicable and non-communicable
diseases was included in the standardized questionnaire by asking the respondent:” Have
you been diagnosed with (disease) by medical doctors?” For most diseases the prevalence
was 0% among the adolescent girls. Therefore, only two diseases were retained in the
analysis: respiratory tract infections and asthma. Unhealthy food consumption, which
refers to consumption of salty food, high-fat food, and soft drinks, was determined by a
short questionnaire. Each food category was classified based on frequency of consumption
with “high” for 21 time per day, “moderate” for 1-6 times per week, and “low” for < 3
times per month.

Household factors

Parental education was classified for both parents into 4 categories namely “no education”,
“elementary school”, “senior high school”, and “diploma program or higher” if they finished
the indicated level of education. With respect to the “no education” group, fathers and/or
mothers who were never enrolled in education, or enrolled but did not finish elementary
school, were categorized into this category. Parental occupation was classified for both
parents into 3 groups, namely unemployed, unsecured job, and secured/paid job. Fathers
and mothers who had no job/work were classified as being unemployed, while those who
worked as temporary employee in a private company, as entrepreneur, farmer, fisherman,
worker, craftsman, driver, or as a housekeeper were classified as having an unsecured job.
Furthermore, fathers and mothers were classified as having a secured job if they worked
as civil servant, army, or police officer, worked for state companies, or worked as a driver
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or housekeeper with a monthly based salary. The number of household members was
classified into 2 categories, namely adolescents who lived in a home together with < 5
people or with > 5 people. Demographic area was divided into rural and urban using the
classification of Indonesia’s Bureau of Statistics, which is based on population density,
percentage of agricultural households, and presence/access to facilities.

Statistical analysis

All data analysis was conducted with STATA statistical software, version 16 (StataCorp
LCC, TX, USA). Complete case analysis was employed, with minor differences between
excluded and included cases; excluded cases tended to be slightly more often member of
a smaller household, living in urban areas, have a highly educated father and a mother
without education (see Supplementary Table 4.2 for missing data analysis). Prevalence
and estimation of the proportion of the population having CMD was analysed by using
the Survey (Svy) command in STATA to adjust for sampling weights. In Riskesdas, sampling
weights at National, Provincial, and District level were generated by adjusting for sampling
procedures as well as for intra-household dependency. Both discrete and continuous
variables, such as haemoglobin concentration, AAM, BMI-for-age z-score, and number of
household members, were included in PCA. We also used categorical variables that were
converted into dummy variables. Barlett’s test of sphericity was used for the correlation
matrix between determinant variables and CMD score. PCA was conducted with, firstly,
a scree-test to assess the number of components, which were each explained by eigen
values. Secondly, an orthogonal component rotation (varimax) was examined to more
clearly distinguish all determinant variables that correlated highly with each component
and to aid interpretation. Principal Component Regression (PCR) of CMD as continuous
variable (i.e. linear regression) was applied on the resulting principal components. Multiple
regression of CMD on the original variables that were part of the components with a high
variance proportion in PCR, was employed to see their interactions and understand how
these variables were associated with CMD.

RESULTS

The scale reliability coefficient (Cronbach’s alpha; all indicators) of the SRQ-20
qguestionnaire was 0.866, indicating good internal consistency. Data from the total of
1,052 included adolescent girls aged 15-19 years show that the anaemia prevalence was
27.3%. Based on BMI-for-age z-score, 26.6% of adolescents were severely thin, 6.2%
were overweight, and 20.2% were obese. With respect to food consumption, 49.9% and
41.0% adolescents consumed high-fat food and salty foods more than 21 time per day,
respectively. Approximately half of the fathers and 45% of mothers had at least completed
secondary school, but the majority of mothers were unemployed.
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The mean total CMD score was 4.0 (SD: 2.4). Based on CMD classification, the prevalence of
CMD was 16.5% (Table 4.1). Among the 287 adolescents with anaemia, 16.8% were suspected
to have CMD and this did not differ from those without anaemia (16.4%, p=0.87). Although the
prevalence of CMD showed a downward trend with age at menarche, differences between
categories were not statistically significant (p=0.59). Prevalence of CMD was significantly
higher in adolescents with overweight (22.9%), who smoked (42.2%), who had asthma
(40.1%), and who consumed more often salty foods or soft drinks (19.9%). Furthermore, the
prevalence of CMD was lower in the group who had a father with only elementary school
education (12.6%) and higher in adolescents living in an urban area (19.1%). Among the
four subcategories of the SRQ-20 questionnaire, girls with CMD indicated most often to ‘feel
nervous, tense or worried’ (17.8%) in the subcategory ‘depression/anxiety’, to ‘often have
headaches’ (32.6%) within the category of ‘somatic symptoms’, to be ‘easily tired’ (19.3%)
in the category ‘reduced vital energy’, and to have ‘lost interest in things’ (6.1%) in the
category ‘depressive thoughts’ (Supplementary Table 4.3).

Table 4.1. Prevalence of CMD* among Indonesian girls aged 15-19 years old according to adolescent-related and
household factors (Riskesdas 2018)

Variables Prevalence’

Adolescent factors N n % (95% Cl) p-value?
All 1,052 169 16.5 (14.3; 18.8) 0.000
Anaemia status

* No 765 122 16.4 (13.4; 18.7) 0.876
* Yes 287 47 16.8 (12.3; 21.2)

Age at Menarche (years)

©9-11 86 16 21.5(11.1; 28.5) 0.595
©12-14 834 136 16.2 (13.9; 18.9)

e 15-17 130 17 15.4(7.7;19.8)

¢>18 2 0

Nutritional status (BMI z-score)

* Severe thinness 280 41 15.5(10.7; 19.4)

* Thinness 134 15 11.2 (6.4;17.8) 0.158
e Normal 361 68 18.4 (14.9; 23.3)

¢ Overweight 65 14 22.9(12.3;33.4)

* Obese 212 31 16.5(10.2; 20.2)

Adolescent Occupation

e Unemployed 277 39 14.4 (10.2; 18.7) 0.606
e Student 679 116 17.4 (14.3; 20.2)

* Work (Paid and unpaid) 96 14 16.8 (8.2; 23.3)

Iron Supplementation

* Not supplemented 906 146 17.0(13.8; 18.7) 0.286
¢ Supplemented (<52 pills) 146 23 13.3(10.3; 22.7)

Smoking Status

¢ Not Smoking 1,028 161 15.9 (13.5; 18.1) 0.002
* Smoking 24 8 42.2 (15.6; 55.4)

Diseases diagnosed
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Variables

Prevalence’

Respiratory infection

* No 1,019 6 16.3 (13.8; 18.4) 0.400
o Yes 33 163 22.6 (6.9; 35.5)

Asthma

e No 1,021 159 15.7 (13.4; 17.9) 0.002
e Yes 31 10 40.1(16.7; 51.4)

Risk consumption

Salty food

¢ High 431 31 19.9 (9.6; 19.1) 0.027
¢ Moderate 397 57 14.6 (11.1; 18.1)

* Low 224 81 11.9 (15.2; 22.8)

High-fat food

* High 525 76 15.4 (11.6; 17.8) 0.356
e Moderate 416 77 18.7 (14.9; 22.6)

e Low 111 16 13.8 (8.5;22.4)

Soft drink

* High 28 8 36.0(13.2; 48.7) 0.008
e Moderate 171 34 21.2 (14.2; 26.7)

* Low 853 127 14.9 (12.6; 17.5)

Household factors

Paternal education

* No education 40 6 20.9 (5.7; 29.8) 0.047
¢ Elementary school 473 61 12.6 (10.1; 16.3)

e Senior high school 469 90 19.8 (15.7; 23.1)

o University 70 12 19.7 (9.2; 28.1)

Maternal education

* No education 39 6 20.5(5.9; 30.5) 0.301
¢ Elementary school 532 78 14.4 (11.8; 18.0)

e Senior high school 419 77 19.2 (14.8; 22.4)

¢ University 62 8 16.5(5.7; 23.9)

Paternal occupation

e Unemployed 20 3 15.5(3.2; 37.9) 0.834
e Unsecured job 589 92 15.8(12.8; 18.8)

e Secured Job 443 74 17.3 (13.4; 20.5)

Maternal occupation

¢ Unemployed 522 78 15.8 (12.0; 18.3) 0.317
e Unsecured job 389 63 15.8 (12.7; 20.3)

e Secured job 141 28 21.3 (13.6; 27.4)

Number of household members

* <5 487 70 14.9 (11.4;17.8) 0.231
e>5 565 99 18.0 (14.5; 20.9)

Demographic area

® Rural 444 56 12.2 (9.7; 16.0)

e Urban 608 113 19.1 (15.6; 21.9) 0.006

Cut-off for having suspected CMD was a score of 6 points out of 20.
*All prevalence and population proportions of CMD were estimated using weighted data.

*Differences between proportions of adolescent with suspected CMD were tested by chi-square/ Fisher exact.
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Based on eigenvalues, difference, proportion, and cumulative variance, we decided to
extract 6 components for the entire sample which explained 45.5% of the CMD variance
in the sample (Supplementary Table 4.4). It was considered reasonable to retain all
components with eigenvalues greater than 1. Rotation (orthogonal) was used to maximize
the variance captured by the first component, so that the selected components could
explain maximum variance in the data set (S2 Fig). Each symptom of CMD was given a
score for each component. In Table 4.2, we show the most important factor loadings
of each of the six components. For clarity, we do not display small loadings (absolute
value smaller than 3). The first component was characterized most strongly by parental
education, and, although to a lesser extent, also by paternal occupation and living area
(Table 4.2). It represents socio-economic and demographic determinants. The second
component was representative of unhealthy food consumption which was characterized
most prominently by salty food and high-fat food, and less so by soft drink consumption.
The third component represented health and lifestyle factors, including haemoglobin
concentration, smoking status, and asthma. The factor asthma was most prominent
among the three.

Table 4.2. Results of PCA of selected characteristics among Indonesian girls aged 15-19 years old (Riskesdas 2018)

Items Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 6
Haemoglobin 0.325 0.370

Age At Menarche -0.586

BMI z-score 0.574

Occupation

Iron Supplementation 0.658
Smoking status 0.410 -0.397

Respiratory infection -0.396

Asthma 0.516

Salty food consumption 0.605

High fat food consumption 0.637

Soft drink consumption 0.304 -0.446
Paternal education 0.585

Maternal education 0.581

Paternal occupation 0.349

Maternal occupation 0.458 0.312

Number of household -0.561
members

Living area (rural-urban) 0.412
Variance proportion (%) 11.70 7.37 6.98 6.80 6.47 6.11
Cumulative (%) 45.44

The last three components were composed of AAM (negative factor loading), BMI-for-age z-score, and respira-
tory tract infection (negative) (Component 4); health, socio-economic status, haemoglobin concentration, smoking
status (negative), parental occupation, and number of household members (negative) (Component 5); and iron
supplementation, soft drink consumption (negative), and maternal occupation (Component 6).
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Principal Component Regression (PCR) was done using all components with CMD score as
an outcome (Table 4.3). Based on this, only the first three components were significantly
associated with CMD. Among these, component 3 had the strongest association with CMD
score and explained the highest proportion of the variance in comparison to components 1
and 2. We did not find any significant associations between component 4, 5, or 6 and CMD.
Several models were constructed including combinations of the principal components as
explanatory factors to select the best model based on its goodness-of-fit. The analysis
showed that the model only including component 3 had the best data fit (Supplementary
Table 4.5).

Table 4.3. Results of principal component regression of six retained components

Component B coefficient (95% CI) P-value R’
Component 1 0.16 0.02; 0.30 0.022* 0.005
¢ Paternal education

¢ Maternal education

e Paternal occupation

e Living area

Component 2 0.23 0.05; 0.40 0.016* 0.005
e Salty food consumption

¢ High fat consumption

 Soft drink consumption

Component 3 1.74 1.59; 1.89 0.000* 0.337
* Haemoglobin

* Smoking status

e Asthma

Component 4 0.16 -0.02;0.34 0.091 0.003
* Menarche

® BMI z-score

* Respiratory infection

Component 5 0.18 -0.07;0.37 0.854 <0.001
¢ Haemoglobin

* Smoking status

¢ Mother occupation

* Number of household members

Component 6 <0.01 -0.20; 0.19 0.975 <0.001
e Iron supplementation

¢ Soft drink consumption

e Maternal occupation

Additional analysis was employed for a more detailed picture of the interrelation between variables in component
3 (Table 4.4). Among the variables in Component 3, the interaction between asthma and smoking status was signifi-
cant and strongly associated with CMD score, suggesting that teenagers who smoke while suffering from asthma
have the largest risk for CMD. Haemoglobin concentration was positively associated with CMD in girls who had
asthma or who smoked.
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Table 4.4. Results of linear regression of asthma, smoking and Hb

Variables B coefficient
Estimated Effect (95% CI) P value
Asthma (yes) 1.67 0.47;2.87 0.006
Smoking (yes) 1.88 0.52;3.24 0.007
Haemoglobin (g/dL) 0.05 -0.6; 0.18 0.330
Asthma (yes) and haemoglobin® 0.18 0.04;0.32 0.016
Smoker (yes) and haemoglobin® 0.22 0.06; 0.37 0.008
Asthma (yes) and Smoker (no)? 1.32 0.09; 2.56 0.036
Asthma (no) and Smoker (yes)* 1.44 0.03; 2.86 0.046
Asthma (yes) and smoker (yes)® 7.17 2.53;11.81 0.003
Notes:

'the estimated effect is the slope of haemoglobin for adolescents with asthma, relative to the slope of haemoglobin
estimated for adolescents without asthma

’the estimated effect is the slope of haemoglobin for smokers, relative to the slope of haemoglobin estimated for
non-smokers

3the estimated effect is relative to adolescents with asthma who do not smoke

“the estimated effect is relative to adolescents without asthma who do smoke

>the estimated effect is relative to adolescents who do not have asthma and who do not smoke

DISCUSSION

The current study aimed to determine the association between CMD and determinants of
health among adolescent girls aged 15-19 years in Indonesia. The prevalence of mental
health disorders was found to be 16.5%, which was higher than the prevalence reported
for all 15 to 24 year olds of 10% [3]. This is consistent with the fact that prevalence of
CMD among adolescent age groups in developing countries is growing [2]. Furthermore,
the findings of this study imply that CMD occurs more often among adolescents who have
parents with a higher socio-economic status and who are living in an urban environment,
in addition to those having asthma. This study also suggests that AAM and anaemia were
not linked to the occurrence of CMD.

We found that smoking status, asthma, salty food consumption, paternal education, and
demographic area were associated with CMD in univariate analysis. This was in line with
the PCA showing that having asthma, being a smoker, and having higher haemoglobin
concentrations was the primary component to be associated with CMD score. A previous
study showed that asthma caused complications including sleep difficulties, persistent
coughing, and limitation of activity [30]. Furthermore, adolescents with asthma were
twice as likely to exhibit anxiety symptoms in comparison to their healthy peers [31].
Perception of illness such as the feeling that asthma has a detrimental effect on one’s life
and emotions, and worry that it is difficult to control the disease is one of an individual’s
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cognitive components that might be part of the pathway to explain why asthma may
be related to anxiety symptoms [32]. The perception might also be linked to lower self-
management and functional status, hospitalization, and increased medical cost [33].

Smoking has also been related to mental disorders previously. For instance, a cohort study
in the US showed that adults with at least one psychiatric disorder in their life are three
times more likely to be current smokers compared to those without such a disorder [34].
Another study showed that an association between depression and smoking was stronger
among women as compared to men [35]. Higher smoking rates were also found specifically
among adolescent girls living with mental disorders [36]. A question remains regarding the
causality of this association since this cannot be disentangled in cross-sectional studies.

In the current study, anaemia was not independently associated with CMD, but
haemoglobin concentration correlated positively in conjunction with asthma and smoking
in explaining CMD score. The finding of higher haemoglobin among people with asthma
is in line with another study [37]. Asthma may lead to increased binding of carbon
monoxide to haemoglobin or to the formation of methaemoglobin by nitric oxide (NO),
resulting in lower oxygen capacity and increasing NO concentration. This prevents oxygen
to bind to haemoglobin and therefore leads to hypoxia, which can lead to increased
haemoglobin concentration [38]. The longer hypoxia caused by breathing problems
remains uncontrolled, the more likely that it will cause stress and anxiety in asthmatic
patients. Although haemoglobin levels are not significantly different among adolescent
smokers and non-smokers in this study, higher haemoglobin levels have been found in
smokers compared to non-smokers because of the same hypoxia hypothesis [39].

Another component that we found to be related to CMD was consumption of salty food,
high-fat food, and soft drinks. Unhealthy eating patterns including consumption of junk
food and snacking behaviour have previously been associated with higher prevalence of
mental disorders among adolescents [40]. Another study showed that westernized dietary
patterns, such as diets characterized by high intake of saturated fat, processed meat and
sodium, and low consumption of vegetables, were associated with depression and anxiety
[41]. Also, high consumption of sugared beverages and sweet foods has been associated
with several mental health problems [42]. A biological explanation for this could be that
unhealthy diets low in micronutrients, such as magnesium, zinc, and folate, would be
associated with depression and anxiety [43]. Another pathway could be a direct effect of
unhealthy food on inflammatory parameters, oxidative stress, and the immune system
which has a proven link with mental disorders [44]. A diet high in sugar was also found to
be involved in neural pathways which impact low basal levels of dopamine, particularly
in the nucleus accumbent. The consumption of sucrose triggers the mesocorticolimbic
system in which morphological neural changes, emotional, and behavioural processing are
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impaired [45]. It might also be the other way around, however, that girls with CMD tend to
consume unhealthy foods especially those with higher social economic status. However,
a previous prospective study conducted among Australian adolescents did not support
this reverse causality hypothesis [46]. Further prospective research would be needed to
unravel the direction of the relationship between CMD and unhealthy food habits.

We also found that parents with a high level of education, a father with a secured job, and
living in an urban area were components that were significantly associated with a higher
CMD score. Although poverty, including unemployment, inferior housing, and low income
have consistently been associated with increased prevalence of mental illness among
adults, we found quite the opposite among these adolescent girls. This may be explained
in various ways. Urbanicity is known as a rather independent risk factor of mental health
problems among adolescents [47] with clear evidence of causality [48]. Adolescents who
lived in urban areas were reported previously to have biological stress reactivity, expressed
as the difference between cortisol concentration and heart rate during rest and during
stress [49], and were more likely to have symptoms of depression, especially females [50].
In urban areas, greater psychosocial stress due to crowded environments and lack of social
cohesion may also trigger the limbic system in the human brain negatively, expressed
by higher neuronal glucocorticoid receptor expression and lower neuropeptide oxytocin.
Furthermore, dysregulated systemic stress functioning, such as acute autonomic nervous
system and hypothalamic-pituitary-adrenal axis reactivity and functioning measured by
adolescents’ heart rate and salivary cortisol level, was found among people who grew up
in urban areas compared to rural areas [47].

In addition, higher socioeconomic status and living in an urban area may expose
adolescents to less quality time with their parents which may make them more susceptible
to mental health problems. Reversely, those with lower socio-economic status or living in
rural areas may experience more social cohesion both within households as well as in the
community [51]. Maintaining support, contact, everyday activities at home, and forming
supportive peer relationships may lower the risk of CMD in adolescents [52]. A previous
study conducted in a representative sample of Korean adolescents, showed that those
who had a father with a better occupation, and a high work load were more likely to
have depression and suicidal thoughts [53]. Moreover, the risk of mental health problems
among Japanese children aged 4 — 12 years old increased when parents worked and
returned home late or had irregular working hours [54]. Another study demonstrated that
risk of adolescent depression was increased by less closeness and less time togetherness
between parents and adolescents aged 13 and 14 years old [55]. The frequency of parent-
child contact was found to be a protective factor against negative psychosocial outcomes
among adolescents aged 10 — 15 years old [56].
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Despite many findings stating that higher income reduces the risk of mental health
problems as a consequence of financial stress and social well-being [57,58], our finding
is in line with a previous study conducted in Indonesia that showed higher probability of
depression among the high-income group of patients with psychiatrist-diagnosed clinical
depression [59]. An alternative explanation could be that parents with higher education
have higher expectations towards their children’s achievements, and thereby put more
pressure on them. However, the available dataset did not allow us to explore this or any
of the other explanations described above, since no data were collected on covariates
such as family income, family expenses, socio-cultural status and cohesion, adolescent’s
experience of violence and quality of their relationship with parents and peers. Follow-up
studies will therefore be needed to further unravel this association.

This study was done with national representative data from Indonesia and included a
comprehensive set of both social and health determinant factors. Self-reporting, as
used in this survey, has previously been shown to be an effective method to evaluate
certain subjective experiences such as depressive symptoms [60]. This study has some
limitations. The analysis lacked covariates that could explain some of the associations
found in more detail. Nevertheless, socioeconomic status was captured by parental
education and occupation [24]. Furthermore, the cumulative variance of the PCA was low.
Missing data analysis revealed a potential bias towards exclusion of cases that were more
often member of a smaller household, lived in urban areas, had a highly educated father
and a mother without education and tended to have CMD more often, which may have
blunted some of the associations. Recall bias from self-reported CMD data might have
led to misclassification. Lastly, the cross-sectional nature of the study prohibits causal
inferences, and the time effect cannot be determined. Nevertheless, the findings provide
valuable information for follow-up and policy decision making regarding adolescent
mental health in Indonesia.

CONCLUSION

The strongest clustered associates of CMD among adolescent girls in Indonesia are
asthma, smoking, and haemoglobin concentration, followed by consumption of unhealthy
foods and higher socio-economic status. The causality of smoking and diet to CMD cannot
be disentangled due to the cross-sectional study design. Anaemia and earlier age at
menarche were not associated with CMD. This study implies that adolescent girls with
asthma and smoking cigarettes, as well as those having higher parental education and
secured occupation, have an increased risk of developing mental disorders.



88 | Chapter4

ACKNOWLEDGEMENTS

The authors would like to thank the Director of National Institute of Health Research and
Development, Ministry of Health, Republic of Indonesia, who permitted us to use the
Indonesian National Basic Health (Riskesdas) data for this publication.

AUTHORS’ CONTRIBUTION

All authors had an essential role in formulation of the research questions; MA wrote
the first draft of the paper; MA and MIJP analysed the data; all authors were involved
in interpretation of the data and revision of the manuscript. All authors have read and
approved the final paper.

COMPETING INTERESTS

The authors have declared that no competing interests exist

FINANCIAL DISCLOSURE STATEMENTS

This study was performed as part of obtaining a PhD degree for which MA received a
scholarship from Lembaga Pengelola Dana Pendidikan (LPDP), Republic of Indonesia.
LPDP had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

DATA AVAILABILITY STATEMENT

No data are available. Data cannot be shared publicly per agreement on data sharing
between authors and the National Institute of Health Research and Development,
Ministry of Health, Republic of Indonesia, to minimize participant risk and maximize
privacy and confidentiality as much as possible. Data are available from the National
Institute of Health Research and Development, Ministry of Health Republic of Indonesia
(contact via labmandat.litbangkes@gmail.com) for researchers who meet the criteria
for access to confidential data. All questionnaires of Riskesdas 2018 (household and
individual questionnaire) are available online at https://labmandat.litbang.kemkes.go.id/
riset-badan-litbangkes/menu-riskesnas/menu-riskesdas/426-rkd-2018.



Determinants of CMD among adolescent girls aged 15-19 years in Indonesia | 89

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

World Health Organization. Depression and Other Common Mental Disorders: Global Health
Estimate. 2017.

Kieling C, Baker-Henningham H, Belfer M, Conti G, Ertem |, Omigbodun O, et al. Child and
adolescent mental health worldwide: Evidence for action. Lancet 2011;378:1515-25. https://
doi.org/10.1016/50140-6736(11)60827-1.

Kementerian Kesehatan Republik Indonesia. Laporan Nasional Riset Kesehatan Dasar 2018
(Report of Indonesian Basic Health Survey 2018). 2018.

Korkmaz S, Yildiz S, Korucu T, Gundogan B, Sunbul ZE, Korkmaz H, et al. Frequency of anemia
in chronic psychiatry patients. Neuropsychiatr Dis Treat 2015;11:2737—-41. https://doi.
org/10.2147/NDT.591581.

Lee YJ, Kim HB. Association between anaemia and adult depression: A systematic review
and meta-analysis of observational studies. J Epidemiol Community Health 2020;74:565-72.
https://doi.org/10.1136/jech-2020-213842.

Kang SY, Kim HB, Sunwoo S. Association between anemia and maternal depression:
A systematic review and meta-analysis. J Psychiatr Res 2020;122:88-96. https://doi.
org/10.1016/j.jpsychires.2020.01.001.

Azami M, Badfar G, Khalighi Z, Qasemi P, Shohani M, Soleymani A, et al. The association
between anemia and postpartum depression: A systematic review and meta-analysis. Casp J
Intern Med 2019;10:115-24. https://doi.org/10.22088/cjim.10.2.115.

Bourre JM. Effects of nutrients (in food) on the structure and function of the nervous system:
update on dietary requirements for brain. Part 1: micronutrients. J Nutr Health Aging
2006;10:377-85.

Syed EU. Vitamin B12 Supplementation in Treating Major Depressive Disorder: A
Randomized Controlled Trial. Open Neurol J 2013;7:44-8. https://doi.org/10.2174/187420
5x01307010044.

World Health Organization. Prevention of iron deficiency anaemia in adolescents role of
weekly iron and folic acid supplementation 2011:50.

Chen MH, SuTP, Chen YS, Hsu JW, Huang KL, Chang WH, et al. Association between psychiatric
disorders and iron deficiency anemia among children and adolescents: A nationwide
population-based study. BMC Psychiatry 2013;13:1-8. https://doi.org/10.1186/1471-
244X-13-161.

Carod-Artal FJ. Social determinants of mental health. Glob Ment Heal Prev Promot 2017:33—
46. https://doi.org/10.1007/978-3-319-59123-0_4.

Rose J, Roman N, Mwaba K, Ismail K. The relationship between parenting and internalizing
behaviours of children: a systematic review. Early Child Dev Care 2018;188:1468-86. https://
doi.org/10.1080/03004430.2016.1269762.

Wallach EE, Moschos S, Chan JL, Mantzoros CS, D S. Leptin and reproduction : a review. Fertil
Steril 2002;77:433-44. https://doi.org/10.1016/50015-0282(01)03010-2.

Manchishi SM, Cui RJ, Zou XH, Cheng ZQ, Li B jin. Effect of caloric restriction on depression. J
Cell Mol Med 2018;22:2528-35. https://doi.org/10.1111/jcmm.13418.

Felton J, Cole DA, Tilghman-Osborne C, Maxwell MA. The relation of weight change to
depressive symptoms in adolescence. Dev Psychopathol 2010;22:205-16. https://doi.
org/10.1017/50954579409990356.



20

(17]

(18]

(19]

[20]

[21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]
(29]

(30]

(31]

(32]

(33]

Chapter 4

Silva SA, Silva SU, Ronca DB, Gongalves VSS, Dutra ES, Carvalho KMB. Common mental
disorders prevalence in adolescents: A systematic review and metaanalyses. PLoS One
2020;15:1-19. https://doi.org/10.1371/journal.pone.0232007.

Joinson C, Heron J, Lewis G, Croudace T, Araya R. Timing of menarche and depressive
symptoms in adolescent girls from a UK cohort. Br J Psychiatry 2011;198:17-23. https://doi.
0rg/10.1192/bjp.bp.110.080861.

Whittle S, Yiicel M, Lorenzetti V, Byrne ML, Simmons JG, Wood SJ, et al. Pituitary volume
mediates the relationship between pubertal timing and depressive symptoms during
adolescence. Psychoneuroendocrinology 2012;37:881-91. https://doi.org/10.1016/j.
psyneuen.2011.10.004.

Miller S, Shanahan L, Angold A, Maughan B, Copeland W, Costello EJ. Outcomes of Early
Pubertal Timing in Young Women: A Prospective Population-Based Study. Am J Psychiatry
2010;167:1218-25. https://doi.org/10.1176/appi.ajp.2010.09081190.

Mendle J, Turkheimer E, Emery RE. Detrimental Psychological Outcomes Associated with Early
Pubertal Timing in Adolescent Girls. Dev Rev 2010;27:3921-32. https://doi.org/10.1039/
b800799c.0.

Hamilton JL, Hamlat EJ, Stange JP, Abramson LY, Alloy LB. Pubertal timing and vulnerabilities
to depression in early adolescence: Differential pathways to depressive symptoms by sex. J
Adolesc 2014;37:165-74. https://doi.org/10.1016/j.adolescence.2013.11.010.

Stubbs ML. Cultural perceptions and practices around menarche and adolescent menstruation
in the United States. Ann N Y Acad Sci 2008;1135:58-66. https://doi.org/10.1196/
annals.1429.008.

Dany F, Dewi RM, Tjandrarini DH, Pradono J, Delima D, Sariadji K, et al. Urban-rural distinction
of potential determinants for prediabetes in Indonesian population aged >15 years: A cross-
sectional analysis of Indonesian Basic Health Research 2018 among normoglycemic and
prediabetic individuals. BMC Public Health 2020;20:1-9. https://doi.org/10.1186/s12889-
020-09592-7.

WHO. SRQ-20 user’s guide.pdf 1994.

Hartono IG. Psychiatric Morbidity among Patients Attending the Bangetayu Community
Health Centre in Indonesia. Bul Penelit Kesehat 1996;24.

Azam M, Sulistiana R, Fibriana Al, Savitri S, Aljunid SM. Prevalence of mental health disorders
among elderly diabetics and associated risk factors in Indonesia. Int J Environ Res Public
Health 2021;18:1-9. https://doi.org/10.3390/ijerph181910301.

World Health Organization (WHO). State of Health Inequality Indonesia. 2017.

Idaiani S, Raharni, Isfandari S. The Mental Emotional Disorder Pattern: Study of National
Basic Health Research 2007, 2013, and 2018 2020;22:522-5. https://doi.org/10.2991/
ahsr.k.200215.100.

Guill MF. Asthma update: Epidemiology and pathophysiology. Pediatr Rev 2004;25:299-305.
https://doi.org/10.1542/pir.25-9-299.

Ross CJM, Davis TMA, Hogg DY. Screening and Assessing Adolescent Asthmatics for Anxiety
Disorders. Clin Nurs Res 2007;16:5-24. https://doi.org/10.1177/1054773806295235.
McGrady ME, Cotton S, Rosenthal SL, Roberts YH, Britto M, Yi MS. Anxiety and asthma
symptoms in urban adolescents with asthma: The mediating role of iliness perceptions. J Clin
Psychol Med Settings 2010;17:349-56. https://doi.org/10.1007/s10880-010-9214-3.

Katon WJ, RichardsonL, Lozano P, McCauley E. Therelationship of asthmaand anxiety disorders.
Psychosom Med 2004;66:349-55. https://doi.org/10.1097/01.psy.0000126202.89941.ea.



(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

Determinants of CMD among adolescent girls aged 15-19 years in Indonesia | 91

Smith PH, Mazure CM, McKee SA. Smoking and mental illness in the US population. Tob
Control 2014;23:e147-53. https://doi.org/10.1136/tobaccocontrol-2013-051466.

Husky MM, Mazure CM, Paliwal P, McKee SA. Gender differences in the comorbidity of
smoking behavior and major depression. Drug Alcohol Depend 2008;93:176-9. https://doi.
org/10.1016/j.drugalcdep.2007.07.015.

Lawrence D, Kisely S. Inequalities in healthcare provision for people with severe mental
illness. J Psychopharmacol 2010;24:61-8. https://doi.org/10.1177/1359786810382058.
Nasim F, Ashraf M, Ahmad S. Hematological and Biochemical Profile of Patients Suffering
from Non-Atopic Asthma. IMedPub Journals 2017;2:1-10.

Naples R, Laskowski D, McCarthy K, Mattox E, Comhair SAA, Erzurum SC. Carboxyhemoglobin
and Methemoglobin in Asthma. Lung 2015;193:183-7. https://doi.org/10.1007/s00408-015-
9686-X.

Anandha Lakshmi S, Lakshmanan A, Ganesh Kumar P, Saravanan A. Effect of intensity of
cigarette smoking on haematological and lipid parameters. J Clin Diagnostic Res 2014;8:11-3.
https://doi.org/10.7860/JCDR/2014/9545.4612.

Oellingrath IM, Svendsen M V., Hestetun |. Eating patterns and mental health problems in
early adolescence - A cross-sectional study of 12-13-year-old Norwegian schoolchildren.
Public Health Nutr 2013;17:2554—62. https://doi.org/10.1017/51368980013002747.
Howard AL, Robinson M, Smith GJ, Ambrosini GL, Piek JP, Oddy WH. ADHD is associated
with a “Western” dietary pattern in adolescents. J Atten Disord 2011;15:403-11. https://doi.
org/10.1177/1087054710365990.

@verby N, Hgigaard R. Diet and behavioral problems at school in Norwegian adolescents.
Food Nutr Res 2012;56:1-6. https://doi.org/10.3402/fnr.v56i0.17231.

Jacka FN, Pasco JA, Williams LJ, Meyer BJ, Digger R, Berk M. Dietary intake of fish and PUFA,
and clinical depressive and anxiety disorders in women. Br J Nutr 2013;109:2059-66. https://
doi.org/10.1017/50007114512004102.

Bakunina N, Pariante CM, Zunszain PA. Immune mechanisms linked to depression via oxidative
stress and neuroprogression. Immunology 2015;144:365-73. https://doi.org/10.1111/
imm.12443.

Jacques A, Chaaya N, Beecher K, Ali SA, Belmer A, Bartlett S. The impact of sugar consumption
on stress driven, emotional and addictive behaviors. Neurosci Biobehav Rev 2019;103:178—
99. https://doi.org/10.1016/j.neubiorev.2019.05.021.

Jacka FN, Kremer PJ, Berk M, de Silva-Sanigorski AM, Moodie M, Leslie ER, et al. A prospective
study of diet quality and mental health in adolescents. PLoS One 2011;6:1-7. https://doi.
org/10.1371/journal.pone.0024805.

Evans BE, Huizink AC, Greaves-Lord K, Tulen JHM, Roelofs K, van der Ende J. Urbanicity,
biological stress system functioning and mental health in adolescents. PLoS One 2020;15:1—-
24. https://doi.org/10.1371/journal.pone.0228659.

Van Os J, Kenis G, Rutten BPF. The environment and schizophrenia. Nature 2010;468:203-12.
https://doi.org/10.1038/nature09563.

Evans BE, Greaves-Lord K, Euser AS, Tulen JHM, Franken IHA, Huizink AC. Determinants of
Physiological and Perceived Physiological Stress Reactivity in Children and Adolescents. PLoS
One 2013;8.

Galliher RV, Rostosky SS, Hughes HK. School belonging, self-esteem, and depressive
symptoms in adolescents: An examination of sex, sexual attraction status, and urbanicity. J
Youth Adolesc 2004;33:235-45. https://doi.org/10.1023/B:J0Y0.0000025322.11510.9d.



92

(51]

(52]

(53]

(54]

[55]

(56]

[57]

(58]

(59]

(60]

Chapter 4

Mulyati M, Martiastuti K. the Relationship Between Family Function and Adolescent
Autonomy in the Rural and Urban Area. J Fam Sci 2019;3:15. https://doi.org/10.29244/
ifs.3.1.15-29.

Williams LR, Anthony EK. A Model of Positive Family and Peer Relationships on Adolescent
Functioning. J Child Fam Stud 2015;24:658-67. https://doi.org/10.1007/s10826-013-9876-1.
Kim SH, Kim JS, Yoo HY, Ryu E. Parental Occupational Status and Suicidal Ideation in
Adolescent: Cross-Sectional Secondary Data Analysis. J Pediatr Nurs 2019;45:e57-63. https://
doi.org/10.1016/j.pedn.2019.01.005.

Kizuki M, Ochi M, Isumi A, Kato T, Fujiwara T. Parental time of returning home from work and
child mental health among first-year primary school students in Japan: Result from A-CHILD
study. Front Pediatr 2018;6.

Han WIJ, Miller DP. Parental work schedules and adolescent depression. Heal Sociol Rev
2009;18:36—49. https://doi.org/10.5172/hesr.18.1.36.

Elgar FJ, Mills RSL, McGrath PJ, Waschbusch DA, Brownridge DA. Maternal and paternal
depressive symptoms and child maladjustment: The mediating role of parental behavior. J
Abnorm Child Psychol 2007;35:943-55. https://doi.org/10.1007/s10802-007-9145-0.
Zimmerman FJ, Katon W. Socioeconomic status, depression disparities, and financial strain:
What lies behind the income-depression relationship? Health Econ 2005;14:1197-215.
https://doi.org/10.1002/hec.1011.

Christiani Y, Byles J, Tavener M, Dugdale P. Socioeconomic related inequality in depression
among young and middle-adult women in Indonesia’s major cities. J Affect Disord
2015;182:76-81. https://doi.org/10.1016/j.jad.2015.04.042.

Mumang AA, Liaury K, Syamsuddin S, Maria IL, Tanra AJ, Ishida T, et al. Socio-economic-
demographic determinants of depression in Indonesia: A hospital-based study. PLoS One
2020;15:1-15.

https://doi.org/10.1371/journal.pone.0244108.Haeffel GJ, Howard GS. Self-Report:
Psychology ’ s Four-Letter Word. Am J Psychol 2016;123:181-8.



93

Y10

Jadaayasnoy /19AuQ *

uewJaysiy *

Joweq *

JnauaudaJuy *
uopeziuesio

|EIUBWUIDNOS-UON t

uonpeziuedio

n O~ 0o

Determinants of CMD among adolescent girls aged 15-19 years in Indonesia |

(6-€ H) |eauawuianosg ‘ea1jod
(predun Jo pied) Yu0pM :€ ‘Awae quenuss |IAD € siseq Ajlep e uo aunsea|d J1ay1
(2 #1) wepnis:z jooyds ‘¢ ,éuoapdnaao unoA si 1ym, 3uinsind uaym age3ua syuadssjope uopednddQ
(T #1) paAojdwiaun T 340M ON T :aJleuuonsanb |enpiAIpul  YdIYym ul SS1IALDE 0} SJ9)aJ uonedndd S,3U92s3|0pY

(@s290) @S z<:S
(1y8ramianQ)
aszso01asI<iy

(lewJoN) ST > ase< ‘€
(sseuulyl) @sz-s ase~<:
(ssauulyl auan9s) gse- s :

2102s-7 93e-104-|INg

(8%) 3yS1em pue (wo) ys1aH

9400s-z-98e
10J-|INg Ag paiedipul sniels ySiom
S,3U90S9|OpPE S| SNIe)S [euolINN

sniejs [euoINN

plosiesAgT 3
plosieaA /T —GT:
plo siedhA yT-2T :
plosiedA TT5 T

N M <N

a3e Jo sieap

,éuonpniisuaw
154 ay1 poy noA uaym
noA a1am pjo moy,
:aJleuuonsanb |enpiaipul

$IN220 uonenJISuUIW
154y JO aydseUBW UBYM 38 BY3 S| INVY

(NVV)
aydJeual 1e ady

elwaeue |ewJou ueyy
11p/8 Z1> ulqojSowaey T J9MO] S| UO[}BJIUBDUOD Ulqo|Sowaey
e|waeue ou JO S[|92 POO|q PaJ JO Jaquinu 3yl
11p/8 ¢1Z ulqojSowsey :Q - (1p/8) uigojSowseH TOZ+ 2NJ0WaH UdIyM Ul uonipuod e si ejwaeuy elwaeuy
ZswoldwAs buimojjof
ay1 fo Aub 31af/pasualiadxa
noA anny ‘syaam z 1sod SJUDIS3|OpE PAYIBYEe
AIND 9 2 24005 |B10] T T = 24025 ‘s9p i ay1 uj, :aJieuuonsanb 40 s3u1j93y) 40 poow spedwi yarym
QIAID ON :9> 2103s |e1o] :Q 0 =23J02s ON T (0z-0) 24035 |e101 wall-0Z [enpIAlpU|]  uolssaldap pue Alaixue 03 si9)ad QIND amnd

S9|geMeA JuddSa|opy

uonedyisse|)

suondo Suamsuy

Hun

judwainseaw /uoysanp

uomuyap /sajqenten jo uondudsaq

3|qenen

sisAjeue aAndiidsap pue uopsanb AsAins ‘0102s ‘uoneayisse|d ‘Uun ‘uoliuyap :sajqeliep *T'y ajqelL Atejuswajddng



Chapter 4

94

(pa19|dwod) Ausianiun £
(po19|dwod) ewodiq ‘9
(po19|dwod)
Jooyds y3iy Joluas ‘g
(p@19)dwod)
100Yds 3IPPIN "
(pa19|dwod)
(29 y1) 49y81y 4o eWOIAIQ i jooyas Auejuawa|] '€
(g 1) jooyds y3iy Joluas :¢ (po19)dwiod ,uonbanpa 1soj (1ayrow pauiene
(€ 41) jooyds Asejuswia|3 iz 10uU) [00YIS Auejusawall ‘¢ /43y10f) 1noA si 1oym, sjuased Jo |9A9] uoneanpa 1saysiy
(2 ‘T §1) uoneanpa oN :T |00Y2s papuane JaAsN ‘T :aJleuuonsanb pjoyssnoH 33 Se pauyap Sl UoLeINPI |eJUBIEd  UOLEINPS |ejudled
sa|qellen pjoyasnoH
JAASN ‘9
yuow sad awn 1 > °g ,é(poof) awnsuod
Noamiad sewn -1 ‘v noA pip sawg Auow
(ZTH) USIH € %99m Jad sawin 9 - € '€ moy ‘yauow 3sod ayy uj, }ulip Yos pue ‘poo}
(€ 1) @1IBPON :T Aepuadawn T 'z uondwnsuod :aJieuuonsanb  1e4-y8iy ‘pooy Ayjes jo uondwnsuod 0y uondwnsuod
(9 ‘vy)ymol:T Aepiadawn <1 J0 Adusnbauy Aduanbauy pooy sJ9ja4 uondwnsuod pooy Ayyeayun pooy Ayyeayun
(T4) ,£40130p
pasoudelp uaaq aAeH :¢ |o21paW b Aq (3spasip) yum 10100p |eJIpawW e
(z4) ON 'C pasoubpip uaaq noA anoH, Aq pasouselp uasq aney eyl saseasip
pasoudelp uaaq JansN T SOA ‘T :aJleuuonsanb jenpiaipul ||e 03 43424 saseas|p pasoudelq saseasip pasoudelq
ON '€ Supjows
(2 ‘T #1) Bunjows :T S9WIBWIOS ‘SIA T ,édows nof oq, apaJedd inoge uonsanb e uo paseq
(€ 41) Bunjows 10N :0 Aep AJans ‘sap °T :aJleuuonsanb |enpiaipul 9|qelieA papodal e S| shiels Supjows snieis Supjows
1y3noq Jo weudoud
JUSWUJISA0S B WOJ) PAAIDIAI JBYLID
£JSyow zT 3sod  ‘ejwseue pue Aduadysp uodl Juasald
3y} uy Juawajddns uoJ) up  pue 1eaJ] 01 SJUIS3|ope Ag paWwNsSU0d
(T 1) poauswa|ddns T ON 'C 1ybnogq / paniadai noA anbH,  3Je 1eyl syuswsa|ddns uodl Jo Jaquinu uonejuawa|ddns
(z #1) paauawa|ddns 10N :0 SOA ‘T :aJleuuonsanb |enpiaipul 93 01 s49y24 uonejuswa|ddns uod| uol|

uonesyisse)

suondo Supamsuy

nun juaWBaINSeaw /uonsanp

uoniuyap /sa|qenen jo uondudsag 3|qeuep

panunuo) ‘T d|qel Atequsawajddng



95

Determinants of CMD among adolescent girls aged 15-19 years in Indonesia |

SO1IS1IE)S JO Neaung S,elsauopu|
AQ paulwJa1ap Se ‘sanl|Ioe) 03 $S9308
/@2uasaud ay3 pue ‘spjoyasnoy
|eanyndlSe jo adejuadiad ayy uo

(T #1) uequn iz eaJe |edny 'z BLI9IID BBJE UO paseq paseq eaJe SulAl] 8Y) JO UOLBIYISSE|D
(z4)|eany T eale ueqin ‘T 51012302 elep Aq passassy 9y1 se pauyap s ease dlydesFowsqg ease diydesSowsq
,é(pjoyasnoy uo pasoq uopessi3au pjoyasnoy ayy
10u) buipjing /asnoy sjy3  8ulIBPISUOD J0U ‘SUIp|INg SWES 3yl ul siaquiaw
9|doad g<:g 9|doad ul anlf 3jdoad Aubw moH, 3Bulnl] a|doad Jo Jaquinu ay) se pauyap pjoyasnoy
9|doad §5:T JO Jaquinu |e10] :aJleuuonsanb pjoyasnoH S| SJ9qWaW pjoyasnoy 4o JaquinN 40 JaquinN

(8 ‘v “€ #1) gol paundas :¢
(6L

PY10 *

Jadaayasnoy /19AuQ *

J9yslg -

Jaweq *

JnauaudaJug *

uopeziuedio

|EIUSWUIDAOS-UON
uoneziuedio
|euawusanos ‘ed1jod

‘Awae quensss |IAD €

n O~ o0oO

,cuonndnioo (1ayjow

awodul aAey 03 siseq Ajlep
e uo aunsea|d J1ay3 Suinsand uaym

‘9 ‘G J1) gol paindasun :z jooyas ‘¢ /43Y10f) 1noA si 10y, 938e8ua sjuaied yaiym ul sanianoe uonednddo
(z ‘T 1) paAojdwiaun :T NI0M ON T :24leuuonsanb pjoyasnoy se pauyap s! uoednddo |ejualed |ejualed
uonesyisse)d suondo Suamsuy nun juawainseaw /uoysany uoniuyap /sajqenen jo uondiassg a|qeuen

panunuo) Ty d|qel Atequsawajddng



Chapter 4

96

e3ep PapN|dUl PUB PAPN|IXD U3IMID] UOSIEAWOD 3DUB(BASId |

(2S0°T) 19se1ep |euly pue ss|geldeA ay) Jo 1aselep pa1a|dwod usamlaq uosiiedwod aJuajeAald,
suoodoud o 3533 3|dwes-om} e Aq paisal aJam suontodold usamiaq sadudIRYId,

elep pajysiam Suisn pajewysa a1am suogsodoud uoge|ndod pue adusjerasd ||y,

0¢ 40 1n0 syutod 9% Jo 2102s e sem JIND paadsns Sulaey Joy JJo-InD,

% ‘uolleanpa ou

100°0> (9°sT ‘T'9) 8'0T £9T1 6€C°0 (6v9T)Le 750'T (65°g€) L'y 61T ‘uonednpa |eusale
0200 (99T0°€) 08 £91 6T9°0 (r'8‘es) L9 7S0°T (F'8'¥'s) L9 vLT'T 9% ‘A1ISIaAIUN (UOKEINPD |eUIDIEy
0000 (689 -55) 9'29 (444 ¥61°0 (r'6v ‘€'€v) €91 7501 (815 ‘€'9v) 0'6Y vLT'T % ‘s1dquIdW G> dzIS PloyasnoH
100°0> (9°6L19°£9) 6'EL e 9610 (8'09) '8'%S) 8'LS 50T (8'T9 '¥'9S) T'6S vLTUT % ‘ueqin
¥8L°0 (§ze‘s0T) T'9C (444 2160 (66T 'S¥T) €'LT 50T (LeTirva) Lt vLTT % ‘elwaeuy
00T°0 (£'9T'8'ST) 8'TC 91¢ 6650 (16T '6'¥T) 69T 50T (T'6T 6'¢T) 69T 8971 % ‘AND
¥99°0 60T F00€T (444 vLS°0 LTTFIOET 7501 67T FVO'ET vLT'T as 7 sieah ueaW ‘Y

(8T0T) SYASIISIY wouy p|o sieah gT-GT pade s[418 ueisauopu| JO S9SEI PapN|IXa pue sased 919|dwod ‘Sased || Usamia( sa|qelien Jo uosuedwo) *z'y ajqeL Atejuawajddng



Determinants of CMD among adolescent girls aged 15-19 years in Indonesia |

97

Supplementary Table 4.3. Subdivision of CMD symptoms among girls aged 15-19 years old from Riskesdas Data

2018

Symptoms Overall n (%)
Depressive/anxious (Yes)

01. Feel nervous, tense, or worried 189 (17-8)

02. Easily frightened 161 (15-1)

03. Feel unhappy 83(7-8)

04. Cry more than usual 86 (8-4)

Somatic symptoms (Yes)

05. Often have headaches 354 (32:6)

06. Sleep badly 246 (24-4)

07. Uncomfortable feeling in the stomach 161 (15-1)

08. Poor digestion 109 11-2)

09. Poor appetite 217 (20-8)

10. Hands shake 111 (10-8)

Reduced vital energy (Yes)

11. Easily tired 192 (19:3)

12. Difficult to make decisions 162 (15-4)

13. Difficult to enjoy your daily activities 66 (6:3)

14. Daily work suffering 41 (4-1)

15. Feel tired all the time 92 (9-1)

16. Trouble thinking clearly 106 (10-2)
Depressive thoughts (Yes)

17. Unable to play a useful part 36 (3-6)

18. Lost interest in things 65 (6-1)

19. Thoughts of ending your life 10 (1-0)

20. Feel that you are worthless person 52(5-2)
Supplementary Table 4.4. Eigen values of principal component in CMD

Items Eigenvalue Difference Proportion Cumulative
Component 1 2-2301 0-8407 0-1239 0-1239
Component 2 1-3894 0-1770 0-0772 0-2011
Component 3 12124 0-0392 0-0674 0-2684
Component 4 1-1732 0-0510 0-0652 0-333
Component 5 1.1222 0-0706 0-0623 0-3960
Component 6 1-0516 0-0582 0-0584 0-4544
Component 7 0-9934 0-0070 0-0552 0-5096
Component 8 0-9864 0-0109 0-0548 0-5644
Component 9 0-9756 0-0342 0-0542 0-6186
Component 10 0-9413 0-0121 0-0523 0-6709
Component 11 0-9292 0-0345 0-0516 0-7225
Component 12 0-8948 0-0363 0-0497 0-7722
Component 13 0-8585 0-0398 0-0477 0-8199
Component 14 0-8187 0-0299 0-0455 0-8654
Component 15 0-7888 0-0984 0-0438 0-9092
Component 16 0-6905 0-0814 0-0384 0-9476
Component 17 0-6092 0-2743 0-0338 0-9814
Component 18 0-3349 0-0186 1-0000
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Supplementary Table 4.5. Model fit of principal component regression

Model 1 532:9* 2:727 5,108-7 5,118-7 0-337
(CMD: 30+(33pc3)

Model 2 267-8* 2:742 5,108-7 5,123-6 0-335
(CMD: B0+B3pc3+B2pc2)

Model 3 267-3* 2-746 5,109-4 5,124-3 0-335
(CMD: B0+B3pc3+B2pcl)

Model 4 179-1* 2:741 5,109-3 5,129-3 0-336
(CMD:

B0+B3pc3+PB2pc+Bipcl)

*Significant association (p<0-05)

Adolescent girls aged 15-19 years old

N=1,274
Data cleaning
Missing data on Missing data on Missing data on Missing data on
Missing data on | adolescent’s 3 9
CMD (n=6) adoleacent s AAM : paternal education maternal education
(n=13) education status status (n=147) status (n=55)
(n=1)
v
Adolescent girls for analysis

N=1,052

Supplementary figure 4.1. Data cleaning process
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ABSTRACT

Sleep quality and depression are known to be associated with anaemia in adults, but
studies are limited among children and adolescents. The present study aimed to determine
the association between sleep quality, depression, and haemoglobin concentration in
Indonesian adolescents aged 10 to 19 years old. Data of 452 adolescents, aged 10 to
19 years old, were collected across all subdistricts in Gunungkidul district, Yogyakarta
province, Indonesia in 2021 (baseline) and 2022 (follow-up). Sleep quality was assessed
using The Pittsburgh Sleep Quality Index (PSQl), and adolescent’s depressive-anxiety
disorder was assessed by the Kessler-10 Psychological Distress Scale (K10). Latent Class
Analysis (LCA) was employed to identify and characterise the adolescents based on
sleep quality and depression scoring patterns. Multiple linear regression was applied
to identify associations between class membership and haemoglobin concentration at
baseline, and follow-up with adjustments for baseline haemoglobin concentration, sex,
age, pubertal status, alcohol consumption, smoking status, and household income. The
overall prevalence of anaemia was 21% at baseline and 29% at follow-up, with girls being
more affected than boys. LCA yielded 5 classes of sleep quality and depression. We did
not find an association between class membership and haemoglobin concentration at
baseline. However, in comparison to class A, membership of class B (moderate-to-good
sleep quality and low risk of depression, with some tiredness) predicted a reduction of
0.43 g/dL (95%Cl: -0.79; -0.07), whereas membership of class C (moderate sleep quality
and moderate risk of depression) predicted a reduction of 0.49 g/dL (95%Cl: -0.94; -0.04)
in haemoglobin concentration at one year follow-up. In conclusion, compromised sleep
quality and symptoms of depression can lead to lower haemoglobin concentration over
time. Mental health and sleep quality should therefore be considered in intervention
programs that address anaemia.

Keywords: sleep quality, depression, adolescence, haemoglobin concentration, Indonesia
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INTRODUCTION

Anaemia is a global public health issue impacting an estimated 1.62 billion people
worldwide [1]. Adolescents, especially girls, are vulnerable for anaemia, due to rapid
physical growth and pubertal development. In Indonesia, the prevalence of anaemia in
adolescents aged 5-14 years and 15-24 years was 26.4% and 32% in 2018, respectively,
and seems to have increased since 2013 when it was found to be 17.9% in adolescents
aged 13-18 years [2]. Anaemia can have a variety of physical, cognitive, and emotional
consequences, and is therefore an important target for intervention in adolescents [6].
Importantly, anaemia is consistently reported to be related to depression and other
mental disorders [3-5]. Mental disorders are among the most important causes of
iliness and disability in youth [6], and are increasing worldwide. The aetiology of mental
health disorders is multi-factorial. Tiredness and apathy, which are common features of
depression, can also be the consequence of anaemia, or of poor sleep quality. At the same
time, each of these conditions may be capable to trigger the other.

Anaemia is the consequence of a low haemoglobin concentration, most commonly
due to iron deficiency, which hampers the transport of oxygen throughout the body.
Apart from fatigue and poor physical fitness, this may also lead to moodiness, isolation,
feelings of failure, or even depression when left untreated [7]. On the other hand, poor
mental health and depression can be hypothesized to lead to less self-care and poorer
dietary choices, leading to nutritional deficiencies [8]. Similarly, depression and poor
sleep quality can induce each other [9]; short sleep duration is a known cause of mood
changes and of having difficulty to manage unpleasant emotions [10]. In a study among
528 Indonesian adolescents, aged 13 to 16 years old, it was shown that those with low
depression scores experienced a better sleep quality [11]. Depressive symptoms were
more strongly associated with sleep problems in adolescents than in younger children
[12]. Also anaemia has repeatedly been linked to changes in sleep patterns in infants [13],
in children [14], and in adults [15—-17]. This may be due to the crucial role of iron in the
metabolism of monoamines in the brain, which play a role in sleep physiology [18]. Based
on current knowledge, however, it is unclear if anaemia is a cause, a consequence, or an
epiphenomenon of depression and poor sleep quality.

During the COVID-19 pandemic, studies have demonstrated elevated levels of mental
health problems worldwide, especially among adolescents. For instance, a study
among students in Indonesia showed that 10.6% had emotional problems, and 38.1%
experienced peer relationship problems during the early phases of the pandemic [19].
The pandemic has also made an impact on the sleep quality of adolescents, as evidenced
in a number of studies [20-23]. In addition, the prevalence of anaemia can be expected
to have increased, due to temporary stagnation of health service delivery through schools
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and other channels, such as nutrition education and iron-folic acid (IFA) supplementation
programs, as well as due to loss of livelihoods and food security.

In this study, we aimed to assess the longitudinal association between sleep quality and
symptoms of depression with anaemia in Indonesian adolescents aged 10 to 19 years,
living in Gunungkidul, Yogyakarta province, against the backdrop of school closures, social
distancing, and hygiene measures due to the COVID-19 pandemic.

MATERIAL AND METHODS

Study Design and Data Collection

Data of an envisaged number of 576 adolescents (equal numbers of boys and girls) aged
10-19 years were collected across all subdistricts of Gunungkidul district, Yogyakarta
province, Indonesia. The required sample size was calculated with the assumption that
the prevalence of anaemia among all adolescents in Gunungkidul was the same as found
earlier for Yogyakarta province (23%) [24]. A multistage sampling strategy with probability
proportionate to size was employed. The survey was conducted in 9 subdistricts and 18
villages across the district. To produce representative data, a listing survey was performed
by visiting all villages and households with adolescents for a total of 9,942 adolescents
available for random inclusion. However, the data were collected only in rural areas and
do not represent any urban areas. More detailed information regarding the sampling
strategy is explained in Chapter 1.

The first round of data collection (baseline) was conducted from May to August 2021 and
was completed just before strict lockdowns were implemented due to the outbreak of
the delta variant of the coronavirus. We collected follow-up data in the period May-July
2022. In Indonesia, schools had been closed due to the COVID-19 pandemic from March
2020 until April 2022. Twelve data collectors were involved in this study, who received a
two-day online and a two-day offline training to ensure that the same quality standards
were applied by all data collectors. The same data collectors were hired and re-trained
for the follow-up. Data collectors visited all selected adolescents in their home with
permission letters of the head of each subdistrict, village, and sub-village leader. Two
software programs for mobile data collection were employed, the ODK Collect (Get ODK
Inc.) and the Offline Surveys (LimeSurvey GmbH) android-based application. If a problem
was encountered either online or offline, data collectors used a paper-based questionnaire
and processed the data the same day into the online database.
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Study Variables

All variables were assessed both at baseline and follow-up. For the present analysis
haemoglobin concentration at follow-up was the outcome variable, and measurements at
baseline were considered as determinants or confounders.

Assessment of anaemia, sleep quality, and depression

Haemoglobin data were collected from all adolescents who were willing to have their
finger prick blood taken, using HemoCue 201+ (HemoCue AB, Angelholm, Sweden). After
correction of haemoglobin concentrations for altitude and smoking [25], anaemia was
classified as haemoglobin <11.5 g/dL for adolescents aged 10-11 years old, <12 g/dL for
those aged 12-14 years old and for girls aged 15 years and older, and <13 g/dL for boys
aged 15 years old and older.

Sleep quality was assessed using The Pittsburgh Sleep Quality Index (PSQI) which is a self-
reported questionnaire that evaluates sleep quality and disruptions over a one-month period
(Supplementary Table 1). Subjective sleep quality, sleep latency, sleep length, habitual sleep
performance, sleep disturbances, use of sleeping medication, and daytime dysfunction are
among the 19 items which together form seven “component” ratings that each weighted
equally on a 0—3-point scale, with increasing scores indicating worse sleep quality. The PSQlI
has been validated for adolescents in the Indonesian setting with high reliability and validity
(Cronbach's alpha of 0.72 and total-item correlations of 0.36-0.56) [11].

The Kessler-10 Psychological Distress Scale (K10) was used to measure non-specific
psychological distress in the anxiety-depression spectrum, i.e., levels of nervousness,
agitation, psychological fatigue, and depression in the past four weeks. It has been
translated and validated in Bahasa Indonesia (all the scales had Cronbach's alpha >0.8,
with sensitivity of 85.7% and specificity of 74.7%). The K10 comprises of 10 questions that
have strong psychometric properties by which psychiatric cases and non-psychiatric cases
can be discriminated (Supplementary Table 1). The cut-off > 18 was used to determine
the prevalence of depression among adolescent boys and girls [26].

Assessment of potential covariates

A broad range of potential covariates was assessed, both at the individual and at the
household level. At individual level, age of adolescents was recorded and classified into
10- <13y, >13-< 16y, >16 - < 18 y and >18 - 19 y. Occupation of adolescents was
classified as “student”, “work”, and “unemployed”. Physical activity was measured with the
Physical Activity Questionnaire for all adolescents (PAQ-A), which asks for participation in
different types of activities and sports (activity checklist), efforts during physical education
classes, and activity during lunch, after school, in the evening and in the weekend during
the past 7 days [27].
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Weight and height were measured to assess nutritional status. Anthropometric
measurements were mostly taken in the respondents’ home straight after the interviews,
to minimize response bias. Adolescent height was measured to the nearest 0.1 cm using
a stadiometer (Kenko Stadiometer 250, China). Weight was measured without shoes and
other accessories and recorded to the nearest 0.1 kg using a flat digital weighing scale
(GEA EB1622, Indonesia), 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.

Presence of eating disorders was assessed using the EAT-26 questionnaire, based on
26 items, which has been used among the Indonesian population previously [28]. Body
image perception and self-image perception were assessed using the Figure Rating Scale
(FRS) [29], as also used in an earlier Indonesian study among adolescent girls and boys
[30]. The FRS is gender-specific, with a scale that ranges from 1 (thinnest) to 9 (largest).
Food consumption was assessed by asking consumption of 10 food groups during the last
24 hours, as part of the Minimum Dietary Diversity for Women (MDD-W): 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 [31].
Dietary diversity score (DDS) was assessed using the total count out of the 10 food groups.
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. Smoking status and alcohol consumption were
assessed using questions on history of cigarette smoking and alcohol consumption on a
daily and weekly basis.

Pubertal stage was assessed by the Picture-Based Interview about Puberty (PBIP) [32,33].
The 5-stage PBIP was employed as a self-administered questionnaire, which means that
the respondents had to select the best-matching picture which represented their stage
of pubertal development by themselves. Adolescents were classified into pre-pubertal
(stage 1), early pubertal (stage 2 or 3), and late pubertal (stage 4 or 5). Self-aspiration for
higher education was collected using questions from the Young Lives Study (https://www.
younglives.org).

At the household level, parental education was defined as the highest education level
attained by parents. In addition, parental occupation was assessed, defined as the daily
activities in which parents engage to generate income. Household size was assessed as
the total number of individuals who lived in the same house building, without considering
the household registration. This number is therefore not limited to one household only,
because it is possible in Indonesia to have more than one households in the same house
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building. Household total income was defined as the total income from all family members
for food and non-food expenses and classified as less than Rp 3.000.000 (low), between
Rp 3.000.000 and Rp 5.000.000 (moderate), and more than Rp 5.000.000 (high). Finally,
household food access before and during the pandemic was assessed using an adapted
version of HFIAS (Household Food Insecurity Access Scale)[34]. Questions were asked on
purchasing behaviour of 10 food groups before the pandemic (6 months before) and after
the pandemic (within 6 months). For each time point, each food item was scored 1 when
frequently purchased (total scores=10). The sum provided the basis for categorizing the
food insecurity status of households by dividing all scores to tertiles (3 categories: high,
moderate, and low). A more detailed explanation of all the variables can be found in
Supplementary Table 2.

Statistical analysis

All questionnaires and results were checked for completeness and consistency of
responses. Descriptive statistics, adjusted for sampling weights calculated based on
sex and age group per village, were used to produce prevalence characteristics of the
study participants. Subsequently, latent classes of sleep and depressive symptoms were
constructed using the bias-adjusted 3-step approach, and linear regression analysis was
used to assess associations between the resulting classes and Hb at baseline and follow-
up [35].

Alatent class model was built, with cluster combinations for sleep and depression. Indicator
variables were the 7 components of the sleep quality scale and the 10 components of the
depression scale, entered as ordinal-fixed variables, indicating scores 0-3 for each sleep
quality item and scores 0-4 for each depression item. Models with 1-7 classes were tested
and compared based on their Bayesian Information Criteria (BIC), Akaike’s Information
Criteria (AIC), the number of parameters (Npar), and Bivariate Residual (BVR) values, as
recommended [36]. Wald-test was applied to check the significance of the variables to the
latent class formation. After deciding on the optimal number of classes, the next step was
to check the assumption of local independence, with the BVR as an indicator for the model
fit. A BVR higher than 3.84 indicates that there is a residual association left and this should
preferably be adjusted for [36,37]. For BVRs that exceeded this value, direct effects were
adjusted for one by one, starting with the largest direct effect until there was no residual
association left. The individuals were then classified into the latent classes. Thereafter
the relationship between the latent classes and anaemia at baseline and at follow-up was
investigated using linear regression analysis. For this purpose six basic hierarchical models
were applied, to include adolescent level, dietary-related factors, lifestyle-related factors,
and household-related factors, which were identified a priori based on previous literature
[3-5].
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RESULTS

General characteristics

Complete data on a total of 576 adolescents (288 boys and 288 girls) were collected at
baseline, and of 452 adolescents (222 boys and 230 girls) at follow-up. Characteristics
of adolescents that were lost to follow-up (21%) did not differ from the original sample
(Supplementary Table 5.3). The overall prevalence of anaemia was 21% at baseline and 29%
at follow-up, with girls being more affected than boys (31% vs. 9% at baseline, and 42% vs.
15% at follow-up, respectively). The average AAM in adolescent girls was 12.5 years (SD:
1.2). In addition, mental health problems occurred in approximately 28.3% of adolescent
boys and girls at baseline, with more prevalent among girls (35.3%) than boys (21.2%).

LCA analysis yielded five classes of sleep quality and depression (Supplementary Table
5.4): Class A (48.3%), with good sleep quality and low risk of depression; Class B (22%),
with moderate-to-good sleep quality and low risk of depression, but with some tiredness;
Class C (17%), with moderate sleep quality and moderate risk of depression; Class D (8%),
with moderate sleep quality and high risk of depression; and Class E (4.7%), with poor
sleep quality and high risk of depression (see Figure 5.1. a and b). The characteristics of
adolescents in each of the five classes can be seen in Table 5.1.

Table 5.1. Characteristics of the adolescents (N=452) based on latent classes of sleep quality and depression

Latent class, n (%)1
. Class A Class B Class C Class D ClassE  P-value

Characteristics

N=203 N=119 N=64 N=44 N=22

(48.3%) (22%) (17%) (8.0%) (4.7%)
Adolescent characteristics
Sex <0.001
Boys, n (%) 122 (60.1) 58 (48.7) 19 (26.7) 21 (47.7) 2(9.1)
Girls, n (%) 81 (39.9) 61 (51.3) 45 (70.3) 23(52.27) 20(90.9)
Age, y (mean % SD) 13.6+2.6 14.7+2.6 153+2.1 133+2.2 152+1.8 <0.001
Age group <0.001
10-<13y 75 (37.0) 28 (23.5) 6(9.4) 19 (43.2) 2(9.2)
>13-<16y 75 (37.0) 43 (36.1) 25 (39.1) 16 (36.4) 10 (45.4)
>16- <18y 44 (21.6) 39 (32.8) 31 (48.4) 9(20.4) 10 (45.4)
>18-19y 9 (4.4) 9(7.6) 2(3.1) 0(0) 0(0)
Adolescent occupation, n (%) 0.242
Unemployed 17 (8.4) 14 (11.8) 6(9.4) 1(2.3) 0(0)
Student 181 (89.1) 99 (83.2) 57 (89.1) 43(97.7)  21(95.5)
Work 5(2.5) 6 (5.0) 1(1.5) 0(0) 1(4.5)
Physical activity, n (%) 0.517
Low 64 (31.5) 44 (37.0) 22(34.4) 10(22.7) 10 (45.5)
Moderate 81 (39.9) 46 (38.6) 29 (45.3) 18 (40.9) 7 (31.8)

High 58(28.5) 29 (24.4) 13(20.3)  16(36.4) 5(22.7)
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Table 5.1. Continued

Latent class, n (%)1
.. Class A Class B Class C Class D ClassE  P-value

Characteristics

N=203 N=119 N=64 N=44 N=22

(48.3%) (22%) (17%) (8.0%) (4.7%)
Nutritional status (BMI z-score), 0.812
n (%)
Severely thin 3(1.5) 4(3.4) 1(1.6) 0(0) 0(0)
Thin 18 (9.0) 13 (10.9) 4(6.3) 5(11.6)  3(13.6)
Normal 128 (63.7) 79 (66.4) 49(76.5)  28(65.2) 16(72.7)
Overweight 32 1(5.9) 16 (13.4) 7 (10.9) 5(11.6) 2(9.1)
Obese 20 (9.9) 7 (5.9) 3(4.7) 5(11.6) 1(4.5)

Anaemia at baseline (yes), n (%) 45 (22.2) 29 (24.4) 24 (37.5) 7 (15.9) 6(27.3) 0.082

Haemoglobin at baseline (mean 13.3+1.8 13.1+1.6 12.8+1.7 12.8+1.5 12.6+1.7 0.248
+5D)

Anaemia at follow-up (yes), n (%) 52 (25.6) 41 (34.5) 29 (45.3) 15 (34.1) 10 (45.5) 0.025

Haemoglobin at follow-up (mean  13.2+1.8 12.7+1.7 12.4+2.0 12.7+17 123+1.6 <0.001
+SD)

Eating disorder (yes), n (%) 5(2.5) 4(3.4) 2(3.12) 2(3.12) 1(4.6) 0.944
Diet diversity (Inadequate), n (%) 15 (7.4) 7 (5.9) 2(3.1) 3(6.8) 2(9.1) 0.772
Diet diversity scores, (mean + SD) 8.5+2.4 8.7+2.0 8.9+1.6 8.6+2.2 8.3+2.7 0.790
Risk consumption 0.448
High 157 (77.4) 85 (71.4) 44(68.7)  35(79.5) 17(72.3)
Moderate 24 (11.8) 15 (12.6) 6(9.4) 6(13.6) 2(9.1)

Low 22 (10.8) 19 (16.0) 14 (21.9) 3(6.8) 3(13.6)

Smoking Status (yes), n (%) 29 (14.3) 28 (23.5) 11(17.2) 2 (4.6) 4(18.2) 0.046
Alcohol consumption (yes), n (%) 2 (1.0) 4(3.4) 2(3.1) 0(0.0) 2(9.1) 0.085
Pubertal status (based on PBIP), <0.001
n (%)

Pre-pubertal 59 (29.1) 18 (15.1) 4(6.2) 14(31.8)  2(9.1)

Early pubertal 115 (56.6) 81 (68.1) 41 (64.1) 23(52.3) 15(68.2)

Late pubertal 229 (14.3) 20 (16.8) 19 (29.7) 7 (15.9) 5(22.7)
Self-aspiration for higher 82 (42.4) 55 (46.2) 32 (50.0) 27 (61.4) 14 (63.6) 0.013

education, n (%)

Household characteristic

Paternal education, n (%) 0.436
No education 17 (8.4) 11(9.2) 5(7.8) 1(2.3) 1(4.5)
Elementary school 121 (59.9) 78 (65.5) 35 (54.7) 28 (65.1) 9 (40.9)

Senior high school 57 (28.2) 25 (21.0) 20 (31.2) 13(30.2) 10(45.5)
University 7 (3.5) 5(4.3) 4(6.2) 1(2.3) 2(9.1)

Maternal education, n (%) 0.175
No education 18 (9.1) 10 (8.4) 6(9.4) 1(2.3) 1(4.8)
Elementary school 129 (65.5) 76 (64.4) 39 (60.9) 31(72.1) 10(47.6)

Senior high school 40 (20.3) 27 (22.8) 15 (23.4) 8 (18.6) 5(23.8)
University 10 (5.1) 5(4.2) 4(6.3) 3(7.0) 5(23.8)

Paternal occupation, n (%) <0.001
Unemployed 0(0) 0(0) 0(0) 0(0) 1(4.8)
Unsecured job 89 (45.6) 60 (52.6) 23 (39.7) 18 (42.9) 5(23.8)

Secured Job 106 (54.4) 54 (47.4) 35 (60.3) 24 (57.1) 15(71.4)
Maternal occupation, n (%) 0.594
Unemployed 70 (36.5) 36 (34.3) 22 (40.0) 13 (30.9) 5(23.8)
Unsecured job 95 (49.5) 48 (45.7) 24 (43.6) 24 (5.2) 10 (47.6)

Secured job 27 (14.0) 21 (20.0) 9(16.4) 5(11.9) 6 (28.6)
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Table 5.1. Continued

Latent class, n (%)1
.. Class A Class B Class C Class D ClassE  P-value
Characteristics
N=203 N=119 N=64 N=44 N=22
(48.3%) (22%) (17%) (8.0%) (4.7%)
Number of household members > 43 (21.2) 24 (20.2) 16 (25) 9(20.5) 3(13.6) 0.845
5 people, n (%)
Household income, n (%) 0.016
Low 169 (83.3) 101(84.9)  53(82.8) 37(84.1) 15(68.2)
Moderate 31 (15.3) 15 (12.6) 8(12.5) 5(11.4) 3(13.6)
High 3(1.4) 3(2.5) 3(4.7) 2 (4.6) 4(18.2)
Household food access at baseline, n (%)
Before pandemic 0.271
High 59 (39.1) 41 (40.6) 14 (25.9) 15 (40.5) 3(17.6)
Moderate 56 (37.1)  36(35.6) 23 (42.6) 9(24.3)  7(41.2)
Low 36(23.8)  24(23.8) 17 (31.5)  13(35.2) 7(41.2)
After pandemic 0.148
High 77 (51.3) 46 (44.7) 27(52.9) 18(51.4) 5(29.4)
Moderate 48(32.0)  41(39.8) 14 (27.5) 6(17.1)  7(41.2)
Low 25 (16.7) 16 (15.5) 10 (19.6) 11 (31.5) 5(29.4)

! Class A: Good sleep quality and low risk of depression; Class B: Moderate-to-good sleep quality and low risk of
depression, with some tiredness; Class C: Moderate sleep quality and moderate risk of depression; Class D: Moder-
ate sleep quality and high risk of depression; Class E: Poor sleep quality and high risk of depression.

Adolescents in Class A comprised mostly boys (60%), aged <16 years (74%), who were
more likely to be pre-pubertal (29%) and non-anaemic (baseline, 78%; follow- up, 74%).
Adolescents in Class B were more often (severely) thin (14%), and more likely to smoke
(23.5%). Class C included mostly girls (70%), aged 216 years (49%), who were more likely
to be anaemic (baseline, 38%; follow-up, 45%), and to be in their late pubertal stage (30%).
Adolescents in Class D were mostly aged <16 years (80%), more often pre-pubertal (32%),
overweight or obese (23%), and non-anaemic (baseline, 84%; follow-up, 66%). Lastly, ado-
lescents in Class E were almost only girls (91%), and more often aged 216 years (45%),
were more likely to be thin (14%) and to have low physical activity (46%), were more
likely to have anaemia at follow-up (46%), to engage in alcohol drinking (9%) and smoking
(18%), and to live in smaller households (86% < 5 people) with higher educated parents.
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Figure 5.1. a) Probability of sleep quality scores among latent classes A-E; and b) Probability of depression scores
among latent classes A-E. Class A: (48.3%), with good sleep quality and low risk of depression; Class B (22%), with
moderate-to-good sleep quality and low risk of depression, but with some tiredness; Class C (17%), with moderate
sleep quality and moderate risk of depression; Class D (8%), with moderate sleep quality and high risk of depres-
sion; and Class E (4.7%), with poor sleep quality and high risk of depression.
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In regression analyses, no association was found between class membership of sleep
quality and depression with haemoglobin concentration at baseline in crude and adjusted
models (Table 5.2). However, we found inverse associations between baseline membership
of classes B, C and E, and haemoglobin concentration at follow-up (Table 5.3). These
associations largely remained after adjusting for haemoglobin at baseline, sex, pubertal
status, alcohol consumption, smoking status, and household income (Table 5.3, model
7). We found adolescent sex to be a strong determinant of the association between class
membership and haemoglobin concentration at follow-up (Model 2), indicating that being
a girl blunted the association. Meanwhile, after additionally adjusting for age and pubertal
status (model 3 and 4), the associations became somewhat stronger again. The final model
(model 7) showed that, in comparison to class A, membership of class B (moderate-to-
good sleep quality and low risk of depression, with some tiredness) predicted a reduction
of 0.43 g/dL (95%Cl: -0.79; -0.07), whereas membership of class C (moderate sleep quality
and moderate risk of depression) predicted a reduction of 0.49 g/dL (95%Cl: -0.94; -0.04)
in haemoglobin concentration at one year follow-up.
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DISCUSSION

In this analysis, we examined the association between sleep quality-depression
classification and haemoglobin concentration at baseline (2021) and at one year follow-
up (2022) in Indonesian adolescents. We found that the prevalence of anaemia had
increased by 8 percent points (from 21% to 29%) over the course of one year, with girls
more likely to be anaemic than boys. Furthermore, we did not find an association between
sleep quality-depression class membership and haemoglobin concentrations at baseline.
However, after controlling for baseline haemoglobin concentration and other covariates,
and relative to those with good sleep quality and low risk of depression, class membership
predicted a reduction of 0.43 g/dL (95%Cl: -0.79; -0.07) and 0.49 g/dL (95%Cl: 0.94; -0.04)
in haemoglobin concentration at follow-up for those with moderate-to-good sleep quality
and low risk of depression, with some tiredness (class B), and for those with moderate
sleep quality and moderate risk of depression (class C), respectively.

Our findings are not in line with a previous 8-year prospective cohort study among 2,920
adults in the Netherlands, which did not show an independent association between
depression, including sleep symptoms, and haemoglobin or anaemia status [38]. However,
another prospective study of similar duration among 84,791 Chinese people indicated
that both short as well as long sleep duration at night were associated with increased risk
of anaemia [39]. A longitudinal study of 6,465 men and women aged 50-99 years, found
that short sleep duration and sleep disturbances were associated with lower haemoglobin
levels, with a stronger association between disturbed sleep and anaemia in men (OR:
1.73, C.I. 1.13—2.65) compared to women (OR: 1.59, C.l. 1.02—2.46) [17]. In contrast,
high-school girls in Finland were found to be more likely to have anaemia and insomnia-
related depression than boys [40]. Since most of these studies have been conducted in
adults, the association between sleep, depression and haemoglobin concentration among
adolescents remains to be further investigated.

The underlying mechanism of how poor sleep quality and depression reduce haemoglobin
concentration is still unclear. A potential biological mechanism could be a shared gene: the
MEIS1 gene, known to be associated with anaemia, was also found to be associated with
sleep disturbances [41]. Another potential mechanism could be the altered blood flow in
the brain, which is a symptom of sleep disturbance, but is also associated with anaemia
[17,42]. The potential mechanism could also be explained through poor dietary intake.
Sleep patterns and depression are linked to altered appetite, and low haemoglobin and
other micronutrient concentrations could be a consequence of the dietary changes [43].
A previous observational study showed that adolescents who slept 3h or more during
daytime reported greater caloric intake and food cravings [44]. Furthermore, chronic
stress may affect the mesolimbic dopaminergic system and other brain regions which may
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shift food preferences towards hyperpalatable “comfort” (e.g., high-fat, high sugar) food
[45]. However, a previous study with one year follow-up showed that sleep disturbances at
baseline did not necessarily have impact on poorer clinical outcomes including anaemia,
but did have impact on depressive symptoms and overall physical functioning [46], which
we did not consider in the present study.

We constructed latent classes as a combination of sleep quality and depression, because
poor sleep quality is known to be one of the key symptoms of mental health problems
in adolescents [47], which makes it difficult to disentangle these two constructs. In
adolescents a reduced quantity and quality of sleep has been reported to increase the risk
of having mental health problems by three-fold [48]. A cross-sectional study among 1,111
young adults (aged 18-25 years) from New Zealand and the United States showed that
sleep quality was the strongest predictor of depressive symptoms and well-being, followed
by sleep quantity and less physical activity [49]. In addition, a longitudinal study in 4,951
adolescents in the USA showed that sleep disturbances predicted future mental health
problems, particularly depression [50]. A study including 2,018 Indonesian adolescents (10
to 24-year age) showed that 54.1% experienced varying degrees of psychological distress
during the COVID-19 pandemic, while better sleep quality was found to be protective [51].
In our study population we observed 5 underlying classes based on various combination
of sleep quality and depressive symptoms.

The increase in prevalence of anaemia from baseline to follow-up could be due to several
factors. For instance, COVID-19 measures taken by the government may have limited the
availability of nutritious foods due to food chain disruptions, a decline in nutrient-rich
food consumption due to loss of income, and stagnating implementation of micronutrient
supplementation programs [52]. For instance, the IFA supplementation program in
Indonesia was replaced by providing education about anaemia through online media
during the pandemic [54], which may not have been as effective. Surprisingly, we found
that access to food was better during the pandemic (Table 1), but this does not necessarily
mean that this equals access to nutritious food. Government assistance, consisting of the
provision of cash money or foods (typically rice, noodles and oil) during the pandemic, has
helped to protect households against food insecurity [53]. However, this is not a guarantee
for the purchase and consumption of nutritious food. Nevertheless, during the pandemic,
people shifted their ideas about goods and foods considered to be essential, such as from
animal food sources (such as fish) towards eggs, oranges and hand sanitizer [53].

In our study, girls were overrepresented in classes C and E, which represent two of the
more problematic sleep-depression clusters. Anaemia was also more prevalent in both
of these classes, at baseline as well as at follow-up. In addition, these classes tended to
represent adolescents at a later pubertal stage. A previous study found that differences
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in risk of sleep disturbances emerged in association with onset of menses in adolescent
girls [55]. Furthermore, risk of anaemia is higher in older girls due to the exposure time to
menses. Among girls, a significant increase in sleeping problems with advanced pubertal
development score has been reported, which was not found among boys [56]. A study
among children and adolescents aged 0-18 years old using polysomnography found that
sleep parameters including sleep disturbances differed greatly between Tanner stages in
both boys and girls [57].

The current study was conducted longitudinally, at two time points one year apart,
which enables us to draw inferences regarding the direction of causality between sleep
quality, depression, and the occurrence of anaemia. Another strength of the current
study is that classification by LCA better discriminates between groups of individuals
with common features, in this case similarity in patterns of sleep quality and depression
scores, as compared to commonly used categorical diagnostic constructs. However, we
also acknowledge some limitations: the number of adolescents in group D and E were
relatively small, which may have limited the power to detect associations. In addition,
there may be residual confounding from factors that were not considered in the analysis,
such as extensive information on dietary intake, morbidity, and inflammation [58]. Self-
reported sleep quality and depression can be biased, although the questionnaires had
been adapted, translated, and validated for adolescents in the Indonesian setting. A longer
prospective study would be warranted to further explore the longitudinal relationship
between sleep quality, depression, and risk of anaemia in adolescents.

CONCLUSION

Our study showed that, in comparison to adolescents with good sleep quality and low
risk of depression, those with moderate-to-good sleep quality and low-to-moderate risk
of depression had a 0.43-0.49 g/dL lower haemoglobin concentration. Therefore, mental
health and sleep quality should be taken into account in anaemia intervention programs.
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Supplementary Table 5.1 PSQl and K10 questionnaires

Instructions: The following questions relate to your usual sleep habits during the past month only, Your answers
should indicate the most accurate reply for the majority of days and nights in the past month, Please answer

all questions, During the past month, Petunjuk: Pertanyaan-pertanyaan berikut ini berkaitan dengan kebiasaan
tidur Anda yang biasa selama sebulan terakhir, Jawaban Anda sebaiknya mewakili tidur sebagian besar siang
dan malam dalam sebulan terakhir, Mohon jawab semua pertanyaan, Selama sebulan terakhir,

1.
2.

w

When have you usually gone to bed? Kapan biasanya Anda tidur?
How long (in minutes) has it taken you to fall asleep each night? Berapa lama (dalam menit) Anda biasanya
butuhkan untuk tertidur setiap malam?

. When have you usually gotten up in the morning? Kapan biasanya Anda bangun di pagi hari?
. How many hours of actual sleep do you get at night? (This may be different than the number of hours you

spend in bed) Berapa jam Anda tidur di malam hari? (Ini mungkin berbeda dari jumlah jam yang Anda
habiskan di tempat tidur)

. During the past month, how often have you had trouble sleeping because you,,,

Selama sebulan terakhir, seberapa sering Anda sulit tidur karena ,,,

Answer: Not during the past month Tidak selama sebulan terakhir, Less than once a week (1) Kurang dari
sekali seminggu (1); Once or twice a week (2); Sekali atau dua kali seminggu (2) Three or more times week (3)
Tiga kali atau lebih dalam seminggu (3)

Cannot get to sleep within 30 minutes Tidak bisa tidur dalam 30 menit

Wake up in the middle of the night or early morning Bangun di tengah malam atau dini hari

Have to get up to use the bathroom Harus bangun untuk ke kamar mandi

Cannot breathe comfortably Tidak bisa bernapas dengan nyaman

Cough or snore loudly Merasa terlalu dingin

Feel too cold Merasa terlalu dingin

Feel too hot Merasa terlalu panas

S| |[~|eo ol |o|w

Have bad dreams Mimpi buruk

Have pain Sakit

Other reason(s), please describe, including how often you have had trouble sleeping because of this
reason(s): Alasan lain, harap jelaskan, termasuk seberapa sering Anda sulit tidur karena alasan ini: ,,,,,,,11111»

FIIIIIIIIIIIIIIIIIINIIIINIIIIIIIY

. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you

sleep? Selama sebulan terakhir, seberapa sering Anda minum obat (dengan resep atau beli sendiri untuk
membuat Anda tidur?

. During the past month, how often have you had trouble staying awake while driving, eating meals, or

engaging in social activity? Selama sebulan terakhir, seberapa sering Anda mengalami kesulitan untuk tetap
terjaga saat mengemudi, makan, atau melakukan aktivitas sosial?

. During the past month, how much of a problem has it been for you to keep up enthusiasm to get things

done? Selama sebulan terakhir, seberapa besar masalah yang Anda alami dalam mempertahankan
antusiasme untuk menyelesaikan sesuatu?

. During the past month, how would you rate your sleep quality overall?

Selama sebulan terakhir, bagaimana Anda menilai kualitas tidur Anda secara keseluruhan?
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The Kessler Psychological Distress Scale English and Bahasa Version (K10)

About tentang:

1.

how often did you feel tired for no good reason? kira-kira seberapa sering Anda merasa lelah tanpa alasan
yang jelas?

. how often did you feel nervous? kira-kira seberapa sering anda merasa gugup?

. About how often did you feel so nervous that nothing could calm you down? kira-kira seberapa sering anda

merasa gugup sehingga tidak ada yang dapat menenangkan diri anda?

4. About how often did you feel hopeless? kira-kira seberapa sering anda merasa putus asa?

. About how often did you feel restless or fidgety? kira-kira seberapa sering anda merasa gelisah atau tidak

nyaman?

. About how often did you feel so restless you could not sit still? Kira-kira seberapa sering Anda merasa sangat

gelisah sehingga tidak dapat duduk tenang?

7.

About how often did you feel depressed? kira-kira seberapa sering anda merasa depresi/sedih?

8.

About how often did you feel that everything was an effort?

kira-kira seberapa sering anda merasa bahwa segala sesuatu memerlukan usaha berat?

9.

About how often did you feel so sad that nothing could cheer you up?

kira-kira seberapa sering anda merasa sangat sedih dan tidak ada yang dapat membuat anda ceria?

10. About how often did you feel worthless?

kira-kira seberapa sering anda merasa tidak berarti?
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Characteristics Excluded case Included Cases P-value'
N=124 N=452
Adolescent characteristics
Sex
* Boys 64 (51.6) 222 (49.1) 0.724
* Girls 60 (48.4) 230 (50.9) 0.730
Age group
¢ 10- <13y 19 (15.3) 130 (28.8) 0.216
*>13-<16y 28(22.6) 169 (37.4) 0.129-1
e>16-<18y 61 (49.2) 133 (29.4) 0.057
e>18-19y 16 (12.9) 20 (4.4) 0.355
Adolescent occupation
¢ Unemployed 32(25.8) 38 (8.4) 0.059
e Student 84 (67.7) 401 (88.7) 0.001
e Work 8(6.5) 13 (2.9) 0.692
Physical activity
e Low 37 (29.8) 150(33.2) 0.692
* Moderate 53 (42.7) (181 (40.0) 0.724
* High 34 (27.5) 121 (26.8) 0.935
Nutritional status (BMI z-score)
* Severely thin 3(2.4) 8(1.8) 0.949
e Thin 9(7.3) 43 (9.6) 0.828
e Normal 92 (74.2) 300 (66.8) 0.181
* Overweight 11 (8.8) 62 (13.8) 0.189
® Obese 9(7.3) 36 (8.0) 0.944
Disabilities
* None 51(41.2) 198 (43.8) 0.738
o Low 41 (33.0) 107 (23.7) 0.250
* Moderate 252 (20.2) 121 (26.8) 0.152
» Severe/Very Severe 7 (5.6) 26 (5.7) 0.991
Household characteristic
Paternal education
¢ No education 10 (8.3) 35(7.8) 0.958
¢ Elementary school 75 (60.2) 271 (60.2) 1.000
e Senior high school 35(28.2) 125 (27.8) 0.962
¢ University 4(3.3) 19 (4.2) 0.933
Maternal education
¢ No education 9(7.3) 36(8.1) 0.936
¢ Elementary school 91 (73.4) 285 (64.3) 0.109
e Senior high school 18 (14.5) 95 (21.4) 0.504
* University 6 (4.8) 27 (6.1) 0.902

Paternal occupation
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Supplementary Table 5.3. Continued

¢ Unemployed 6(4.8) 1(0.2) 0.830
* Unsecured job 64 (51.6) 195 (45.4) 0.388
* Secured Job 54 (43.6) 234 (54.4) 0.152
Maternal occupation

¢ Unemployed 41 (33.1) 146 (35.2) 0.802
* Unsecured job 58 (46.8) 201 (48.4) 0.829
e Secured job 25 (20.1) 68 (16.4) 0.676
Number of household members > 5 23 (18.6) 95 (21.0) 0.798
people

Household income

« Low 102 (82.3) 375 (82.9) 0.886
* Moderate 16 (12.9) 62(13.8) 0.925
« High 6 (4.8) 15 (3.3) 0.869

Values are n (%) for categorical data. P values were generated using a two-sample test of proportion.
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As described in Chapter 1, the main objective of this thesis was to better understand the
connections between pubertal development, anaemia, and nutritional status in relation
to physical, mental, and cognitive health of Indonesian adolescents. We first identified
the trend of Age at Menarche (AAM) over time and its association with obesity and
noncommunicable diseases (NCD) among women. Next, we evaluated to what extent
cognitive function during adolescence is associated with Hb concentrations of their
mothers while being in utero. Further, we assessed the associations between anaemia
and mental health outcomes by exploring potential aetiologic factors as determinants of
Common Mental Disorders (CMD) in adolescent girls, and, finally, determined associations
between sleep quality, depression, and haemoglobin concentration in adolescent boys
and girls. The findings of the thesis are summarized in Table 6.1.

AAM IS ASSOCIATED WITH OVERWEIGHT/OBESITY, BUT
NOT WITH NCDS

In Chapter 2, we found that AAM has significantly declined over time, from 14.4 years of
age in the 1940s to 13.4 in the 1990s. This finding is in line with a systematic review on
the time trend of age at menarche in Indonesia, which showed a decline from 14.4 years
to 13.6 years since 1970 [1]. Compared to other Asian countries the mean AAM of our
population was somewhat lower. For instance, in China an average AAM of 14.7 years
was found for those born after 1959 [2], and AAM amounted to 16.2 years in women
born before 1950. However, like in Indonesia, the average AAM has declined in China to
approximately 13.2 years for women born in the period 1975-1985 [3]. Both in developed
and developing countries, declining AAM has been associated with factors such as
economic development, wealth, access to health facilities, and food intake. This decline
varies within a population based on the local context [4].

In our study population, AAM was significantly inversely associated with BMI and body
weight at later age, but not with height, nor with NCD. This is in line with a large systematic
review, which showed a higher BMI in adult women with earlier compared to later start
of menarche (<12 vs 212 years) of 0.34 kg/m? (95% confidence interval: 0.33-0.34) [5].

Methodological considerations

In Chapter 2, the retrospective recall of NCDs and AAM might not have been completely
accurate, although the respondents of IFLS were generally healthy and able to remember
their health history. Moreover, self-reported AAM collected by a personal interview, which
was the method used in IFLS, has been shown to be consistent with AAM up till 30 years
earlier in a retrospective follow-up study [6], as well as in a study with repeated interviews
of menstrual history in the period of 1985-1993 [7]. However, since data on AAM were



140 | Chapter6

only collected from married women (Chapter 2), the analysis may have selectively
excluded unmarried women, or those who were not willing to participate or who had
already passed away. This validity threat is inherent to the longitudinal design and cannot
be avoided. Nevertheless, the number of missing data was relatively small, and therefore
we do not expect that this potential bias has greatly influenced the outcome of our study.

Implications of the link between early menarche and adolescent health
trajectories

The decrease in AAM can be expected to have some health consequences for Indonesian
women. Early age at menarche has been shown to be a predictor of physical, nutritional,
and reproductive health outcomes, even at adolescent age, which has implications for the
adolescent girl's healthy transition from childhood into young adulthood [8,9]. Unintended
pregnancy and its additional risks such as ectopic pregnancy, miscarriage, low birth
weight, and preterm birth, as well as overweight/obesity have all been associated with
early menarche [10-12]. Given that weight increase after menarche is accelerated, BMI
could be a mediating factor in the relationship between early menarche and unfavourable
health outcomes [13]. However, because obesity and overweight often begin in childhood
and have been shown to initiate puberty at earlier age, BMI during childhood could still
be one of the confounders that need to be considered when investigating the association.

Although in our study AAM was not shown to be associated with NCDs later in life, chances
are high that such an association will be observed in the Indonesian context in the future.
After all, the prevalence of obesity among Indonesian women is increasing rapidly, while
AAM is still declining. This means that the prevalence of NCDs in Indonesia may not yet be
at its highest point, which may have weakened any associations. The incidence of NCDs is
still much lower in Indonesia compared to other countries, such as for example in Mexico
[14], China [2], and Korea [15]. Besides, several other studies have clearly shown that
AAM can be a risk factor for diseases such as breast cancer [16], and type 2 diabetes [17]
later in life.

NON-ANAEMIC MOTHERS PRESERVE BETTER COGNITIVE
FUNCTION IN STUNTED OFFSPRING

In Chapter 3, the association between maternal Hb concentration and her offspring’s
cognitive function at age 10-14 years is described. We showed that adolescents who were
stunted, anaemic, or living in a rural area had a significantly lower cognitive score than
their counterparts who were not stunted or anaemic, or who were living in an urban
area. The effect of maternal Hb concentration on cognitive function of her offspring was
modified by stunting status of the child.
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Others have shown that stunted children have a higher risk of being anaemic [18,19].
Moreover, along with other risk factors such as poverty and poor home environments,
stunting has been associated with lower cognitive functioning at school age and during
adulthood [20]. As adolescents in the present study were born during the economic crisis
between 1997 and 1999, their parents’ economic status may have been affected. Our
finding is in line with previous studies in Indonesia, which found a stronger and more
consistent association of adolescents’ cognitive scores with socioenvironmental risk
factors, including stunting, than with biomedical factors [21]. However, it should be
noted that stunting in adolescents is multi-causal and can be the result of a combination
of poor nutrition, environmental stress, and morbidity, starting from the foetal period
to later in life [22]. There may also be unmeasured confounding in Chapter 3, e.g., by
ignoring exposures that impact both maternal nutritional status and child development,
such as for example dietary intake. Furthermore, gestational age at the time point of Hb
testing was not assessed, which is of importance as timing of anaemia may affect foetal
development [23].

Methodological considerations

The longitudinal design of the study described in Chapter 3 enabled us to draw conclusions
about potential causal relationships between maternal anaemia and their offspring’s
cognitive function. Our findings showed that being non-anaemic during pregnancy may
result in a brighter child when the child is stunted. However, some residual confounding
may have been present as in every observational study. In fact, to exclude competing
explaining factors, additional information on other potential confounders would be
needed, i.e. gestational age at time of maternal Hb measurement, and on determinants
of childhood stunting [24]. Cognitive function was assessed using the Raven’s Progressive
Matrices (RPM). This is a standardized method to measure non-verbal cognitive ability that
has previously been used in Indonesia [25] and is not biased by educational background
or by cultural or linguistic deficiencies [26]. However, the results for cognition cannot
be directly compared to those obtained with other tools. Finally, altitude and smoking
status were not taken into account to correct Hb concentration, while WHO suggested to
consider those variables for Hb adjustment [27].

Implications of the role of maternal anaemia in cognitive functioning of
adolescents

As showed in Chapter 3, the high prevalence of maternal anaemia (49%) and of adolescent
stunting (32%) is a continued concern, considering that each stunted child who has been
exposed to anaemia in utero runs the risk of long-term developmental backlog. The
co-occurrence poses a greater threat to offspring’s cognitive function than maternal
anaemia only. Given the fact that stunting status was shown to be a mediating factor
in the association, the effect of maternal anaemia may further reduce mental capacity,
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delay motor development, cause poor educational attainment, and reduce economic
productivity [28,29].

Since adolescent anaemia and stunting can have common underlying causes, early life
interventions, i.e. during pregnancy, may be more effective to simultaneously address
all forms of malnutrition [30]. It is worthwhile to intervene in the critical developmental
period of the first 1000 days of life, during which the body is more vulnerable to both
nutritional and non-nutritional threats [31]. Existing guidelines recommend the adoption
of comprehensive and multi-sectoral prevention strategies to overcome malnutrition
in children and adolescents [32]. Thus, our findings support the need to scale up
interventions, such as those aimed at preventing anaemia and stunting, within the window
of opportunity that is defined by pregnancy and the first two years of life.

DETERMINANTS OF MENTAL HEALTH IN INDONESIAN
ADOLESCENT GIRLS

We explored national representative data gathered in 2018, and the results are presented
in Chapter 4. We found that the prevalence of CMD among adolescent girls of 15-19 years
old was 16.5%. This was higher than the reported national prevalence of 10% among
people aged 15 years or older in 2018 [33]. Previous studies indicated that the prevalence
of CMD among adolescents in developing countries is increasing [34]. Compared to other
countries in the area, the prevalence of mental health problems in Indonesia observed
our study was higher than in Malaysia, with 11.1% reported for Malaysian children aged
5-15 years assessed by a validated Strengths and Difficulties Questionnaire in National
Health and Morbidity Survey in 2015 [35]. In Thailand, 15% of adolescents aged 13-17
years developed DSM-IV mental disorders in the period of 2015-2016 based on a national
survey in 18 provinces [36]. However, different time, age group and tools might hamper
these prevalence comparisons.

In Chapter 4 we investigated whether anaemia was associated with CMD, but this did
not seem to be the case. This result was not conform our prior expectation, as iron and
vitamin By,, both important in red blood cell formation, are also known to be involved in
processes affecting mental disorders [37]. In addition, we found that CMD occurs more
often among adolescents who have parents with a higher socio-economic status and who
are living in an urban environment, and in those having asthma. Furthermore, higher CMD
scores were associated with a high level of the adolescent’s education and better paternal
occupation. Previous studies have shown that adolescents, especially girls, who lived in
an urban area more often reported to have stress symptoms during non-working time
[38], and were more likely to have symptoms of depression [39]. Furthermore, living in an
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urban area and having a better socio-economic status seems to affect psychosocial stress,
possibly due to reduced social interaction despite more crowded environments, less
quality time with parents, and higher parental expectations of academic achievements
such as grades [40-42].

The strongest clustered determinants of CMD among adolescent girls in Indonesia were
asthma, smoking, and higher haemoglobin concentration. This result is in line with a
previous study that showed an association between smoking and depression, which was
stronger among women compared to men [43]. In addition, higher smoking rates were
also found specifically among adolescent girls living with mental disorders [44]. However,
the causality of this pathway remains open, and reverse causality cannot be excluded
due to the cross-sectional study design. Adolescents found to have a higher risk for CMD
were those with asthma who also had higher haemoglobin levels which is in line with
a previous study [45].This can be explained by asthma preventing oxygen to bind to
haemoglobin, therefore leading to hypoxia, which increases haemoglobin concentration
[46]. Adolescents with asthma were found to have a number of complications that
may influence their mental well-being, including sleep difficulties, persistent coughing,
and limitations in physical activity [47], and had a higher risk of anxiety symptoms in
comparison to their healthy peers [48]. However, the size of the cluster was rather small,
hence for public health practice it is also important to consider the second cluster found
to be at risk of CMD, namely adolescents with higher SES.

Methodological considerations

In Chapter 4, the cross-sectional nature of the study prohibits clear causal inferences, as
the time effect of exposure on outcomes cannot be determined. Furthermore, missing
data, especially on AAM and parental occupation, may have caused some bias. Exclusion
of adolescents who were more often member of a smaller household, lived in urban
areas, had a highly educated father and a mother without education, and tended to have
CMD more often, may have blunted some of the associations. However, the number of
these cases was rather small (~13% of the original sample) and we expect the impact to be
small. Similar to Chapter 3, due to unavailability of the data, altitude and smoking status
could not be taken into account to correct Hb concentrations, although it is known that
Hb concentrations increase with altitude and smoking as an adaptive response to lower
blood oxygen saturation and oxygen carrying capacity [27]. The data unavailability may
have influenced the Hb concentrations in our study.

We acknowledge that non-differential recall bias from self-reported CMD data might have
led to underestimating the associations. CMD, including depressive symptoms, anxiety,
and psychosomatic complaints, were measured with the SRQ-20. The SRQ-20 has been
found to detect probable cases of common mental disorders with reasonable accuracy



144 | Chapter6

and has been used in the National Survey, the questionnaire has been translated in
Bahasa, and was validated. Since the tool consisted of 20 questions, adolescents may have
taken a little longer than the time reserved for completing the questionnaire, which may
have caused errors because of the time pressure. For the data analysis, we determined
CMD prevalence using the established standard criteria of the SRQ-20. However, the use
of categorical diagnostic constructs can possibly be a source of misclassification because
of the latent factors underlying CMD. In addition, the analysis in Chapter 4 lacked some
important covariates, such as adolescents’ experience of violence and quality of their
relationship with parents and peers. Such data may have helped to explain some of the
associations in more detail. Nevertheless, socioeconomic status was captured sufficiently,
by parental education and occupation [49].

Implications of mental health problems on adolescent health trajectories

Mental health problems can affect children and young adults throughout their life.
Adolescents who experience mental health issues may have a difficult time when
adjusting to adult life. They may, for instance, experience problems in adulthood, such
as completing education, getting a job, and avoiding illegal and health risk behaviours
[50]. Previous studies reported that early adult functioning was significantly influenced
by both a complex adolescence period and current mental health status. For instance,
current and former mental health problems were strongly related to adult functioning
in Dutch adults, even if the symptoms decreased over adolescence [51]. Several studies
indicated that having any type of mental disorder during adolescent age predicts adverse
outcomes related to health behaviour, social functioning, and financial issues [52—54]. This
is supported by the finding that onset of depression at younger age is linked to significant
functional impairment and a higher burden of illness than onset at later age [55].

ANAEMIA, SLEEP QUALITY, AND DEPRESSION IN
INDONESIAN ADOLESCENTS

Latent Class Analysis yielded 5 underlying latent classes of sleep quality and depression
(described in Chapter 5). We found that 48.3% of the adolescents in our study could be
classified as having good sleep quality and low risk of depression (class A); 22%, a good to
moderate sleep quality and low risk of depression, but with some tiredness (class B); 17%
with moderate sleep quality and moderate risk of depression (class C); 8% with moderate
sleep quality and high risk of depression (class D); and 4.7% with poor sleep quality and
high risk of depression (class E). The latter, class E, consisted of almost only girls (91%),
were more often aged =16 years (45%), and were more likely to be thin (14%), to have
low physical activity (46%), to engage in alcohol drinking (9%) and smoking (18%), to live
in smaller households (86% < 5 people) with higher educated parents, and were more
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likely to have anaemia at follow-up (46%), compared to the other classes. These findings
support our finding in Chapter 4, i.e., that a higher socio-economic status of the household
is a determinant of CMD.

Class membership, in particular for classes B and C, significantly predicted haemoglobin
concentration at one-year follow-up, after adjusting for Hb at baseline. In addition,
among girls but not in boys, a significant increase in sleeping problems with advanced
pubertal development score has been reported [56]. Furthermore, the higher risk of sleep
disturbances, depression, and anaemia has been shown to coincide with the onset of
menses in adolescent girls [57]. Nevertheless, also other behavioural determinants can
potentially be associated with an increased risk of sleep problems and depression, such
as inconsistent bed routines and gadget screen device use [58].

Methodological considerations

Taking the disadvantages of the measurement tools described in Chapter 3 into
consideration, in Chapter 5 mental health disorders in adolescents were assessed using
the K10 scale, which focuses on psychometric properties and can discriminate psychiatric
cases from non-psychiatric, healthy cases. The tool has been used in Indonesia, translated
in Bahasa, validated among adolescents, and only required a short time to administer
during the field data collection. We used LCA analysis in Chapter 5 to identify subgroups of
sleep quality and depression. As sleep quality and depression consist of latent indicators,
LCA helps to identify subgroups of adolescents who share common characteristics of sleep
quality and depression by grouping them by similar scoring patterns [59].

To overcome the limitation of using non-adjusted haemoglobin concentration in previous
chapters, haemoglobin concentration in Chapter 5 was adjusted for altitude and smoking
status as these additional data were collected in this longitudinal study. We acknowledge
that Hb cannot be interpreted as a direct measure of iron deficiency, so therefore it
would also have been worthwhile to take iron status indicators into consideration, such
as serum ferritin (SF), transferrin saturation, and soluble transferrin receptor (sTfR). A
full longitudinal analyses, e.g., investigating changes in Hb related to changes in sleep/
depression, was not possible due to delays in data cleaning, but are scheduled for later.

Implications of the relationship between sleep quality-depression and
anaemia on adolescent health development

Sleep and depression gained more attention, especially during the COVID-19 pandemic.
It is not a novel finding that one of the most typical signs of depression in adolescence
is a chronic lack of sleep or a severe sleep disorder [60]. A meta-analysis, in which
150,000 participants were followed for a period of three months to 34 years, showed
that those who had sleep issues had a two times higher risk of developing a depression
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[61]. Furthermore, based on a study that looked at data of adolescents who were tracked
from the age of 15 to 24 years, those who reported poor sleep at the age of 15 but did
not yet experience depression or anxiety at that time, were more likely to deal with this
problem at the age of 17, 21, or 24 than their peers [62]. At crucial life stages, having a
depression combined with sleep disruption is linked to an increased risk of suicide [63].
Particularly, adolescents who sleep on average less than six hours are three times as likely
to consider suicide than those who sleep for eight hours [64]. Lack of sleep increases
the propensity to withdraw from friends and family, a lack of ambition, and an increase
in irritability. These can all have an impact on a person's social relationships and thus
the risk for depression [65]. Clinical evidence concerning treatment, shows that treating
insomnia in people, including adolescents who already have depressive symptoms, not
only improves their sleep but also reduces the symptoms of depression [66].

The finding from this thesis concerning the association between sleep quality-depression
and low Hb potentially has important public health implications. Sleep and depression
are found as risk factors of anaemia in adolescents; thus, the prevention and treatment
of anaemia can be focused on promoting sleep and preventing depression, which may
reduce the risk to develop anaemia at the same time. Furthermore, anaemia prevention
programs should always consider evaluating sleep quality and depression in anaemic
adolescents.

INTEGRATION OF RESEARCH FINDINGS ON HEALTH
INDICATORS

In our study, AAM was assessed in chapters 2, 4, and 5 using a similar recall question:
“how old were you (in years) at your first menstruation?” In chapter 2, based on IFLS
data, we found a decline in AAM of one year between women born in 1940s-1990s, from
14.4 (SD:2.1) to 13.4 (SD:1.5) years of age. In chapter 4, based on data from the National
Basic Health Survey, girls born between 2003-2008 reported their AAM to be 13.1 years
(SD:1.3), while in chapter 5, based on newly collected data in one district, girls born
between 2006-2011 reported it to be 12.5 years (SD:1.2). These findings indicate that
AAM in Indonesia may still be declining.

Regarding the prevalence of anaemia, chapter 3 (IFLS data) showed that 22.2% of
adolescents aged 10-14 years were anaemic in 2015, with girls being more affected
(30.4%) than boys (14%). Furthermore, 27.3% of adolescent girls aged 15-19 years were
found to be anaemic in 2018 (chapter 4). In both of these studies no adjustment of Hb
concentration for altitude and smoking status was possible, and the age ranges differ from
the definition of adolescents by WHO (age 10-19 years). Nevertheless, findings from the
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primary data collection in one district as described in chapter 5 show that the prevalence
of anaemia in adolescents aged 10-19 years old was in the same range of 20-30%, namely
21%in 2021 and 29% in 2022. In addition, girls were found to be more affected by anaemia
than boys (31% vs. 9% at baseline, and 42% vs. 15% at follow-up, respectively). Our studies
indicate that anaemia among adolescent girls is not declining in Indonesia and may even
have increased during the COVID-19 pandemic.

Chapter 3 showed that 32% of adolescents were stunted, 7.7% were overweight, and
5.3% were obese, but none of them were thin. Different results were found in chapter 4,
in which 26.6% of adolescents were thin, 6.2% were overweight, and 20.2% were obese.
Differences between surveys, age groups, sampling size, sampling frame, and time points
may have caused these discrepancies. These factors were considered in chapter 5, and
findings show that the prevalence of adolescents, aged 10-19 years in the study area, who
were thin was 11.7%, overweight was 14.1%, and obese 8.4%.

With regard to mental health, 16.8% of adolescent girls aged 15-19 years were found to
have mental health problems, as assessed by SRQ-20 questionnaire in 2018 (cut-off >6)
(chapter 4). In contrast, mental health problems as assessed by K10 questionnaire (cut-off
>18) occurred in approximately 28.3% of adolescent boys and girls in 2021 (chapter 5).
Mental health problems were more prevalent in girls compared to boys, with 35.3% and
21.2%, respectively. When combined, classes D and E represented 12.7% of adolescents
with poor-to-moderate sleep quality and high risk of depression. Discrepancies between
these findings may be attributed to differences in methodologies, sampling, living area,
and time period of data collection.

GENERAL CONCLUSION AND IMPLICATIONS FOR FUTURE
RESEARCH

General conclusion

In the introduction of this thesis three specific research questions were formulated:

1. To identify the time trend of AAM and its association with obesity and NCD among
women from diverse socio-economic groups, living areas, and regions in Indonesia;

2. To evaluate the relationship between intra-uterine maternal Hb concentration and
cognitive function of their offspring at adolescent age;

3. To assess associations between pubertal development, anaemia, and mental health
outcomes.
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The studies in this thesis show that AAM declined over decades from 14.4 years in the
1940s to 13.4 years in the 1990s, and that women with earlier AAM had a higher BMI
and body weight later in life. AAM was not independently associated with any of the
NCD outcomes and mental health problems. Maternal Hb concentration was associated
with lower cognition in their adolescent offspring, when modified by adolescent stunting
status. Considering mental health, adolescent girls with asthma and smoking cigarettes,
as well as those having parents with higher education and secured occupation, are at
increased risk of developing mental disorders. Furthermore, severity of sleep quality
and depression was not associated with haemoglobin concentrations at baseline but did
predict lower concentrations at one-year follow-up.

Existing policy on adolescent anaemia and mental health in Indonesia

In recent decades, the Indonesian government has shown political commitment to
address malnutrition and made numerous efforts to do so. Although there have been
modest improvements, Indonesia is still not on track to reach the global nutrition targets
[67]. Currently, there is no set of regulations aimed at the health needs of adolescents,
particularly not regarding the prevention of anaemia nor the promotion of mental health.
Despite efforts of the Ministry of Health to promote adolescent health in a broader sense,
most of the initiatives so far have centred on reproductive health concerns.

Regarding anaemia prevention, no progress has been made towards achieving the target
of reducing 50% anaemia among women of reproductive age (15 to 49 y) [67]. Weekly
Iron Folic Acid supplementation (WIFS), a national program for preventing anaemia in
adolescent girls, was introduced in 2016. However, it is still in its very early stage with
poor coverage and compliance [68]. Since the high importance to promote adolescent
health, much can still be achieved in this area and further policies should be developed
and applied.

Ourfindings show thatanaemiain adolescentsis multidimensional. Non-nutritional aspects
such as mental health problems, pubertal status, and poor sleep quality are important
determinants which play crucial roles in increasing the anaemia prevalence in Indonesia.
In addition, social-economic determinants, and factors such as parental education and
occupation, living area, and smoking status also contribute to the association between
anaemia and mental health. Comprehensive non-nutritional approaches to complement
existing nutritional programs are needed to overcome anaemia and anaemia-related
consequences in adolescents.
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General recommendations

Based on the findings in this thesis, we recommend further research in the following

areas:

1.

a)

b)

With the prospect of increasing prevalence of anaemia, overweight-obesity, early
puberty, and adolescent mental health issues in Indonesia:

Future national health surveys should clearly differentiate between adolescent age
(10-19 years) and/or pubertal developmental stage to facilitate future comparisons
and should include additional adolescence related topics such as pubertal status and
sleep quality.

Longitudinal studies in which pubertal status and mental health are measured, are
needed to unravel causal pathways and to provide evidence for tailored preventive
programs.

Studies that focus on adolescents’ anaemia in Indonesia should consider evaluating
stunting status, sleep quality, and mental health indicators over continued time periods
and in various geographic areas, with validated methodologies, and should start from
an early stage of life.

Comprehensive measurements of puberty among adolescent girls in relation to
anaemia, such as menstrual blood loss, are crucial to provide evidence about the
effect of early puberty on anaemia and mental health development.

Learning from our findings from Indonesia and some other ASEAN countries [69] through

national health survey data, to provide evidence-based policies which target both physical

and mental health, is crucial. While ensuring the interventions' accessibility, acceptance,

availability, and affordability, it is now the right time to prevent and treat adolescent

anaemia with a multidisciplinary approach and to deliver interventions through

appropriate delivery platforms.
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158 | Summary

The main objective of this study is to comprehensively assess the association of adolescent
anaemia with mental health disorders, with a focus on Indonesia. So far, limited research
has been done to assess the prevalence of anaemia among adolescent in Indonesia
and data on the relationship between anaemia and pubertal development indicators in
Indonesia are scarce.

Chapter 2 addresses the time trend of age at menarche (AAM) in Indonesia and its
association with BMI and non-communicable disease (NCD) prevalence at later age. We
used data of 15,744 women aged 15-65 years from 5 waves of the Indonesian Family
Life Survey (IFLS) conducted in the period 1993 to 2015. Multiple linear regression was
applied to determine the association of AAM with BMI, and Poisson regression with robust
variance for investigating the association of AAM with NCD prevalence. Models were
adjusted for age, and effect modification by wealth status, living area, and region was
investigated. We found that AAM has significantly declined over time, from 14.4 (SD:2.1)
years of age in the 1940s to 13.4 (SD:1.5) in the 1990s. AAM was inversely associated
with BMI (B: -0.30 kg/m?, 95%Cl: -0.37, -0.22) and body weight (pB: -0.67 kg, 95%Cl: -0.75,
-0.54), but not with height. After adjustment for age, AAM was not associated with NCDs,
i.e., hypertension, type 2 diabetes mellitus, liver diseases, asthma, chronic lung diseases,
cardiovascular diseases, stroke, cancer, or arthritis. Including BMI in the models did not
change these results. Further longitudinal research is needed to disentangle the direction
of causality of the associations.

Chapter 3 investigated the association between intra-uterine maternal haemoglobin
(Hb) concentration and cognitive function of their offspring during adolescence. We used
longitudinal cohort data of 363 paired pregnant mothers and their offspring at 10-14 years
of age from the Indonesia Family Life Survey (IFLS) conducted in 1997-2014. Multiple
linear regression models with maternal Hb as exposure and cognitive function (Raven's
Progressive Matrices test) as outcome were explored, with adjustments for maternal age,
maternal height, and socioeconomic status. The weighted anaemia prevalence was found
to be 49.3% in pregnant mothers and 22.2% in adolescents. The mean total cognitive
score of adolescents was 12.4 points out of 17. Adolescents who were stunted, anaemic,
or living in a rural area had a significantly lower cognitive score than their counterparts. In
the adjusted model, maternal Hb was not associated with adolescent cognitive function
(B: 0.14; 95%Cl: -0.052 — 0.340). However, the effect of maternal Hb concentration on
cognitive function of their offspring was modified by stunting status (3, stunted: 0.44;
95%Cl: 0.05—-0.82 and 3, non-stunted: 0.01; 95%Cl: -0.02 —0.24, p-interaction 0.039). This
study shows that adverse cognitive outcomes at adolescent age is likely to be multi-causal
and may best be addressed by tackling pregnancy-related anaemia as well as warranting
good nutrition for growth and development during childhood.
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Chapter 4 reports on the association between haemoglobin concentration and other
determinants of Common Mental Disorders (CMD) among adolescent girls in Indonesia.
Data of 1,052 adolescent girls aged 15-19 years old from the Indonesian Basic Health
Survey 2018 were analysed for this purpose. CMD was measured using the Self Reporting
Questionnaire (SRQ-20). Principal Component Analysis of main determinants was applied
andresulting principal components were investigated as risk factors for CMD. We found that
the prevalence of CMD among the study population was 16.5%. Anaemia and AAM were
not associated with CMD. The strongest clustered associates of CMD among adolescent
girls in Indonesia were asthma, smoking status, and higher haemoglobin concentration (f3:
1.74, 95%-Cl: 1.59; 1.89). Our findings imply that adolescent girls who have asthma and
smoke, as well as those having parents with higher education and secured occupation, are
more likely to have mental disorders. Causal pathways need to be disentangled in future
studies.

In Chapter 5 an association between sleep quality, depression, and haemoglobin
concentration was identified. Data of 452 adolescents aged 10 to 19 years old were
collected across all subdistricts in Gunungkidul district, Yogyakarta province, Indonesia
during 2021 (baseline) to 2022 (follow-up). Sleep quality was assessed using The
Pittsburgh Sleep Quality Index (PSQI) and adolescent’s depressive-anxiety disorder by the
Kessler-10 Psychological Distress scale (K10) questionnaire. Latent Class Analysis (LCA) was
used to identify and characterise the adolescents based on sleep quality and depression
indicators. In the present study, 20.3% of all adolescents were anaemic at the baseline.
LCA yielded 5 classes of sleep quality and depression. We did not find an association
between classes and adolescent haemoglobin at baseline. However, in comparison to
class A (describe A), membership of class B (moderate-to-good sleep quality and low
risk of depression, with some tiredness) predicted a Hb reduction of 0.43 g/dL (95%Cl:
-0.79; -0.07), whereas membership of class C (moderate sleep quality and moderate risk
of depression) predicted a Hb reduction of 0.49 g/dL (95%Cl: 0.94; -0.04) at one year
follow-up. Mental health and sleep quality should therefore be considered in intervention
programs that address anaemia.

Chapter 6 summarized the main findings and integrates them to fill part of the research
gaps identified in the introductory chapter. Based on our findings, this chapter highlights
the needs to improve Indonesian adolescent health through further data-driven policies
and future research in area of pubertal status, mental health, and sleep quality. Since no
progress has been made towards achieving the target of reducing anaemia among women
of reproductive age in Indonesia, a multidiscipline approach and deliver intervention
through appropriate delivery platform to prevent and treat adolescent anaemia is
crucial, while ensuring the accessibility, acceptance, availability, and affordability of the
intervention.
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Chair group meeting (biweekly meeting) HNH Global Nutrition 2019-2022

PhD Paper clip and paper café HNH Global Nutrition 2019-2022

Staf/MR4 Meeting HNH Global Nutrition 2021-2022

'With the listed activity, the PhD candidate complied with 30 ECTS educational requirements of VLAG Graduate
School, a Wageningen University and Research graduate school. One ECTS equals a study load of 28 hours
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