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Abstract

Folic acid or folate is a type of B vitamin. Folic acid is also known as vitamin B9. Folic acid is found in
plants such as green vegetables, nuts, seeds, and orange juice. Animal sources of folic acid are mainly
in liver and milk. In the body folic acid is activated into Tetrahydrofolate (THF). This study aimed to
determine the reference range value of serum folic acid in the Indonesian healthy young adult
population. A total of 120 healthy young adult volunteers with an age range of 20 - 40 years consisting
of 60 male and 60 female subjects participated in the study. Serum folic acid levels were examined
using the (ECLIA) method with a cobas e411 device. Serum folic acid reference range values were
determined using percentiles 2.5 - 97.5%. The results showed that the reference range value of serum
folic acid in healthy young adults was 4.19 - 19.96 ng/mL, in male subject 4.69 - 20.00 ng/mL and female
subjects 3.93 - 18.82 ng/mL. The reference range values of serum folic acid in the Indonesian healthy
young adult population are in accordance with the reference ranges reported in other countries.
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INTRODUCTION

Adulthood is a stage of human development in the age range of 18-65 years, which is
divided into young adult development 18-40 years and old adult development 40-65
years. Young adults are in a stage of development characterised by an individual's
ability to build close relationships with others. At this stage individuals try to be
independent, have a job, build a family, and fulfil their needs. Interaction leads to social
relationships, marriage, and having a family as well as being part of society [1].

Young adulthood is a process of human growth and maturity. During this period,
unique and continuous changes occur. Physical changes and growth that occur and
affect health and nutritional status. One of the common nutritional problems
experienced in young adulthood is anaemia. Anaemia is a condition characterised by
reduced haemoglobin in the body. Anaemia is characterised by symptoms such as
fatigue, dizziness and shortness of breath. Vitamin B9 or folic acid is an essential
nutrient in the body. The role of folic acid in the process of protein nucleate synthesis
is key to the formation and production of normal red blood cells in the bone marrow

2]
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There are risk factors that can increase the vulnerability of health problems at any
phase of a person's life. However, it becomes a more detrimental problem if the health
is not properly controlled [3]. The most common interactive factor is the combination
of excessive dietary energy intake against the background of a fast food environment,
lack of physical activity in daily life and genetic susceptibility. Modern food is
characterised by readily available snacks, calorific beverages, high-fat foods, high
energy density, large portion sizes and relatively low prices [4]. Lack of nutrients and
vitamins can cause abnormalities in the body, one of which is folic acid. Folic acid or
vitamin B9 can cause megaloblastic anaemia. Data from recent meta-analyses show
that folic acid deficiency is associated with hyperhomocysteinemia, hypertension,
cardiovascular abnormalities, and cerebrovascular abnormalities as well as an
increased risk of cancer events such as breast cancer, pancreatic cancer, and prostate
cancer. Moreover, folic acid deficiency is linked to neurological disorders such as
decreased cognitive function, dementia, and Alzheimer's disease [5].

Folic acid is one of the vitamins, belonging to the group of B vitamins, is one of the
important elements in the synthesis of Deoxyribo Nucleic Acid (DNA). This element is
required as a coenzyme in the synthesis of pyrimidine. Folic acid needs can be fulfilled
from food consumption such as beef, chicken liver, beef liver, mackerel, crab, spinach,
broccoli, beans, strawberries, oranges and wheat but daily food consumption generally
cannot fulfil all folic acid needs. Folic acid can be fulfilled with folic acid tablets or folic
acid. In addition, folic acid can also prevent DNA changes that can cause cancer. This
is the reason why folic acid is recommended to be taken before marriage because folic
acid is beneficial to increase fertility and can maintain the health and function of
ovarian eggs in women [6].

Folic Acid acts as a coenzyme for several body reactions in the formation of new cells,
DNA synthesis as a blue print in cell production, and is necessary for the formation of
red blood cells, normal growth and development, maintaining the nervous system,
digestive tract, and white blood cells [7]. Symptoms of folic acid deficiency include
lethargy, weakness, difficulty breathing, oedema, decreased appetite, depression and
nausea. Sometimes glossitis, diarrhoea, and pallor are present and cases of
malnutrition are found. On laboratory examination, folic acid deficiency may result in
low haemoglobin (Hb), low crista illiaka bone marrow, hyperplastic/megaloblastic bone
marrow. In addition, placentation disorders such as abortus habitualis, placental
abruption, and fetal congenital abnormalities may occur [8].

The need for folic acid in men and women is not differentiated, but depends on age.
The need for folic acid per day in infants under one year is 80 ug, in children aged 1-
7 years is 160-200 ug, at the age of 7-9 years is 300 pg and at the age of 10 years,
adult age is 500 pg and old age is 400 pg. In pregnant women, the need for folic acid
per day is 600 pg and in breastfeeding mothers is 500 pg [9]. This study aims to
determine the reference range value of serum folic acid in the Indonesian healthy
young adult population.

METHOD

The study was conducted from February to March 2024 at the Clinical Pathology
Laboratory, Hasanuddin University Hospital Research Unit (RSUH) and at the
Labuang Baji Hospital Clinical Pathology Laboratory, Makassar.
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The total sample was 120 healthy young adults aged 20-40 years, consisting of 60
men and 60 women, the inclusion criteria for this study were healthy young adults both
male and female aged 18-40 years, the exclusion criteria were pregnant women and
currently experiencing infection and inflammation. This study has obtained permission
from the Health Research Ethics Committee with ethical approval number
115/UN4.6.4.5.31.1 PP36/2024. Serum folic acid was examined using the (ECLIA)
method with a cobas e411 device.

Data Analysis

Data analysis was performed using licensed statistical software (SPSS version 26).
Serum folic acid reference range values were determined by setting limit values
between the 2.5% and 97.5% percentiles.

RESULTS AND DISCUSSION

The study was conducted from February to March 2024 at the Clinical Pathology
Laboratory, Research Unit of Hasanuddin University Hospital (RSUH) and at the
Clinical Pathology Laboratory of Labuang Baji Hospital, Makassar. The total sample
was 120 volunteers who met the inclusion criteria, consisting of 60 men and 60 women
(Table 1).

Table 1. General Characteristics of Research Subjects

Variables Mean+SD Median Min-Max
Age (20-40 Years) Whole sample 31.72 £ 4.79 32.00 20-40
Male 12.56 + 4.11 10.15 4-21
Female 10.17 £ 3.71 8.32 4-21

Low serum folic acid is highly variable. These variations most likely reflect differences
between study samples in terms of age and health status. Folate deficiency rates are
generally considered to be lower but vary between cultures, with frequencies as high
as 50% reported in Latin American country populations aged >60 years. The much
lower rates of folate deficiency in western countries are thought to reflect differences
in nutritional habits and the frequent use of non-prescription vitamin supplements [10].

Table 2. obtained reference range values of serum folic acid in healthy young adult
population is 4.19 - 19.97 ng/mL and the average obtained is 10.36 ng/mL, in female
sex is 3.93 - 18.83 ng/mL and in male sex is 4.69 - 20.0 ng/mL, the average obtained
in female sex is 9.21 ng/mL and male 11.49 ng/mL. Although the male sex is higher
than the female. Research by Winkels et al. 2011, found the average of male subjects
on folic acid 9.4 ng/mL and women 19.7 ng/mL [11].

The results of Azizah's 2020 study which said that the average intake of folic acid in
young adults was 18.0 ug/mL, most respondents did not meet the adequacy of folic
acid reaching 94.7% [12]. This may be due to the different daily dietary patterns of
men and women. Men tend to consume more food, while women eat less due to the
fear of obesity and weight gain.

A study suggests that teenage girls actually skip two meals in favour of snacks. Most
shacks are not only devoid of calories, but also contain very few nutrients, and can
also interfere with appetite [13].
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Table 2: Reference Range of Folic Acid

Referance Range
Gender N Mean SD Percents (2'5_97'95%)
Folic Acid Entire Sample 120 10.36 | 4.07 4,19 - 19.97
(ng/mL) Male 60 1 411 4.69 — 20.47
Female 60 9.21 3.71 3.93-18.83

Research by Silvaa, E, A. Hofman states that consumption of folic acid supplements
before conception is associated with reduced uteroplacental vascular resistance and
reduced hypertension [14].

Table 3 results of folic acid reference range values from various populations in
Indonesia and other countries. There are differences in each country. According to
Galukande M, et al 2011, reference range values may differ significantly between
populations and cultures whose food intake is different [15]. Each laboratory is
expected to investigate the transferability of the expected values to its own patient
population and if necessary define its own reference range. This study sought to
establish folic acid reference values for young adults in Uganda, where the reference
range values were found to be 4.17 - 20.0 ng/mL. The results of Wahlin et al. 2015 in
Northern Sweden found serum folic acid values of 13.3 - 17.9 ng/mL in serum vitamin
B12 and folic acid levels of an adult population aged 35-80 years, folic acid levels with
age remained constant throughout the ages studied [16]. In line with research in other
countries such as that conducted by Wright et al. 2009 in the UK, the reference value
of folic acid was 2.4 - 24.1 ng/mL in the healthy adult population [17], and the study of
Pravst et al. 2021 in Europe found folic acid values of 4.3 - 20.4 ng/mL [18], and the
results of a study by Pfeiffer et al. 2012 in the United States, found folic acid values of
13.0 - 16.7 ng/mL [19].

The results obtained were a higher prevalence of folic acid in the Aboriginal population
but still within normal limits, where 10% of Aboriginal women of childbearing age and
most consume store-bought bread so it is likely that they get the benefit of adding to
improve nutrition. In line with research conducted in February to March 2024 on serum
folic acid in the Indonesian healthy young adult population, found the reference range
value of serum folic acid was 4.19 - 19.96 ng/mL. The total sample was 120 volunteers
aged 20-40 years, who met the inclusion criteria, consisting of 60 men and 60 women.
Serum folic acid reference range values in the Indonesian healthy young adult
population are in line with reference ranges reported in other countries [20]. The
results of research by Maxwell et al. 2013 in Australia, found folic acid values of 13.5
- 25.0 ng/mL in Aboriginal and non-Aboriginal Western Australian populations aged
16-44 years [21].

Table 3: Reference Range of Folic Acid in Indonesia and Other Countries

Reference Folic acid Reference Range Value

Wahlin et al. 2015 (Swedia Utara) 13.3-17.9 ng/mL
Wright et al. 2009 (Inggris) 2.4 —24.1 ng/mL

Pravst et al. 2021 (Eropa) 4.3 — 20.4 ng/mL

Galukande et al. 2011 (Uganda) 4.17 — 20.0 ng/mL
Pfeiffer et al. 2012 (Amerika Serikat) 13.0 — 16.7 ng/mL
Maxwell et al. 2013 (Australia) 13.5 — 25.0 ng/mL
Restami et al. 2024 (Indonesia, Present Study) 4.19 — 19.96 ng/mL
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CONCLUSIONS

From the results of the above study, it can be concluded that the reference range value
of serum folic acid in healthy young adult subjects aged 20 - 40 years is 4.19 - 19.96
ng/mL. The referenge range value of serum folic acid in men, aged 18 - 40 years is
4.69 - 20.0 ng/mL. The raferenge range of serum folic acid in females, aged 18 - 40
years was 3.93 - 18.82 ng/mL.
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