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ABSTRACT

Background: Adolescents are usually thought of having a
healthy condition, so study about their physical health,
especially that related to lung condition is very limited.
Indicator used for assessing lung condition is oxygen
saturation. The study aimed to analyze the association of
nutritional impact to oxygen saturation in adolescent girls in
Central Java, Indonesia.

Methods: This study used a cross-sectional design with 378
adolescent girls in Central Java, Indonesia as respondents.
To find which nutrition intake related to oxygen saturation,
data of each nutrition intake and SpO: level were analyzed
using linear regression. Data of body mass index, hemoglobin
level and upper arm circumference were also included in the
analysis since previous research showed their correlation with
oxygen saturation.

Results: The prevalence of low SpO: in adolescents is 8.5%.
The nutrition intake which significantly related to oxygen
saturation were fat (p = 0.007; Cl = -0.021, -0.003) and vitamin
D (p =0.037; CI = 0.005, 0.172).

Conclusions: Adolescents should decrease fat consumption,
increase vitamin D consumption, and need to increase arm
circumference by consuming more protein and living a healthy
lifestyle to avoid infectious diseases.
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INTRODUCTION

Adolescence is a transition period from child to adult. At
this period, moreover for girls who will become mothers later,
preparing a healthy body is important so that they need to
understand their own physical health starting from this phase
of life. One indicator showing a healthy person is blood oxygen
saturation (SpOz). Blood oxygen saturation (SpOx) is related
to respiratory and circulation system condition; as one of
indicators of a healthy lung *. The ideal number of SpO2 is over
95%, moreover for young age normal oxygen saturation is
good to be between 97-100% 2. The change of SpO2 below
95% means someone is in a condition of hypoxia (low level of
oxygen saturation).

Adolescents are usually thought of having a healthy
condition, so study about their physical health, especially that
related to lung condition is very limited. Adolescents or
specifically girls would mature then and get pregnant when
they are sexually active or get married. This SpO2
measurement could predict adverse maternal outcomes such
as maternal mortality and serious morbidity 3. Low oxygen
saturation condition prevalence in adolescents remains
unknown, however previous study showed that hypoxia
prevalence was between 6.3% and 8.6% in healthy
population, while obesity, chronic diseases (asthma, COPD,
cardiovascular diseases, hypertension and diabetes) and
having lung symptoms as factors related to such condition 4°.
It is also related to hemoglobin levels in the blood because
oxygen from the lungs to the body's tissues is carried by
hemoglobin contained in erythrocytes.

Hypoxia could affect other organ conditions and also be
related to energy intake and appetite 6, so adolescent girls
should manage it because they still need much nutrition for



their growth. Adequate intake of macronutrients and
micronutrients is also needed for the immune system, so
individuals can be more protected from infectious diseases 7.
Previous research was conducted on mountaineers, while
research on adolescent girls has never been conducted,
therefore this study aimed to describe prevalence of low SpO2
in adolescent girls who are not familiar with such chronic
diseases and whether their nutritional intake is related to
oxygen saturation (SpOz).

METHODS

The study used samples of adolescent girls in
Banyumas, Purbalingga and Kebumen District, Central Java,
Indonesia. The sampling method was stratified-random
sampling with three strata: public/private high school,
vocational high school, and Islamic high school from every
district. The eligible criteria of the study were adolescent girls
aged 16-18 that presented at school during data collection and
agreed to participate in the study confirmed by filling out
written informed consent. The study has been authorized by
the Medicine Faculty Ethics Committee, Universitas Jenderal
Soedirman, with document no. 346/KEPK/X/2019.
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Figure 1 Prevalence of low SpO2 level in adolescent girls

Based on linear regression analysis, predictors of SpO:
in adolescent girls are upper arm circumference, fat, and
vitamin D. The coefficient of determination (R?) for the model
is 0.029 means 2.9% variation of oxygen saturation can be
described by the model. Related to multivariate model
assumption, the model has met all the assumptions.

The data collection was in November 2019. The
questionnaire was a self-administered questionnaire with one
guide reading the question and giving an explanation in front
of the classroom. Respondents were asked to fill out their
demographic characteristics and food frequency for the last
month to measure their nutritional intake. SpO2 levels were
measured using a digital handheld pulse oximeter. Besides
SpOz, hemoglobin levels were also measured using a digital
hemoglobin meter. Respondents’ height and weight were
measured using microtoise and digital weight scales. The
upper arm circumference was also measured using tape.

Statistical analysis used for the study was linear
regression. To minimize the bias, respondents with SpOz level

under 70% were excluded in the analysis, and then -tte
remaining samples were used to describe the prevalence of
low SpOz in adolescent girls.

RESULTS

Based on the descriptive statistics, the prevalence of low
SpOz2 level in adolescent girls is 8.5% (Figure 1). The average
upper arm circumference in respondents with low level of
SpOz2is 23.3 (SD = 2.3) lower than in respondents with normal
level of SpO2 which is 23.9 (SD = 2.5). The correlation test
shows a significant correlation between upper arm

Table 1 Adolescent girls’ characteristics and its
correlation with SpO: level
Low (£95%) Normal (>95%)
- _ _ Coefficient
Characteristics  n=33 n=355 correlation
meanz SD (range) mean+ SD (range)

Sp02 93+ 2.3 (86-95) 98+ 1.2 (96-99) 1.000
Body mass 20.1£3.1 (14.6-29.9)  21.0+3.5(14.3-39.6) 0.096
index
Weight 49.5+ 8.0 (37.1-70) 48.9+ 8.9 (33.1-105.8) 0.004
Height 152.7+£ 5.2 (138.5-164) 153.0+ 5.4 (137-176.7)  0.062
Hemoglobin 136+ 1.4 (108-16.1)  13.3+1.5(7.9-18.2) -0.005
level
Upper arm 233+23(195-29.8) 239+25(185-40.0)  0.120*
circumference
*p<0.05

Table 2 Adolescent girls’ daily nutritional intake
Nutrition mean + SD (range) Adequacy index*
Carbohydrate (g) 179 + 102 (35-930) 300
Protein (g) 50 + 39 (6-287) 65
Fat(g) 37 £ 36 (1-259) 70
Iron (mg) 11+£10 (1-118) 15
Folic acid (ug) 224 + 411 (15-5954) 400
Vitamin B12 (p 2+2(0-21) 4
Vitamin D (ug) 2+4(0-37) 15

circumference and SpO: level.

*BMI reference = 20.6; BMI samples = 20.9



Table 3. Results of linear regression to explore nutritional
intake related to SpO: level

HDL and decrease LDL in blood, so heart health and blood
circulation could be maintained. Fat that is bad for the body is

trans-fat, while fat that is dangerous if it is consumed too much

i 0,
(ng?]g:r:f) 95886 1 (93 g(gg /;7C |7)88) 0 800 1 is saturated fat that could increase LDL in blood. In this study,
Unper arm circumferen 0 683 0'003’ 0 1.62 0'043 the common source of fat consumed by adolescent girls are
opper am circumference - 0.069 (50'021’-6 003).) 000y fried chicken, chicken egg, sausage and mik which are
Vitamin D 0 b89 (0'005’ 0 i72) 0'037 saturated fat. Based on nutritional adequacy figures, female

adolescents aged 16-18 need approximately 70 grams of fat.
If teenagers consume more, the excess fat could accumulate

Table 4. Multivariate model assumptions inthe neck area resulting in a narrow upper airway so that the

I /;ssumgtion o Tev\s/ti?g R?S1U|Et35 3 velume of air entering the lungs becomes less 8. Fat can also
Ln' epgtn ency u;\ n- aos(());\ 1' ' accumulate in blood vessels so that blood circulation becomes
Inearity p (Anova) 0. uneventful 1920, This condition results in decreased oxygen

Homoscedasticity - Scatter plot shows no pattern levels in the blood. This study showed that every gram

Normality Histogram _shows normal dls_tr|l?ut|qn and increase in fat consumption would resultin a decrease in SpO2
ngrmal P'P Plot shows residual distribution near by 0.012. If we assume a decrease from the maximum SpO:

N diagonal [ine value of 100 and the condition of low oxygen saturation is 95,
Collinearity VIF<26 then the decrease of 5 is equivalent to fat consumption of 417
grams of fat. If in a day the teenager has the habit of drinking

DISCUSSION a glass of milk brewed from three tablespoons of powdered

This study showed that the percentage of low SpO2 in
adolescent girls was 8.5% at second data collection. This
prevalence is higher than previous research that showed the
prevalence of low SpO2 level for people age <65 years was
5.2% “. Measuring SpOz is very sensitive to altitude 8. The
study was conducted in Banyumas with altitude 200-1500 m,
Purbalingga 55 m, and Kebumen 0-737 m 9, Central Java,
where the SpO2 cut-off should not have significant difference.

According to a descriptive analysis, adolescent girls’
nutritional intake per day is less than the nutritional adequacy
index suggested by the Health Ministry of Indonesia °. As
mentioned in Table 2 that all micro and macro nutrients, such
as carbohydrate (179 g < 300 g), protein (50 g < 65 g), fat (37
g<704g),iron (11 mg < 15 mg), folic acid (224 ug < 400 pg),
vitamin B12 (2 pg < 4 ug) and vitamin D (2 pg < 15 ug) are
not consumed by adolescent girls at their enough amount.
Especially for carbohydrates, fat, folic acid and vitamin D the
daily intake is much lower than the suggested index.
Adolescents whose daily nutrient consumption is lower than
the standard occurs due to eating less than three meals a day
11 have low food and nutrition literacy *2, and low dietary
diversity 2,

The study showed that every gram of fat consumption
caused 0.012 SpOz reduction. Fat is beneficial as a source of
energy and has more calories than carbohydrate (9:5),
besides those are vitamin A, D, E and K as fat-soluble vitamins
which have functions for the body. Vitamin A is beneficial for
vision health 14, vitamin D is for bone health ° that in this
study showed correlation with oxygen saturation that its
explanation will be discussed later, vitamin E is for antioxidant
16 and vitamin K is related to blood clotting process . Those
are the reasons why adequate consumption of fat is beneficial
to maintain organ systems’ working stability. But fat also has
various types which have different effects for the body. The fat
that is good for the body is unsaturated fat which can increase

milk or consuming sausages up to ten pieces per day, it will
increase the buildup of saturated fat in the body. If adolescents
experience extreme SpO2 decline, adolescents could have
oxygen tube 2!, but the treatment is unlikely to be given
forever because it will certainly interfere with adolescent
activity and require no small cost. Therefore, adolescents are
advised to reduce fat consumption, including consuming low-
fat milk, or replacing the habit by consuming unsaturated fats.

The study also showed that vitamin D consumption is
correlated with SpO2. Vitamin D is one of the micronutrients
needed by the body. Since its discovery, many studies have
been conducted to see the link of vitamin D with several
diseases, including musculoskeletal, cancer, cardiovascular,
autoimmune, neurological disorders, pregnancy disorders,
and respiratory infections 22. In this study, the link of vitamin
D consumption with SpOz further leads to the role of vitamin D
in protecting the respiratory organs from infection. When
adolescent girls are deficient in vitamin D consumption (less
than 15 g or 600 IU per day), the risk of infection will increase.
The results showed that vitamin D consumption as much as 1
Mg can increase SpO2 levels by 0.089 or in other words, when
a person decreases SpO: levels to 95, to increase it to 100
required consumption of vitamin D as much as 57 pg or 2280
IU. Thus, in conditions of low SpO2 levels, adolescents need
to consume two to three tablets of vitamin D supplements.
Meanwhile, under normal conditions, to meet the daily needs
of vitamin D, adolescents can consume foods containing
vitamin D. In this study, the food ingredients that have the
highest source of vitamin D consumed by teenagers are
powdered milk, chicken eggs, fresh milk, and mushrooms. In
the adolescents’ daily consumption in this study, milk powder
had the highest vitamin D content. If adolescents consume
three tablespoons of powdered milk, adolescents will be able
to meet their daily vitamin D needs. In line with the correlation
between fat and SpO2, to overcome excess fat consumption,
vitamin D needs can be fulfilled, adolescents can replace



powdered milk with low-fat milk. Adolescents can also
consume up to seven to eight eggs per day, especially the yolk
because the egg whites in chicken eggs do not contain vitamin
D 23, However, some studies show excess egg consumption
can increase the risk of heart disease because eggs also
contain fat where the fat content in the yolk is higher than the
egg white (1:90). The risk of fat accumulation in the body can
be overcome by reducing carbohydrate consumption so that
the body will convert excess fat into energy or by consuming
green tea two hours after having a meal so that the fat
oxidation process will increase 2*. Aside from food, vitamin D
can also be obtained through sunlight so that increasing
activities outside the home can also be done.

Upper arm circumference is an indicator used to
measure nutritional status which is a manifestation of long-
term (chronic) malnutrition that describes how calorie intake is
primarily related to macronutrients, namely protein: an
important nutrient in the process of regeneration of damaged
cells. A condition of malnutrition is associated with infectious
diseases %. If the infection occurs in organs in the respiratory
system, this will have an impact on the quality of the respiration
process so that oxygen saturation in the blood will decrease
(low SpOy2). In addition to upper arm circumference, BMI can
also be used to measure nutritional status, but BMI is usually
more volatile compared to upper arm circumference which is
relatively more stable. Nonetheless, generally a person's
upper arm circumference is correlated with his BMI.

This study has limitations in measuring calorie intake
using food frequency questionnaires and meal portions for the
past one month so that it is susceptible to recall bias. In
addition, oxygen saturation measurements were carried out
using an oximeter, while the most valid oxygen saturation
measurement is by using a blood gas analysis examination.
However, this study can be a reference for further research
using more valid instruments and longitudinal study designs.
The research samples have BMI mean of normal nutritional
status, so further research to understand the phenomena
using other categories of nutritional status would be beneficial
to enrich the understanding of correlation between nutritional
intake and oxygen saturation.

CONCLUSIONS (Arial Narrow Font 11, Bold)

Based on the results of this study, the nutritional intake
related to SpO: levels is fat and vitamin D, so adolescent girls
need to increase their intake of fat and vitamin D. Upper arm
circumference is also related to  SpO: levels where this is
related to protein intake. Food example that can be
recommended is eggs, especially the yolk. Adolescent girls
should also increase outdoor activities, especially in the
morning and evening to increase exposure to sunlight. Further
research using longitudinal design could also be conducted to
increase adolescent girls' healthy status related to their
nutritional intake.

ACKNOWLEDGMENTS (Arial Narrow Font 11, Bold)

Authors thank the Health Ministry of Indonesia for
funding this research. We also thank all the schools, parents,
and students for taking part in this study.

REFERENCES (Arial Narrow Font 11, Bold)

1. Almazaydeh L, Faezipour M, Elleithy KA. Neural Network
System for Detection of Obstructive Sleep Apnea Through
SpO: Signal Features. Int. J. Adv. Computer Sci. Appl. 3,
7-11(2012).

2. Elder JW, Baraff SB, Gaschler WN, Baraff LJ. Pulse
oxygen saturation values in a healthy school-aged
population. Pediatr. Emerg. Care 31, 645-647 (2015).

3. Payne BA, etal. Assessing the Incremental Value of Blood
Oxygen Saturation (SpO2) in the miniPIERS (Pre-
eclampsia Integrated Estimate of RiSk) Risk Prediction
Model. J. Obstet. Gynaecol. Canada 37, 16-24 (2015).

4. Vold ML, Aasebg U, Hjalmarsen A, Melbye H.
Predictors of oxygen saturation <95 % in a
cross-sectional population based survey.
Respir. Med. 106, 15511558 (2012).

5. Vold ML. Low FEV 1, smoking history , and obesity are
factors associated with oxygen saturation decrease in an
adult population cohort. 1225-1233 (2014).

6. Aeberlil, et al. Disturbed eating at high altitude: Influence
of food preferences, acute mountain sickness and
satiation hormones. Eur. J. Nutr. 52, 625-635 (2013).

7. MeiC,LiuY,LiY,etal. Evaluation of the nutritional status
in patients with COVID-19. J Clin Biochem Nutr.
2020;67:116-21. DOI: 10.3164/jcbn.20-91.

8. Crocker ME, et al. Articles Effects of high altitude on
respiratory rate and oxygen saturation reference values in
healthy infants and children younger than 2 years in four
countries : a cross-sectional study. Lancet Glob. Heal. 8,
€362-e373 (2020).

9. Statistics of Jawa Tengah Province. Height Above Mean
Sea Level (AMSL) by Regency/ Municipality in Jawa
Tengah Province, 2015 - 2018. (2023).

10. Health Ministry of Indonesia. Regulation of The Health
Ministry of The Republic of Indonesia Number 28 of 2019
Concerning Recommended Nutritional Adequacy Index
for The Indonesian People. (2019).

11. Birru M, Gizachew, Tadesse E, Sisay, Abate H, Kalkidan,
Mekonnen, Chane T, Chane G, Muluken. Malnutrition in
School-Going Adolescents in Dessie Town, South Wollo,
Ethiopia, Journal of Nutrition and Metabolism, 2021,

4898970, 8 pages, 2021.
https://doi.org/10.1155/2021/4898970
12. Doustmohammadian A, Omidvar N, Keshavarz-

Mohammadi N, et al. Low food and nutrition literacy
(FNLIT): a barrier to dietary diversity and nutrient
adequacy in school age children. BMC Res Notes 13, 286
(2020). https://doi.org/10.1186/s13104-020-05123-0

13. Nguyen PH, Huybregts L, Sanghvi TG, Tran LM, Frongillo



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

EA, Menon P, et al. Dietary diversity predicts the adequacy
of micronutrient intake in pregnant adolescent girls and
women in Bangladesh, but use of the 5-group Cutoff
Poorly identifies individuals with inadequate intake. J Nutr.
2018;148(5):790-7.

Wolf G. The discovery of the visual function of vitamin A.
J. Nutr. 131, 1647-1650 (2001).

DeLuca HF. The Metabolism and Functions of Vitamin D.
in Steroid Hormone Resistance 361-375 (1986).
Raederstorff D, Wyss A, Calder PC, Weber P,
Eggersdorfer M. Vitamin E function and requirements in
relation to PUFA. Br. J. Nutr. 114, 1113-1122 (2015).
Kasperkiewicz K, Ponczek MB, Owczarek J, Guga P,
Budzisz E. Antagonists of Vitamin K—Popular Coumarin
Drugs and New Synthetic and Natural Coumarin
Derivatives. Molecules 25, 1-24 (2020).

Cahyono A, Hermani B, Mangunkusumo E, Perdana RS.
The association between obstructive sleep apnea and
cardiovascular disorders. ORLI 41, 37-45 (2011).
Hosogai N, et al. Adipose Tissue Hypoxia in Obesity and
Its Impact on Adipocytokine Dysregulation. Diabetes 56,
901-911 (2007).

Trayhurn P. Hypoxia and adipose tissue function and
dysfunction in obesity. Physiol. Rev. 93, 1-21 (2013).
Talbott GD & Frayser R. Hyperlipideemia : a Cause of
Decreased Oxygen Saturation. Nature 200, 684 (1963).
Martineau AR, et al. Vitamin D supplementation to prevent
acute respiratory tract infections : systematic review and
meta-analysis of individual participant data. (2017)
doi:10.1136/bm;.i6583.

USDA National Nutrient Database for Standard
Reference, Legacy. (US Department of Agriculture
(USDA), Agricultural Research Service, Nutrient Data
Laboratory, 2018).

Adams F, et al. Epigallocatechin-3-gallate and
postprandial fat oxidation in overweight / obese male
volunteers: a pilot study. 704-713 (2010)
doi:10.1038/ejcn.2010.47.

Schaible UE & Kaufmann SHE. Malnutrition and Infection :
Complex Mechanisms and Global Impacts. 4, (2007).



