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ABSTRACT

Background: Chronic Energy Deficiency (CED) during pregnancy
represents a critical health challenge, especially in developing regions,
where it significantly threatens maternal and fetal well-being.
Docosahexaenoic Acid (DHA), an essential omega-3 fatty acid, plays a
pivotal role in fetal neurodevelopment and maternal health. However, the
impact of DHA supplementation on maternal calcium levels, particularly
among pregnant women affected by CED, has not been extensively studied.
This study evaluate the correlation between DHA supplementation and
calcium levels in third-trimester pregnant women with CED, with the goal
of improving outcomes for this  wvulnerable  population.
Method and Results: This research uses experimental cohort study design
with a quantitative approach, using non-probability sampling techniques
such as quota and purposive sampling, and involving a total of 24
participants. Statistical analysis revealed a significant increase in calcium
levels following DHA supplementation, with a p-value of 0.007 (<0.05),
indicating a notable impact of the intervention. The mean calcium levels
post-treatment were higher than pre-treatment, demonstrating the efficacy
of DHA supplementation in improving calcium levels. Further analysis
showed no significant correlation between pre-supplementation calcium
levels and Body Mass Index (BMI) (p = 0.622, > 0.05). However, a
significant correlation was found between post-supplementation calcium
levels and BMI (p = 0.002, < 0.05). These findings indicate a positive
correlation between DHA supplementation and calcium levels in pregnant
women with CED during the third trimester. However, further investigation
is needed to fully understand the relationship between calcium levels and
BMIL.

Conclusion: This study lays the groundwork for future research aimed at
optimizing therapeutic interventions or supplementation strategies to
improve the nutritional status of underweight pregnant women.
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Introduction

Chronic Energy Deficiency (CED) is a persistent
and severe form of undernutrition that affects a
substantial number of pregnant women,
particularly in developing regions. Characterized
by inadequate intake of calories and nutrients, CED
poses significant risks to both maternal and fetal
health, including increased susceptibility to
infections, complications during childbirth, and
adverse birth outcomes such as low birth weight
and impaired fetal development. The condition
underscores the critical need for effective
nutritional interventions to support the health and
well-being of both mother and child during
pregnancy.l?

Pregnant women with CED are pregnant women
with nutritional deficiencies such as calories and
protein. So that it affects the health of the mother
and her baby. Pregnant women can be known to
experience CED by looking at UAC (upper arm
circumference) and < 23.5 cm. The 4,656,382
pregnant women in Indonesia, 451,350 are at risk
of chronic energy deficiency and according to the
Ministry of Health in 2020 the incidence rate was
9.7% in 2020. Then the basic health survey in
2018, the prevalence of pregnant women at risk of
chronic energy deficiency (CHD) in Indonesia is
17.3 percent.®

Docosahexaenoic Acid (DHA), an omega-3 fatty
acid, is essential for fetal neurodevelopment and
maternal health. DHA plays a vital role in the
development of the fetal brain and retina, and it has
been associated with positive pregnancy outcomes
such as prolonged gestation and reduced risk of
preterm birth. Despite its recognized benefits, the
impact of DHA supplementation on other

physiological aspects, such as calcium metabolism,

particularly in pregnant women affected by CED,
has not been extensively studied.*

Calcium is a crucial mineral required for the
development of the fetal skeletal system and the
maintenance of maternal bone health. Pregnancy
significantly increases the demand for calcium, and
deficiencies can lead to serious complications such
as gestational hypertension and preeclampsia. In
the context of CED, where nutritional deficits are
prevalent, understanding how DHA
supplementation might influence calcium levels is
of particular importance.®

This study aims to explore the correlation between
DHA supplementation and calcium levels in
pregnant women with CED during their third
trimester. This research provide insights into
potential nutritional strategies and contributing to
better health outcomes for mothers and their

babies.

Methods

This research uses experimental cohort study
design with a quantitative approach, using non-
probability sampling techniques such as quota and
purposive sampling, and involving a total of 24
participants. The inclusion criteria in this study
were pregnant women registered at Made and
Simomulyo Health Center (gestational age 28-40
weeks or 3rd trimester) and pregnant women with
CED (UAC < 23.5 cm). The exclusion criteria for
this study were gestational age less than 28-40
weeks or less than the 3rd trimester and UAC >
23.5 cm, as well as samples that did not routinely
take DHA supplements and withdrew from the

study.
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Results respondents age, gestational age, weight, height,
In this study we conducted several analyses of body mass index (BMI), calcium pre and post
respondents through the characteristics of examination.
Table 1 Research Characteristics
Characteristics N Minimum  Maximum  Median Mean St Deviation
Respondents Age 24 22 39 28 29.37 4,79
Gestational Age 24 28 39 29,0 31,0 3,765
Weight 24 38,0 52,0 43.500 44.258 4,5154
Height 24 144 170 15550  156.167 7.9052
BMI 24 17,21 18.61 18.3200 18.1079 0.43790
Calcium Pre 24 1.6 13.6 6.700 6.629 2.7765
Calcium post 24 1.2 17.7 8.700 8.842 4.2095

In this research characteristic, the number of
respondents was 24 underweight pregnant women.
The age characteristics of respondents are in the
reproductive age category, namely 22 years to 33
years, then the gestational age represents the three
trimesters of pregnancy, from 6 weeks to 27 weeks
of gestation, so this study can represent each
trimester of pregnancy. The characteristics of
height and weight are limited to the underweight
category.

Table 2 Normality of Research Data

Characteristics N Minimum

Respondents Age 24 163
Gestational Age 24 <0,0001

Weight 24 157
Height 24 336
BMI 24 .001
Calcium Pre 24 772
Calcium post 24 .888

In the normality test of the research data, it was
found that BMI, gestational age, body weight data
were abnormal because p < 0.05, while pre and post
Calcium and Delta data were normal because p >
0.05.

Based on the results of the pre and post Calcium
data normality test, it was declared normal because
the p value> 0.05, so the comparison test used the
Paired T test.

Table 3 Comparative Analysis of Calcium Pre

and Post Treatment

Mean + SD P
Calcium 6,62 + 2,77 0,007
Pre
Calcium 8,8 +4,20
Post

Based on the results of the normality test, the pre

Calcium data is normal while BMI is abnormal, so

the test of the relationship uses the Spearman test.
Table 4 Analysis of the Relationship Between

Pre-Treatment Calcium Levels and BMI

Mean + SD P
Calcium 6,62 +2,77 0,723
Pre
BMI 18,10 + 0,437

Based on the results of the normality test, the post
Calcium data is normal while BMI is abnormal, so
the test of the relationship between post Calcium

and BMI uses the Spearman test.
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Table 5 Analysis of the Relationship Between

Pre-Treatment Calcium Levels and BMI

Mean + SD P
Calcium 8,8 +4,20 0,002
Post R =0,608
BMI 18,10 + 0,437
Discussion

DHA increase plasma calcium levels, and thus
increase bone mass; hence, our data confirm the
valuable effects of PUFAs as the source of DHA
on bone formation. Heaney et al. found that ®-3
DHA  supplementation increased  calcium
absorption in humans. DHA maintain Ca and P
homeostasis and do not cause disturbances in their
nutritional balance. Numerous studies have
indicated that DHA and their metabolites play
important roles in regulating bone metabolism. The
connection between DHA and bone metabolism
might be attributed to various suggested
mechanisms, including the regulation of osteoclast
and osteoblast activity and differentiation, along
with alterations in the fatty acid composition of
bone cell membranes. DHA have been shown to
reduce osteoclast activity while enhancing
osteoblast  function.  Additionally, dietary
supplementation with long-chain PUFAs has
exhibited a protective effect against bone loss
associated with aging.® Malondialdehyde, a
byproduct of lipid peroxidation, is closely linked
with oxidative stress.” In our study, DHA treatment
significantly reduced oxidative stress across all
groups. DHA supplementation notably decreased
MDA levels in both serum and liver, as well as
reduced hepatic oxidative stress. The reported
immunological effects of DHA, including its role

in improving pro-inflammatory status and

combating oxidative stress, suggest it may help
prevent or treat lipid peroxidation.2 One possible
mechanism is that osteocytes influence the
development and function of osteoblasts and
osteoclasts. Apoptotic osteocytes release pro-
inflammatory cytokines like TNF-0, which
promote osteoclastogenesis. Treatment with DHA
lowered inflammation, and recent research shows
that DHA intake effectively reduces inflammatory
markers by lowering TNF-a level.®

The findings from this study underscore the
potential benefits of Docosahexaenoic Acid
(DHA) supplementation in improving calcium
levels among third-trimester pregnant women with
Chronic Energy Deficiency (CED). The results of
the Paired T-test comparing calcium levels before
and after treatment revealed a p-value of 0.007,
which is below the significance threshold of 0.05,
indicating a statistically significant difference. The
mean calcium levels post-treatment were notably
higher than pre-treatment levels, confirming that
the administered treatment had a positive impact,
leading to an increase in calcium levels. Our
findings are consistent with the research conducted
by Nami Kim et al., which demonstrated that DHA
supplementation enhances the intensity of green
fluorescence, a marker of calcium concentration in
their study, reflecting an increase in intracellular
Ca?* levels.'® This alignment supports the
conclusion that DHA administration contributes to
elevated calcium levels. Given the lack of previous
research specifically addressing the impact of
DHA on calcium levels in underweight pregnant
women during the third trimester, our results
provide a valuable foundation for future studies.**
The significant increase in calcium levels post-
supplementation suggests that DHA may influence

calcium  metabolism,  potentially  through
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mechanisms related to its anti-inflammatory
properties and its role in enhancing nutrient
absorption.’? This is particularly relevant in
populations with CED, where nutritional
deficiencies are prevalent and can have detrimental
effects on both maternal and fetal health.?

The normality test results showed that pre-
treatment  calcium levels were normally
distributed, while BMI data were not. The analysis
resulted in a p-value of 0.622, exceeding the
significance threshold of 0.05, suggesting no
statistically significant correlation between pre-
treatment calcium levels and BMI. However, the
analysis of the relationship between post-treatment
calcium levels and BMI revealed a statistically
significant association. The Spearman correlation
coefficient (r) was 0.608, a positive value,
indicating that higher post-treatment calcium
levels are correlated with higher BMI. The
coefficient of 0.608 reflects a strong relationship,
accounting for 60.8% of the variance. These
findings are consistent with the study by Xiao-hua
Ren et al.,, which demonstrated a significant
association between total serum calcium levels and
the prevalence of overweight and obesity.** In their
research, individuals in the highest quartile of
serum calcium levels were found to have a higher
risk of being overweight or obese compared to
those in the lowest quartile. This suggests that
elevated serum calcium may be a marker or
contributing factor to increased body weight,
supporting the correlation observed in our study.®
In contrast, the study by Abdelmarouf H.
Mohieldein et al. found a negative correlation
between serum calcium concentrations and BMI (r
= -0.393, p = 0.003), suggesting an inverse
relationship that contradicts our findings. This

discrepancy highlights the complexity of the

calcium-BMI relationship and underscores the
need for more targeted research to explore the
underlying mechanisms. Notably, no previous
studies have specifically examined the relationship
between post-treatment calcium levels and BMI in
underweight pregnant women during the third
trimester. Thus, our findings not only fill a critical
gap in the current literature but also lay the
groundwork for future research to better
understand the physiological and clinical
implications of calcium metabolism during

pregnancy.'®

Conclusion

This study demonstrates that Docosahexaenoic
Acid (DHA) supplementation in third-trimester
pregnant women with Chronic Energy Deficiency
(CED) has a significant positive impact on calcium
levels. The findings indicate a strong, positive
correlation between increased calcium levels
following DHA supplementation and Body Mass
Index (BMI). However, the study also highlights
the need for further research to explore the
underlying mechanisms of this relationship and to
assess the long-term  effects of DHA
supplementation on both maternal and fetal

outcomes.
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