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ABSTRACT
Background: The optimal intake of nutrients is a new approach to deriving
nutrient requirements. Omega-3 is one of these nutrients that has a crucial
role in body health. It can modulate inflammation, hyperlipidemia, platelet
aggregation, and hypertension. Objectives: This study was designed as
a pilot study to evaluate the efficacy and safety of omega-3 fatty acid in
improving the level of Vitamin D and calcium among Childbearing age
women that suffer from Vitamin D deficiency. Methods: 10 childbearing
women with Vitamin D deficiency. They were selected randomly. The
participants were allowed to take one capsule (1000mg) of omega 3
FA twice daily for 12 weeks. Results: Omega-3 FA showed significant
beneficial effects on Vitamin D, calcium levels in Vitamin D deficit
childbearing women. Additionally, it showed cardioprotective effects as it
reduced bad lipids like cholesterol, LDL-c, risk factor and had worthwhile
effects on blood coagulation. Conclusion: The outcomes of the present

study suggest that omega-3 FA if taken regularly by childbearing women
may improve their maternal outcomes and save their own lives and their
babies. It may have a golden standard role in bone health through strength
and activation of Vitamin D thus facilitates calcium absorption and increase
bone mineral density. Additionally, it has cardioprotective and immune
modulation effects.
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INTRODUCTION
The prevalence of Vitamin D deficiency increase among women of
different ages in the last decades.1 This deficiency may be referred
to reduce optimal nutrition, which is one of the most important
determinants of healthier different aging. These maintain the mental
and physical functions and improve the quality of life.2,3 However,
many studies focused on the benefits role of omega 3 fatty acids on the
cardiovascular system, inflammation as well as immune-modulating
actions4-6 Omega-3 fatty acids have two important physiological
functions in the human body. First, they are present as lipid bilayer
phospholipid of the cell membrane that facilitates communication
and cell membrane functions. Second, they consider as precursors of
eicosanoids, which are bioactive lipid mediators that act as paracrine
and autocrine throughout the body.7,8
In humans alpha-linolic acid considers the essential n-3 FA.8 In most
people, it can be converted to longer chain n-3 FAs, eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). This conversion appears
to be small in extent, especially with Western diets that high with n-6
Fas.9,10 EPA and DHA are found in the diet especially from marine
sources that are incorporated into blood and tissues. Vitamin D has a
golden role in perinatal health as it prevents many disorders like rickets
and preserves normal bone metabolism and musculoskeletal health.11
However, Vitamin D deficiency in pregnant women may result in
myopathy as a result of poor skeletal mineralization in utero life and this
contributed to the higher delivery complications like caesarian births
influenced musculoskeletal growth, with poor skeletal mineralization
in utero and myopathy developing earlier than any biochemical signs
of bone disease12,13 and contributed to higher rates of caesarian births.14
Some studies showed that Vitamin D and omega-3 FA supplements

have beneficial effects in the treatment of different musculoskeletal
conditions.15
Of the several potential mechanisms whereby n-3 FAs may affect bone
and they potentiate the effect of Vitamin D which has a crucial role in the
bone metabolic bone process. Two of the best defined involve decreasing
pro-inflammatory cytokines critical to the regulation of bone turnover
and modulating calcium balance. Cytokines are key regulators of the
osteoprotegerin/receptor activator of NFKB ligand (OPG/RANKL)
ratio in the bone. RANKL is expressed in osteoblasts and activates its
receptor, RANK, which is expressed on osteoclasts, thus promoting
osteoclast formation and activation, as well as suppressing apoptosis of
osteoclasts. Osteoprotegerin (OPG) is a secretory glycoprotein expressed
by osteoblasts that block RANKL (Receptor Activator of Nuclear Factor
kappa-B Ligand) from activating RANK (Receptor Activator of NF-κB).
The ratio of OPG/RANKL is critical in the pathogenesis of the resorptive
bone disease, with a higher ratio indicating less bone resorption.16-18 All
these effects favoring bone formation over bone resorption.
Yemen, as a developing country, there is a noticeable poor health situation
like poverty, sedentary life due to khat chewing, smoking, unhealthy foods
intake and refrain to intake the food that rich with calcium and Vitamin
D like fish, milk, honey, cereals, and dates due to poor economic life and
political instability. All these results in the suffering of the population
particularly childbearing women from Vitamin D deficiency thus result
in adverse pregnancy outcomes. Many works of literature found that
omega 3 fatty acids as nutrients or supplements might have the potential
of preventing and reducing co-morbidities. As a long-chain fatty acid
found in different food sources especially in fish and fish oil that is also
formulated as a commercial product, it has health benefits, particularly
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in bone health. It improves bone mineral density that reduces the hip
and supine fractures.18 This study aims to assess the level of awareness
of childbearing women towards vitamin D deficiency and the factors
associated with this level of awareness to discover the gap in the first part
of this study. The second observational part tried to constrict this gap by
studying the role of omega-3 FA on Vitamin D and calcium deficiencies
and other parameters.

MATERIALS AND METHODS
Materials
Omega-3 FA (Natural fish oil) was supplied from Vitex Pharmaceutical
Australian Made and Owned product.

Methods
This study was designed to evaluate the efficacy and safety of omega 3
FA on the Vitamin D and calcium levels in childbearing women with
Vitamin D deficiency through baseline Vitamin D level. Participants that
in childbearing age are included and in the study and the postmenopause,
women with chronic diseases or taking medications that interfere with
vitamin D level were excluded from the study. Ethical permission [No.
EAC/UST183] was obtained from the Ethics Committee at the University
of Science and Technology-Sana’a. The study was conducted according to
the Declaration of Helsinki guidelines. It was declared to all volunteers
that participated in this study that all information was kept confidential
and used only for research purposes.
Ten participants with a deficiency of Vitamin D serum 25OHD
concentration < 12 ng/ml were selected randomly. They accepted to
enroll in this study after an explanation that omega 3 FA has no effect
on their healthy state and they are free to withdraw from this study any
time. They allowed taking one capsule (1000mg) of omega 3 FA twice
daily for 12 weeks. Different parameters were measured at baseline and
after commencing the trial, including calcium, and vitamin D. Liver
function enzymes (LFTs), complete blood count (CBC), lipid profile,
blood pressure, and BMI all these additional parameters were measured
to assess the efficacy of Omega-3 FA intake as supplementary vitamin
either on Vitamin D or body health improvement.

Data analysis
The collected data obtained was firstly verified and coded before entry
and analyzed by SPSS (SPSS Inc. Chicago, IL, USA) version 21 software.
t-test was used to analyze the biochemical part. The confidence interval
95% and a p<0.05 were considered significant.

RESULTS
The interventional study showed that consumption of one capsule /twice
daily omega-3 FA as a supplement for 12weeks resulted in significant
improvement of Vitamin D from baseline11.7 ±2.1 to 16.3±1.04 after
treatment with p-value 0.005 and calcium level from baseline 2.2± 0.05 to
2.7±0.02 after treatment with p-value 0.0001. Additionally, omega 3 FA
showed significant improvement in lipid profile as it reduced cholesterol
levels from baseline 177.2±7.25 to 155. 8± 4.85 after treatment with
p-value 0.04. LDL-c was reduced from baseline124.7±8.21 to 98.3±5.20
after treatment with p-value 0.042, also TG, HDL and risk factor all
showed improvement but insignificantly as shown in Figure 1-4.
Regarding the safety of omega 3 fatty acid supplements, it produced an
insignificant change in fasting blood sugar (FBS) and liver function tests
(LFTs). However, it produced a significant effect (p<0.05) in prothrombin
time (PT) from baseline 11. 2±0.1 to 11.9± 0.2 after treatment with
p-value=0.008 and international normalized ratio (INR) from baseline

1.23±0.01 to 1.1±0.03 after treatment with p-value=0.014 as shown in
Table 1.
Table 2 showed insignificant change in blood pressure and body mass
index (BMI) in participants who took omega-3 FA for 12 weeks.
Additionally, Table 3 showed an insignificant reduction in CBC except
for Hb.

DISCUSSION
According to the World Bank, Yemen is the poorest country in the Middle
East as well as the North Africa region. Nowadays, Yemen is suffering
from the worst crisis in the world, particularly on the humanitarian
level. Fighting and unstable political situation has affected the economy
of the country, infrastructure that already destroyed, which threatens
starvation due to lack of food security.19 Childbearing age women are
Table 1: Effect of omega-3 fatty acid on (mean ±SE) FBS, LFTS, PT and
INR in the participants for 12 weeks.
Parameters

Mean ±SE
Baseline

After

p-value

FBS (mg/dl)

4.72±0.12

4.84±0.07

0.13

LFTs
SGOT (U/L)
SGPT (U/L)
T. bilirubin(U/L)
D. bilirubin(U/L)
GGT (U/L)
Alk.P (U/L)

16.7±0.93
10.1±0.90
12.6±2.10
3.67±0.55
15.3±1.56
87.3±9.78

15.7±1.02
9.44±0.96
11.9±1.80
4.36±0.60
15.2±1.11
78.1±7.64

0.3
0.4
0.8
0.3
0.9
0.4

PT

11.2±0. .01

11.9±0.21*

0.008

INR

1.23±.015

1.13±0.03*

0.01

*Significant as compared with control (Baseline) at p-value < 0.05. FBS: fasting blood sugar, LFTs: liver function test, Alk.P: alkaline phosphatase, GGT:
Gamma-glutamyl transferase, PT: prothrombin and INR: international normalized ratio
Table 2: Effect of omega-3 fatty acid on (mean ±SE) BMI, BP in the
participants for 12 weeks.
Parameters

Mean ±SE
Baseline

After

p-value

BMI

22.9±1.48

23.3±1.39

0.2

Blood pressure
SBP (mmHg)
DBP (mmHg)
MAP

106.0±5.41
75.0±4.01
85.2±4.21

104.0±5.42
71.0±5.85
81.1±5.45

0.6
0.4
0.3

Table 3: Effect of omega-3 fatty acid on (mean ±SE) complete blood
count (CBC) in the participants for 12 weeks.
Parameters

Mean ±SE
Baseline

After

p-value

WBC (X10ᶺ9/L)

8.05±0.94

6.86±0.55

0.1

Hb (g/dl)

13.7±0.20

12.9±0.34*

0.02

MCV (10-15 L)

84.0±3.02

82.6±2.59

0.07

PLT (X10ᶺ9/L)

270.4±17.0

276.1±15.2

0.7

Lymph%

38.9±1.98

33.3±4.03

0.2

*Significant as compared with control (Baseline) at p-value < 0.05
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Figure 1: Effect of omega-3 FA on the (M±SE) Vitamin D in the participants
for 12 weeks *Significant as compared with control (Baseline) at p-value <
0.05.

Figure 3: Effect of omega-3 FA on the (M±SE) lipid profile in the participants
for 12 weeks. *Significant as compared with control (Baseline) at p-value <
0.05.

Figure 4: Effect of omega-3 FA on the (M±SE) risk factor in the participants
for 12 weeks. Risk factor/means high risk heart disease (the cholesterol ratio
by dividing their total cholesterol by their high-density lipoprotein level)
*Significant as compared with control (Baseline) at p-value < 0.05.

Figure 2: Effect of omega-3 FA on the (M±SE) calcium in the participants for
12 weeks *Significant as compared with control (Baseline) at p-value < 0.05.

the most category of the population facing these challenges, especially
those younger than eighteen years old.20 According to the UNICEF
report, one childbearing woman and six newborns die every two hours
from complications during pregnancy or childbirth. This may refer to
the chronic starvation threat and limited mother and childhood health
services.21,22 One of the maternal complications is vitamins deficiency
particularly Vitamin D, which is popular among childbearing age women
in developing countries and referred to the concealing clothes wearing
that make obstacles for sun radiation penetration and inadequate intake
of this vitamin with diet.23,24
Vitamin D is a steroid pro-hormone that is involved in the immune
system, and the health of bone, muscle, and cardiovascular system.25
Moreover, it is deficiently accompanied by many neurological and
immunological disorders like depression,26 autism,27 and metabolic
syndrome.28 Regarding the omega 3 FA interventional outcomes of
this study that continuous intake of it for 12 weeks on bone health and
other parameters showed a significant impact on the vitamin D and
calcium levels. This effect is accompanied by improvements in lipid
profiles particularly cholesterol and LDL-c with no effect on body mass
index (BMI) or blood pressure (BP). These findings agree with the
120

many studies that referred to the beneficial effects of polyunsaturated
fatty acids on the bone explained by different theories. One of these
theories, that fish oil increases calcium absorption in the gut, and
increasing osteoblast differentiation and activity, reducing osteoclast
activity and promoting deposition of mineral in developing bones when
feeding rats for 12 weeks.29 Additionally, it may increase basal calcium
absorption by increasing the activity of Ca-ATPase, which represents
the rate-limiting enzyme in calcium uptake.30 By increasing calcium
absorption, more calcium is available to be incorporated into the bone
mineral matrix this correlated to increase bone mineral density (BMD).31
Moreover, these polyunsaturated fatty acids may have a role in bone
marrow cell development by increasing the cellularity of bone marrow32
Additionally; it was found that Omega-3 FA might act as PPARγ2 ligand,
which activates adipogenic genes as a transcription factor. Meanwhile,
the mesenchymal stem cells (MSCs) in the bone marrow may increase
the bone mass or BMD and osteoblastogenesis by differentiating into
adipocytes or osteoblasts.33 In a clinical trial of 65 elderly women whose
diet was low in calcium, supplementation with a properly balanced
ratio of polyunsaturated fat plus calcium resulted in decreased bone
degradation and increased bone mineral density, with a significant fall
in osteocalcin indicative of a decrease in bone turnover.34 However,
other studies agreed with the outcomes of the present work regarding
that omega 3 FA has beneficial effects in reducing TG, and risk of the
cardiovascular system through reducing bad lipids including cholesterol,
LDL-c and reducing blood clotting cascade35-40 as well as modulation of
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the immune system particularly reducing the lymphocyte proliferation.41
Contradictory to BMI and blood pressure findings in this study that
showed insignificant changes, some studies found that omega 3 FA has
significant weight reduction and hypotensive effects especially in obese
persons and hypertensive patients.42-44 Du et al. did a review on the antiobesity effect of fish oil, in which 21 studies were included. Through
meta-analysis, they concluded no association between fish oil and weight
loss, these findings agreed with the present outcomes.45

CONCLUSION
The outcomes of the present study suggest that omega 3 FA, if taken
regularly by childbearing women, may improve their maternal outcomes
and save their own lives, their babies and prevents adverse pregnancy
outcomes, including prematurity, low birth weight, and birth defects,
which are the major health concerns. It may have a golden standard role in
bone health through strength and activation of Vitamin D thus facilitates
calcium absorption and increase bone mineral density. Additionally, it
showed cardioprotective and immune modulation effects.
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