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ABSTRACT

Background: Micronutrients like magnesium and calcium have a significant impact on the health of
pregnant women and the growing fetus. They are involved in protein synthesis, bone matrix development,
energy metabolism, regulation of muscle contraction, and hormone secretion. The deficiency of these
micronutrients in pregnant women could be associated with adverse birth outcomes like low birth weight
and preterm delivery. However, their association with preterm delivery and low birth weight in Ethiopia
has not been determined.

Objective: To determine the association between maternal serum magnesium and total calcium levels with
preterm delivery and low birth weight in East Gojjam Zone, Amhara, Ethiopia.

.Methods: An institutional-based cohort study was conducted among 196 pregnant women with preterm
births(24), term births(172), normal birth weight(168) and low birth weight(28) from June 2019 to
December 2020. A questionnaire adopted from EDHS and FIGO was used to collect data on the socio-
demographic characteristics, anthropometric and obstetric conditions of pregnant women. 5ml of blood was
collected and the maternal serum Mg2+ and Ca levels were measured using a chemistry analyzer; UniCel
DxI. All statistical data were performed by using SPSS version 25.0. Independent t test was used to compare
the means of magnesium and calcium levels between the groups. Binary logistic regression was used to
predict the occurrence of preterm delivery and/or due to hypomagnesemia and/or hypocalcemia. A P-value
< 0.05 was used to declare statistical significance.

Results: The mean + SD age of the study participants was 25.98 +4.37 (range:16-38).The majority were
married (99%), between 21-30 years (73.0%), house wives (41.3%), had completed senior secondary
education (31.3%) and live in urban areas (85.8 %) with medium income (45.5%). Moreover, more than
half of the participants (52.6%) were primigravida.The prevalence of PTD and LBW in the study population
was 12.2 % and 14.28 % respectively. Maternal serum magnesium level was significantly associated with
preterm delivery (t=-6.323, P<0.001))and LBW (t=-3.34, P=0.01). Maternal total calcium level was not
significantly associated with preterm delivery (X?=1.768 P=0.184), t=-0.779, P=0.437)) but it was
significantly associated with LBW(X?=6.075, P=0.014).

Conclusion: Maternal magnesium level was significantly associated with PTD and LBW while maternal
serum total calcium was significantly associated with LBW. The results demonstrated how important

maternal Mg?* and total calcium levels are in influencing low birth weight and preterm delivery.

Keywords :Preterm delivery, Low birth weight, Magnesium, Calcium



1. Introduction
1.1.Background

Preterm delivery (PTD) is birth occurring after 22 weeks of gestational age and before 37 weeks
whereas low birth weight (LBW) is birth weight <2500g from 37 weeks of completed gestation.
Both PTD and LBW represent major public health problems worldwide due to their association
with the catastrophic effects of morbidity and mortality (Taha et al., 2020). LBW is associated
with postnatal health problems on children and their offspring , creating a generational cycle of
LBW (Shibata et al., 2021). According to Potdar et al. (2014), it causes a rise in adult chronic
disease among survivors, a decrease in childhood cognitive function, and an increase in perinatal
death and stunting.

PTD continues to be the second most prevalent cause of death for children under five, after
pneumonia, and the greatest direct cause of newborn death. Moreover, it has some long-term
effects on preterm survivors throughout life, including visual and hearing impairment;
neurodevelopmental effects like cognitive impairment, motor impairment and cerebral palsy,
chronic lung disease of prematurity, chronic cardiovascular non-communicable diseases (WHO,
2012).

Inadequate micronutrient consumption or reserves during pregnancy can cause problems for the
mother, including anemia, hypertension, labor issues, and even death. Additionally, the fetus is
impacted, leading to improper organ development, low birth weight, congenital abnormalities,
decreased immunocompetence, stillbirth, and preterm delivery (Moore, 2010). The health of
mothers and children can be negatively impacted by deficiencies in iron, calcium (Ca*?),
magnesium (Mg?*), zinc (Zn), copper (Cu), selenium (Se), vitamins A, B-complex, D, and E,
which are common in LMICs (WHO, 2004; Gernand et al., 2016). Low birth weight, premature
delivery, and preeclampsia are among the pregnancy, delivery, and fetal development issues linked
to magnesium (Mg?*) and calcium (Ca*?) shortages (Moore, 2010; Kumar and Singh, 2019).

Energy-demanding metabolic processes, nucleotide metabolism, protein synthesis, membrane
integrity, nervous tissue conduction, neuromuscular excitability, muscle contraction, hormone
secretion, and intermediate metabolism are just a few of the numerous biochemical and
physiological processes in which Mg?* is crucial (Fanni et al., 2011; Parizadeh et al., 2013; Konrad
and Schlingmann, 2017).



Mg?* acts as a physiological Ca?* antagonist within cells, and as a result, the Mg?*/Ca ?*ratio is of
major importance for the activity of Ca 2*-ATPases and other Ca?* transporting proteins. It is also
involved in the active transport of K* across cell membrane. Therefore, Mg?* regulates muscle
contraction, nerve impulse conduction, vascular tone and normal heart function (F de Baaij, J
Hoenderop and M Bindels, 2015; Rigo et al., 2017).

Mg?* deficiency during pregnancy is associated with pre-eclampsia, pre-term delivery and low
birth weight. It causes preterm delivery due to uterine hyperexcitability leading to initiation of
uterine contractions and is intensified in situations of maternal stress. Moreover, hypomagnesemia
may lead to neuromuscular excitability resulting in muscle cramps and uterine hyperactivity
(Jenabi et al., 2017). Mg?* deficiency may reduce placental vascular flow. Therefore, it is possibly
responsible for placental insufficiency, and so, it affects fetal development consequently, it might

have a relationship with birth weight (Pourarian, Jahromi and Takmil, 2014).

Ca2" plays an essential role in bone mineralization, nerve impulse transmission, muscular
contraction, blood coagulation, hormone secretion, and signal transduction (Blaine, Chonchol and
Levi, 2015; Buppasiri et al., 2015; Mousa, Nagash and Lim, 2019). Ca?* demand in a non-pregnant
state is 600 mg/day which rises to 1,200 mg/day during pregnancy (Kant et al., 2019). Pregnant
women's demand for Ca?*increases because it is actively transported across the placenta (Mousa,
Nagash and Lim, 2019). This increased amount of Ca?* is needed for the growth and development
of the bones and teeth of the fetus. Due to hemodilution, serum Ca?* level decreases during the

second and third trimesters of pregnancy (Kant et al., 2019).

Maternal Ca?* deficiency has been associated with high blood pressure; pre-eclampsia, neonatal
low bone mass, poor fetal growth, LBW, PTD, small for gestational age and neonatal death (Ajong
et al., 2019; Kant et al., 2019; Mousa, Nagash and Lim, 2019; Ajong, Kenfack, Ali, Yakum,
Ukaogo, et al., 2022).



1.2. Statement of the problem

Around 15 million babies are born prematurely worldwide each year, and 965,000 of them pass
away as neonates, according to the WHO and other research (Chawanpaiboon et al., 2019;
Chasekwa et al., 2022). Preterm birth rates were highest in North America and Africa, where they
were 10.6% and 11.9%, respectively (Gebreslasie, 2016). Additionally, according to WHO
estimates, about 20 million low-birth-weight babies are born annually (WHO, 2015). According
to Beck et al. (2010), 13% of all newborns born in Sub-Saharan Africa (SSA) are thought to be
born LBW. Although they account for 20% of all births worldwide, preterm and term low birth
weight (LBW) newborns account for 50% of the 2.6 million neonatal fatalities that occur each year
(Chasekwa et al., 2022).

PTD and LBW are major problems in Ethiopia. 320,000 babies are born prematurely in Ethiopia
each year, and 24,000 children under five pass away as a direct result of preterm problems,
according to the country's profile of preterm and low birth weight prevention and care (Gebreslasie,
2016; Degno et al., 2021). An estimated 11-13% of all babies in Ethiopia are born with low birth
weight, according to the Ethiopia's Demographic and Health Surveys (EDHS, 2011; EDHS, 2016).



1.3.Rationale and significance of the study

Despite tremendous improvements in maternal, neonatal, and child health (MNCH) over the past
20 years, adverse birth outcomes including PTD and LBW remain a serious worldwide health
concern, particularly in low- and middle-income nations. Nutritional inadequacies are the primary
cause of LBW and PTD, according to various research. Ethiopian pregnant women are more
vulnerable to nutritional inadequacies because of physiological changes related to fetal growth and
development, which raise the need for nutrients. Nonetheless, the majority of research conducted
in Ethiopia has focused on identifying sociodemographic and economic variables that contribute
to unfavorable birth outcomes. It is still unknown if micronutrients such as Mg+2 and Ca+2 are
linked to poor birth outcomes. Thus, the purpose of this study was to determine the relationship.
The finding of the study will provide basic information for program managers, policy makers and
other stakeholders who are responsible for reducing maternal as well as fetal adverse birth
outcomes.



2. Literature review

2.1 . Effect of maternal serum magnesium level on PTD and LBW

An observational research conducted in Pakistan revealed that pregnant women's Mg?* levels were
low. 150 primigravida pregnant women, 20-35 years of age, willing to participate in this study
were recruited during the second and third trimesters of their pregnancies. Of the sixty people in
the second trimester, 35 (58.3%) had low serum Mg?* levels (below the 1.8 mEq/L standard range),
and the other 25 (41.7%) had normal serum Mg?* levels. Of the 90 individuals in the third trimester,
40 (44.4%) had low serum Mg?* levels, while the remaining 40 had normal serum Mg?* levels
(1.8-2.9 mg/dl) with a non-significant P value (0.13) (Zulfiquar et al., 2012).

A nested case-control study carried out in Iran revealed that there was a correlation between Mg?*
levels and premature birth. In this study, data were analyzed using the odds ratio (OR), t-test, and
X2. Stressful events linked to preterm birth (P<0.02) and the frequency of prenatal visits (P=0.008)
were related to PTD. Preterm birth was linked to low serum Mg?* levels OR=4.75, Cl 95%.
Moreover, the low serum Mg?* level was associated with premature birth OR=4.75,C1 95% (Khani
et al, 2010). Another case-control study from India also indicated that preterm labor was
associated with low maternal serum Mg?* levels. According to this study, preterms had lower
serum Mg?* levels than term neonates(p<0.0001).In addition, preterms were VLBW (P=0.004)
and LBW(P=0.0001) than term neonates (Anand et al., 2019).

In another study from Iran, the serum Mg?* levels of women who experienced preterm labor were
compared to those of women who were pregnant normally at the same age. In addition, the
relationship between the serum Mg?" levels and the women’s response to magnesium sulfate
(MgS04) was examined. The mean and standard deviation of serum Mg?* level in the preterm
labor (case group) was 1.80 = 0.17 and in the term labor (control group) was 1.97 + 0.19, which
demonstrated a significant difference (P = 0.04). This study suggests that a serum Mg?* level may
be a useful predictor of premature labor. Moreover, it can assist in the selection of people who
benefit from MgSO4 as a tocolytic drug in cases of preterm labor. To prevent preterm labor in
patients with low serum Mg?* levels, Mg?* supplements may be beneficial (Lotfalizadeh et al.,
2018). Moreover, an observational study carried out in West Iran indicated that low maternal
serum Mg?* levels are associated with unfavorable pregnancy outcomes, such as preterm labor and
low birth weight. According to the study's findings, the duration of gestational age and average
birth weight was significantly lower in PTD compared to term labor (P<0.001). The mean (SD)
level of maternal serum Mg?* was 2.12 (0.27) and 1.95 (0.16) in the term and preterm deliveries,
respectively (P=0.004). Maternal serum Mg?* level was positively correlated with both gestational
age (r=0.3305) and neonatal weight (r=0.2975), and negatively correlated with the length of the



first and second stages of labor (r=-0.0184 and r=-0.0445, respectively) (Jenabi et al., 2017).
However, another case-control study from Iran showed that the mean maternal Mg?* level did not
significantly correlate with either gestational age (P=0.56) or neonatal sex (P=0.43), nor showed
any correlation with maternal parity (P=0.52), education (P=0.75), or occupation (P= 0.59).
Furthermore, no significant correlation (P=0.79) was found between the birth weight of each group
and the mother's serum Mg?* level (Pourarian, Jahromi and Takmil, 2014). Moreover, other case-
control study conducted in Iran revealed that there was no discernible difference between the serum
Mg?* levels of mothers of low birth weight infants and mothers of normal weight infants. The two
groups' maternal Mg?* concentrations were 0.86 + 0.11 m.mol/I and 0.94 m.mol/I respectively,
without significant difference(P=0.09) (Parizadeh et al., 2013).

A cross-sectional study conducted in Bangladesh indicated that there was a substantial correlation
between low serum Mg?* levels and preterm births(P=0.01). A student unpaired t-test was used to
compare the mean blood Mg?* value between the two groups, and a Pearson's correlation
coefficient test was used to determine the relationship between the serum Mg?* level and BMI,
gestational age, and gravida in premature labor participants (Ferdous et al., 2022). Another cross-
sectional study conducted in Bangladesh showed that pregnant women with preterm labor had a
considerably lower serum Mg?* level than women with term labor (0.90 + 0.37 versus 1.69 + 0.33;
p<0.001). The preterm labor group and term labor group did not differ in terms of mean age (25.43
+ 4.62 years against 24.40 + 3.99 years; p=0.332) or gestational age (31.31 + 1.78 weeks versus
31.34 + 1.84 weeks; p=0.974) (Syed, Rahman and Islam, 2023). Moreover, another cross-sectional
case-control study carried out in Nigeria also revealed that there was a link between low serum
Mg?* and premature labor. According to this study, low serum Mg?* in varied degrees was present
in 36% of the study participants. Preterm labor was 1.83 times more likely to occur in pregnant
women with low serum Mg?* levels (less than 1.6 mg/dL). A statistically significant difference (p
< 0.05) was seen in the mean serum Mg?* levels between the two groups (Okunade, Oluwole and
Adegbesan-Omilabu, 2014).

In India, a prospective case-control study revealed that the mean serum Mg?* in preterm labor
participants was significantly lower (1.59 + 0.83 mg/dl), while the mean serum Mg?* in term labor
participants was 2.55 + 0.40 mg/dl. Socioeconomic status, gestational age, maternal age, and
parity have no difference in serum Mg?* levels between the preterm and term labor groups.
According to the study's findings, preterm labor can be predicted using serum Mg?* levels. This
study suggested that premature labor can be prevented by taking a simple Mg?* supplement, which



could offer a quick and low-cost way to lessen the issues associated with preterm labor(T. and
Maddipati, 2020). Furthermore, an American-based prospective case-control study found that
women in preterm labor had significantly lower serum Mg?* levels than those who delivered their
babies at term (1.552 + .658 mg/dl versus 1.81+ 0.735 mg/d)(Mahmoud, Saleh and Khalaf, 2016).

A systematic review conducted in China also depicted that consuming enough Mg?* during
pregnancy could help reduce the incidence of preterm delivery. Results from eleven observational
studies generally support the notion that serum Mg?* levels and preterm birth rates are inversely
correlated (r =-0.68; P < 0.001) (Zhang et al., 2021).

2.2.Effect of maternal serum total calcium level on PTD and LBW

A cross-sectional study done in India indicated that the mean serum Ca level was significantly
lower in mothers who gave birth to LBW/(P=0.03). Neonatal mortality, preterm birth, and pre-
eclampsia were not associated with serum Ca levels. The mean Ca intake from diet and Ca level
in the serum were 796.4 + 360.4 mg/day and 9.56+ 0.94 mg/dl, respectively. Hypocalcaemia had
a prevalence of 23.9% (95% CI: 20.8 — 27.2%). Dietary Ca consumption was not correlated with
serum Ca level (p-value = 0.36). Mothers of LBW newborns had considerably lower mean blood
Ca levels. Preterm birth, neonatal mortality, and pre-eclampsia were not linked to serum Ca levels
(Kant et al., 2019).

However, there was no statistically significant differences between women who received Ca?*
supplementation and those who did not in terms of reducing preterm births, according to a research
review done in Thailand (risk ratio (RR) 0.86, 95% confidence interval (CI) 0.70 to 1.05; 13
studies, 16,139 women; random-effects model). In addition, the two therapy groups did not
significantly differ in infant low birthweight (RR 0.93, 95% CI 0.81 to 1.07; six trials, 14,162
infants; random-effects model). Nonetheless, mothers in the Ca supplementation group gave birth
to slightly higher birthweight infants than women in the control group (mean difference (56.40,
95% CI 13.55 to 99.25; 21 trials, 9202 women; random-effects model) (Buppasiri et al., 2015).
Another matched case-control study conducted in Nepal concluded that maternal and obstetric
factors, including the ingestion of iron, folic acid, and Ca?*, were determinants for the incidence
of LBW. The results of a multivariable conditional logistic regression analysis showed that the
main risk factors for low birth weight were iron and folic acid consumption for <60 days [AOR
5.47,95%ClI: 2.73-10.95),(p<0.001)], iron and folic acid consumption for 61-120 days [AOR 3.04,
95%Cl: 1.90-4.87),(p<0.001), and no Ca consumption [AOR 3.00, 95%CI: 1.78-5.04),(p<0.001)]
(Yadav et al., 2020)

Another cross-sectional hospital-based study carried out in Cameroon revealed that fetal birth
weight had no significant association with low serum Ca level(P=0.468 )(Ajong et al.,
2019).Furthermore,another prospective cohort study conducted in Spain also showed that serum



Ca level had no correlation with PTD(P=0.355) and LBW(P=0.758) (Maria Pérez-Castillo et al.,
2020).

Another cross-sectional study conducted in Bangladesh showed that maternal total calcium level
is significantly associated with neonatal birth weight in term deliveries where the birth weight of
neonates reduces when maternal serum calcium level reduces(P<0.0001) (Afroje et al ;2023).

A similar study, in Bangladesh, also showed that Ca status in cord blood might be associated with
the birth length of newborns(birth weight, P=0-022; birth length, P=0-001). This study concluded
that Ca levels during gestation may affect fetal growth (Doi et al;2011).



2.3.Conceptual framework
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Figure 2 Conceptual framework to determine the association of maternal serum magnesium and total
calcium levels with PTD and LBW

The incidence of LBW and PTD is affected by maternal sociodemographic , anthropometric ,
obstetric and micronutrient levels including magnesium and total calcium.The maternal serum
magnesium and calcium levels can also be affected by sociodemographic and obstetric factors.




2.4. Research questions
2.4.1. Is maternal Ca level associated with the LBW and/ or PTD?

2.4.2. Is maternal Mg?* level associated with LBW and/or PTD?

2.5.Research hypothesis
2.5.1. Null hypothesis: There is no association between maternal Ca and/or Mg?* levels with LBW

and/or PTD.

2.5.2. Alternative hypothesis
There is a significant association between maternal serum Ca and /or Mg?* levels with LBW

and /or PTD.
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3. Objectives

3.1. General objectives
To determine the association between maternal serum magnesium and total calcium levels with

preterm delivery and low birth weight.

3.2. Specific objectives
1. To determine the association between maternal serum magnesium level and preterm delivery.

2. To determine the association between maternal serum magnesium level and low birth weight.

3. To determine the association between maternal serum total calcium level and preterm delivery.

4. To determine the association between maternal serum total calcium level and low birth weight.

5. To determine the association between low birth weight and preterm delivery.

11



4. Methods and Materials

4.1. Study area and period

The investigation was carried out in four randomly chosen Woredas in the East Gojjam Zone. Four
health centers (Dejen, Beteseb Memria, Hedase, and Debre Markos Health center) and two primary
hospitals (Shegaw-Mota and Lumame Hospitals) were chosen in a methodical and random manner.
The pregnant women who participated were then chosen at random from June 2019 to December
2020, taking into account the percentage of pregnant women in the chosen woredas and
hospitals/health centers situated in the aforementioned Amhara Regional State zone.
Debre Markos, the Zone's capital, is situated 300 kilometers from Addis Ababa in North West
Ethiopia. With an estimated 3,800,000 people, East Gojjam Zone is the second-largest
administrative entity in the Amhara Region based on demographic projections for 2013.

4.2. Study design
A facility-based cohort study was conducted in the two hospitals and four health centers in the
East Gojjam zone.

4.3. Population

4.3.1. Target population
All pregnant women who live in East Gojjam.

4.3.2. Source population
All pregnant women who have regular follow up in selected hospitals and health centers found
in East Gojjam.

4.3.3. Study population
The study population was pregnant women between 15-49 years of age who fulfilled the
inclusion criteria and who came to selected health facilities for antenatal care before 17 weeks
of pregnancy.

4.3.4.Study unit
A consenting pregnant woman who fulfills the inclusion criteria.

4.4. Eligibility criteria
4.4.1. Inclusion criteria

All consenting pregnant women who were less than 17 weeks along in their pregnancy and who
were scheduled to give birth at the designated medical facilities.

4.4.2. Exclusion criteria

HIV/AIDS, diabetes mellitus, severe anemia, chronic renal, liver, and gastrointestinal diseases
that are likely to impact micronutrient status, multiple pregnancies, chronic hypertension, or a
history of pre-eclampsia, as well as poor obstetric histories, are among the exclusion criteria.
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4.5. Sample size determination and sampling technique

4.5.1. Sample size determination
The sample size was determined using a single population proportion taking 13.2 % (Kebede et

al., 2021), as the prevalence of LBW in the study area and with the assumptions of significance
level (0=5%) and 95% confidence level.
n=(Zal2)’p (I - p)
d2

which gives a sample size of 180 by adding a 10% nonresponse rate the total sample size was

198.After excluding 2 participants due to insufficient serum sample, the final sample size was 196.

4.5.2. Sampling technique
A Systematic random sampling technique was used to select the health facilities and study
participants.

4.6. Study variables
4.6.1. Dependent variables:Low birth weight and Preterm delivery

4.6.1. Independent variables
1. Maternal serum Mg*2and total calcium

2. Sociodemographic and anthropometric characteristics
Mother’s age, educational status, occupational status, residence, BMI

3. Obstetric factors: Parity, gravidity

4.7. Data collection process and instruments

4.7.1. Data collection instruments

A pre-tested structured interviewer-administered questionnaire was used to collect data on socio-
demographic characteristics of pregnant women, their anthropometric and obstetric conditions
that are adopted from questioners of EDHS and FIGO (FIGO, 2015)(EDHS, 2016). To ensure
uniformity, the questionnaire was initially created in English, translated into Amharic, and then
returned to English.

4.7.2. Data collection process

Trained midwives who provide antenatal care at the selected medical facilities collected the data.
A few days before to the data collection period, the principal investigator trained data collectors
on the contents of the data collection method. After that, questionnaires were given to every
randomly chosen medical facility in the area. Pregnant women who visited the ANC unit before
17 weeks of pregnancy gave their assent and were chosen as participants based on the number of
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pregnant women who visited the ANC unit overall. One pregnant woman was chosen from every
two pregnant women that attended the ANC in each hospital until the necessary number of
participants was reached.

The pregnant women's anthropometric measurements, such as their height and weight, were taken
to the closest 0.1 kg and centimeter, respectively, when they were not wearing shoes. Their blood
pressure was measured using sphygmomanometer and setehoscope when they are seated in a chair
with their feet on the floor. By dividing their weight in kilograms by the square of their height in
meters, their BMI was determined. Within an hour of the babies' delivery, their weights were
recorded using a digital scale. Every anthropometric and blood pressure measurement was taken
twice. Pregnancy outcomes, including as low birth weight and preterm delivery, were documented
immedietly after delivery. Lastly, the cohort's pregnant women were divided into two groups
according to their birth weight and gestational age at delivery: term births/preterm births and
normal weight/low birth weight.

4.7.3. Sample collection and processing

A total of 5 ml venous blood was collected from mothers into a serum separator tube (SST) under
a complete aseptic technique by phlebotomists. The collected blood was allowed to clot properly
and was centrifuged in a centrifuge at 10,000 rpm for five minutes to get clear serum. The serum
was collected into an Eppendorf tube and stored at -80 until it was analyzed for Mg?* and Ca levels.
The maternal serum mg?*and Ca levels were measured using a chemistry analyzer; UniCel DxI ,
an access immune assay system. By running quality control material alongside the study
participant's sample, the analyzer's performance was managed.
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4.8. Operational definition and definition of terms
Hypocalcemia: total calcium level less than 8Mg/ml

Hypomagnesemia:magnesium level less than 1.6 Mg/ml
Parity: refers to the number of births after 20 weeks of gestation
Nulliparity : A woman who has never carried a pregnancy beyond 20 weeks of gestation.

Primiparity: A woman who has given birth once to a fetus or neonate that reached at least 20 weeks
of gestation or weighed >500 grams, regardless of whether the child was born alive or stillborn.

Multiparity : A woman who has given birth two or more times to fetuses or neonates that reached
at least 20 weeks of gestation or weighed >500 grams, regardless of whether the children were
born alive or stillborn.

Gravidity: refers to the total number of pregnancies regardless of its outcome.

Primigravida: A woman who is pregnant for the first time.

Multigravida : A woman who has been pregnant two or more times, regardless of the outcome of
the pregnancies.
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4.9.Data quality assurance

According to the laboratory's routine, quality assurance checks were carried out every day in the
laboratory. The collection and processing of the specimens were done in accordance with standard
operating procedures. Every reagent used was made in accordance with the manufacturer's
instructions and its expiration date was checked.

4.10. Data process and analysis

Data entry was done using Epi Data version 3.2, which was then exported to SPSS version 25.0.
For numerical variables, descriptive statistics were displayed as means = SD and range.
Frequencies and percentages were used to display categorical variables. To assess the relationship
between categorical variables, chi-square was employed. The means of continuous variables were
compared between the groups using the independent t test. To forecast the likelihood of a poor
birth outcome brought on by hypomagnesemia and hypocalcemia, binary logistic regression was
employed. Additionally, it was done to find the independent factors linked to PTD and LBW and
to account for any relevant confounders. Confounding was examined, and if the regression
coefficients' (B) percentage change is less than 20%, there isn't a confounder. Statistical
significance was declared when the P-value was less than 0.05.

4.11. Ethical consideration

The Department of Medical Physiology, School of Medicine, College of Health Sciences, Addis
Ababa University's research and ethical committee granted ethical approval. Before beginning data
collecting, the Amhara Regional Health Bureau's formal consent was acquired and the Medical
Director of each chosen healthcare facility was briefed on the study's purpose. If able to write, all
participants were requested to offer written informed consent; if unable, they were asked to use an
inked thumbprint on the consent form in front of an impartial witness. Every respondent received
information on the study's purpose as well as assurances regarding the study's confidentiality,
disadvantages and advantages.
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5. Result

The study consisted of 196 pregnant women with ages ranging from 16 to 38 years (x=25.98,
SD=4.37).The majority of participants were married (99%), between 21-30 years (73.0%), house
wives (40.8%), had completed senior secondary education (31.6%) and live in urban areas(86.7
%) with medium income(45.5%). Moreover, more than half of the participants (52.6%) were
primigravida, while the remaining 47.4% were multigravida. Most of the participants were
nulliparous (57.7%).The prevalence of PTD and LBW in the study population was 12.2 % and
14.3 % respectively. Hypomagnesemia was prevalent in 27% partcipants while the prevalence of
hypocalcemia was only 5.1% (Table 1)
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Table 1:Distribution of study participants by their sociodemographic,anthropometric,obstetric
,magnesium and calcium variables

Sociodemographic,anthropometric, obstetric | N % Mean + SD Range
variables ,magnesium and calcium levels

Age

<21 25 12.8

21-30 143 73

31-40 28 14.2 25.98 £ 4.37 16-38
Education

Cannot read and write 24 12.2

Can read and write 7 3.6

Primary education (1-5) 13 6.6

Juniors secondary education (6-8) 20 10.2

Senior secondary education (9-12) 61 31.6

TVET 16 8.2

Diploma or higher 54 27.6

Monthly income (in birr)

<2500 51 26

2500-5000 89 455 3814 + 1845 1500-10000
>5000 56 28.5

Occupation

Housewife 80 40.8

Farmer 12 6.1

Local alcohol seller 4 2.0

Civil servant 45 23.0

Job seeker 13 6.6

Private/ merchant 40 20.4

Student 2 1.0

Residence

Rural 26 13.3

Urban 170 86.7

Gravidity

Primigravida 103 52.6

Multigravida 93 47.4

Parity

Nulliparous 113 57.7

Primiparity 45 23

Multiparity 38 19.3

BMI 21.54 £ 2.97 15.17-30.30
Gestational age at birth

<37 weeks 24 12.2 38.17+2.12 31-42
37-42 weeks 172 | 87.8

Birth weight

<2500 gram 28 14.28 2916.32+465.69 | 1600-4000
2500-400 gram 168 | 85.72

Magnesium level

<1.7 Mg/dl 53 27.0 1.74+0.17 0.90-2.60
1.7-2.8 Mg/dl 143 | 73.0

Calcium level

<8.0M g/dI 10 5.1 8.61+0.71 5.0-10.0
8-10 Mg/dl 186 | 94.9
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Table 2: Association of sociodemographic variables to PTD and LBW

Sociodemographic | PTD Term Statistical LBW NBW Statistical

variables interpretation interpretation
N (%) N (% N (%) N(%)

Age

<21 years 4 (16.7) 21 (12.2) X?=0.406,p= | 3(10.7%) | 22(13.1) X?=1.651

21-30 17 (70.8) 126 (73.3) 0.816 23(82.1) | 120(71.4) p=0.438

31-40 3(12.5) 25 (14.5) 2(7.0) 26(15.5)

Mean 24.54+4.13 26.19 +4.38 t=1.735,P=0. | 26.14+4.4 | 25.97 +4.33 | t'=0.194,p=0.
+SD 084 7 847

Range (min-max) | 20-35 16-38 19-38 16-38

Education

Can not read and | 5(20.8) 19 (11.1) 7 (25.0) 17 (10)

write

Can read and write | 1 (4.2) 6 (3.5) X?=8.234 4(143) |3(18)

Primary 2 (8.3) 11 (6.4) p=0.221 1(3.6) 12 (7.2)

education(1-5) .

Juniors _econdary | 2 (8.3) 18 (10.5) 5(17.9) |15 (9.0) X*=20.892

education(6-8) p=0.002

Senior secondary | 6 (25.0) 56 (32.3) 5(17.9) 56 (33.5)

education(9-12)

TVET 3(12.5) 13 (7.6) 1(3.6) 15 (9.0)

Diploma or higher | 5 (20.8) 49 (28.6) 5(17.9) 49 (29.3)

Income

(birr/month)

<2500 18 (31.6) 27 (22.1) X?=5.186 7 (28) 38 (24.7) X?=0.158

2500-5000 27 (47.4) 55 (45.1) p=0.269 11 (44) 72 (46.7) p=0.997

>5000 12 (21.1) 40 (32.8) 7 (28) 44 (28.6)

Occupation

Housewife 7(29.1) 74 (43.0) 9(32.1) 71 (42.6)

Farmer 2(8.3) 10 (5.8) 3(10.7) 9(5.3)

Local alcohol | 1 (4.3) 3(1.7) 2(7.1) 2 (1.1

seller X2=3929 X2=6096

Civil servant 5 (20.8) 40 (23.3) P=0.686 6(21.4) |39(23.3) P=0.412

Job seeker 2(8.3) 11 (6.4) 2(7.1) 11 (6.4)

Private/ merchant | 7 (29.1) 33(19.2) 6 (21.4) 34 (20.2)

Student 0 (0) 1(0.9) 0(0) 2(1.1)

Residence

Rural 4(16.7) 22 (12.8) X?=0.275 3(10.7) 23 (13.7) X?=0.185

Urban 20 (83.3) |150(87.2) |P=0-6%0 25(89.3 | 145 (86.3) | 770667

)

*=unpaired t test to compare the maternal mean ages between the groups
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Table 2 shows the relation of socio-demographic variables with PTD and LBW.In PTD, 70.8% of
participants were between the ages of 21 and 30; in term delivery 73.3% of participants were within
the same age range.The mean age was 26.19 #4.38 in term and 24.54+4.13 in PTD.This
demonstrated that the two groups’ mean ages (t=-1.735,P=0.084) and age groups
(X?=0.406,P=0.816) did not differ significantly.The age range of 21-30 years old accounted for
82.1% of LBW, while the same age group accounted for 71.4% of NBW.LBW and NBW had
mean ages of 26.14+4.47 and 25.97+4.33, respectively.Age groups (X?=5.714, P=0.222) and mean
ages (t=0.194, P=0.847) did not differ significantly between the two.

A quarter (25.0 %) of women in PTD and 32.3 % of women who gave birth at term were completed
senior secondary education (9-12). One-fourth of participants in LBW can not read and write but
most of the women who gave birth to NBW neonates belonged to the senior secondary education
(33.5%). A significant correlation was found between education level and LBW (X?=20.892,
P=0.002), but not between education level and PTD (X?=8.234, P=0.221). NBW neonates were
more likely to be born to women with more educational attainment.

In addition, type of occupation was not significantly associated with PTD (X?=3.929, P=0.686)
and LBW (X?=6.096, P=0.412). Most of the participants in PTD (29.1%), term(43.0%),
LBW(32.1%) and normal birth weights (42.6%) were housewives.

Regarding income per month, it was not significantly associated with either PTD
(X?=5.186,p=0.269) or LBW (X?=0.158,p=0.997). Most of the participants belonged to the
middle income (2500-5000 birr) in PTD (47.4%), the term (45.1%), LBW(44%) and NBW
(46.7%). Furthermore, the majority of women in PTD (83.3%), terms (87.2%), LBW (89.3%),
and NBW (86.3%) were from urban regions. This showed that residency had no significant
relationship with either LBW (X?=0.185, P=0.667) or PTD (X?=0.275, P=0.600).
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Table 3:Association of BMI to PTD and LBW

Preterm Term Statistical | Low birth | Normal birth | Statistical
test weight weight test
Mean £ MeanzSD Unpaired | Mean+SD MeanzSD Unpaired
SD t test t test
BMI(Kg | 22.44+2.92 21.67+ 2.67 t=1.490 21.66+2.66 |21.51+3.03 |t=0.218
/m?) P=0.138 p=0.818
Range 17.01-28.03 | 15.17-30.30 15.55-27.18 | 15.17-30.30

The mean BMI was found 22.44+2.92 Kg/m? in PTD, 21.67+ 2.67 Kg/m? in term, 21.66+ 2.66
Kg/m? in LBW and 21.52 +3.03 Kg/m? in NBW.There was no significant association of BMI with
PTD (t=1.490,P=0.138) and LBW (t=0.218,P=0.818).

Table 4: Relationship of obstetrical variables to PTD and LBW

Preterm Term Statistical | LBW NBW Statistical
analysis analysis
N(% ) N(%) X2 N(%) N(%) X2
Parity
0 17(70.8) 96(55.8) | X?=1.965 | 13(46.4) | 100(59.5) | X?=1.693
1 4(16.7) 41(23.8) p=0.374 | 8(28.6) 37(22.0) p=0.429
> 3(12.5) 35(20.4) 7(25.0) 31(18.1)
2
Gravida
1 17(70.8) 86(50) X?2=3.67 | 12(42.9) | 91(54.2) X?=1.231
>2 7(29.2) 86(50) p=0.056 | 16(57.1) | 77(45.8) p=0.267

Table 4: Showed the association of obstetrical variables to PTD and LBW.We observed that about
70.8% women who delivered preterm and 50% women who delivered at term were
in PTD(70.8%) and term(55.8%) were
nulliparous.This suggested that PTD was not significantly associated to parity(P=0.374) and
gravidity(P=0.056).Furthermore, 46.4% women delivered to LBW neonates and 59.5% of women
delivered to NBW neonates were nulliparous.Regarding gravidity, 54.2 % of women who gave
birth to NBW were primigravida while the remainin 45.8% were multigravida.ln women who gave
birth to LBW neonates, the majority were multigravida(>2)(57.1%).However, LBW was not
significantly associated to parity(P=0.429) and gravidity(P=0.267) .

primigravida.Most of the study participants
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Table 5:Association of serum magnesium (Mg?*) to PTD and LBW

Serum PTD Term Statistical LBW NBW Statistical analysis

magnesium analysis

level(Mg/dl

N (%) N (%) N (%) N (%)

<17 17(70.8) | 36(20.9) X?=26.58, 14(50) 39(23.2) X?=15.78,P<0.001

1.7-2.8 7(29.2) 136(79.1) | P<0.001 14(50) 129(76.8) OR =3.31,95% ClI
OR = 9.8, 95% [1.43, 7.53]
Cl [3.54, 23.81]

Total 24(12.2) | 172(87.8) 28(14.28) | 168(85.8)

Mean £SD | 1.56+£0.20 | 1.77+0.15 |t=-6.13 1.66+£0.16 | 1.76+£0.17 |t=-3.05

Range (min- | 0.90-1.90 | 1.49-2.60 | P<0.001 1.10-1.90 | 0.90-2.60 p=0.003

max)

Table 5 showed that the relationship of maternal Mg?* with PTD and LBW.The prevalence of
hyomagnesemia in this study was 27.0 %.It was observed that 70.8% of women who delivered
preterm and 20.9 % women who delivered at term had <1.7 mg/dl of serum Mg?* level. The mean
serum Mg®* was found 1.56+0.20 and 1.77+0.15 in women with PTD and term delivery
respectively.This showed that there was a significant association of maternal serum Mg?* level
with PTD (P<0.001).Women with hypomagnesemia (<1.7 mg/dL) were around 9.8 times more
likely to experience preterm delivery compared to those with normal Mg?* levels (1.7—2.8 mg/dL)(
OR =9.8, 95% CI [3.54, 23.81]).In addition, 50 % of women who delivered to LBW and 23.2 %
of womend who delivered to NBW had <1.7 mg/dl of serum Mg?* level .The mean serum Mg?*
was found 1.66+0.16 and 1.76+0.17 in women delivered to LBW and NBW respectively. This
showed that there was a significant association of maternal serum Mg?* level with LBW
(P<0.001).Moreover, women with low Mg?* levels (<1.7 mg/dL) were nearly three times more
likely to have LBW infants compared to those with normal Mg?* levels (1.7-2.8 mg/dL) (OR =
3.31,95% ClI [1.43, 7.53]).

22



Table 6:Association of total calcium(Ca) to PTD and LBW

Serum total | PTD Term Statistical LBW NBW Statistical analysis
calcium(mg/dl) analysis
N (%) N (%) X2=3.1P=0.079 |N (%) |N (%) X2=5.69
<8.0 3(125) |7(41) | 9R=334 4(143) |6@36) | P00l
CI[0.80, 14.02], OR =45, 95%
8-10 21(87.5) | 165(95.9) | P =0-09. 162(96.4) %'2[2-58’0-845]1p:
24(85.7) e
Mean £SD 8.42+0.93 | 8.64+0.6 |t=-0.763 8.5+1.0 | 8.64+0.6 |t=-0.924
7 p=0.079 5 p=0.356
Range (min- | 6.0-9.0 5.0-10.0 5.0-9.0 |5.0-10.0
max)

Table 6 shows the association of serum maternal calcium with preterm delivery and low birth
weight. The prevalence of hypocalcemia in this study was 5.1 %. It was noticed that 12.5% of
women who delivered preterm and 4.1% of women who delivered at term had <8 mg/dl of serum
Ca level. The mean serum Ca level was found 8.42+0.93 and 8.64+0.67 in women with PTD and
women delivered at term respectively.There was no significant association of maternal calcium

level with PTD (P=0.079). Women with total low calcium levels (<8 mg/dL) were not

significantly more likely to experience PTD compared to those with normal calcium levels (8-10
mg/dL), OR = 3.34, 95% CI [0.80, 14.02].

However, 14.3 % of women who delivered to LBW neonates and 3.6 % of women who

delivered to NBW neonates had <8 mg/dl of serum Ca level .The mean serum Ca level was

found 8.5+1.0 and 8.64+0.65 in women delivered to LBW neonates and NBW neonates

respectively.This reflected that chi square analysis showed hypocalcemia was associated with a
high risk of LBW(X?=5.69, P=0.017).While the independent t-test did not show a significant
mean difference in calcium levels between LBW and NBW groups(t=-0.924, P=0.356).Binary
logistic regression analysis confirmed that hypocalcemia remained a significant predictor of
LBW after adjusting for confounders including maternal age, BMI, monthly income, educational
status , place of residence and magnesium levels(OR =4.5, 95% CI[0.58, 0.845], p = .027).
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Table 7:Relationship of PTD with LBW

Gestational age | LBW NBW Mean + SD Statistical association
at birth

N(%) N (%) X2, unpaired t-test
PTD(<37 8(28.6) 16(9.5) 2658.3 +464.3 X2=8.103,P=0.004
weeks) t"=-2.954,P=0.004
Term  (37-42 | 20(71.4) 152(90.5) 2952.3 +455.7
weeks)

*-Unpaired student test to compare the mean birth weight in preterm and term neonates

Table 8 shows the relationship between PTD and LBW. We observed that 28.6% of LBW neonates
were preterm whereas only 9.5 % NBW neonates were preterm.The mean neonatal birth weight
was 2658.3+464.3 and 2952.3+455.7 in PTD and term respectively.These results showed that
PTD was significantly associated with LBW (P=0.004).
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Table 8:Association of socioeconomic and obstetrical variables to Mg*? and Ca

Socioeconoimic, | Magnesium level(mg/dl) Statistical | Calcium level(mg/dl) Statistical

obstetrical analysis analysis

variables

<1.7 mg/dl 1.7-2.8mg/dl X? <8.0 8-10 X?

Age N (%) N (%) N(%) N (%)

<21 10(18.9) 15(10.5) X?=4.94 | 0(0) 25(13.0) X?=3.909

21-30 38(71.7) 105(73.4) P=0.085 | 10(100) 133(71.5) P=0.142

31-40 5(9.4) 23(16.1) 0(0) 28(15.5)

BMI

<185 6(12.2) 21(17.1) X?=4.89 | 0(0) 27(16.7) X?=2.052

18.5-24.9 37(75.6) 86(71.9) P=0.087 | 7(70) 116(71.6) P=0.358

>24.9 6(12.2) 16(13.0) 3(30) 19(11.7)

Monthly income

<2500 13(26.5) 32(25.2) 1(10) 44(26.5) X?=0.705

2500-5000 24(49.0) 56(44.1) X?=0.68 | 4(40) 76(45.8) P=0.703

>5000 12(24.5) 39(30.7) P=0.711 | 5(50) 46(27.7)

Residence

Rural 6(11.3) 20(14.0) X?=0.24 | 2(20) 24(12.9) X?=0.409
P=0.625 P=0.522

Urban 43(88.7) 123(86.0) 8(80) 162(87.1)

Parity

O(Nulliparity) 33(62.3) 79(54.9) X?=0.71 | 5(50) 108(56.5) X?=0.337

1(Primiparity) 11(20.8) 36(25) P=0.700 | 3(30) 42(23.3) P=0.845

>2(Multiparity) | 19(17.0) 29(20.1) 2(20) 36(20.2)

Gravidity

Primigravida 30(56.6) 72(50) ¥*=0.59p | 5(50) 98(52.7) X?=0.28

Multigravida 23(43.4) 72(50) =0.44 5(50) 98(47.3) P=0.868

Table 8 shows the association of sociodemographic and obstetrical variables to maternal serum
Mg?* and calcium levels. 71.7% of women with hyomagnesemia and 73.4% of women with normal
Mg?* levels were in the age group of 21-30 years old. This indicated that there was no statistically
significant association of age group with Mg?* level ( P= 0.085). All of hypocalcemic women and
71.5% of women with normal Ca were in the age group of 21-30 years old. However, the difference
is not significant(P=0.142).

Among participants with hypomagnesemia 75.6 % had normal BMI and 71.9 % of participants
with normal Mg?* are in the normal range of BMI. This suggested that BMI has no association
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with Mg?* level ( P= 0.087) .Furthermore, 70% of women with hypocalcemia and 71.6 % of
women with normal Ca were belonged to the normal range of BMI.This also suggested that BMI
has no association with total calcium level (P= 0.358).

About 49.0 % of women with hypomagnesemia and 44.1 % of women with normal Mg?* levels
had medium income level(2500-4999 birr/month). This suggested that monthly income is not
associated to Mg?" level( P= 0.615 ).About half of women with hypocalcemia(50%) were
belonged to high income(>5000 birr/month) while most women with normal Ca (45.8%) had
medium income.However, the difference is not statistically significant(P = 0.703).

Around 88.7% of women with hypomagnesemia and 86.0% of women with normal Mg?* levels
were lived in urban areas. Likewise, most women with hypocalcemia (80%) and most women with
normal Ca (87.1%) live in urban areas. These results showed that residence had no association
with Mg?* level(P = 0.700) nor with calcium level(P=0.522).

62.3% of women with hypomagnesemia and 54.9% of women with normal Mg?* levels were
nulliparous. Likewise, half of women with low calcium levels (50%) and most women with normal
calcium levels (56.5%) were also nulliparous. These results indicated that parity had no association
with magnesium level(P=0.700) nor with calcium level( P =0.704).

Regarding gravidity, 56.6% of women with hypomagnesemia and 50 % of women with normal
Mg?* levels were primigravida. Likewise, 50% of women with hypocalcemia and 52.7% of
women with normal normal Ca levels were primigravida. These results indicated that gravida had
no association with Mg?* level( P =0.442) nor with calcium level(P =0.591).
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6. Discussion

In this study, LBW and PTD prevalences are 14.28 % and 12.2 % respectively. These results are
similar to previous reports that indicated a higher proportion of PTD and LBW rates in LMICs
(WHO, 2012; Imdad and Bhutta, 2013; UNICEF & WHO, 2019; Madzorera et al., 2020). PTD
prevalence ranges from 4.4% to 18 %, according to studies conducted in Ethiopia and other sub-
Saharan African countries, underscoring the persistent public health concern (Abadiga et al., 2021;
Sendeku et al., 2021; Fetene et al., 2022; Ayele and Moyehodie, 2023). The prevalence of PTD in
Ethiopia ranges from 13.2 %-16.9% (Abadiga et al., 2021) . Similarly, the LBW prevalence of
14.28 % is consistent with the WHO’s estimation for LMICs, where LBW rates are close to 15%
(UNICEF & WHO, 2019) and with Ethiopian studies that reported LBW prevalence ranging from
9.6% to 28.3% across different regions of the country (Habtegiorgis et al., 2023; Endalamaw et
al., 2018; Birhanie et al., 2020; Katiso et al., 2020; Kassaw et al., 2021; Kebede et al., 2021, EDHS
2011, EDHS, 2016).

While hypocalcemia was less prevalent (only 5.1%), hypomagnesemia was observed in 27 % of
pregnant women. The hypocalcemia in this study was smaller than studies in Nigeria (Bako et al ;
2019) and Cameroon(Ajong, Kenfack, Ali, Yakum, Onydinma, et al., 2019) which reported
prevalences of total hypocalcemia among pregnant women 29.0 % and 56.7% respectively. The
possible reasons for these differences could include the small sample size and higher number of
urban participants than the aforementioned studies. Moreover, these studies had larger sample
sizes, included participants from diverse socioeconomic backgrounds, and focused on women in
the later stages of pregnancy, resulting in low serum micronutrient levels due to hemodilution. The
study's hypomagnesemia prevalence of 27.0 % is in line with data from comparable populations
in LMICs, where a lack of dietary diversification frequently results in inadequate dietary
magnesium intake (Fanni et al., 2011; Okunade, Oluwole and Adegbesan-Omilabu, 2014; Morton,
2018)). These findings highlight the significance of assessing pregnant women for Mg?* shortage
and giving supplements to women at-risk.

Hypomagnesemia was found to be strongly associated with both PTD and LBW in this study.PTD
was 9.8 times as common in women with low magnesium levels. This result is consistent with
researches showing that magnesium deficiency raises the risk preterm delivery and fetal growth
restriction (Okunade, Oluwole, and Adegbesan-Omilabu, 2014; Mahmoud, Saleh, and Khalaf,
2016; Anand et al., 2019; T. and Maddipati, 2020; Ferdous et al., 2022; Syed, Rahman and Islam,
2023). Additionally, the likelihood of delivering LBW babies was almost four times higher for
women with low magnesium levels. This result is comparable to other study findings (Takaya and
Kaneko, 2011; Salehiniya, Mohamadkhani-Shahri and Sabet-Birjandi, 2014; Santoso et al., 2023).
These correlations may be explained by the fact that Mg?* lowers uterine contractility and
preserves placental vascular function, contributing to fetal development and uterine relaxation.
The study's strong correlation between hypomagnesemia and LBW, however, differs from
research done in Iran that found no statistically significant link between the two conditions
(Pourarian, Jahromi and Takmil, 2010; Parizadeh et al., 2013). The possible difference may be on
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the study design and time of blood collection. These are case-control studies that collected blood
in the first 24 hours after delivery.

Maternal Ca levels did not substantially correlate with PTD in contrast to magnesium. This is
inconsistent with a study undertaken in China that concluded maternal serum calcium could be a
predictor for PTD (Zhang et al., 2024).The possible reason for this difference could be its
enrolment at 32 weeks of gestation (late pregnancy) while this study enrolled women at early
pregnancy.

A significant correlation was seen between hypocalcemia and LBW in the present study. This is
similar to previous studies (Doi et al. 2011; Afroje et al. 2023) that found a statistically significant
correlation between serum total calcium level and neonatal birth weight. Some other studies
however did not find a significant association between maternal total calcium level and
LBW(Ajong et al; 2019). The probable justification for this difference could be they enrolled
women at 37 weeks of gestation and above and had a significantly larger sample size when
compared to the present study.

The study found no significant correlations between PTD and sociodemographic factors (age,
income, level of education, occupation, residence) or obstetric history (gravidity, parity). LBW
has also not been associated with age, income, occupation, residence, gravidity and parity.
However, it is significantly associated with the level of education. The majority of participants
were in the 21-30 age range, nulliparous, had completed senior secondary education, were
housewives, and lived in an urban area. These characteristics could reflect nutritional deficiencies
rather than sociodemographic factors as the primary causes of PTD and LBW. These results are in
agreement with studies by (Okunade, Oluwole and Adegbesan-Omilabu, 2014; Mahmoud, Saleh
and Khalaf, 2016; T. and Maddipati, 2020; Syed, Rahman and Islam, 2023), which found
sociodemographic factors had less of an impact on the incidence of PTD or LBW. Nevertheless,
these findings contradict research by Ayele and Moyehodie (2023) that found maternal age,
educational attainment, family income, and multigravida to be significantly associated with PTD,
as well as research by Ejeta Chibsa et al. (2024) and Demelash et al. (2015) that found LBW to be
significantly associated with place of residence, maternal age, monthly income, and education.
This discrepancy might be due to the small sample size, lack of variability in sociodemographic
factors and study design of this study. The other studies were case-control studies with more
participants from rural areas than the participants of the present study. Moreover, maternal dietary
and biochemical parameters may be more important in influencing pregnancy outcomes in this
study than sociodemographic factors, which could account for the difference.

28



There was a significant correlation between birth weight and gestational age; 28.6 % of LBW
babies were born prematurely. This outcome is consistent with research that indicated a strong
correlation between LBW and premature delivery (Khani et al., 2009; Jenabi et al., 2015; Doi et
al., 2011). This finding aligns with existing pieces of evidence showing preterm delivery as a major
determinant of LBW. This reflects that interventions aimed at prolonging gestation may
significantly reduce the burden of LBW in similar populations.
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7. Limitations and strengths of the study

7.1.Limitations of the study

The Mg?* and total calcium have been analyzed after long storage at -80°C which may have an
effect on the serum level of these minerals. Moreover, most of the residents are from urban areas
indicating less representation of the rural pregnant women which could even increase the
prevalence of PTD and LBW than what is identified in this study.

7.2. Strengths of the study

This study has identified the association between serum Mg?* and total calcium with PTD and low
birth weight in east Gojjam Zone, Ethiopia for the first time.It provides a comprehensive
understanding of the factors influencing PTD and LBW,including sociodemographic and
biochemical aspects. Its emphasis on maternal nutrition made it possible to gain particular insights
into how nutritional deficits affect the course of pregnancy .
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8. Conclusion

This study found a strong correlation between maternal Mg?* and low birth weight (LBW) and
preterm delivery (PTD). The likelihood of experiencing PTD and LBW was considerably higher
in women with low magnesium levels (<1.7 mg/dL). Maternal serum calcium levels, on the other
hand, indicated a significant association with LBW. The results demonstrate how important
maternal Mg?* and total calcium levels are in influencing low birth weight.

9. Recommendations

The findings emphasize the need for routine screening and management of magnesium and
calcium levels during antenatal care. Therefore, Policy makers should support routine screening
of serum magnesium and calcium levels during antenatal care as a predictive marker for PTD and
LBW. Future research should conduct longitudinal and multicenter studies to validate findings and
explore the role of calcium and other micronutrients in adverse birth outcomes. Magnesium and
calcium supplementation could be a cost-effective intervention to reduce the risks of PTD and
LBW.Pregnant women should be advised to include magnesium and calcium rich diets in their
daily meal.

31



10. References

Abadiga, M. et al. (2021) ‘Determinants of preterm birth among women delivered in public
hospitals of Western Ethiopia, 2020: Unmatched case-control study’, PLoS ONE, 16(1 January),
pp. 1-16. Available at: https://doi.org/10.1371/journal.pone.0245825.

Afroje, S. et al. (2023) ‘Association of maternal serum calcium with neonatal birth weight in term
deliveries’, International Journal of Reproduction, Contraception, Obstetrics and Gynecology,
12(11), pp. 3207-3211. Available at: https://doi.org/10.18203/2320-1770.ijrcog20233285.

Ajong, A.B. et al. (2019) ‘Prevalence and correlates of low serum calcium in late pregnancy: A
cross sectional study in the Nkongsamba Regional Hospital; Littoral Region of Cameroon’, PL0S
ONE, 14(11). Available at: https://doi.org/10.1371/journal.pone.0224855.

Ajong, A.B., Kenfack, B., Ali, .M., Yakum, M.N., Ukaogo, P.O., et al. (2022) ‘Adverse
maternofoetal outcomes associated with ionised calcaemia, total calcaemia, albuminaemia, and
calcium supplementation in pregnancy: Analysis from a resourcelimited setting’, PLoS ONE, 17(8
August). Available at: https://doi.org/10.1371/journal.pone.0271525.

Ajong, A.B., Kenfack, B., Ali, .M., Yakum, M.N., Onydinma, U.P., et al. (2022) ‘Ionised and
total hypocalcaemia in pregnancy: An analysis of prevalence and risk factors in a resource-limited
setting,  Cameroon’, PLoS ONE, 17(5 May), pp. 1-19. Available at:
https://doi.org/10.1371/journal.pone.0268643.

Anand, S. et al. (2019) ‘The study of association between maternal serum magnesium levels and
preterm labour in a tertiary care hospital’, International Journal of Reproduction, Contraception,
Obstetrics and Gynecology, 8(9), p. 3543. Available at: https://doi.org/10.18203/2320-
1770.ijrcog20193773.

De Arautjo, B.F. et al. (2012) ‘Analysis of neonatal morbidity and mortality in late-preterm
newborn infants’, Jornal de Pediatria, 88(3), pp. 259-266. Available at:
https://doi.org/10.2223/JPED.2196.

Beck, S. etal. (2010) ‘The worldwide incidence of preterm birth: A systematic review of maternal
mortality and morbidity’, Bulletin of the World Health Organization, 88(1), pp. 31-38. Available
at: https://doi.org/10.2471/BLT.08.062554.

Birhanie, M.W. et al. (2020) ‘Micronutrients Deficiency and Their Associations with Pregnancy
Outcomes: A Review’, Nutrition and Dietary Supplements, Volume 12, pp. 237-254. Available
at: https://doi.org/10.2147/nds.s274646.

Black, R.E. et al. (2013) ‘Maternal and child undernutrition and overweight in low-income and
middle-income countries’, The Lancet, 382(9890), pp. 427-451. Available at:
https://doi.org/10.1016/S0140-6736(13)60937-X.

Blaine, J., Chonchol, M. and Levi, M. (2015) ‘Renal control of calcium, phosphate, and
magnesium homeostasis’, Clinical Journal of the American Society of Nephrology, 10(7), pp.
1257-1272. Available at: https://doi.org/10.2215/CIN.09750913.

32



Blencowe, H. et al. (2013) ‘Preterm-associated visual impairment and estimates of retinopathy of
prematurity at regional and global levels for 2010°, Pediatric Research, 74(SUPPL. 1), pp. 35-49.
Available at: https://doi.org/10.1038/pr.2013.205.

Buppasiri, P. et al. (2015) ‘Calcium supplementation (other than for preventing or treating
hypertension) for improving pregnancy and infant outcomes’, Cochrane Database of Systematic
Reviews. John Wiley and Sons Ltd. Available at:
https://doi.org/10.1002/14651858.CD007079.pubs3.

Chasekwa, B. et al. (2022) ‘Prevalence, risk factors and short-term consequences of adverse birth
outcomes in Zimbabwean pregnant women: a secondary analysis of a cluster-randomized trial’,
International Journal of Epidemiology, 51(6), pp. 1785-1799. Awvailable at:
https://doi.org/10.1093/ije/dyab248.

Chawanpaiboon, S. et al. (2019) ‘Global, regional, and national estimates of levels of preterm birth
in 2014: a systematic review and modelling analysis’, The Lancet Global Health, 7(1), pp. e37—
e46. Available at: https://doi.org/10.1016/S2214-109X(18)30451-0.

Degno, S. et al. (2021) ‘Adverse birth outcomes and associated factors among mothers who
delivered in Bale zone hospitals, Oromia Region, Southeast Ethiopia’, Journal of International
Medical Research, 49(5). Available at: https://doi.org/10.1177/030006052110132009.

Endalamaw, A. et al. (2018) ‘Low birth weight and its associated factors in Ethiopia: A systematic
review and meta-analysis’, Italian Journal of Pediatrics, 44(1), pp. 1-12. Available at:
https://doi.org/10.1186/s13052-018-0586-6.

Ethiopia Demographic and Health Survey (2011).Addis Ababa, Ethiopia, and Calverton,
Maryland, USA:Central Statistical Agency and ICF International.

Ethiopia Demographic and Health Survey (2016).Addis Ababa, Ethiopia, and Calverton,
Maryland, USA:Central Statistical Agency and ICF International.

F de Baaij, J.H., ] Hoenderop, J.G. and M Bindels, R.J. (2015) ‘Magnesium in Man: Implications
for Health and Disease’, Physiol Rev, 95 pp. 1-46. Available at:
https://doi.org/10.1152/physrev.00012.2014.-Mag.

Fanni, D. et al. (2011) ‘The Role of Magnesium in Pregnancy and in Fetal Programming of Adult
Diseases’. Available at: https://doi.org/10.1007/s12011-020-02513-0/Published.

Ferdous, D.D. et al. (2022) ‘Study on Association of Serum Magnesium with Preterm Labour’,
Scholars International Journal of Obstetrics and Gynecology, 5(10), pp. 497-505. Available at:
https://doi.org/10.36348/sijog.2022.v05i10.012.

Gebreslasie, K. (2016) ‘Preterm Birth and Associated Factors among Mothers Who Gave Birth in
Gondar Town Health Institutions’, Advances in Nursing, 2016, pp. 1-5. Available at:
https://doi.org/10.1155/2016/4703138.

Gebreyohannes, R.D. et al. (2021) ‘Association of dietary calcium intake, total and ionized serum
calcium levels with preeclampsia in Ethiopia’, BMC Pregnancy and Childbirth, 21(1), pp. 1-7.

33



Available at: https://doi.org/10.1186/512884-021-04005-y.

Gernand, A.D. et al. (2016) ‘Effects and Prevention’, Nature reviews. Endocrinology, 12(5), pp.
274-289. Available at: https://doi.org/10.1038/nrendo0.2016.37.Micronutrient.

Habtegiorgis, S.D. et al. ( 2023) ‘A systematic study and meta-analysis:The prevalence of low
birth weight and its determinants in Ethiopia.The science direct,239,pp.215-223.

Imdad, A. and Bhutta, Z.A. (2013) ‘Nutritional management of the low birth weight/preterm infant
in community settings: A perspective from the developing world’, Journal of Pediatrics, 162(3
SUPPL.), pp. S107-S114. Available at: https://doi.org/10.1016/j.jpeds.2012.11.060.

Jenabi E. et al.(2017) 'The association between maternal serum magnesium level and pregnancy
outcomes'.J Postgrad Med Inst 2017; 31(1): 77-81.

Kant, S. et al. (2019) ‘Serum calcium level among pregnant women and its association with pre-
eclampsia and delivery outcomes: A cross-sectional study from North India’, Nepal Journal of
Epidemiology, 9(4), pp. 795-803. Available at: https://doi.org/10.3126/nje.v9i4.23150.

Kassaw, M.W. et al. (2021) ‘Trends of proximate low birth weight and associations among
children under-five years of age: Evidence from the 2016 Ethiopian demographic and health
survey  data’, PLoS ONE, 16(2 February), pp. 1-15. Available at:
https://doi.org/10.1371/journal.pone.0246587.

Katiso, N.A. et al. (2020) ‘Prevalence and Determinants of Low Birth Weight in Ethiopia: A
Systematic Review and Meta-Analysis’, Advances in Public Health, 2020. Available at:
https://doi.org/10.1155/2020/7589483.

Kebede, Ayantu et al. (2021) ‘Trends and Determinants of Small Birth Weight in Ethiopia: Further
Analysis of Ethiopian Demographic and Health Surveys’, Ethiopian journal of health sciences,
31(2), pp. 299-310. Available at: https://doi.org/10.4314/ejhs.v31i2.13.

Khani S, Shokrzadeh M, Karamoddini PK, Shahmohammadi S. The relationship between maternal
serum magnesium level and preterm birth. Pakistan Journal of Biological Sciences: PJBS. 2010
Apr 1;13(7):335-9.

Kiplagat, S. et al. (2023) ‘Sociodemographic patterns of preterm birth and low birth weight among
pregnant women in rural Mysore district, India: A latent class analysis’, Journal of Biosocial
Science, 55(2), pp. 260-274. Available at: https://doi.org/10.1017/S0021932022000037.

Konrad, M. and Schlingmann, K.P. (2017) ‘Disorders of calcium and magnesium metabolism’,
Pediatric Kidney Disease: Second Edition, (July), pp. 921-953. Awvailable at:
https://doi.org/10.1007/978-3-662-52972-0_34.

Kumar, N. and Singh, A.K. (2019) ‘Maternal serum uric acid and calcium as predictors of
hypertensive disorder of pregnancy: A case control study’, Taiwanese Journal of Obstetrics and
Gynecology, 58(2), pp. 244-250. Available at: https://doi.org/10.1016/j.tjog.2019.01.014.

Leung, C. (2004) ‘Born too soon’, Neuroendocrinology Letters, 25(SUPPL. 1), pp. 133-136.

34



Available at: https://doi.org/10.2307/3965140.

Lotfalizadeh, M. et al. (2018) ‘Maternal magnesium level effect on preterm labor treatment’,
International Journal of Women's Health and Reproduction Sciences, 6(1), pp. 55-59. Available
at: https://doi.org/10.15296/ijwhr.2018.10.

Madzorera, 1. et al. (2020) ‘Maternal dietary diversity and dietary quality scores in relation to
adverse birth outcomes in Tanzanian women’, American Journal of Clinical Nutrition, 112(3), pp.
695-706. Available at: https://doi.org/10.1093/ajcn/ngaal72.

Mahmoud, S., Saleh, I. and Khalaf, H. (2016) ‘The correlation between maternal hypomagnesemia
and preterm labour’, International Journal of Reproduction, Contraception, Obstetrics and
Gynecology, 5(8), pp. 2571-2575. Awvailable at: https://doi.org/10.18203/2320-
1770.ijrcog20162624.

Maria Pérez-Castillo, I. et al. (2020) ‘Associations of vitamin D deficiency, parathyroid hormone,

calcium, and phosphorus with perinatal adverse outcomes. A prospective cohort study’, Nutrients,
12(11), pp. 1-14. Available at: https://doi.org/10.3390/nul12113279.

Moore, S. (2010) ‘Micronutrients in pregnancy’, Australian Family Physician, p. 91. Available at:
https://doi.org/10.1079/bjn2000314.

Morton, A. (2018) ‘Hypomagnesaemia and pregnancy’, Obstetric Medicine, 11(2), pp. 67-72.
Available at: https://doi.org/10.1177/1753495X17744478.

Mousa, A., Nagash, A. and Lim, S. (2019) ‘Macronutrient and micronutrient intake during pregnancy: An
overview of recent evidence’, Nutrients. MDPI AG. Available at: https://doi.org/10.3390/nu11020443.

Mwaniki, M.K. et al. (2012) ‘Long-Term Neurodevelopmental Outcomes After Intrauterine and Neonatal
Insults’,  Obstetrical &  Gynecological Survey, 67(6), pp. 345-346. Available at:
https://doi.org/10.1097/0gx.0b013e31825bbd63.

Okunade, K.S., Oluwole, A.A. and Adegbesan-Omilabu, M. A. (2014) ‘A Study on the Association between
Low Maternal Serum Magnesium Level and Preterm Labour’, Advances in Medicine, 2014, pp. 1-6.
Available at: https://doi.org/10.1155/2014/704875.

Parizadeh, S.M. et al. (2013) 'Maternal Serum Magnesium Level and Low Birth Weight Neonate, Brief
Communication', www.ijpm.ir International Journal of Preventive Medicine. Available at: www.ijpm.ir.

Potdar, R.D. et al. (2014) ‘Improving women’s diet quality preconceptionally and during gestation: Effects
on birth weight and prevalence of low birth weight - A randomized controlled efficacy trial in India
(Mumbai maternal nutrition project)’, American Journal of Clinical Nutrition, 100(5), pp. 1257-1268.
Available at: https://doi.org/10.3945/ajcn.114.084921.

Pourarian, S., Namavar Jahromi, B. and Takmil, F., 2014. The relationship between maternal
serum magnesium level and infant low birth weight in Hafez Hospital, Shiraz, Iran. Iranian
Journal of Neonatology, 5(2), pp.1-6.

Ramenghi, L.A. (2015) ‘Late preterm babies and the risk of neurological damage’, Acta bio-
medica : Atenei Parmensis, 86, pp. 36—40.

35



Rigo, J., Pieltain, C., Christmann, V., Bonsante, F., Moltu, S.J., lacobelli, S. and Marret, S., 2017.
Serum magnesium levels in preterm infants are higher than adult levels: a systematic literature
review and meta-analysis. Nutrients, 9(10), p.1125.

Salehiniya, H., Mohamadkhani-Shahri, L. and Sabet-Birjandi, S., 2014. The relationship of
maternal serum magnesium levels and the incidence of low-birth-weight infants: a case-control
study. Journal of Isfahan Medical School, 32(282), pp.507-513.

Shibata, M., Ogawa, K., Kanazawa, S., Kawasaki, M., Morisaki, N., Mito, A., Sago, H., Horikawa,
R. and Arata, N., 2021. Association of maternal birth weight with the risk of low birth weight and
small-for-gestational-age in offspring: A prospective single-center cohort study. PloS one, 16(5),
p.e0251734..

Syed, M., Rahman, M.Z. and Islam, M.T. (2023) ‘Association of Maternal Serum Magnesium Level with
Preterm Labour’, Journal of Gynecology Research Reviews & Reports, pp. 1-4. Available at:
https://doi.org/10.47363/JGRRR/2023(5)180.

T., M. and Maddipati, S.S. (2020) ‘A comparative study of serum magnesium levels in preterm
labour and term labour’, International Journal of Reproduction, Contraception, Obstetrics and
Gynecology, 9(8), p. 3291. Available at: https://doi.org/10.18203/2320-1770.ijrcog20203311.

Taha, Z. et al. (2020) ‘Factors associated with preterm birth and low birth weight in Abu Dhabi,
The United Arab Emirates’, International Journal of Environmental Research and Public Health,
17(4). Available at: https://doi.org/10.3390/ijerph17041382.

UNICEF & WHO (2019) ‘Low Birth Weight Estimates’, World Health Organization, 4(3), pp. 3—
9.

United Nations Children’s Fund and World Health Organization (2019) ‘Low Birthweight
Estimates: Levels and trends 2000-2015°, The Lancet Global Health, 7(7), pp. €849-e860.

World Health Organization, 2015. WHO recommendations on interventions to improve preterm
birth outcomes. In WHO recommendations on interventions to improve preterm birth outcomes..

Wong, V.T. (1992) ‘International federation of Gynecology and Obstetrics on safe motherhood’,
International Journal of Gynecology and Obstetrics, 38(SUPPL.). Available at:
https://doi.org/10.1016/0020-7292(92)90021-A.

World Health Organization, 2004. Vitamin and mineral requirements in human nutrition. World
Health Organization.

Yadav, D.K. et al. (2020) ‘Maternal and Obstetric Factors Associated with Low Birth Weight’,
Journal of Nepal Health Research Council, 17(4), pp. 443-450. Available at:
https://doi.org/10.33314/jnhrc.v17i4.2263.

Yilmaz, S., Calikoglu, E.O. and Kosan, Z. (2019) ‘for an Uncommon Neurosurgical Emergency
in a Developing Country’, Nigerian Journal of Clinical Practice, 22, pp. 1070-1077. Available at:
https://doi.org/10.4103/njcp.njcp.

Zhang, J. et al. (2024) ‘Serum calcium level at 32 weeks of gestation could be applied as a

36



predictor of preterm delivery: a retrospective study’, European journal of medical research, 29(1),
p. 400. Available at: https://doi.org/10.1186/s40001-024-01984-4.

Zhang, Y. etal. (2021) ‘Magnesium levels in relation to rates of preterm birth: A systematic review
and meta-analysis of ecological, observational, and interventional studies’, Nutrition Reviews.
Oxford University Press, pp. 188-199. Available at: https://doi.org/10.1093/nutrit/nuaa028.

Zoroddu, M.A. et al. (2019) ‘The essential metals for humans: a brief overview’, Journal of
Inorganic Biochemistry. Elsevier Inc., pp. 120-129. Available at: https://doi.org/10.1016/j.jin
orghio.2019.03.013.

Zulfiquar, S. et al. (2012) ‘Serum Magnesium Level During Pregnancy’, World Applied Sciences
Journal, 17(8), pp. 1005-1008.

37



ANNEXES

Annexe |: consent form(Ambharic version)

PIRCIRCAT AR ATNNPAL AT ML P+Z8UF 272 ++CHIPFA.
NtenTed®  NtaRsmmem- IC NNt LA+E 173 PAL +ATE
N&PLETT AR PHARALt RUY +4&FAL: NIRCIPC MG+ BND DA
AN AT AAST: NJIFTFT DT Nk THN AAT:NL PLT°
599.A, £9° AFPCIRG ATPAMM NLLFIT AT FAL:: NRITa@-g°
1 PHU T+ Ahd a1y ASIR ATLIPFA +L & FAL: LA ACPMNS
PHUY PAPE & MLt b PAL:

(N18 AdDH NFFALE ATHT NF) PIPNN4 N8N (AFCE F+CH9P) (Assent form,
Ambharic Version) PIRCIRCART TAR NNHAT ATH AF N+0RLa94M, ALyt
ATNNRPAL AT L P+HZ8UT 7% +HCHIPTA.  NtHehTIZo
N+RLamsm- 6 NAPALE BAHE 15 PRE +ATE NEPLTTT AR P+aPAL+
MUY +&FAU= NIPCIPC MG+ O-ND NA FNEANT GAT: AART: NI+TF
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MmPAF N PIHN AAT:=NL P LIR 599 A LI° AGRLIRG ACPAMM N4 PLATF
+hMIRFAL:: NRIFT@ID 1H PHU MGt AhA dPPYY ASID ATL9DTFA
T & FAL: AT ATPMNS PHUT PP L 8 MZPT +eNPAU::

AL Nt+aRs.amem. O+17407%
1A NLFN +LE&FAL £4TI9° NLCTP AdITMAU:
PIRANC
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Annexe Il:consent form (English version)

| have read the research description and it has been translated into a language | understand. | am
also happy to work with the researcher. | understand that my participation is voluntary. | have
sufficient understanding of the purpose, strategies, risks and benefits of participating in the
research study. I voluntarily agree to drink 5 ml of blood for the research. I understand that | can
stop being a part of this study at any time. | have received a copy of this consent form for my own
protection.

SIgNature ........ooviiiiiiiii
WiIthess Name .........cooovvieiiniiiiniinnennn. , signature.....................

(Only for mothers under 18 years old) The letter of the witness (English version) (Assent form,
English version) | read the description of the research with the help of the family and the researcher
and it was translated into the language | understood. | am also happy to work with the researcher.
| understand that my participation is voluntary. | have sufficient understanding of the purpose,
strategies, risks and benefits of participating in the research study. | voluntarily agree to drink 5
ml of blood for the research. | understand that I can stop being a part of this study at any time. |
have received a copy of this consent form for my own protection.

NAME. ..ot e , Signature
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Annex Il1:Questionarie (Amharic version)

PAOMLR AN P: P+NNG PHU PA PMLP £ PLT +AFL PALIFM YT

PO 1sAeF NCOTHT 1H USF NAANAE F8FT AL PAM. +HIRL AL MmGH
ALRLY AT NADMEd AR L $LF 1M 39735 Mg LU YANPT
AT874%A7 ATMLSPFAT AHUI® ATMANIPFAT: NHU TPMLSP AL
NI4T 11C AL TAMLRIRIAIMNSAT: NEIM, LPLET NAUF
AGaRAGAY::

PMPem NATE-P (9 ae-p

PO THI® AT NART® NCIHT @PF naem-AE 1H AS hU9*r ANLT IC PAM.
+HIRL. :NIPN LS 189D HY M8

P+MPEP ATT MUNLP T°M% UNFPT N7 UHNR 28 PFT N+HADAN+::

.4 P
1 | o¢8 1. h9e
2. DAL NE |
2. | PhTFA 1. h9®
2. @PAP NE
3. | P+MPLP ATH 1. h9e
2. DAPNE |
4. | P+MPEP ATF ABAP NE (ML) L
5. | hah 1
¢m(C 2
+¢n.T9¢
NAR
¢m(C
6. | PhCe €£PC(MRN)
7. | eao@sp Nt 1. 1MC
2. h+a
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8. | PtMPRP AT £, PAPPLE $NA,
9. | PtMPLP ATH AL PHMABNT MCT AP (as at last oC | |
birthday-in yrs) | A0RF |
10. | P+MPHP ATT ALY (NACPT) II_II_II |
11 | e NF U L pinr
2. PAIMT
3. Pté&+k
4. Naeqe+Nt
12. | aoeng F9RUCH +9°LPA? 1L ko
2. hREA9D
13. | PHIRUCT BLE (PMTPeT) 1. 3NN AT R&E AATFATR
2. @3N AT AR& ATAAL
3. panganyp 0/ 5(1-6)
4. ahnAT £25(6-8)
5 h&+& £¢5(9-12)
6. thih Ag a™P(12(N8LE 1-:
7 8T AL ILNH.E NAR
14. | AMPAL PNHANP POC 7N, NNC AT 10?2 [ O S
16. | hemeHt 1.  ACTRAN
2.  O™AA9R 3,
TCENFTT AA DA
£men
17. | N4c 1. AT9¢
2. hCqe
3. T4 AANAEMPN_
18. | %% ABTF AAPF ANNUT? |||
19. | AYHE ACTITHTP 102 ||
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20.

N7t 1H OAS? ||

21| PN ATRYT ACIHT 10 ALY PAPH? ||
22. N$La® AL AT+ TH NTN+AT FPCaREPT NLTN ATS.T
ACTPA? A. 1=hM; 2=KhLL2AJP
A. B9P 914* aeAnT B. 1=hM: 2=ALLATP
B. PAYT JRCans C. 1=hAM; 2=hLLAJ"
an
C. PRI D. 1=hM; 2=KAL2L2AJ"
D. PIPAC A74A°1AT NAATRITN NCAT
23. PN Urs 1.PN+ AN
2.6
3.AANA Aspo(AZBI MA
4,090t AGt+q
5.0¢ &AL AA DA
£men
I1.  Section B- PATT NTURT PAML MLTITR AN PHDALM. AS ARPTY
N+aeAn+,
24. | PCIHT 1K (NTF ATRTT) |||
25. ANET NN || | @@+ N At BFC |||
26. PLI™ 9L+ ANTA|_| | |mmHg 8. PNFA_| | | mmHg.
27. | P+MPEP AGTTF PamOD/FM NNLT NCAIHTM. HARY IC AJRRC (Weight off 1. H&+&
the mother for gestational age) 5 mem
3. h&+sd
28. PTF PAE M1 F N4t NATE T F+C(92.h) Women mid upper arm -
circumference
29. NCeIHT anhha PA P1H ARYT Inter pregnancy intervals (months). (-
30. | PAE AR NADEL/AM. POC ANN AN MLYIR NhATZ AM. YL Ultrasound| |—| |
scan result (last menstrual cycle) fetal age last menstrual cycle (wks).
31. | PAB. AL NCIHT AIRT+/ AL TR M. IC A1R&C (Fundal height for 1. He+7

gestational age)
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2. Mm99y
3. h&+g
32. | PAGF PUE a7 (Abdominal Circumference) (1=normal or better; 0= below| 1. H&+&
normal) 2. meGao
3. h&+sd
33. PAL. Pe1PAT N NATL TFC AREMA. (1=+dPMMT me9e ne PA | ||
7M. 0= HP+4& 1m.) (Ultrasound scan result fetal head circumference cm) for
gestational age (1=normal or better; 0= below normal)
34. | PAZB. €% NAYL TFC ARETM (1=+PMMT ML 9™ he PA 1mi0= | |||
H$+E 1Mm.)
(Ultrasound scan result fetal length (in cm) for gestational age)
NAMG+ oMLk nae A+ ATt Pm.Nm AMPAL AN+ PP

nA

AGaDAITAT:
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Annexe [V:Questionarie(English Version)

I. Socio-Economic and Demographic Information of the Respondent's

Mother.
SN Question
1 Woreda 3. Name
4. Code
2 Hospital 2. Name
3. Code
3 Women's code 1. Name
2. Code
4 ID no. of women I T Y I
5 Telephone No.
Alternative telephone
6 Place of residence 1.Rural
2.Urban
7 Pregnant women’sage | ..
8 Marital status 1.Single
2.Married
3.Widowed
4.Divorced
9 Have you had regular education? 1.Yes
2.No
10 Educational level 1.can not read and write
2.can read and write
3.Elementary(1-6)
4.Medium(7-8)
5.High school(9-12)
6. TVET
7.Diploma and above
11 Monthly family income(in birr)
12 Religion 1.0rthodox
2.Muslim

3.Protestant
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4.0Other

13 Ethinicity 1.Amhara
2.0romo
3.Tigray
4.0ther
14 How many children do you have so far?
15 Gravidity
16 Parity
17 How many weeks pregnant are you now?
18 Did you get at least one of the following tests during
prenatal care?
A. Blood pressure measurement A.l:Yes 2:No
B. Urinalysis B.1:Yes 2:No
C. Blood test C.1:Yes 2:No
D. Diet counseling D.1:Yes 2.No
19 Occupation 1.Housewife
2.Farmer

3.Local alcohol seller
4.Civil servant

5.Job seeker
6.Private /merchant
7.Student
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SECTION B:MATERNAL ,FETAL AND NEONATAL MEASUREMENTS

Amount
21. Gestational age
22. Mother’s weight (Kg)..................... Height(cm)........
23. Blood pressure,systole........... ,diastole
24. Mothers weight for gestational age 1. Low
2. Normal
3. High
25. | Women mid upper arm circumference(MUAC)
26. | Inter pregnancy intervals (months).
27. | Ultrasound scan result (last menstrual cycle) fetal
age last menstrual cycle (wks)
28 Fundal height for gestational age A.Low
B.Normal
C.High
29 Abdominal Circumference 1.Normal or better
2.below normal
30 Ultrasound scan result fetal head circumference cm) | 1.Normal or better
for gestational age 2.Below normal
31 Ultrasound scan result fetal length (in cm) for
gestational age
Il. Section H. Questions used to assess pregnancy outcomes
Pregnancy out come Duration/ amount/ length
128. | Date of delivery Day
Month
[Year
129. | Gestational age at birth(weeks) LI
130. | Birth Weight(BW in gm) |
131. | Head circumference in cm LI
132. | Baby length in cm LI
133. | APGAR score LI
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134. | Duration of pregnancy weeks

135. | Duration of labor || Imins

136. | PTD(Preterm Delivery 1=Yes 2=NO

137. | Still birth 1=Yes 2=NO

138. | First week neonatal mortality 1=Yes 2=NO

139. | Maternal mortality 1=Yes 2=NO

140. | Baby sex 1=-M 2= F

141. | Mode of delivery

142. | Need for augmentation of delivery

143. | Post partum hemorrhage

144. | Other adverse outcomes if any

145. | Total number of ANC follow ups you did?

146. | Which dangerous signs of newborn health were observed? 1. Feeding less
2. Too hot or too cold
3. Too sleepy
4. Convulsion
5. Fast breathing
6. Umblical red/PU
7. Pusineye
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