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Abstract

Introduction: Maternal insufficient calcium consumption can raise the risk of pregnancy-related problems such preec-
lampsia and gestational hypertension, which are linked to considerable morbidity and mortality in both the mother and

the newborn.

Aim: This study aims to assess serum calcium concentrations in pregnant women across different trimesters, given its
critical role in various physiological processes during gestation and the potential health implications associated with its

imbalance.

Method: This research involved 100 pregnant women. Data were gathered via a semi-structured, interview-administered
questionnaire and analyzed statistically using SPSS version 2.0 with the Chi-square test. Blood samples were collected from
each participant following standard protocols, centrifuged, and serum separated for calcium concentration analysis via a

chemistry autoanalyzer.

Results: The study revealed the following key findings: i. No significant (p = 0.630), association existed between dairy
consumption and serum calcium levels among participants with daily dairy consumers exhibiting a mean level of 1.974
mmol/L. ii. A significant (p = 0.004), link was identified between calcium supplementation supplement users (2.261
mmol/L) compared with non-users (1.719 mmol/L) underscoring the value of supplements in sustaining optimal calcium
during pregnancy. iii. Calcium levels showed a significant (p=0.045) connection to symptoms like muscle cramps, indicat-
ing that deficiencies may contribute to specific discomforts in pregnancy. iv. Calcium levels (2.025 mmol/L) in regular

exercise was higher compared with non-exercisers (1.683 mmol/L), with no statistical significance (p = 0.081).
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Conclusion: This study identified various factors influencing calcium levels among pregnant women in the cohort, with
calcium supplementation playing a significant role unlike age, excercise or dairy consumption. These findings suggest that
targeted interventions focusing on consistent calcium supplementation could effectively mitigate the risks associated with
hypocalcemia in pregnant populations, particularly in regions where dietary calcium intake might be suboptimal.
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Introduction

Maternal nutrition is one of the most important factors that affect pregnancy outcomes; micronutrient sufficiency is necessary
for fetal development and maternal health [1]. Among these micronutrients, calcium has an important physiological role in fe-
tal skeletal mineralization and neurodevelopment and regulates maternal vascular tone and bone metabolism [2]. The World
Health Organization recommends calcium supplementation to pregnant women in populations with low dietary intake primari-
ly to prevent pre-eclampsia, which is a leading cause of maternal mortality globally [3]. This guidance becomes very important
in resource-constrained settings where limited dietary diversity increases the risk of micronutrient deficiencies and related ad-

verse obstetric Overcomes [4].

Maternal undernutrition persists as a public health challenge within Nigeria, contributing to substantial maternal and neonatal
morbidity as evidenced by [5]. Although antenatal programs have traditionally emphasized iron and folic acid supplementa-
tion, other essential minerals like calcium have received relatively less attention [6] (Adebayo et al., 2023). Epidemiological data
on hypocalcaemia among pregnant Nigerian women are scarce and unevenly distributed; most studies were conducted in south-
ern urban centers which do not reflect regional variations in diet and nutrition [7]. Consequently, there exists a significant evi-
dence gap regarding the prevalence and determinants of hypocalcaemia in North-Central Nigeria-a region characterized by

unique dietary patterns as well as socioeconomic factors likely to influence nutritional status [8].

This study was carried out to find out the serum calcium levels of pregnant women who presented at the antenatal clinic in Fed-
eral University of Lafia Teaching Hospital (FULATH), situated in Nasarawa State, North-Central Nigeria. It was an attempt to
fill a very important gap in knowledge. The specific objectives included finding out how common hypocalcaemia is and its asso-
ciation with some selected key maternal parameters like gestational age, parity, physical activity, and dietary calcium intake.
The hypothesis suggests that a significant number of the antenatal cohort would have poor calcium status and that this would
be more prevalent at advanced gestational stages and under conditions of poor dietary intake as adjusted for known physiologi-

cal adaptations and nutritional challenges during late pregnancy [9].

The hospital-based, cross-sectional results bring forth crucial baseline data on calcium status in an area that has not been given
much attention. Finding out the local prevalence of hypocalcaemia is a very basic step toward supporting and executing specific
nutritional interventions like better dietary counseling or suitable supplementation protocols that are integrated into regular an-
tenatal care [10]. This paper presents methodology, prevalence with factors associated, and discusses implications for clinical

practice as well as maternal health policy in similar settings.

Calcium Status and Maternal Health in Pregnancy

Maternal nutrition is a critical determinant of pregnancy outcomes, with micronutrient sufficiency being essential for fetal de-
velopment and growth. Calcium deficiency in pregnancy shows significant global disparities, with 32.4% overall prevalence of
hypocalcemia [11]. This is markedly higher in low-income countries (47.6%) than in high-income nations (18.3%), reflecting
varied dietary access and socioeconomic conditions. Dietary calcium intake is heavily influenced by region; in areas with low

dairy consumption, reliance on alternatives like small fish or leafy vegetables becomes critical. However, the bioavailability of
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calcium is compromised by dietary components such as phytates and oxalates creating a gap between intake and absorption
[12].

Socioeconomic factors are key determinants as lower maternal education, income, and antenatal care access strongly predict
hypocalcemia among the poorest women who have 3.2 times higher odds of deficiency [12, 13]. This underscores calcium defi-

ciency as an issue stemming from intertwined nutritional and social inequities.

Regional Context: Calcium Status in Sub-Saharan Africa and Nigeria Sub-Saharan Africa has been described as facing a com-
plex "double burden" of malnutrition where undernutrition coexists with rising obesity [14]. Within this context, prevalent mi-
cronutrient deficiencies like hypocalcemia are poorly characterized. A trial in Kenya demonstrated an increase in adherence by
40% when calcium was combined with vitamin D into one supplement [14, 15]. Food-based approaches such as promoting tra-

ditional foods rich in calcium and fortification are also major complementary strategies.

Recent regional studies in Nigeria highlight significant concern; it was discovered that in Southwestern Nigeria, the prevalence
rate of hypocalcemia among pregnant women stood at 41.3%. Higher rates were observed among those who were more ad-
vanced into their third trimester [15, 16, 17]. Southeastern Nigeria also reported a prevalence rate of 38.7% which was linked to

low dairy intake and higher parity [17]. It therefore implies that there is substantial but variable national burden.
Clinical Consequences and Implications of Maternal Hypocalcemia
Maternal Outcomes

There is a strong association between calcium deficiency during pregnancy and hypertensive disorders. A 2023 [11, 18, 27] me-
ta-analysis reported that supplementation at doses ranging from 1 to 1.5 g/day has been shown to reduce the risk of developing
preeclampsia by as much as 55% among populations with low intake and by 62% among high-risk women [19]. This protective
effect is mediated through vascular mechanisms. New findings have begun to relate deficiency with other obstetric hazards. A
study on a cohort in Ghana linked hypocalcemia with an increased risk, 2.1 times for preterm labor, and also a 1.8 times in-
creased risk for cesarean delivery due to dystocia [20]. This finding underlines the role of calcium in effective contractions of
the uterus. In addition, deficiency might elevate the possibility of postpartum hemorrhage by hindering uterine retraction [18,
20].

Fetal and Neonatal Outcomes

Maternal calcium deficiency has effects on fetal and neonatal health that may continue beyond birth through fetal program-
ming. One study found that infants of hypocalcemic mothers had reduced bone density at birth and reduced growth in infancy
[18, 21]. In addition, severe maternal deficiency poses a direct risk for neonatal hypocalcemia. A Nigerian study reported that
12.7% of infants born to mothers with very low calcium levels developed symptoms such as seizures or feeding difficulties [22].

These acute, preventable complications have a huge burden on neonatal care in resource-limited settings
Assessment Methods and Diagnostic Considerations

Assessing calcium status in pregnancy is methodologically complex. Serum total calcium is the most common clinical measure
but becomes unreliable due to hemodilution and shifting albumin levels induced by pregnancy [11, 22]. Though ionized calci-
um may be more accurate, its cost precludes routine use in many Nigerian settings.The timing of measurement adds further dif-
ficulty, as calcium metabolism changes dynamically. Research suggests trimester-specific reference ranges are needed; uniform
cutoffs may misclassify women especially in late pregnancy [18].Dietary assessment also presents challenges in Nigeria. Stan-
dard food questionnaires often lack cultural relevance, underrepresenting local calcium sources like leafy greens and small fish.
Validated tools for Nigerian women improve the accuracy of estimates, but significant limitations in estimating intake persist
[22].
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Interventions and Current Guidelines

Global recommendations for calcium intake during pregnancy differ. The WHO recommends a daily intake of 1.5-2.0 g for wo-
men whose dietary intake is low (<900 mg/day), mainly to prevent preeclampsia [23]. This has been adapted into some national

policies in Africa but the implication remains patchy.

In Nigeria, it is recognized that calcium has a role in the national nutrition strategy; however, there are no specific protocols
that are standardized [24]. A recent analysis [25] indicated that only 32% of antenatal facilities offered related nutrition counsel-

ing and less than 15% had the supplements available underscoring a significant gap between Policy and practice.

Research Gaps and Justification for Current Study

There are still major gaps in evidence about the status of calcium in Nigerian pregnancies, especially in the North-Central re-
gion which has not been well studied. Diets rich in cereals and tubers, seasonal changes, and cultural practices probably affect
the rates of deficiency, but specific data on calcium is missing [25, 26, 27]. In addition, existing studies focus on urban tertiary
centers and ignore primary care settings while the relationship between deficiency in calcium and common local conditions

such as malaria, HIV, and obesity is not known very clearly.

This study was conducted at Federal University of Lafia Teaching Hospital (Formally Dalhatu Araf Specialist Hospital Lafia) to
fill these gaps by providing contemporary data from this understudied region. It describes biochemical as well as dietary assess-
ments and their association with some important maternal characteristics. This will help develop context-specific strategies for

improving calcium status and hence maternal and neonatal health outcomes in North-Central Nigeria.

Materials and Method

Study Design: This study is a cross-sectional hospital-based survey targeting apparently healthy pregnant women at the antena-
tal of the FULATH Lafia, Nasaeawa State Nigeria. Data collection involved administration of a semi-structured questionnaire

and collection of blood samples of the participants.

Study Area: This study was conducted at FULATH, Lafia, which is located in Shendam road Lafia, Nassarawa State. Lafia is a
town in North Central. It is the capital city of Nasarawa state with estimated population of 360,728(WPR, 2022). Lafia has geo-
graphical coordinate of latitude 8°29'38"N and longitude of 8°30'55.2"E [27, 38]

Study Population and Size: 100 pregnant women attending antenatal at Dalhatu Araf specialist hospital.

Using the prevalence by [28].

n= Z2xP(l-P)
d2
where;

n = desired sample size;

Z = standard deviation score when P< 0.01 corre-

sponding to 1.96;
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p = expected prevalence = P< 0.5
d = desired precision,

Therefore,

n = 1.962x05(1-0.5) = 100
0.0982

Inclusion and Exclusion Criteria
Eligible participants must meet all of the following criteria:

1. Pregnant women, aged 18-44 years, receiving antenatal care at the Federal University of Lafia Teaching Hospital.

2. Confirmed singleton intrauterine pregnancy with a gestational age between 12 and 36 weeks, verified by obstetric ultrasound.
3. Provision of written informed consent for study participation, including authorization for a venous blood draw for serum
calcium analysis.

4. Clinically stable at the time of enrollment, with no evidence of acute illness, to allow for accurate assessment of baseline

calcium status.

Exclusion Criteria
Participants will be excluded from the study if they meet any of the following criteria:

1.Multiple gestation (e.g., twins or triplets), due to the significantly altered calcium homeostasis associated with such pregnancies.
2. A documented history of chronic medical conditions known to disrupt calcium metabolism, including but not limited to:
chronic kidney disease, parathyroid disorders, diabetes mellitus, hypertension, or malabsorption syndromes.

3. Recent hospitalization (within the past 4 weeks), presence of an active infection, or current use of medications that influence
calcium metabolism (e.g., diuretics, anticonvulsants, corticosteroids).

4. Severe anemia, defined as a hemoglobin level below 8 g/dL, or an unwillingness to undergo phlebotomy.

Rationale

These criteria ensure a homogeneous cohort focused on typical antenatal attendees in Nigeria, minimizing confounders while
capturing diverse parity, age (predominantly 18-34), and trimester distributions observed in the study. Standard for cross-sec-

tional calcium assessments in low-resource settings.

Ethical Approval and Informed Consent

Ethics approval (DASHREC/440) was obtained from the Nasarawa Sate Ministry of Health and consent to participate was
granted by participants for this study.

Informed consent was obtained from all participating pregnant women after explaining the purpose of the study. Participation

was voluntary, confidentiality was assured, and participants could withdraw at any time without penalty.
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Sampling Technique

Simple random sampling technique was used for this research work.

Data Collection

Data was collected using a semi-structured interview-administered questionnaire. Questionnaires was used to collect: Age, ges-

tational age (trimester), socioeconomic status.

Blood Sample Collection and Analysis

Collected blood samples following standard protocols during ANC (antenatal clinic) visits.
Procedure

All necessary equipment like syringes, alcohol swabs, container were available. Blood was collected from the vein using a sterile
needle into a plain container. proper labelling of samples was ensured. Samples were handled carefully and transported to the
laboratory promptly. Samples were centrifuged to separate serum from blood cells. The serum was then analysed using chem-

istry auto analyzer to measure the concentration of calcium ion. Data were documented and statistically analyzed.
Hypocalcemia was defined as a serum total calcium level < 8.0 mg/dL (2.00 mmol/L) [29, 30].
Statistical Analysis

The data obtained will be analyzed using the SPSS statistical software for windows version 20. Chi-square test will be used for
categorical variables and odd ratio with multinomial logistic regression analysis will be done to determine risk factors for hypo-

calcemia in pregnancy. Tables and graphs are used to illustrate patterns in the variables.
Results
Demographic Characteristics of Participants

The results of the Tables 1 to 9 below is on the sociodemographic factor such as age, dietary habits of calcium such as (diary

consumption, non-diary consumption and calcium supplement) and no of pregnancy

Table 1: Age of the Respondent

Age range Frequency Percentage
18-24 36 36
25-34 52 52
35-44 12 12
Total 100 100

Table 2: Number of Pregnancy of the Respondent

Age range Frequency Percentage
1to2 42 42
3to4 24 24

5 or more 8 8
None 26 26
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Total 100 100
Table 3: Dairy Habit (Dairy consumption) in pregnancy
Response Frequency Percentage
Daily 33 33
Rarely 7 7
Several times a week 35 35
Weekly 25 25
Total 100 100
Table 4: Dairy Habit (Non Dairy consumption) in pregnancy
Response Frequency Percentage
Daily 55 33
Rarely 13 7
Several times a week 18 35
Weekly 14 25
Total 100 100
Table 5: Dairy Habit (Calcium Supplement) in Pregnancy
Response Frequency Percentage
Yes 65 64.4
No 35 34.7
Total 100 100
Table 6: Regular Exercise during pregnancy
Response Frequency Percentage
Yes 69
No 31
Total 100 100
Table 7: Symptoms in pregnancy
Response Frequency Percentage
No 72
Yes (Abdominal Pain) 6
Yes (Back Pain) 7
Yes (Knee Pain) 6
Yes (Leg Cramps) 6
Yes (Muscles Cramps) 3
Total 100 100
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Table 8: Calcium Level (mmol/L) among the Responded

Category Frequency Percentage
Low 38 38

Normal 17 17
High 45 45
Total 100 100

Table 9: Comparison between Calcium Level (mmol/L) with Age Range of the Respondent

Parameter Mode Mean Variance 95% confidence interval
18-24 11.623 11.623 1.168 9.501 13.746
25-34 10.147 10.147 0.735 8.463 11.831
35-44 7.224 7.224 2422 4.167 10.281

Not Significance (p=0.630)

Relationship between Calcium Levels and Other Variables

Table 10 to 13 and figures below show the comparison between Calcium level base on category of the respondent with variables

such the Age distribution, diary consumption, calcium supplement, physical activities (exercise) and symptoms using chi-

square subject at 95% confidence interval

Table 10: Comparison between Calcium Levels (mmol/L) and Calcium supplement of the Respondent.

Parameter Mode Mean Variance 95% confidence interval
No 1.719 1.719 0.012 1.5 1.939
Yes 2.261 2.261 0.22 1.97 2.553

Statistically Significance (p=0.004)

Table 11: Comparison between Calcium Levels (mmol/L) and Diary Consumption of the Respondent.

Parameter Mode Mean Variance 95% confidence interval
Daily 1.974 1.974 0.03 1.635 2.313

Rarely 1.698 1.698 0.131 0.987 2.408
Several times a week 1.776 1.776 0.024 1.47 2.083
Weekly 2.076 2.076 0.03 1.736 2.417

Not Statistically Significance (p=0.630)

Table 12: Comparison between Calcium Levels (mmol/L) and Exercise of the Respondent

Parameter Mode Mean Variance 95% confidence interval
No 1.683 1.683 0.026 1.367 2
Yes 2.025 2.025 0.012 1.807 2.244

Not Statistically Significance (p=0.081)
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Table 13: Comparison between Calcium Levels (mmol/L) and Symptoms of the Respondent

Parameter Mode Mean Variance 95% confidence interval
No 2.026 2.026 0.011 1.818 2.234
Yes (Abdominal Pain) 1.074 1.074 0.15 0.314 1.834
Yes (Back Pain) 1.324 1.324 0.112 0.666 1.982
Yes (Knee pain) 1.473 1.473 0.143 0.73 2.217
Yes(Leg ramps) 2.19 2.19 0.128 1.486 2.893
Yes(Muscle cramps) 2.307 2.307 0.204 1.42 3.193

Statistically Significance (p=0.045)
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Discussion

The majority of participants (52%) were aged 25-34, followed by 36% in the 18-24 bracket, with 12% aged 35-44. This age dis-
tribution indicates greater involvement among younger women, aligning with the reproductive age structure of the population
and patterns observed in prior studies. For example, [32] reported comparable demographic profiles in reproductive health sur-

veys, attributing higher engagement to increased awareness and access to healthcare among younger cohorts.

Regarding parity, 42% of respondents had 1-2 pregnancies, 26% reported no pregnancies, and 8% had five or more. These re-
sults reflect a predominance of women in the early reproductive stage and correspond to global trends toward lower parity driv-
en by socioeconomic factors and expanded family planning, as described by [33]. The revised structure minimizes redundancy,

employs precise ranges, and integrates citations smoothly while enhancing the academic tone without altering the meaning.

In terms of dairy consumption, 35% of respondents reported consuming dairy several times weekly, and 33% consumed it daily.
55% relied on non-dairy calcium sources daily, with only 7% using them rarely. These patterns indicate broad awareness of
calcium requirements, with a preference for non-dairy sources and supplementation. The propensity toward non-dairy options
is consistent with [32], who documented reliance on such alternatives in low-lactose populations. This may reflects heightened
bone health awareness among pregnant women, [33]. The calcium status demonstrated a statistically significant (p = 0.004)
association with supplementation during pregnacy, whereby supplement users had higher mean calcium levels (2.261 mmol/L)
compared with non-users (1.719 mmol/L). This finding indicates a direct effect of supplementation on maintaining optimal
calcium status during pregnancy. These results are consistent with [34], who reported that supplementation enhances serum
calcium among pregnant women, particularly within at-risk groups, and may reduce related risks such as preeclampsia, support-
ing proactive management in populations with low prevalence akin to this sample [36]. Contemporary investigations reinforce
this evidence: a 2023 multicenter trial observed a 15-20% increase in calcium levels with a daily dose of 1,000 mg, accompanied
by a 28% reduction in hypocalcemia risk. A 2025 Ethiopian cross-sectional study [36] similarly linked consistent intake to

normalized calcium levels (2.1-2.5 mmol/L), underscoring benefits in regions with low dairy consumption.

The association between dairy intake and calcium levels did not reach statistical significance (p = 0.630), with daily dairy consum-
ers exhibiting a mean level of 1.974 mmol/L, only marginally higher than those who rarely consume dairy. This diverges from
[37], who emphasized dairy’s role in optimizing calcium homeostasis. Recent research, including a 2021 multicenter study in
regions with low dairy consumption, similarly reported non-significant associations between dairy intake and calcium levels
when supplementation patterns dominated intake. These results emphasize contextual determinants over universal dairy

benefits and support tailored recommendations that prioritize overall calcium sufficiency regardless of source [36, 37].

69% of participants reported engaging in regular exercise. This finding suggests a health-conscious cohort, potentially associated
with complementary behaviors such as supplementation and balanced dietary practices. This view is supported by [34, 35], who
found that regular exercisers among pregnant women experience improved health outcomes, including optimized calcium

metabolism and enhanced physical well-being.

The results of this study indicate a statistically significant difference across pain categories (p = 0.045), showing that calcium
levels among pregnant women differ according to the presence and type of pain symptoms. The majority of participants (72%)
reported no symptoms, while a minority experienced abdominal pain (6%), back pain (7%), muscle cramps (3%), or leg cramps
(6%). Participants without pain exhibited more stable and comparatively higher calcium levels, suggesting adequate calcium
status. In contrast, lower mean calcium levels were observed among women reporting abdominal, back, and knee pain, indicat-

ing a possible association between these symptoms and reduced calcium levels during pregnancy.

Women who reported leg cramps and muscle cramps demonstrated relatively higher mean calcium levels; however, the wide

variability observed suggests that these symptoms may be influenced by factors other than calcium deficiency, such as neuromus-
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cular or electrolyte imbalances. The statistically significant difference across pain categories (p = 0.045) supports the relevance of
pain symptoms as indicators of altered calcium status in pregnancy. These findings emphasize the importance of monitoring
calcium levels and musculoskeletal symptoms to promote maternal well-being. Musculoskeletal symptoms such as cramps exhib-
it comparable variability, with a 2025 study associating vitamin D deficiency (common during pregnancy) with moderate to
severe pain in 68% of cases [31]. A 2023 meta-analysis identified a high incidence of back pain in late pregnancy (up to 74%),

highlighting exercise and nutritional strategies as mitigating factors.

Regular exercisers demonstrated higher mean calcium levels (2.025 mmol/L) compared with non-exercisers (1.683 mmol/L),
though the difference did not reach statistical significance (p = 0.081). This observation aligns with established links between
physical activity and enhanced calcium metabolism. Exercise supports skeletal health and calcium retention, as [34, 35] reported
improved absorption and reduced urinary losses among active individuals. Recent analyses [34] indicate that moderate physical
activity optimizes maternal mineral homeostasis, which may account for the observed difference despite limited statistical power
in this study. The borderline p-value likely reflects sample size constraints or potential confounders such as diet or supplementa-
tion, highlighting the necessity for larger investigations to determine exercise’s independent impact on calcium status during

pregnancy.

Among participants reporting muscle cramps, mean calcium levels were statistically significantly higher (2.307 mmol/L) than in
asymptomatic individuals (p=0.045), suggesting a possible association between elevated calcium and symptom presentation
within this population. This counterintuitive result aligns with [17, 37], who described that both hypocalcemia and hypercalce-
mia can provoke muscle cramps through altered neuromuscular excitability, with elevated levels occasionally producing
tetany-like manifestations. Potential confounders, including vitamin D status, hydration, or electrolyte imbalances, may contrib-

ute, warranting further exploration of non-linear calcium-symptom relationships in pregnancy

Conclusion

The study examined associations between serum calcium and key demographic, dietary, lifestyle, and clinical factors in preg-
nant women. Age showed no significant correlation with calcium status, indicating that maternal age alone does not markedly

influence deficiency risk at the Federal University of Lafia Teaching Hospital, Nigeria.

Calcium supplementation emerged as the strongest predictor, with statistically significant increases in mean calcium levels
among users (p = 0.004), underscoring its critical role in optimizing maternal-fetal mineral homeostasis. In contrast, dairy in-
take did not reach significance (p = 0.630), possibly due to predominant reliance on non-dairy sources (55% daily) and supple-
ments (65%), which together ensure adequate intake irrespective of dairy habits.Regular exercise displayed a trend toward high-
er calcium levels (p = 0.081), implying potential metabolic benefits without establishing causality, possibly moderated by sam-
ple limitations. Importantly, muscle cramps were significantly associated with elevated calcium (p = 0.045), challenging conven-
tional hypocalcemia narratives and suggesting bidirectional interactions between minerals and symptoms, influenced by fac-

tors such as electrolytes or vitamin D.

These patterns support targeted micronutrient supplementation over dairy-centric approaches within comparable populations,
and they underscore the need for larger trials to delineate the independent effects of exercise and the symptom-calcium thresh-

olds relevant to personalized

Prenatal care.

Limitations

This study has some important limitations:
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i. Small and Restricted Sample Size: Only one hundred pregnant women were used for this study, recruited from a single hospi-
tal in North-Central Nigeria. This does not allow broad generalization of the findings to cover other areas of Nigeria or differ-

ent healthcare settings, like primary health centers or rural clinics.

ii. Cross-Sectional Design: The cross-sectional nature of this study means that data has been collected at one point in time only.
Therefore, no causal relationships can be inferred between supplementation, diet, exercise, etc., with respect to calcium levels.

Changes longitudinally in calcium status through trimesters could not be assessed.

iii. Reliance on Self-Reported Data: Major variables like dietary intake, supplement use, and exercise habits were all obtained
through a questionnaire which is prone to recall bias and social desirability bias as well as inaccuracies in reporting. This may

compromise the reliability of any associations found.

iv. Lack of Ionized Calcium Measurement: Measurement was done for total serum calcium; however, this can be affected by al-
bumin levels and hemodilution due to pregnancy. More accurate assessment regarding calcium status would be given using ion-

ized calcium since it is the biologically active form; hence its absence constitutes a methodological limitation.

Recommendation

Healthcare providers should emphasize calcium supplementation given its demonstrated association with higher serum levels,
while informing pregnant patients about deficiency risks and the benefits of supplementation for maternal-fetal health. In addi-
tion, tailored nutritional strategies, ongoing symptom monitoring, and early intervention are warranted, and future longitudi-
nal research should assess the long-term outcomes of supplementation and the moderating effects of exercise on calcium
metabolism. Finally, there is need for further research considering increase sample size, measurement of Ionized Calcium and

calcium status through trimesters.
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