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Abstract
The biochemical markers involving serum calcium, inorganic phosphate, and alkaline phosphatase (ALP), play cru-
cial roles in maternal and fetal health. This study evaluated the changes in serum calcium, inorganic phosphate, and 
alkaline phosphatase in different trimesters of gestation compared to non-pregnant controls. We employed a case con-
trol design in which serum calcium, inorganic phosphate and alkaline phosphate levels in pregnant and non-pregnant 
women were investigated using o-cresophthalein complexone method, ammonium molybdate method and King and 
King's method respectively. Data analysis was carried out using SPSS version 25 program using ANOVA and t- tests. 
The findings indicated significant decrease in serum phosphate (p= 0.038), calcium (p= 0.019) and alkaline phos-
phatase (p = 0.008) across trimesters. It is therefore, recommended to monitor these parameters closely, especially in 
regions with low nutrient intake, to prevent deficiency-related complications.
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Introduction
Pregnancy is a complex physiological process characterized by 
significant biochemical changes that enable maternal adaptation 
and ensure optimal fetal development.1 It induces specific phys-
iological, biochemical and hormonal changes for the pregnant 
mother.2 Regulation of serum calcium, inorganic phosphate and 
alkaline phosphatase (ALP) levels is therefore critical during 
pregnancy.3 These biochemical markers play a pivotal role in 
maternal and fetal health, particularly in supporting the skeletal 
development of the fetus and maintaining maternal bone homeo-
stasis. Alteration in their concentration reflects the complex in-
terplay between maternal and fetal requirements, dietary intake, 
hormonal modulation and placental function but if not regulated 
may have some pathological implications [1]. While alterations 
in these parameters have been well documented, there remain a 
scarcity of studies that have examine the interplay and variations 
of calcium, inorganic phosphate and ALP across trimesters in 
pregnant women for the Nigerian population. This study aimed 
at addressing this gap by providing a holistic analysis of these 
biomarkers throughout pregnancy, offering valuable insights 
into their trends and potential implications for maternal and fetal 
health [2].

Materials and Method
Study Design
The study employed a case -control research design.

Study Population
The study population consisted of pregnant women from Enugu 
State University Teaching Hospital (ESUTH) and non-pregnant 
controls.

Inclusion Criteria
Pregnant women confirmed to be in their first, second, or third 
trimester at the time of sample collection, healthy pregnant 
women without any underlying health condition and non-preg-
nant controls were recruited after informed consent [3].

Exclusion Criteria
Pregnant women with underlying health conditions were exclud-
ed from the study.

Sample size: A total of 95 participants were recruited for this 
study; 25 for each trimester and 20 non pregnant women as the 
control group. This sample size was determined by the relation9
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Sample size = Z² x P (1 - P) 	   				  
		  ∑²
Where Z is the Z score
P is the population
∑ is the margin of error

Ethical Consideration
Ethical approval for this study was obtained from the Ethical Re-
view Board of Enugu State University Teaching Hospital (Ref 
No: ESUT/HREC/2024/11/233). Informed consent was obtained 
from all participants, and their data were kept confidential.

Estimation of the Parameters
Serum Calcium was analyzed using O-cresolphthalein complex-
one method, Inorganic phosphate by the Ammonium Molybdate 
method while alkaline phosphatase was analyzed using King 
and King's method [4-6].

Data and Statistical Analysis
Data was analysed using a statistical package for social sciences 

(SPSS) . The differences between the groups were compared us-
ing one-way analysis of variance (ANOVA) and student t-tests 
for differences between groups with P<=0.05 considered signif-
icant. Results were expressed as the mean±SD (Standard Devi-
ation) [7,8].

Result
Table 1 shows the level of serum phosphate, serum calcium and 
alkaline phosphatase for the pregnant women across the three 
trimesters. The mean serum phosphate level in the first trimester 
was 1.23±0.22mmol/L with slightly decrease in second trimester 
0.24±0.13mmol/L and 0.05±0.17mmol/L at the third trimester 
[9-12]. 

For calcium, the level was 2.32±0.25mmol/L with a decrease to 
1.31±0.30mmol/L and 0.44±0.16mmol/L in the third trimester.
The mean level of alkaline phosphatase in the first trimester was 
126.9±78IU/L, 108.93±38.09IU/L in the second trimester and 
decreased to 98±42.83IU/L in the trimester.

Table 1: Level of Serum Phosphate, Serum Calcium and Alkaline Phosphatase in Pregnant Women
Parameters Trimesters Mean ± SD Confidence Interval (95%) 

(mmol/L)
F-ratio P-value (ANOVA)

Inorganic phos-
phate (mmol/L)

Ist trimester
2nd trimester
3rd trimester

1.23±0.22
0.24±0.13
0.05±0.17

(1.56, 1.30)
(1.71, 1.31)
(1.18, 1.32)

0.18 0.038

Calcium (mmol/L) Ist trimester
2nd trimester
3rd trimester

2.32±0.25
1.31±0.30
0.44±0.16

(2.22, 2.42)
(2.21, 2.41)
(2.34, 2.54)

2.19 0.019

Alkaline phospha-
tase (IU/L)

Ist trimester
2nd trimester
3rd trimester

126.9±78
108.93±38.09

98±42.83

(104.6, 149.2)
(88.66,131.21)
(99.40,143.95)

0.68 0.008

Table 2 compares the levels of inorganic phosphate, serum calci-
um and alkaline phosphatase between pregnant and non-pregnant 
women during the three trimesters of pregnancy. The mean value 
of inorganic phosphate in the first trimester (1.23±0.22mmol/L) 
is lower than that of non-pregnant women (1.34±0.11mmol/L). 
In the second trimester, pregnant women had a mean val-
ue of 1.24±0.13mmol/L, still lower than 1.34±0.11mmol/L in 
non-pregnant women reinforcing that the parameter remains 
lower in pregnant women. By the third trimester, the value re-
duced to 1.26±0.17mmol/L [13].

The calcium level in the first trimester (2.32±0.25mmol/L) is 
slightly lower than in non-pregnant women (2.42±1.15) while 
in the second trimester, pregnant women had a calcium level of 
2.31±0.30, which remains lower than the 2.42±1.15 in non-preg-

nant women. At the third trimester, the calcium level for preg-
nant women rose to 2.44±0.16, nearly equal to the 2.42±1.15 in 
non-pregnant women suggesting similar calcium levels between 
the two groups as pregnancy progresses [14].

The alkaline phosphatase in the first trimester was 126.9±78IU/L, 
slightly higher than the 123.5±40.9IU/L observed in non-preg-
nant women while in the second trimester, pregnant women had 
lower alkaline phosphatase level of 108.9±40.9 compared to 
123.5±40.9 in non-pregnant women. In the third women trimes-
ter, pregnant women showed a value of 121.7±42.8, which is 
again close to the non-pregnant value of 123.5±40.9 suggesting 
that alkaline phosphatase levels were fairly consistent between 
pregnant and non-pregnant women across the different trimes-
ters.

Table 2: Comparison of Inorganic Phosphate, Serum Calcium, and Alkaline Phosphatase Levels between Pregnant and Non-Preg-
nant Women

Parameters Trimesters Mean ± SD (pregnant 
women)

Mean ± SD (non-preg-
nant women)

T-statistics P-value (t-test)

Inorganic phos-
phate (mmol/L)

1st trimester
2nd trimester
3rd trimester

1.23±0.22
1.24±0.13
1.25±0.17

1.34±0.11
1.34±0.11
1.34±0.11

-2.17
-2.73
-1.97

0.036
0.009
0.055

Serum calcium 
(mmol/L)

1st trimester
2nd trimester
3rd trimester

2.32±0.25
2.31±0.30
2.44±0.16

2.42±1.15
2.42±1.15
2.42±1.15

-1.55
-1.48
0.44

0.129
0.146
0.66
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Alkaline phospha-
tase (IU/L)

1st trimester
2nd trimester
3rd trimester

126.9±78
108.93±38.09
121.68±42.83

123.5±40.9
123.5±40.9
123.5±40.9

0.17
-1.24
-0.15

0.862
0.223
0.883

Discussion
This study seeks to evaluate the levels of serum calcium, inor-
ganic phosphate, and alkaline phosphatase in different trimes-
ters of gestations. The findings revealed significant decrease in 
the levels of serum calcium, inorganic phosphate, and alkaline 
phosphatase across the three trimesters of pregnancy. This aligns 
with literature suggesting that pregnancy imposes increased de-
mands on maternal mineral metabolism and homeostatic mech-
anisms. This stability also aligns with the findings in some stud-
ies, where progressive calcium depletion is more pronounced 
due to fetal skeletal development [15,16]. 

Studies have shown that enhanced intestinal calcium absorp-
tion and increased renal calcium conservation during pregnancy 
maintain calcium homeostasis despite elevated fetal demand. 
However, disparities arise in low-resource settings, where in-
adequate dietary intake or supplementation exacerbates calcium 
deficiency. Phosphate is critical for fetal bone development and 
cellular energy metabolism. Studies often report stable phos-
phate levels during pregnancy, attributed to effective renal re-
absorption and dietary intake. However, deficiencies are more 
prevalent in developing regions, linked to limited access to phos-
phate rich foods and prenatal supplements. Alkaline phosphatase 
is crucial for fetal bone mineralization. While slight fluctuations 
are expected due to placental activity, significant deviations may 
signal placental or hepatic dysfunction. 

Low serum calcium levels across the trimesters aligns with 
findings indicating that pregnancy alters calcium metabolism 
to meet fetal developmental needs. Studies suggest that lower 
calcium levels in pregnancy are attributed to increased maternal 
demand for fetal skeletal development and the up regulation of 
calcitriol production to enhance calcium absorption. In Nigeria, 
a study observed similar patterns, emphasizing the compounded 
effects of poor dietary calcium intake in some population [17]. 
This shows the importance of nutritional interventions to mit-
igate maternal calcium deficiency, particularly in low resource 
settings.

For inorganic phosphate, pregnant women exhibited lower lev-
els compared to non-pregnant women, with significant differ-
ences in the first and second trimesters. This reduction aligns 
with findings from studies, which highlighted the role of in-
creased phosphate utilization during pregnancy for fetal bone 
mineralization [18].

Alkaline phosphatase (ALP) levels, on the other hand, showed 
minimal variation between pregnant and non-pregnant women, 
with no statistically significant differences across trimesters. 
While studies report rising ALP levels during pregnancy due 
to placental isoenzyme activity, lack of significant changes in 
alkaline phosphatase in this study may reflect localized varia-
tions.19  Similarly, there has been noted discrepancies in ALP 
among pregnant women in Nigeria likely influenced by genetic, 
dietary, and healthcare factors [19,20].

Conclusion
This study revealed significant decrease in the levels of serum 
calcium, inorganic phosphate, and alkaline phosphatase across 
the three trimesters of pregnancy. These findings emphasize the 
need for tailored nutritional and diagnostic guidelines to address 
the unique physiological and healthcare challenges of pregnan-
cy in diverse population. Thus, establishing regional reference 
ranges is essential for distinguishing physiological changes from 
pathological conditions such as preeclampsia, particularly in re-
source-limited settings.
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