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Abstract

Objectives: To assess calcium status in healthy pregnant women
duringlimited sun exposure time in winter, and to demonstrate the
possible effect of serum albumin alterations on serum total calcium
level and the role of albumin adjusted calcium concentration.
Methods: Subjects enrolled in the study included 160 apparently
healthy women divided equally into four groups (I - IV), group I
was considered as the control group, composed of non-pregnant
women. Groups II-IV were composed of pregnant women in the
first, second and third trimesters respectively. Semiquantitative
urine protein determination and measurement of serum total
calcium, ionized calcium, albumin, phosphorous and creatinine
with calculation of corrected calcium were performed in all groups.
The results were statistically evaluated by standard statistical
methods.

Results: There was no significant difference in serum ionized
calcium, corrected calcium and phosphorous during pregnancy.
However, there was a significant reduction of serum total calcium,
albumin and creatinine in pregnant women at second and third

trimesters, In each group, a signiﬁcant positive correlation was
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Introduction

regnancy is a normal physiological phenomenon with many
biochemical changes including calcium (Ca) metabolism. The
results of biochemical tests during pregnancy may therefore differ
from the normal reference ranges so they may be mistakenly
interpreted as abnormal leading to unnecessary and potentially

dangerous therapeutic actions.!

Ca, the most abundant mineral in the human body, has
several important functions.”> More than 99% of total body Ca
is stored in the bones and teeth supporting their structure. The
remaining 1% is found throughout the body in blood, muscle, and
the fluid between cells needed for muscle contraction, blood vessel
contraction and expansion, secretion of hormones and enzymes,
and sending messages through the nervous system so that these
vital body processes function efficiently.* A constant level of Ca
is maintained in body fluid and tissues within a narrow limit for
normal physiological functioning so that when blood Ca decreases
it stimulates the secretion of parathyroid hormone (PTH) which
stimulates the conversion of vitamin D to its active form (calcitriol)

in the kidneys.>® Calcitriol increases intestinal Ca absorption,

observed between total calcium with corrected and ionized
calcium.

Conclusion: In healthy pregnant women even during limited
sun exposure time in wintet, there was no need for calcium
supplementation in spite of the continuous and progressive
reduction of serum measured total calcium during the second
and third trimesters due to dilutional hypoalbuminemia. During
pregnancy, measured calcium is parallel to both corrected and
ionized calcium and since there was no significant difference
between measured and corrected calcium, therefore, measured
calcium is a useful test in assessing calcium status and suggests the

need to establish a reference range for pregnant women.

From the Department of Chemical Pathology, Nineveh College of Medicine, Mosul,
Iraq

Received: 23 April 2009
Accepted: 17 May 2009

Address correspondence and reprint request to: Dr. Bassam Hanna, Department of
Chemical Pathology, Nineveh College of Medicine, Mosul, Iraq.
E-mail: bassambanna2001@yahoo.com

which in turn stimulates bone Ca release by activating osteoclasts
and decreasing urinary Ca excretion.>®’

On the other hand, when blood Ca rises to normal level, the
parathyroid glands stop secreting PTH and the kidneys begin
to excrete any excess Ca in the urine.”®7 Although this complex
system allows for rapid and tight control of blood Ca levels, it does
so at the expense of the skeleton.” Total blood Ca represents the
three forms in equilibrium with one another; ionized Ca (Ca*?)
represents about 50-65% of total Ca, Ca bound to plasma protein
mainly albumin (Alb) represents about 30-45% of total Ca and
Ca complex with an ion as citrate represents about 5-10% of total
Ca.?

Therefore, abnormal total blood Ca concentration may arise
from alteration of plasma Alb concentration or Ca**concentration.
It is important to identify the latter group since the pathological
levels of Ca™ may be life threatening and the conditions themselves
are amenable to treatment.? Therefore, the aims of this study are
to assess Ca status in healthy pregnant women during limited sun
exposure time in winter, demonstrate the possible effect of serum
Alb alterations occurring during pregnancy on serum total Ca

level and the role of Alb adjusted Ca concentration.
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Methods

The study was conducted from the period of December 2008
to February 2009. Subjects enrolled in the study included 160
women who attended a private laboratory in Mosul. The subjects
were divided into four groups (group I -IV).

Group I was considered as the control group, composed of 40
apparently healthy non-pregnant women, their ages ranged from
18-38 years.

Group II was composed of 40 apparently healthy women in the
first trimester pregnancy, their age ranged from 18-38 years.

Group III was composed of 40 apparently healthy women in
the second trimester of pregnancy, their ages ranged from 18-38
years.

Group IV was composed of 40 apparently healthy women in
the third trimester pregnancy, their ages alsoranged from 18-38

years.

A complete record of medical history was obtained for each
patient, including name, age, duration of pregnancy, dietary
habit, pastmedical, and pastsurgical and drug history. Members
of the four groups had the same dietary habit, no pastmedical
history of renal, pancreatic, hepatic and parathyroid disorders or
any pastsurgical history of thyroid or drug history affecting the
parameters included in the study.

Blood and urine samples were taken from all groups. Blood
collection was carried out by venepuncture technique in the erect
posture without tourniquet application for the measurement
of total Ca, Ca'?, creatinine(cr)) Alb and phosphorous(P).
Colorimetric measurement of serum total Ca, cr Alband P were
done by O-cresolphthalein complexone dye binding, Jaffes reaction
kinetic, bromocresol green dye binding and ammonium molybdate
methods respectively using a kits supplied by Biolabo Company
(France) and are performed using Cecil spectrophotometer-
CE 1011 in the biochemistry laboratory at Ninevah College of
Medicine in Mosul.® #!° Serum Ca** measurement was done by
ion-selective electrodemethod using Combysis I instrumentin the
biochemistry laboratory at Al-Batool obstetric and gynecological
hospital in Mosul.®* Random urine samples were collected from all
groups were estimated semiquantitatively for protein using urine
strips supplied by Cybow Company (South Korea).*

The results were statistically evaluated by standard statistical
methods using the mean (X), standard deviation (SD), range
(minimum-maximum), reference range, linear regression analysis
(Pearson correlation coeflicient r), student’s t-test and normal
distribution curve with computer software programs including
Microsoft excel 2003 and SPSS 11.5 to evaluate the relation

between the different parameters. Differences between the

observations were considered not significant at p > 0.05.121%15

Results

In group I; results of serum measured total Ca and Ca*? showed
a Gaussian distribution pattern (Fig. 1,2 respectively) with a
reference range (95% centile confidence limit) calculated as X +
2SD was 2.00-2.54 mmol/L and 1.10-1.38 mmol/L respectively.
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Figure 1: Distribution of Serum Total Ca in Group I
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Figure 2: Distribution of Serum Ca+2 in Group I

Adjustment of serum measured total Ca to Alb concentration
was done in all groups to obtain serum corrected total Ca using the
formula. Corrected Ca = Measured Ca + 0.02(40 — Al).?

Table 1 illustrates X + SD of the age, serum measured total Ca,
corrected total Ca, Ca*?, Alb, P and cr in all groups with statistical
comparison. There were no significant difference (P>0.05, Table
1, Fig. 7, 8) in the age, serum Ca*?, serum corrected total Ca and

serum P between the groups.
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Table 1: Comparison of Parameters in Different Groups

P value
Group I Group II Group III Group IV
Parameter Non Pregnant First Trimester Second Trimester Third Trimester
n =40 n=40 n=40 n=40 Group Group Group Group Group
L 1II LIII LIV ILII IILIV
A 24.18 24.25 24.95 25.80
gy + + & 005 >005 >005 >005 >0.05
(Years)
511 4.83 6.03 5.68
2.27 2.31 2.12 2.07
S. Measured Total
+ + + e >0.05 <0.01 <0.001 <0.001 > 0.05
(Ca (mmol/L
0.13 0.22 0.25 0.14
S. Corrected 2.17 2.18 2.17 2.12
Total Ca + i + it >0.05 >0.05 >0.05 >0.05 >0.05
((mmol/L  0.15 0.20 0.21 0.12
1.24 1.21 1.20 1.21
S. Ca+2
+ + + dt >0.05 >0.05 >0.05 >0.05 >0.05
((mmol/L
0.07 0.09 0.09 0.08
44.8 46.5 37.7 37.4
S. Alb
(g/1) + + + + > 0.05 <0.001 <0.001 <0.001 > 0.05
& 4.8 44 44 3.2
1.35 1.28 1.32 1.25
(S. P (mmol/L + - + T >0.05 >0.05 >0.05 >0.05 >005
0.26 0.22 0.21 0.24
82.69 74.87 72.15
(S. cr (pmol/L 83.71
+ + ik >0.05 <0.05 <0.01 <0.05 >0.05
1893 +
18.00 10.01 10.33

Values are presented as Mean + SD
SD: Standard Deviation

Serum measured total Ca (Table 1, Fig. 7,8) was significantly
lower in group IIT and IV than in group I (P<0.01, P<0.001
respectively) and in group III than group II (P<0.001), however,
there was no significant difference in group II compared with
group I, and in group IV compared with group III (P>0.05).

Serum Alb (Table I) was significantly lower in group III and
IV than in group I (P<0.001) and in group III than group II
(P<0.001), however, there was no significant difference in group
IT compared with group I and in group IV compared with group
111 (P>0.05).

Serum cr (Table I) was significantly lower in group III and IV

than in group I (P<0.05, P<0.01 respectively)and in group III than
group IT (P<0.05), but there was no significant difference in group
IT compared with group I and in group IV compared with group
111 (P>0.05).

Within each group a significant positive correlation was
observed between serum measured total Ca with corrected total Ca
and Ca**(Fig. 3,4, 5, 6), however there was no significant difference
between measured and corrected Ca (P>0.05, Fig. 7, 8). Random

urine samples of all groups showed no significant proteinuria.
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Figure 6: Relation between Serum measured total with
Corrected Total Ca and Ca*? in Group III Ca with Corrected
Total Ca and Ca™ in Group IV

Figure 4: Relation between serum measured total CA with

Corrected Total Ca and Ca+2 in Group 1 total and Group 2
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Figure 7: Measured, Corrected and Ionized Ca in Non-pregnant
and Pregnant Women included in the Study
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Figure 8: Mean of Measured, Corrected and Ionized Ca in Non-
pregnant and Pregnant Women in the First, Second and Third
Trimesters

Discussion

Inthisstudy, serum measured total Caand Ca*resultsin the control
group showed a Gaussian distribution pattern with a reference
range was 2.00-2.54 mmol/L and 1.10-1.38 mmol/L respectively.
In comparison to other studies, the reference range for serum
measured total Ca was 2.1-2.8 mmol/L, 2.15-2.57 mmol/L and
Ca* was 1.03-1.23, 1.15-1.35 mmol/L.#*¢" This variation may be
attributed to analytical factors affecting the measurement of total
Caby O-cresolphthalein complexone dye binding method including
PH, temperature and interfering substances such as myoglobin,
hemoglobin and bilirubin in addition to the preanalytical factors
affecting total Ca and Ca*™® measurement such as PH alteration,

change in posture, exercise, hyperventilation, alteration in protein

binding, contamination with Ca and diurnal variation.>®

To overcome the effect of these factors, all the measurements
were performed in the same laboratory, venepuncture was
performed between 3-5 pm in the erect posture without stasis.
Blood samples were collected in new plain plastic tube and the
effect of PH alteration on Ca** was overcome by correction of the
results to PH 7.4.

In this study, serum measured total Ca level was significantly
and continuously reduced during the second and third trimesters
compared with the first trimester and the non-pregnant group.
To find the aetiological point behind that, other factors that may
affect serum measured total Ca level were excluded, these included;
factors affecting body Ca and vitamin D status, since all have the
same dietary habit (including vitamin D containing diet), same sun
exposure as the study done in the same season and locality, no drug
history of vitamin D or Ca administration.>*?°

Additionally, there was no significant difference in serum
P among the groups (P>0.05), since it is reduced in vitamin D
deficiency, parathyroid diseases affecting Ca levels were excluded
since all showed no significant difference of serum P as it altered in
parathyroid diseases with no history of either parathyroid disease
or thyroid surgery injured parathyroid gland, pancreatic disease
affecting Calevels was excluded by history, renal failure as aleading
cause of hypocalcemia was excluded by history and by measurement
of serum cr which was considered as a surrogate marker of
glomerular filtration rate (GFR) as it was not significantly elevated
among pregnant groups compared with control group.>!9202"2?
However, it was reduced significantly during the second and
third trimesters (P<0.05, P<0.01 respectively) because of the
fact that cr synthesis increased during pregnancy as a result of
hypercatabolic state. This elevation is offset by the combined effect
of fluid retention and physiological elevation of GFR in addition to
exclusion of factors affecting serum cr level, mainly drugs, age and
sex, as all were women within the same age group in addition to the
use of kinetic method for its measurement to eliminate the effect of
interfering substances.>’

In this study, the reduction of serum Alb concentration in the
second and third trimesters compared with the first trimester and
non-pregnant women (P<0.001) was attributed to physiological
overhydration during pregnancy after exclusion of other factors
affecting serum Alb mainly malnutrition, proteinuria and chronic
liver diseases.?>**%

After exclusion of all factors affecting total Ca in the second
and third trimesters, the reduction was attributed to the expanded
intravascular space occurring during pregnancy which was
reflected by the reduction of serum albumin as Ca bound to plasma

protein mainly Alb represents about 30-45% of total Ca."* This
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explanation was further confirmed by the results of the estimation
of serum corrected total Ca and Ca*? independent on serum Alb
showed no significant differences between pregnant women in the
third trimester and non-pregnant women (P>0.05). Although the
study was performed in winter time with limited sun exposure
which is required for vitamin D synthesis, the findings were in
agreement with other studies which showed a reduction in vitamin
D synthesis and hypocalcemia in winter.”” This can be explained
by the fact that all the participantsin this study had vitamin D
containing diets to compensate for low vitamin D synthesis in
winter.”” Geographical variation is also a contributing factor, since
other studies were done in western countries in addition to that, it
has been shown that 15-30 minutes of sun exposure on the hands
and face per day is adequate for vitamin D production.?®%

The findings from this study on Ca are in agreement with
other studies showing that serum measured total Ca decreased
continuously during pregnancy mainly in the third trimester, while
corrected Ca, Ca** and P levels remained unchanged in spite of
increased Ca demand which explained why calcitriol and the rate
of intestinal Ca absorption at least doubled during pregnancy.®**3*
3536 In addition, the increased markers of bone resorption and
formation during pregnancy compared to pre-pregnancy suggests
that the maternal skeleton may contribute some mineral including
about 80% of Ca to the fetus specially during the third trimester.**?”
For this reason, Ca recommendations established for pregnant
women should not differ from that for non-pregnant women.*

However, other studies have reinforced the importance of
vitamin D and Ca supplementation during pregnancy, suggesting
that insufficient maternal intake and/or intestinal absorption
in addition to increase fetal demand specially during the third
trimester. 32383940 A pregnant woman'’s body requires 25-30 g of
Catosupportthedevelopingfetal skeleton which may contribute for
this reduction.’®*® In contrast, other reports showed that maternal
serum total Ca does not vary with increased in gestational age.*!
While other reports have shown that there is increase in serum Ca
in pregnant women compared to non—pregnant women.*”> However,
it should be noted that this observation was made in the Western
(developed) countries where there is sufficient Ca and vitamin D
intake during pregnancy since there is a direct linear relationship
between dietary intake of Ca and its serum concentration.>*

In this study, serum measured total Ca was significantly
lowered during the second and third trimesters and by the
calculation of corrected Ca and measurement of Ca*? this reduction
was eliminated. Serum measured total Ca is high significantly
correlated with both corrected Ca and Ca** (Fig. 3, 4, 5, 6) with
no significant difference between measured and corrected Ca

(P>0.05) in each group (Fig. 7, 8). This finding is in agreement

with other studies which showed that in spite of reduced serum
measured total Ca results during pregnancy, it still remains within
the reference range.! However, there are contrasting views on the
effects of gestational age and the interpretation of serum Ca levels
as other studies have concluded that Ca homeostasis is considerably
changed during pregnancy and non-pregnant reference limits are
often invalid and the upper normal limit for total serum Ca during

pregnancy is 2.37 mmol/L 30404144

Conclusion

In healthy pregnant women, even during limited sun exposure
time in winter, there were no significant changes in both corrected
and ionized Ca results. Therefore, there was no need for Ca
supplementations in spite of serum measured total Ca continuously
and progressively declining during the second and third trimesters
due to dilutional hypoalbuminemia.

Since during pregnancy measured Ca is parallel with both
corrected and ionized Ca with no significant difference between
measured and corrected Ca, therefore, measured Ca is a useful test
in assessing Ca status suggesting the need to establish a reference

range for pregnant women.
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