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ABSTRACT 
Background: Metabolic processes directly affect the bone skeleton in the human body; especially during 
pregnancy in females. A bone profile obtained from a blood test can reveal the changes on it.  
Objectives: The present study aims to estimate the changes that occur in some bone components during 
pregnancy and whether these changes are physiological or pathological. 
Patients and methods: Blood samples were collected from 126 females who attend to Al-Hadbaa primary 
health care center and Al-Khansaa Hospital  in Mosul city during the period from January to April 2008. 
These females classified into two main groups; Group-1 consists of 87 normal pregnant females which are 
subdivided to 3 subgroups according to their gestational age. Group-2 consists of 39 non-pregnant healthy 
females (control group). The biochemical parameters measured were: serum calcium, serum albumin, serum 
inorganic phosphorus (iP), serum alkaline phosphatase (ALP), and corrected serum calcium, and the 
measured data for these parameters were analyzed using different statistical methods.  
Results: The total serum calcium, inorganic phosphorus and serum albumin decreased in pregnant female 
compared to the control group, while alkaline phosphatase activity was elevated in pregnant females 
compared to the non-pregnant females. 
Conclusion: The increasing in ALP during pregnancy is accompanied by decreasing serum calcium in the 
2

nd
 trimester and decreasing in iP in the 3

rd
 trimester that could be a pathological changes related to the 

bone. 
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 انحمم خالل انعظم وناتكم يف ةياتيانح ةيائيمكيان راتيانتغ

 
 ***احًذ جشجٛس اكشو ،** انذباغ غّ حسٍ احساٌ ،* حًذٌٔ سانى عٕاغف

 ، انًٕصم جايعت ، انطب كهٛت ، انحٛاحٛت انكًٛٛاء لسى** ، نألغفال انخعهًٛٙ االرٛش ابٍ يسخشفٗ*

 انعشاق ، انًٕصم ، انًٕصم جايعت ، انطب كهٛت ، انحٛاحٛت انكًٛٛاء لسى يخماعذ***

 

 انخالصة

ًهٛاث انخًزٛم انغزائٙ بشكم يباشش عهٗ انٓٛكم انعظًٙ فٙ جسى االَساٌ ٔبخاصت عُذ فخشة انحًم نذٖ انُساء ش عحؤر ة:يانخهف

 .انخغٛشاث انخٙ ححصم عهّٛ انخعشف عهٗ يٍ فحص انذو  ٓاانز٘ ٚخى انحصٕل عهٛ يٍ خالل يكَٕاث انعظى ًكٍٚٔ

حذد فٙ بعط يكَٕاث انعظاو أرُاء انحًم ٔفٙ يا ارا كاَج ْزِ  حْذفج انذساست انحانٛت إنٗ حمذٚش انخغٛٛشاث انخٙ  األهداف:

 .يشظٛت وانخغٛشاث فسٕٛنٕجٛت أ

يٍ يشكز انحذباء نهصحت االٔنٛت ٔيسخشفٗ انخُساء فٙ يذُٚت انًٕصم خالل  ايشأة  621 لحى جًع عُٛاث انذو  طرق انبحث:

أيشأة حايم  28انٗ يجًٕعخٍٛ سئٛسٛخٍٛ. حخكٌٕ انًجًٕعت األٔنٗ يٍ . لسًج انعُٛاث 2002انفخشة بٍٛ كإٌَ انزاَٙ انٗ َٛساٌ 

يٍ انُساء  33يٍ  انزاَٛت انًجًٕعت انحًم. حخكٌٕ  يذةيجًٕعاث فشعٛت حسب  3يمسًت إنٗ  حًال غبٛعٛا ٔبذٌٔ يعاعفاث

، انفسفٕس  انًصم أنبٕيٍٛاألصحاء غٛش انحٕايم )يجًٕعت انخحكى(. كاَج انعُاصش انبٕٛكًٛٛائٛت انًماست ْٙ: كانسٕٛو انًصم ، 

ٔ حى ححهٛم انبٛاَاث انًماست نٓزِ انعُاصش انًصحح  انكانسٕٛو ,(ALP) ، انفٕسفاحٛز انمهٕ٘ فٙ انذو(iP)  غٛش انععٕ٘ فٙ انذو

 باسخخذاو غشق احصائٛت يخخهفت.

بُٛج انذساست اٌ ُْانك اَخفاض فٙ إجًانٙ انكانسٕٛو  ٔانفٕسفٕسغٛش انععٕ٘ فٙ انذو ٔأنبٕيٍٛ انًصم فٙ انُساء  اننتائج:

 .نحٕايم يماسَت بانُساء غٛش انحٕايمانحٕايم يماسَت بًجًٕعت انخحكى ، بًُٛا اسحفع َشاغ انفٕسفٕس انمهٕ٘  نهُساء ا
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 iP فٙ ٔاَخفاض انحًم يٍ انزاَٙ انزهذ فٙ انًصم فٙ انكانسٕٛو اَخفاض يع انحًم أرُاء ALP فٙ انزٚادة حخشافك :االستنتاجات

 .بانعظاو يخعهمت يشظٛت عباسة عٍ حغٛشاث ٚكٌٕ أٌ ًٚكٍ ٔانز٘ انحًم يٍ انزانذ انزهذ فٙ

 

 . يكَٕاث انعظى, انحًم, كانسٕٛو يصم انذو, انفٕسفٕس انالععٕ٘, االنبٕيٍٛ, انفٕسفاث انماعذ٘ انكهمات انمفتاحية:

 

 

INTRODUCTION 
one remodeling is mainly a local process 
carried out in small area by populations of 

cells called bone-remodeling cells. First, 
osteoclasts resorb bone, and then osteoblasts lay 
down new bone in the same area.  In females, 
skeletal growth continues until approximately the 
age of 20, but bone mineralization may continue 
until the age of 35

 1
. 

Bone profile test consists of four main 
biochemical parameters including serum calcium, 
serum iP, serum albumin and serum ALP

2
. An 

average full-term fetus contains 30 gm calcium, 
and 20 gm phosphorus, and about 80% of mineral 
accreted during the third trimester of pregnancy

3
, 

so maternal adaptation for this demand is 
important. Females who have sufficient calcium 
intakes of at least 1,000 mg per day at the start of 
pregnancy do not need  for further calcium 
supplementation, but females with suboptimal 
intakes of less than 500 mg may be needed to 
satisfy both maternal and fetal bone requirements

4
.  

In general calcium homeostasis during pregnancy 
is a function of dietary intake, urinary excretion, 
and physiological hypoalbuminemia which is 
produced by hemodilution that occuring in 
pregnancy appears to be largely, if not completely, 
responsible for this condition

5
. Thus, the following 

formula is used to calculate the corrected calcium 
concentration

6
:  

Corrected calcium (mmol/l) =measured total 
calcium (mmol/l) + 0.02 (40 – albumin (g/l)) 
Low levels of iP before pregnancy could result in 

its level depletion (hypophosphataemia) and 
subsequently leads to some of the diseases faced 
by females after pregnancy

7
. Serum ALP is 

primarily extracted from the liver and bones in 
more than 80 %

8
, but in pregnancy during the 

second trimester, ALP activity becomes 
significantly higher than in the first trimester. This is 
primarily due to placental isoenzyme production 
and an increase in the bone isoenzyme, during the 
third trimester there is also an increase in the 
production of the bone isoenzyme as showed by 
an increase in its serum level of the six weeks 
post-delivery

9
. Osteomalacia is disorder in which 

mineralization of the organic matrix of the bone 
skeletal is defective which is due to the vitamin D 
deficiency. Vitamin D controls calcium and 
phosphate absorption and metabolism; it is 

obtained through the direct action of sunlight on 
the skin (90%) or through dietary nutrients (10%), 
in particular, dairy products, eggs and fish

10
. In the 

Middle East, vitamin D deficiency is common
11

. 
Recent researches further confirms that a state of 
vitamin D deficiency (VDD), also common among 
females during pregnancy

12
, more than half of the 

mothers and their neonates had some degrees of 
vitamin D deficiency

13
 particularly those of Asian 

origin
14

. For example in Iranian pregnant females 
prevalence of VDD and VD insufficiency was 
76.7% and 14.6%, respectively

15
. Individual with 

darker skin is more susceptible to VDD, also 
osteomalacia occurred  if a person with intestinal 
malabsorption and decrease exposure to 
sunlight

16
. 

The aims of this study were to estimating the 
changes that occur in some bone components 
during pregnancy, and try to diagnosing the cause 
of these changes whether physiological or 
pathological, in nature. 
 

PATIENTS AND METHOODS 
This study represents a case-control study. Eighty 

seven healthy pregnant females aged (14-42) 
years who attend to Al-Hadbaa primary health care 
center and Al-Khansaa Hospital as an outpatient. 
The control-group (non-pregnant females) includes 
thirty nine apparently healthy non-pregnant 
females aged (17-46) years. The females who had 
chronic diseases, or were taking medicines, or who 
had obstetric problems such as gestational 
diabetes, hypertensive disorder of pregnancy or 
premature delivery were excluded from the study. 
Oral consent was obtained from all females 
included in this study, and a complete history of 
both groups of females was obtained. 
Determination of total calcium using colorimetric 

method
17

, using a kit was supplied by 
biomerieux@SA (France). Determination of serum 
iP using a kit supplied by Biolabo (France). Method 
without deproteinisation was described by Daly 
and Ertingshausen

18
. Serum Albumin was 

determined using dye-binding method
19,20 

using kit 
supplied from biomerieux@Sa (France). 
Colorimetric determination of serum ALP activity 
using a kit supplied by biomerieux@SA (France)

21
. 

Standard statistical methods were used for 
determination of the mean (x), Z-test is used to 
compare between pregnant females and  the 

B 
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control group, Unpaired (student's) t-test was used 
to compare between 1

st
, 2

nd
, and 3

rd
 trimester  

each other and with the control group. Linear 
regression used to find the relationship between 
different parameters. All values quoted as the 
mean between observations were considered not 
significant at p<0.05

22
 

 

RESULTS 

During the comparison between the three 

trimesters of pregnancy flowing results are 

obtained:  there is no significant (p>0.05) 

difference in serum calcium, serum albumin, and 

corrected calcium among the different trimesters of 

pregnancy, there is a significant (p<0.005) 

difference in serum inorganic phosphorus between 

2
nd

 trimester (0.97) mmol/l  and 3
rd

 trimester (0.83) 

mmol/l. ALP comparison shows a highly significant 

difference  (p<0.001) between 1
st
 trimester (5.07) 

K.A.U/100ml and 2
nd

 trimester (8.88), also a 

significant difference (p<0.015) between 2
nd

 

trimester (8.88)K.A.U/100ml and 3
rd

  trimester 

(11.91)K.A.U./100ml) ),and a highly significant 

difference (p<0.005) between 1
st
 and 3

rd
  trimester 

as shown in table-1. 

During the comparison between the pregnant and 

the control group, flowing results are seen: There 

is a highly significant decrease in serum albumin in 

pregnant females (35.09 g/L) compared to the 

control group (39.8 g/L). There is a highly 

significant (p<0.001) increase in the ALP activity 

level in pregnant females (9.07 K.A.U./100Ml) 

compared to the control group (6.05 K.A.U./100Ml).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-1: The differences between different 
parameters of bone profile for each trimester in 
pregnant females. 

 Parameter Trimester Mean ± SD 

*
P 
value  
 

Total  Ca 
(mmol/l) 
 
 

1
st
 

2
nd

 
2.13 ± 0.23 
2.1 ± 0.17 

< 
0.001 

2
nd

 
3

rd
 

2.1 ± 0.17  
2.13 ± 0.19 

< 
0.015 

1
st
 

3
rd

 
2.13 ± 0.23 
2.13 ± 0.19 

< 
0.001 

Albumin 
(g/L) 

1
st
 

2
nd

 

36.4 ± 12.5 
35.17 ± 
13.1 

 
0.550 
NS 

2
nd

 
3

rd
 

35.17 ± 
13.1 
34.16 ± 
11.41 

0.600 
NS 

1
st
 

3
rd

 

36.4 ± 12.5 
34.16 ± 
11.41 

0.300 
NS 

iP(mmol/l) 

1
st
 

2
nd

 
0.91± 0.15 
0.97 ± 0.08 

0.390 
NS 

2
nd

 
3

rd
 

0.97 ± 0.08 
. 0.83 ± 
0.08 

< 
0.005  

1
st
 

3
rd

 
0.91± 0.15 
0.83 ± 0.08 

0.170 
NS 

ALP 
K.A.U./100Ml 

1
st
 

2
nd

 
9.07 ± 3.75 
8.88 ± 3.71 

< 
0.001 

2
nd

 
3

rd
 

8.88 ± 3.71 
11.91 ± 
5.03 

< 
0.015 

1
st
 

3
rd

 

9.07 ± 3.75 
11.91 ± 
5.03 

< 
.0..0 

Corrected 
Ca (mmol/l) 

1
st
 

2
nd

 
2.35 ± 0.17 
2.33 ± 0.26 

0.840 
NS 

2
nd

 
3

rd
 

2.33 ± 0.26 
2.38 ± 0.30 

0.410 
NS 

1
st
 

3
rd

 
2.35 ± 0.17 
2.38 ± 0.30 

0.600 
NS 

* t-test 
 
There is significant (p<0.007) reduction in the 

level of serum calcium in pregnant females and a 
significant decrease in the level of iP ,but no 
significant difference in corrected calcium is seen 
as in table-2. During the comparison between the 
pregnant females in the 1

st
 trimester and the 
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control group, flowing results are seen: there is no 
significant difference in serum calcium, corrected 
serum calcium, ALP, iP, but just significant 
difference (p <0,014) in serum albumin between 1

st
 

trimester (36.8) g/l and (39.8) g/l in the control 
group as in table -3. 
 
Table-2: Comparison between different parameters 
of bone profile between the control group and 
pregnant females. 

Parameters 

The control 
group (n = 39) 
Mean ± SD 
(Range) 

Pregnant 
Group( n = 
87) 
Mean ± SD 
(Range) 

*P 
value  
 

Total  Ca 
(mmol/l) 

2.22 ± 0.18 
(1.88 - 2.70) 

2.11 ± 0.23 
(1.88 - 2.72) 

<  
0.007 

Albumin(g/L) 
 

39.8 ± 5.06 
(32 - 50.2) 

35.09 ± 
11.22 
(21.45 - 
53.95) 

<  
0.001 

iP (mmol/l) 
1.02 ± 0.09 
(0.64 - 1.45) 

0.91 ± 0.11 
(0.64 - 1.58) 

<  
0.010 

ALP 
(K.A.U./100ml) 

6.05 ± 2.60 
(3.3 - 10.3) 

9.07 ± 3.75 
(3.51 - 
25.80) 

<  
0.001 

Corrected 
Ca.(mmol/l) 

2.36 ± 0.21 
(1.98 - 2.84) 

2.35 ± 0.28 
(1.78 - 3.00) 

0.82 
NS 

* z-test 
 
Table-3: Comparison between different parameters 
of bone profile in the control group and pregnant 
females in the 1

st
 trimester. 

Parameters 

The control 
group 
Mean ± SD 
( n = 39 ) 

First 
trimester 
Mean ± 
SD 
(n = 17 ) 

*P 
value  

Total  Ca 
(mmol/l) 

2.22 ± 0.18 
2.13 ± 
0.23 

0.131 
NS 

Albumin ( g/L) 39.8 ± 5.06 
36.4 ± 
12.5 

<  
0.014 

iP (mmol/l) 1.02 ± 0.09 0.91± 0.15 
0 .054  
NS 

ALP 
(K.A.U./100ml) 

6.05 ± 2.60 
5.07 ± 
1.24 

0.060 
NS 

Corrected Ca. 
(mmol/l) 

2.36 ± 0.21 
2.35 ± 
0.17 

0.791 
NS 

* t-test 
 

The comparison between the pregnant females in 
the 2

nd
 trimester and the control group shows the 

following results: There is a just significant 
elevation in of ALP activity in the serum of 
pregnant females (8.88 K.A.U./L) in comparison to 
the control group females (6.05 K.A.U./mL). There 
is a highly significant (p<0.001) reduction in the 
level of serum albumin in the pregnant females 
(35.17 g/L) in compared to the control group (39.8 
g/L). There is a just significant (p<0.05) reduction 
in the level of serum calcium in pregnant females 
(2.1 mmol/l) compared to the control group (2.22 
mmol/l) ,no significant difference in iP or corrected 
calcium is seen  between the two groups as in 
(Table 4). 
 
Table-4: Comparison between different parameters 
of bone profile between the control group and 
pregnant females in the 2

nd
 trimester. 

Parameters 

The control 
group 
Mean ± SD 
( n = 39 ) 

2
nd

  
trimester 
Mean ± 
SD 
(n = 17 ) 

*P 
value  

Total  Ca 
(mmol/l) 

2.22 ± 0.18 
2.1 ± 
0.17  

<  
0.008 

Albumin (g/L) 39.8 ± 5.06 
35.17 ± 
13.1 

<  
0.001 

iP (mmol/l) 1.02 ± 0.09 
0.97 ± 
0.08 

0.283 
NS 

ALP 
(K.A.U./100ml) 

6.05 ± 2.60 
8.88 ± 
3.71 

<  
0.001 

Corrected Ca. 
(mmol/l) 

2.36 ± 0.21 
2.33 ± 
0.26 

0.560   
NS 

* t-test 
 
During the comparison between the pregnant 

females in the 3
rd

 trimester and the control group, 
flowing results are seen: 
There is highly significant (p<0.001) elevation in 

ALP activity in pregnant females (11.91) 
K.A.U./100ml compared to the control group (6.05) 
K.A.U./100ml, a highly significant (p<0.001) 
decrease in serum phosphorus in pregnant 
females (0.83) compared to the control group(1.02) 
(mmol/l), and a significant (p<0.002) decrease in 
serum albumin in pregnant females (34.16)g/L 
compared to the control group(39.80 )g/L no 
significant difference in s. calcium  and corrected 
calcium between the two groups is seen (Table-5). 
Figure-1 shows just significant (p<0.05) inversed 

relationship between corrected serum calcium and 
the ALP during pregnancy and this inversed 
relationship mostly obvious during 2

nd 
trimester 

(Figure-2). When the correlation became highly 
significant (p < 0.001) 
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Table-5: Comparison between different parameters 
of bone profile and product between the control 
group and pregnant females in the 3

rd
 trimester. 

Parameters 

The control 
group 
Mean ± SD 
( n = 39 ) 

3
rd

 
trimester 
Mean ± 
SD  
(n = 17 ) 

*P 
value  

Total  Ca 
(mmol/l) 

2.22 ± 0.18 
2.13 ± 
0.19 

0.075 
NS 

Albumin (g/L) 39.8 ± 5.06 
34.16 ± 
11.41 

<  
0.002 

iP (mmol/l) 1.02 ± 0.09 
0.83 ± 
0.08 

<  
0.001 

ALP 
(K.A.U./100ml) 

6.05 ± 2.60 
11.91 ± 
5.03 

<  
0.001 

Corrected Ca. 
(mmol/l) 

2.36 ± 0.21 
2.38 ± 
0.30 

0.670 
NS 

* t-test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-1: The relationship between corrected 
serum calcium (measured calcium (mmol/l) + 
0.02[40 – albumin (g/l)]) and ALP during 
pregnancy  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-2: The relationship between corrected 
serum calcium and ALP during 2

nd
 trimester of 

pregnancy 
 
 

DISCUSSION 
Hypocalcaemia in late pregnancy is highly 

prevalent (59%) among females in reproductive 
period

23
.  In the present study serum calcium was 

tend to decrease throughout pregnancy, and the 
difference was just significant compared to the 
control group, especially in the 2

nd
 trimester 

compared to the control group. The conclusion of 
this study was similar to a study was done in the 
west of Iran, in which (26.4 %) of pregnant females 
found to be hypocalcaemic

24
, other report found 

that maternal serum calcium does not vary with 
increase in the gestational age, and that there is 
an increase in serum calcium in pregnant females 
compared to the non-pregnant controls but this 
report was done in a developed country

25
. Serum 

albumin shows no significant difference among 
different time of pregnancy, but a highly significant 
difference when compare serum albumin in 
pregnant females to the control group when 
(p<0.001), this result is in agreement with the study 
that found a marked decrease in serum albumin 
and this decrease is more in those who gestational 
age less than 37 wks. This is in contrary to the fact 
that serum albumin will decrease as the pregnancy 
progresses due to the dilutional effect of increase 
maternal plasma volume over increase total serum 
albumin during pregnancy

26
, moreover this is in 

agree with another study done on Sudanese  
pregnant females that showed significant decrease 
in serum albumin during pregnancy

27
. 
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Regarding serum iP the difference between the 
pregnant group and the control group was 
significant and the much affection appears 
obviously through the last trimester when the 
difference between 3

rd
 trimester and the control 

group (p< 0.001). The same result obtained in a 
study done on Saudi pregnant females showed 
that iP decreased in pregnancy

5
. In Nigerian study 

serum iP differences was very highly significant 
between control and pregnant and between the 
three trimesters with each other

23
. These results 

support that the maternal urinary execration of iP 
levels increased during the third trimester of 
pregnancy

28
.  

Serum ALP activity shows highly significant 
difference (p<0.001) when compare it in the 
different trimester and with both 2

nd
 and 3rd 

trimesters compared to the control group value, 
this because in pregnant females, the activity of 
the placental isoenzyme of ALP is increased. In the 
last trimester, the increase may be up to 4 times 
than the normal values

29,30
. 

Although the corrected calcium showed 
insignificant difference in this result there was an 
inversely correlation between serum ALP and 
corrected serum calcium (Figure-1). This inversed 
correlation was seen also during the 2

nd
 trimester 

(Figure-2). This inversed correlation is parallel to 
the hypocalcaemia that seen during pregnancy 
especially in the 2

nd 
trimester. This means that 

although apparently insignificant changes in 
corrected calcium but there is a tendency of ALP to 
increase. 
 

CONCLUSIONS   
The current study explained that the 

hypoalbuminaemia due to dilutional effect of 
pregnancy start early from 1

st
 trimester. ALP 

increases during pregnancy accompanied by 
calcium decreasing in the 2

nd
 trimester, while in the 

3
rd

 trimester ALP increasing is accompanied by iP 
decreasing.  
The increasing ALP in pregnancy is not always 

considered as normal physiological changes 
explained by placental isoenzyme, but if it is 
accompanied by decreasing level of other 
elements of bone profile osteomalacia should not 
be forgotten. 
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