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ABSTRACT 
Background:  
Alkaline phosphatase (ALP) is important enzyme in diagnosis many 
diseases like osteomalacia. It presents in defect isoenzyme including 
bone, liver, and placental ALP.  
Aims of this study:  
Assess the efficacy of the bone ALP enzyme and intact parathyroid 
hormone (iPTH) to detect the possible presence of osteomalacia in 
pregnant women due to the vitamin D deficiency. 
Objective:  
Evaluate the nutritional state of pregnant women that will affect the 
good health of her bone and preparing her for lactation stage.  
Methods:  
Blood samples were collected from 87 normal fasting pregnant women 
then subdivided them into three subgroups according to their period of 
gestation. ALP and its isoenzyme were determined calorimetrically after 
separation of them by thermal stability method, and the level of 
parathyroid hormone was measured for 36 of them from different 
subgroups by the ELISA technique. Statistical test used as t-test (student 
test) and leaner regression . 
Results:  
There was a difference in the activity rates of the heat labile enzyme 
(HLAP), which is mostly related to the bones when compared between 
groups, and showed that there is a positive relationship between the 
activity of this enzyme with the activity of the placental isoenzyme and 
with the gestational age. PTH showed an increasing in its level and a 
direct proportion with placental isoenzyme. 
Conclusion and recommendation: 
 Increased bone (ALP) isoenzyme, and elevated PTH could be a marker 
of osteomalacia in pregnancy, accordingly, we recommend a 
measurement of parathyroid hormone and placental, bone ALP in 
pregnant women to ensure the health of the placenta and bone. 
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Introduction: 
ALP activity usually increases during 

pregnancy; this is mostly due to 

increased placental isoenzyme 

production and bone isoenzyme 

production. (1). Because this 

contributions of the placental fraction, it 

is not a useful marker of bone 

formation in pregnancy (2) so alkaline 

phosphatase isoenzyme analysis is used 

to understand the changes in serum 

values of ALP and has many diagnostic 

advantages in identifying underlying 

pathology. The methods that used for 

isolation of isoenzyme includes : 

thermo stability test , inhibition with 

various small peptides and 

immunologic methods (3). Heat stable 

alkaline phosphatase (HSAP) represents 

the placental isoenzyme of alkaline 

phosphatase which is determined by the 

heat stability test that   is done by 

heating at 65°C for 30 minute, other 

isoenzyme will be suppressed  so called 

heat labile ALP (HLAP), this provides 

the most convenient and specific test 

for this isoenzyme. (4). HLAP includes 

(mostly liver and bone but less 

intestinal ALP). 

Hepatic disorders in pregnancy are rare, 

(5), and liver isoenzyme elevated only 

with liver diseases, on other hand, most 

of activity of intestinal isoenzyme can 

be ignored through sampling a fasting 

state (6). The maternal bone formation 

may be increased during pregnancy (7) 

and presumably this increase is 

compensatory, allowing for 

replacement of bone lost to resorption 

when calcium is mobilized in order to 

meet the fetal demand because of 

calcium and phosphorous transfer from 

mother to fetus through placenta via an 

active mechanism (8, 9), so placental 

isoenzyme facilitates the mobilization 

of calcium from the maternal system for 

the fetal calcification process. Also it is 

responsible for active transport of 

phosphate. 

 Normally Serum iPTH levels are 

significantly lower during pregnancy as 

compared to no pregnant state (10). 

Parathyroid hormone regulates feto-

placental mineral homeostasis and 

skeletal development and stimulates 
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placental calcium transfer (11). The 

regulation of PTH secretion involves 

several mediators, including extra 

cellular calcium, vitamin D and 

magnesium (12, 13). Placental calcium 

transfer is stimulated by parathyroid 

hormone, which controls feto-placental 

mineral homeostasis and skeletal 

growth (11). PTH secretion is regulated 

by a number of mediators, including 

calcium, and vitamin D (12, 13). during 

pregnancy, there is an inverse 

association between vitamin D level 

and PTH (14), and there is high 

deficiency in vitamin D (15), this 

happen because deficient vitamin D 

lead to reduced calcium absorption 

through intestine  leading to increase 

PTH to compensate hypocalcaemia on 

expense of  bone content. 

MATERIALS and METHODS 

This study represents a cross-sectional 

study, eighty seven fast healthy 

pregnant female, their ages ranged from 

14-42 years with mean of (24.78) were 

included and they divided into three 

subgroups according to their gestational 

pregnancy age. Blood samples were 

collected The placental isoenzyme of 

alkaline phosphatase was determined 

after separation  by using the heat 

stability test, which  is done by heating 

the serum at 65°C for 30 minute, using 

“Helena Laborites oven” then 

colorimetric method used to measure 

ALP and heat stable ALP (HSAP) 

activities (4) 

  

Heat Labile ALP (HLAP) = Total ALP 

activity - Heat stable ALP.  

 

HLAP represent bone, liver, and 

intestinal ALP while HSAP represent 

placental ALP. measurement of Intact 

PTH concentration is made by ELISA 

technique .The statistical methods were 

used for the analysis were standard 

statistical methods to determine the 

mean (x), Unpaired (student's) t-test to 

compare between trimesters with each 

other’s, and Linear regression (r) for 

finding the degree of association 

between the parameters, Logarithmic 

transformation done to manage the data 

which are not normally distributed (16), 

then anti logarithmic value calculated 



The Medical Journal Of Tikrit University (2021) 27 (1): 139-151 
 

142 

 

all values were considered not 

significant at p> 0.05 statistical analysis 

was conducted by using SPSS. 

 

RESULTS  

In this study we find that: 

1- The mean of ALP in the 87 

pregnant women was (9.07 

K.A.U.\100ml) and its range was 

(3.51-25.80), mean of HLAP was 

(5.9   K.A.U.\100ml), and its 

range was (2.1 – 15.8 

K.A.U.\100ml). Mean of HSAP 

was (3.3 K.A.U.\100ml) and its 

range was (1– 16.25 

K.A.U.\100ml) as in table-1. 

 

Table -1: Mean and range of ALP, HLAP, HSAP 

Mean ( Range) Pregnant (n) Parameter 

9.07 ( 3.51-

25.80) 

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

5.9 (2.1 – 15.8) 87 HLAP 

(K.A.U./100ml) 3.76  17 HLAP 1ST trimester 

5.97(2.1 – 13.6 )     43 HLAP 2nd trimester 

7.11 27 HLAP 3rd trimester 

3.3 (0.65 – 16.25) 87 HSAP 

(K.A.U./100ml) 1.69 (0.8 – 3.85 ) 17 HSAP 1ST trimester 

2.91 (0.65 – 13.6 

) 

43 HSAP 2nd trimester 

4.92 ( 1  - 16.25) 27 HSAP 3rd trimester 

                                                                          

  

2- The mean of intact PTH level in the pregnant women was (80.52 Pg. /ml) and its 

range was (6 – 270 Pg. /ml), and the mean of Anti. PTH logarithm (46.77 Pg. 

/ml) which its range was (6.03 – 269.15 Pg. /ml) as in table -2. 
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Table -2: Mean and range of PTH, and Anti-PTH.log 

80.52 (6 – 270) 36 PTH (Pg./mL) 

46.77 (6.03 – 

269.15) 
36 Anti PTH Log  

(Pg./mL) 
 

3- Table-3 appear that comparison of the means of HLAP in each trimester of 

Pregnancy (3.76, 5.97, and 7.11) respectively a highly significant (p<0.001) 

difference between 1st and 2nd, 3rd trimesters appear.  

The difference between 2nd and 3rd trimesters was non-significant (p>0.05) as in table 

-3, also there is a significant (p<0.004) difference in serum HSAP between means of 

1st trimester (1.69) and 2nd trimester (2.91), and significant difference (p<0.005) 

between means of 2nd trimester (2.91) and 3rd trimester (4.92) of pregnancy and 

highly significant difference (p<0.001)   between 1st and 3rd trimesters in table -3. 

Table -3:  Independent sample t –test show the differences between the mean of 

HLAP, HSAP in each trimester 

Parameter Trimester Mean  p 

HLAP 

K.A.U./100

ml 

1st 

2nd 

3.76   

5.97  
< 0.001    

2nd 

3rd 

5.97  

7.11 
0.24 NS 

1st 

3rd 

3.76   

7.11  
< 0.001 

HSAP 

K.A.U./100

ml 

1st 

2nd 

1.69  

2.91 

 

< 0.004 

2nd 

3rd 

2.91  

4.92  
< 0.005    
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1.69  

4.92  
< 0.001     

There was highly significant (p<0.001) relationship between HLAP and the gestational 

age during pregnancy (r= 0.382) as in figure-1, and highly significant (p<0.001) 

relationship between HSAP and the gestational age during pregnancy (r= 0.382) as in 

figure -2. 

A highly significant (p<0.001) relationship between HLAP and HSAP during 

pregnancy (r= 0.468) appear as in figure -3 .Relationship between serum PTH.log and 

HSAP during pregnancy was slightly significant (r= 0.337, n= 36, p < 0.045) as in 

figure -4. 

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure -1: Relationship between serum HLAP and gestational age during pregnancy 

(r= 0.382, n= 87, p < 0.001) 
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Figure -2: Relationship between serum HSAP and gestational age during pregnancy 

(r= 0.382, n= 87, p <0.001) 
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Figure -3: Relationships between serum HLAP and HSAP during pregnancy (r= 0.468, 

n= 87, p < 0.001) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -4: Relationship between serum PTH.log and HSAP during pregnancy (r= 

0.337, n= 36, p < 0.045) 

 

From figure - 5 we can clearly observed  that HLAP mean values increase as the 

period of pregnancy increases, as the rate of these values was 3.76 , 5.97 , and 7.11 

during 1st, 2nd, and 3rd trimester respectively. Also from figure - 6, we can see that 

the HSAP mean values increase with the increase in the gestation period, as the mean 

of these values was 1.69, 2.91, and 4.92 during the first, second and third trimester, 

respectively. 
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Figure -5: The mean of serum HLAP in the 1st, 2nd, 3rd trimester 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -6: The mean of serum HSAP in the 1st, 2nd, 3rd trimester 

 



The Medical Journal Of Tikrit University (2021) 27 (1): 139-151 
 

148 

 

DISCUSSION  

The current study showed that there is a 

highly significant relationship 

(p<0.001) between HSAP and the 

gestational age during pregnancy, and 

also the difference between 1st and 2nd 

trimester, (p<0.004) and between 2nd 

and 3rd (p<0.005) is slight significant 

and the result between 1st and 3rd 

became highly significant (p< 0.001), 

all that  Indicate the progressive 

increases in the level of placental 

isoenzyme during pregnancy, 

Reflecting the  optimum function of 

placenta to supply fetal demand. 

Also there is a highly significant 

relationship between HLAP and 

gestational age, and there is a highly 

significant difference between 1st and 

2nd trimester (p<0.001) and between 

1st and 3rd (p<0.001), and this 

progressive increase is proportionate 

with HSAP directly and significantly 

(p<0.001) indicating the increasing of 

bone resorption as response to placental 

growth and fetal demand i.e. 

biochemical osteomalacia. 

There is apparently an increasing in 

PTH in our study relative to the general 

mean, of  non-pregnant women that is  

the mean of PTH level in our study was 

(80.52 Pg. /mL) and its range between 

(6 – 270 Pg. /mL), and anti-PTH 

logarithm was (46.77 Pg. /mL) and its 

range was (6.03 – 269.15 Pg. /mL), 

while it is approximately ( 28.1Pg. /mL) 

in non-pregnant women aged (16–46) 

years according to (17), and 24.8 ± 9.0 

ng/L in 11 normally cycling non 

pregnant women (10). 

If we take into consideration the results 

of some studies indicate that either 

there is no significant elevation in PTH 

level and no significant difference in 

25(OH)D (Which indicates the  the 

storage of vitamin D in the body) 

during pregnancy (18), or PTH levels 

are significantly lower during 

pregnancy as compared to non-pregnant 

state  (19, 20)  that is mean the pregnant 

women in our study have pathological 

secondary hyperparathyroidism ,could 

be due to the biochemical osteomalacia.  

Similar to  our result a study  found  a 

Biochemical Osteomalacia (high 

HLAP)  that present in Subjects had 
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higher PTH than did Women with 

normal HLAP (21), and The slightly  

significant (p<0 045) relationship 

between anti PTH.log and HSAP 

support this conclusion. This 

relationship perhaps become more 

significant if we take larger number of 

result, thus it  is  reflecting the increase 

in calcium and phosphorous transfer 

from mother to fetus through placenta 

via an active mechanism (8, 9)  that 

lead to  increase PTH as response to 

vitamin D deficiency where Serum 

PTH is inversely correlated with serum 

25(OH)D  (22). 

 

CONCLUSION and 
RECOMMENDATION: 

 The elevated HLAP during pregnancy 

indicates a biochemical osteomalacia, 

and the secondary hyperparathyroidism 

is pathological and not physiological. 

The researchers recommends taking a 

measurement of parathyroid hormone 

and placental and bone ALP in pregnant 

women to ensure the health of the 

placenta and bone. 
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