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↑What is “already known” in this topic: 
There are many causes for having preterm labor, including 
incompetent cervix, preterm rupture of membrane, diabetes of 
mother, and hypomagnesemia. A decrease of magnesium level 
may lead to preterm labor.   
 
→What this article adds: 

This study uses an optimized linear discriminant function to 
enhance the prediction of preterm labor.  
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Abstract 
    Background: This study investigates the possibility of predicting preterm labor by utilizing serum Magnesium level, BMI, and 
muscular cramp.  
   Methods: In this case-control study, 75 preterm and 75 term labor women are included. Different factors such as serum magnesium 
level, mother’s age, infant’s sex, mother’s Body Mass Index (BMI), infant’s weight, gravid, and muscular cramp experience are 
measured. Preterm labor is predicted by developing a linear discriminant model using Matlab, and the prediction accuracy is also 
computed.  
   Results: The results show that each of the studied variables has a significant correlation with preterm labor. The p-value between 
BMI and preterm labor is 0.005, and by including the muscular cramp, it becomes less than 0.001. The correlation between serum 
magnesium level and the preterm labor is less than 0.0001. Using these three significant variables, a linear discriminant function is 
developed, which improves the accuracy of predicting preterm labor.  
   Conclusion: The prediction error of preterm labor decreases from 31% (using only serum magnesium level) to 24% using the new 
proposed discriminant function. Based on this, it is suggested to use the optimized linear discriminant function to enhance the 
prediction of preterm labor, since the serum magnesium level cannot predict the preterm labor accurately. 
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Introduction 
Magnesium is an alkaline earth metal that its ion plays 

an important role in many enzymatic metabolic reactions 
(1). The magnesium- phosphate combination is the key 
feature of DNA and RNA. Magnesium is recorded in the 
form of serum magnesium level, which itself underesti-
mates the right magnesium level about 70%. Bones act as 
a buffer in regulating serum magnesium level and com-
pensate for a decrease in extracellular magnesium level (2, 
3). 

Preterm labor accounts for 85 percent of infants’ death, 

which is comparable to child abnormality cases (4). De-
spite advances in perinatology and neonatology, prema-
ture infants are prone to suffer from diseases, such as 
blindness, lung dysfunction, problems in mental develop-
ment and deafness (5). 

Some studies have shown a significant correlation be-
tween preterm labor and magnesium level (6). However, 
there are other studies suggesting that there is not a signif-
icant improvement in taking magnesium (7). It is believed 
that the magnesium ions can compete with the Calcium 
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ions that are the main cause of uterine contractions.  
The Genetic Algorithm as a modern technique of opti-

mization has been used in many studies (8–12), including 
cardiovascular disease diagnosis (8), breast cancer diagno-
sis (9), Alzheimer's disease (10). Computer-aided diagno-
sis is under attention (CADx). This technique combines 
elements of computational intelligence and medical fea-
tures as an aid for reducing diagnostic errors (13–15). 
Moreover, there are some studies reporting that preterm 
labor could not be predicted with sufficient accuracy from 
a single biochemical marker (13, 14). So it is wise to 
combine some biomarkers and factors to develop a new 
discriminant function for better prediction of preterm la-
bor.  

Although there have been many papers studying the ef-
fect of magnesium level on preterm labor, to the authors’ 
knowledge, there has been no study concentrating on the 
effect of other factors such as mothers’ age, BMI, Gravi-
dae and child’s gender on the preterm labor. These factors 
have been studied in the current paper as a means to better 
prenatal care. Moreover, using the Genetic Algorithm, a 
combined linear discriminant function is designed as an 
aid to better prediction of preterm labor. 

 
Methods 
This prospective cohort study was carried out on 75 

women diagnosed as preterm labor between 28 and 37 
weeks of gestation and 75 non-complicated pregnant at 
Akbar Abadi teaching hospital from October 2015 to De-
cember 2016.  

Informed consent was obtained from all patients. The 
study protocol was approved by Iran University of Medi-
cal Sciences (IUMS) ethics committee with the identifica-
tion number of IR.IUMS.REC1394.9211290002. The 
women in the case group were between 18 and 37 years 
old, with an average age of 27.5. The control group con-
sisted of 75 non-complicated pregnant women with an 
average age of 28.5 (range: 19-43), which were admitted 
to the hospital for routine third-trimester visits.  

Patients with multiple pregnancies, preeclampsia, gesta-
tional diabetes, preterm labor history, rupture of mem-
brane, previous history of recurrent abortion, polyhy-
dramnios, antepartum hemorrhage, congenital fetal mal-
formation, premature rupture of membrane, cervical in-
competence, uterine malformation, uterine myoma and 
magnesium supplements were excluded from the study.  

The extracellular magnesium level was measured in the 
laboratory of Akbarabadi Hospital using Pars Azmon kit 
and autoanalyzer spectrophotometer. Venous blood sam-
ples (2cc) were taken from antecubital venous plexus and 
analyzed. Samples were poured into heparinized tubes and 
centrifuged for 10 minutes.   

 
Statistical analysis 
IBM SPSS 19 was used to conduct analysis and report-

ing the values. Independent samples t-test was used for 
comparing the variables, including age, BMI, magnesium 
level, and Gravidae. The sex of the neonates and the expe-
rience of muscular cramp in the preterm and term groups 
were evaluated with the Pearson χ2 test. The significance 

level of all statistical tests were adjusted to 0.05.  
In order to increase the performance of the diagnosis, a 

linear classifier was developed by minimizing the predic-
tion error. The coefficients of the linear classifier were 
found using the Genetic Algorithm. The Migration, 
Crossover and Mutation parameters were set to 0.2, 0.7, 
and 0.1, respectively. Fitness function was defined based 
on the sum of type 1 and type 2 classification errors (16). 
The generation was stopped when the mean and the best 
performance of the population reach the same amount. 
Fifty chromosomes were considered in each population. 
Each chromosome was composed of 4 genes representing 
coefficients for serum magnesium level, muscular cramp, 
BMI, and the bias of a linear classifier. Matlab R2013a 
software and its Optimization Toolbox were used for run-
ning the algorithm.  

The Fitness Function is defined in  
Equation 1. Small subscript numbers below each letter 

represent the dimension of the corresponding letter. In  
Equation 1, “A” is the matrix of measured values of 

magnesium, the occurrence of cramp, BMI, and the bias. 
“c” represents the weights that are to be optimized, and 
“f” is the vector of values obtained for studying 150 wom-
en. The optimization stops when the average prediction 
error of the population reaches the minimum diagnosis 
error. 

 
Equation 1: 
 = ∗= ∗ . ∗ 	 	 : 	 	→  
 
Where A = [Mg150*1, Crump150*1, BMI150*1, I150*1]150*4 
 
Results  
Table 1 provides the statistics for the parameters. Sex 

types are reported in Male percentage. Gravidae 1 shows 
the percentage of cases admitted for the first-time labor 
within each of the case and control groups. Figure 1 illus-
trates the distribution of the Mother’s age, BMI, and mag-
nesium level within each group. The dark lines in the 
middle of the boxes are the median for each group. The 
deviation of each line from the center is due to the pres-
ence of extreme data points. It is obvious that the control 
group possesses a far outlier data. 

Gravidae 1 is controlled for its effect on preterm labor. 
Pearson χ2 test was used for evaluating the uniformity of 
case and control group in term of Gravidae 1 and multipa-
rous cases. Results showed that there is not a significant 
difference between case and control groups in terms of 
Gravidae (p=0.509). 

Using an independent t-test, mother’s age was compared 
between control and case groups as an indicator of the 
probability of preterm labor. Results showed that although 
the mother’s age in preterm labor is lower than term labor, 
this difference is not significant (p=0.182). The independ-
ent sample t-test was conducted between the groups and 
showed that the mean of BMI in the control group was 
significantly higher than the case group (p=0.005). 

The prevalence of preterm labor in male and female in-
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fants was studied using the Pearson χ2 test. Results failed 
to reject the assumption of having the same prevalence 
preterm labor among the two infant groups (p=0.102).  In 
other words, although there is more probability that male 
infants have premature birth on average (58.67% in pre-
term labor group), it cannot be concluded that male infants 
are significantly more susceptible to the risk of premature 
birth.  

The magnesium level in the case and control groups was 
compared using an independent samples t-test. Results 
showed that there is a significant difference between the 
magnesium level of the term and preterm groups 
(p<0.001). It was revealed that the former group with the 
mean of 2.15 mg/dl has a significantly higher magnesium 
level than the later (1.83 mg/dl).  

Using a Pearson χ2 test, muscular cramp was compared 
between the case and control groups. It was observed that 
there is a significantly higher rate of patients with muscle 

cramp history in the case group (69.33%) compared to the 
control group (36.00%) (p<0.001). Analysis of BMI 
showed a significant difference between the case and con-
trol groups. It is worth noting that the BMI of the case 
group was 25.09±0.45, and the BMI of the control group 
was 26.81±0.41.  

To study the association between the occurrence of hy-
pomagnesemia with the occurrence of muscular cramp, 
the case group was divided into two subgroups. The first 
group had preterm labor cases with magnesium level low-
er than 1.9, and the second group had the cases with mag-
nesium level greater than or equal to 1.9. Pearson χ2 test 
showed that there is not any significant association be-
tween occurrences of hypomagnesemia and muscular 
cramp in the case group (p=0.525).  

Different values of magnesium levels were scanned and 
tested to get the best criterion level. The results of the 
evaluation of prediction error have been shown in Fig. 2. It 

Table 1. Statistics (Mean±Standard Error) of the studied parameters within case (Preterm) and control (Term) groups 
Variable  Preterm Term 
Mother’s Age  27.51±0.51 28.51±0.55 
Gravidae 1 60.00 % 54.67 % 
Magnesium  1.83±0.04 2.15±0.05 
BMI  25.09±0.45 26.81±0.41 
Weight  2097±63 3295±35 
Gestational Age  33.27±0.28 38.72±0.12 
Muscular Cramp 69.33 % 36.00 % 
Sex (Male %) 58.67% 45.33 % 
 
 

 
Fig. 1. Distribution of Mother’s age (a) and BMI (b) and magnesium levels (c) of Control and Preterm labor 
 

 
Fig. 2. Diagnosis error using different magnesium levels 
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shows that the minimum possible discrimination error 
occurs for the magnesium level ranging between 2 and 2.1 
mg/dl. In other words, this tolerance limit can be used as a 
diagnostic criterion for preterm labor. Figure 2 shows that 
magnesium level could successfully predict diagnostic 
values for about 69.5% of the patients.  

Prediction of preterm labor using the Genetic Algorithm 
leads to the optimized vector “c” as [1.7383 -0.7648    
0.1280    0.8031]. The optimized prediction error is 24% 
as shown in Figure 3 (a). The decision threshold is ob-
tained at the minimum element of the vector “f” as shown 
in Equation 2 where t indicates transpose of a vector. 
From a different perspective, the minimum of the curve 
(discriminant function value = 7.3212) can be used as a 
decision point for predicting the preterm labor.  

Equation 2: 

 
 
Discussion 
The significant difference between serum magnesium 

level within the case and control groups of this study is 
comparable with the other studies in this regard (6, 17). 
The authors believe that the lower BMI of the case group 
is due to malnutrition of the preterm patients, as most of 
the patients were belong to lower social classes. This con-
clusion is in agreement with the results of Kosa et al. (18). 
However, they have reported that the probability of pre-
term labor increases if the case group patients enter from 
the “underweight” and “normal” to the “overweight” and 
“obese” categories (18).  

Higher significant rates of muscular cramp, observed 
within the case group, are probably due to the lack of 
magnesium, which plays a buffering role in extracellular 
contractions (2). Meanwhile, the insignificant correlation 
between Hypomagnesemia (magnesium <1.9) and muscu-
lar cramp in the case group might be due to the wrong 
selection of magnesium cut-off point, which was also used 
by Shahid et al. (19). However, other studies proposed 
different magnesium levels, such as 1.16±0.22 by Baloch 
et al. (20), 4.7 by Khani et al. (21), and 1.73±0.4 by  

Okunade et al. (22). Although many causes have been 
suggested for occurring preterm labor (23), serum magne-
sium level has been considered as one of the main reasons 
(2).  

The selection of magnesium level, BMI, and muscular 
crump for prediction of preterm labor is due to their sig-
nificant difference in term and preterm groups. It is a 
common technique in feature selection to take advantage 
of features that are significantly different between classes 
(24–26). The Genetic Algorithm can find the weights for 
the mentioned feature to enhance the prediction accuracy 
from 69.5% for magnesium level to 76%. In summary, the 
results show that the magnesium level is a significant factor 
in diagnosing preterm labor. Also, using the developed dis-
criminate function improves the accuracy of this detection. 

  
Conclusion  
This prospective cohort study investigates the effect of 

different parameters on preterm labor. Seventy-five wom-
en are diagnosed with preterm labor, along with 75 non-
complicated pregnant women are considered as the case 
and control groups, respectively. Different parameters are 
compared between the groups using statistical analysis 
methods, and a predictive model is developed using a Ge-
netic Algorithm technique to improve the accuracy of pre-
dicting the occurrence of preterm labor. It is observed that 
the level of magnesium is significantly higher in the con-
trol group compared to the case group (p<0.001). Moreo-
ver, the Body Mass Index (BMI) is significantly lower in 
the case group (p=0.005). A higher rate of muscular cramp 
is observed in the case group compared to the control 
group (p<0.001). Hypomagnesemia, as one of the most 
important causes of preterm labor, is also studied. The 
developed linear discriminant function confirmed that the 
error of preterm labor prediction could be decreased to 
24%. 
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Fig. 3. (a) Stop criterion and (b) Classifier error vs. discriminant function value 
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