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       ABSTRACT
 It is pointed out in many articles that induced hypertension and gestational diabetes are well linked to pregnancy, 
but this relationship is not well determined. The report focuses on the pregnancy’s relationship with diabetes 
and induced hypertension.  It is found herein that mean pregnancy is directly related with glucose levels (GLUC) 
(P=0.07), age (P<0.01), BMI (P=0.07), Diabetic Women (DW) status (P=0.01),  interaction effect of Triceps Skin-
Fold Thickness (TSFT) and age (TSFT × Age) (P<0.01), while it is inversely related with GLUC × Age (P=0.02), TSFT 
× BMI (P<0.01), Insulin (INSU) (P=0.06)  and Diabetes Pedigree Function (DPDF) (P=0.03). Variance of pregnancy 
is directly related with GLUC (P=0.07), Diastolic Blood Pressure (DBP) (P=0.04), GLUC × TSFT (P<0.01), DBP × TSFT 
(P<0.01), DPDF (P=0.01), INSU × BMI (P=0.15), while it is inversely related with GLUC × DBP (P=0.01), TSFT (P<0.01), 
TSFT × DPDF (P=0.03), INSU (P=0.07). It is easily interpreted that pregnancy’s mean is well connected to diabetic 
parameters such as INSU and GLUC levels, history of DW, DPDF, BMI, GLUC × Age, while its variance is connected 
to diabetic and hypertension parameters such as GLUC, DPDF, DBP, GLUC × TSFT, DBP × TSFT, INSU × BMI, GLUC × 
DBP, TSFT × DPDF, INSU. Moreover, it is derived that a diabetic female has a higher chance to be pregnant than a 
normal woman. 
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Introduction
 There are some common problems such as hypertension and 
Gestational Diabetes (GD) disorders of pregnant women all 
over the whole world. Many articles have pointed out that GD 
disorders and hypertension are frequently noticed for pregnant 
women, while the relationships of pregnancy with GD disorders 
and hypertension are not recognized [1-5]. GD disorders can 
be stated if there is any  dysglycemia that appears for the 
pregnancy’s first time that is a global public health problem [3, 
5, 6-9]. GD disorders is a primary cause for mothers’ mortality 
and morbidity along with her neonate over the whole world [7-
10]. In addition mothers are affected with induced hypertension 
during pregnancy [6, 9]. 
 It is noted that many articles have pointed out that GD 
disorders and hypertension are linked to pregnancy. Most of 
the earlier articles tried to establish these linkages using simple 
correlation and regression, multiple regression, meta-analysis, 
etc. [2, 6, 7, 10].  Here it is noted that pregnancy number is a 
discrete heterogeneous variable, which may not be modeled 
appropriately using simple and multiple regression analysis. 
Therefore, previous outcomes invite doubts and contradictions.

Statistical Analysis
    It is noted herein that the pregnancy’s number is the aimed 
response variable herein, which is a discrete form. In the total 
gestational period for a woman, the total number of fractional 

pregnancies within two months, called miss-carriage, can 
be considered a numerical value 0.5. The considered miss-
carriages are known as natural abortions, while one can find 
induced abortions also [11-13]. This assumption turns the 
discrete variable pregnancy’s number to a continuous variable. 
So, each  pregnancy number is raised by 0.5, which is simply the 
origin change of the data set. It is marked herein that the aimed 
response pregnancy’s number is a heterogeneous variable, 
which is modeled herein using Joint Generalized Linear Models 
(JGLMs) that is well illustrated in the book by Lee et al. [14].  
JGLMs are described in many research articles [15-17], which 
are not restated herein. 
 The current report searches the pregnancy’s linkages to GD 
factors such as insulin levels (mu U/ml) and glucose levels (mu 
U/ml), DPDF, study unit’s diabetic status (1=normal, 2= diabetic), 
BMI, and hypertension risk factor DBP (mm Hg) along with 
TSFT(mm) and age (years), while the minimum subject’s age is 
21 years old, based on 768 gestational women. This data set is 
available on the website of UCI Machine Learning Repository. A 
heterogeneous response variable can be modeled using JGLMs 
under the log-normal or gamma distribution. Here the aimed 
response variable pregnancy’s number is modeled using the 
log-normal JGLMs, and the summarized results are shown in 
Table 1.
 The joint log-normal fitted models in Table 1 are verified by 
Figure 1, where Figure 1(a) reveals the absolute pregnancy’s 
number fitted residuals plot with respect to the log-normal 
fitted predicted values, which is nearly a flat straight line, 
indicating that variance is constant with the running means. The 
other Figure 1(b) shows the mean pregnancy’s number fitted 
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model of  normal probability plot (Table 1), which does not 
present any fitted discrepancy. So, the joint log-normal models

Table 1: Joint log-normal Pregnancy’s number fitting mean and dispersion models.

Figure 1:  For the joint log-normal Pregnancy’s number fit (Table 1); (a) absolute residuals plot with respect to the fitted values; (b) the normal 
probability plot for the Pregnancy’s number mean model.

are appropriate, which is supported by Figure 1.

Model Covariate Estimate Standard error t-value P-value

Mean Constant -0.72  0.41  -1.75 0.08 

GLUC  0.01  <0.01  1.91 0.07  

Age 0.05  0.01  4.65 <0.01

GLUC × Age -0.01  <0.01  -2.40 0.02

TSFT 0.01  0.01  0.09 0.93

BMI 0.01  0.01  1.81 0.07

TSFT × BMI -0.01  0.01  -3.56 <0.01

INSU -0.01  0.01  -1.90 0.06

DPDF -0.19  0.09  -2.15 0.03

TSFT × Age 0.01  <0.01  4.69 <0.01

DW 0.17  0.07  2.46 0.01

Dispersion Constant -1.73  0.85  -2.04 0.04

GLUC  0.01  0.01  1.82 0.07

DBP 0.02  0.01  2.08 0.04

GLUC × DBP -0.01  <0.01  -2.79 0.01

TSFT -0.11  0.02  -5.82 <0.01

GLUC × TSFT 0.01  <0.01  4.48 <0.01

DBP × TSFT 0.01  <0.01  4.05 <0.01

DPDF 0.75  0.29  2.62 0.01

TSFT × DPDF -0.02  0.01  -2.19 0.03

INSU -0.01  0.01  -1.83 0.07

BMI 0.01  0.01  0.54 0.59

INSU × BMI 0.01 <0.01  1.43 0.15

Dispersion  3478
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Results
   All the derived summarized results from the joint log-normal 
pregnancy’s number fitted models are displayed in Table 1.  It 
is derived herein that mean pregnancy is directly related with 
GLUC levels (P=0.07), age (P<0.01), BMI (P=0.07), DW status 
(P=0.01), interaction effect TSFT × Age (P<0.01), while it is 
inversely related with GLUC × Age (P=0.02), TSFT × BMI (P<0.01), 
INSU (P=0.06) and DPDF (P=0.03). Variance of pregnancy is 
directly related with GLUC (P=0.07), DBP (P=0.04), GLUC × 
TSFT (P<0.01), DBP × TSFT (P<0.01), DPDF (P=0.01), INSU × BMI 
(P=0.15), while it is inversely related with GLUC × DBP (P=0.01), 
TSFT (P<0.01), TSFT × DPDF (P=0.03), INSU (P=0.07).
 JGL log-normal pregnancy’s number fitted mean (μ ̂) model 
(Table 1) is 
μ̂=exp(-0.72+0.01GLUC+0.05 Age-0.01GLUC × Age+0.01TSFT+0.
01BMI-0.01TSFT×BMI-0.01INSU-0.19DPDF+0.01TSFT × Age+0.1
7DW), 
 and the JGL log-normal pregnancy’s number fitted dispersion
(σ ̂2) model (from Table 1) is 
σ̂2=exp(-1.73+0.01 GLUC+0.02 DBP-0.01GLUC × DBP-0.11TSFT+
0.01GLUC × TSFT+0.01 DBP × TSFT+0.75DPDF-0.02 TSFT × DPDF-
0.01INSU+0.01BMI+0.01 INSU × BMI).

Discussions 
 The associations of pregnancy’s number with diabetic functions 
can be noted from the derived mean model (Table 1). It is 
derived that mean pregnancy number is directly related with 
GLUC levels (P=0.07), implying that it rises with the increase 
of GLUC levels. Mean pregnancy number is directly related 
with DW status (1=normal, 2=diabetic) (P=0.01), revealing that 
pregnancy is higher for diabetic women than normal. Mean 
pregnancy number is directly related with BMI (P=0.07), showing 
that pregnancy is higher for obesity women than normal. Also, 
it is inversely related with INSU levels (P=0.06), implying that 
pregnancy number rises as INSU levels decrease. 
 Also mean pregnancy number is inversely related with DPDF 
(P=0.03), concluding that it rises as DPDF decreases. Note that 
the marginal effects GLUC, INSU levels, BMI, DW status, DPDF 
are all diabetic functions. The associations of the pregnancy 
numbers with these diabetic functions show that pregnancy 
is higher for diabetic women than normal. In addition, mean 
pregnancy number is inversely related with GLUC × Age (P=0.02), 
or TSFT × BMI (P<0.01), implying that it rises as the joint effect 
GLUC × Age, or TSFT × Age decreases. Note that GLUC × Age and 
TSFT × BMI are joint diabetic interaction effects.  
 Similarly, from the dispersion model (Table 1), it is observed 
that variance of pregnancy number is directly related with the 
diabetic functions such as GLUC (P=0.07), GLUC × TSFT (P< 0.01), 
DPDF (P=0.01), INSU × BMI (P=0.15), while it is inversely related 
with the diabetic functions such as INSU (P=0.07), GLUC × DBP 
(P=0.01), TSFT × DPDF (P=0.03).
 Further, variance of pregnancy number is directly related with 
the hypertension functions such as DBP (P=0.04), DBP × TSFT 
(P<0.01), while it is inversely related with the hypertension 
function GLUC × DBP (P=0.01). 
 From Table 1, it is observed that there are some other non-
diabetic and non-hypertension  parameters such as Age, TSFT, 

Age × TSFT are also related with the mean or dispersion of 
pregnancy’s number. From the above, it is shown that pregnancy 
is associated with diabetic and hypertension functions. The 
present results can not be compared with the earlier findings 
as there is not any article which has focused on the pregnancy's 
associations with diabetic and hypertension parameters based 
on statistical modeling.

Conclusions 
 The current short article focuses on the relationships of 
pregnancy’s number with some diabetic and hypertension 
functions based on joint log-normal models. The derived models 
are accepted using graphical diagnostic checking.  It is derived 
herein that mean pregnancy’s number is associated with the 
diabetic functions such as GLUC, INSU levels, diabetic history 
status, BMI, DPDF, while variance of pregnancy’s number is 
associated with the many diabetic and hypertension functions. 
Pregnancy rate is higher for diabetic women than normal. The 
considered data set does not contain many other diabetic and 
hypertension functions such as HbA1c, fasting glucose levels, 
random glucose levels, systolic blood pressure, basal blood 
pressure, maximum blood pressure etc. The current models are 
not compared with the joint gamma, or Weibull fitted models. 
In addition, the similar study is not done here for any other 
similar data set, as we have no similar data set in our hand. 
In our subsequent full research articles, we will examine the 
pregnancy's model based on joint gamma, log-normal, Weibull 
distributions.  We propose to publish a full research article very 
soon by comparing both the log-normal and gamma models 
along with the detailed results in the near future.  
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