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Abstract: 

Diabetes and obesity reach epidemic proportions all over the world, while the effects of insulin resistance and its 

consequences are gaining prominence. The article derives the effects of insulin on gestational Pima Indian heritage females 

with minimum 21 years old. It is identified herein that mean insulin level for gestational women (GW) is positively linked 

with glucose level (P=0.0055), while it is negatively linked with age (P=0.0095).  Mean insulin level for GW is independent 

of pregnancies (P=0.1866) and diabetes pedigree function (DPF) (P=0.5321), while it is partially positively linked with their 

joint interaction effect Pregnancies*DPF (P=0.0864). It is positively linked with blood pressure (BP) (P<0.0001) and triceps 

skin-fold thickness (TST) (P<0.0001), while it is negatively linked with the joint interaction effects BP*TST (P<0.0001) 

and DPF*TST (P<0.0001).  In addition, mean insulin level is negatively linked with body mass index (BMI) (P=0.0001), 

while it is positively partially linked with the interaction effect BMI*DPF (P=0.1312). Variance of insulin level is positively 

linked with pregnancies (P=0.0184) and age (P=0.0027), while it is negatively linked with their joint interaction effect 

Pregnancies*Age (P=0.0418). Also variance of insulin level is partially negatively linked with BMI (P=0.0738) and glucose 

level (P=0.1439), while it is partially positively linked with their joint interaction effect BMI*Glucose (P=0.1472).  Further, 

variance of insulin level is negatively linked with DPF (P=0.0309).  It is concluded that for GW, insulin level increases with 

the increase of glucose level, BP, TST, and the interaction effects Pregnancies*DPF & BMI*DPF, and it decreases with the 

increase age, BMI, and the interaction effects BP*TST & DPF*TST. GW should be careful on her glucose level, BMI, BP 

& TST.     

Key Words: body mass index (BMI); gestational women (GW); glucose level; insulin level; joint generalized linear 

gamma models; triceps skin fold thickness (TST) 

Introduction  

The worldwide escalation of diabetes and obesity in developing and 

developed countries poses a great health challenge. BMI, or obesity is one 

of the principal causes of type 2 diabetes. Type 1 diabetes is mainly due 

to the autoimmune-mediated waste of pancreatic beta cells leading to 

insulin deficiency [1–3]. The lack of sufficient insulin secretion reveals 

all hyperglycemic states. If the insulin action is not normal for type 1 

diabetes, there is a near total insulin secretory loss function. The insulin 

secretion abnormalities are multiple for type 2 diabetes. One of the 

primary defects is an early phase loss of meal-stimulated insulin secretion. 

This is due to the inability of the beta-cell to increase sufficient insulin 

secretion to overcome peripheral and hepatic insulin resistance [4-6].  

Type 2 diabetes is discriminated against by a progressive loss in both 

secretory function and beta-cell mass and so that for most persons, 

absolute insulin deficiency appears in the late disease stages. 

Commonly, type 1, gestational, type 2 diabetes are observed in practice 

in our society.  Due to some unusualness of human body components, if 

the pancreas is unable to produce insulin, type 1 diabetes occurs that is 

known as juvenile diabetes [4, 5-7]. During pregnancy time, it is 

commonly observed that glucose levels become higher for some GW, and 

they are affected with diabetes, which is known as gestational diabetes 

(GD). Afterwards, the GD is reduced to type 2 diabetes [3, 4, 8-10]. Type 

2 diabetes patients commonly feel the following complications.  One 

complication is that human body components can’t produce sufficient 

insulin, and the second complication is that the sufficient produced insulin 

can’t do its regular functions properly, which is called insulin resistance 

[10-12]. The human organ produces sufficient insulin, while the insulin 

impressibility is unidentified, and it does not function as it should do, and 

the glucose is not entering the body's cells sufficiently. Consequently, 

blood sugar level rises in the human body, and the cells are not accepting 

their required nutrients for necessary growth and energy [11- 14]. 
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The explanatory factors of insulin level are little focused in the previous 

articles [7, 9, 10]. The insulin level’s explanatory factors will be different 

for type 1, GD, type 2 diabetes patients. Based on the knowledge of 

insulin level’s explanatory factors, medical practitioners can take 

necessary actions on the diabetes patients. This article focuses on the 

effects of insulin on some gestational Pima Indian heritage females. The 

following hypotheses related to GW are examined in the current article 

based on a real data set. The aimed hypotheses are: (1) are there any 

effects of insulin level on gestational Pima Indian heritage females?, (2) 

if they are affirmative, what are the effects of insulin level on the GW?  

The article is ordered as follows. The subsequent section presents 

materials & methods, and the rest sections are statistical & graphical 

analysis, outcomes & discussion, and conclusions. 

Materials & Methods 

Materials 

The article is prepared with the help of a real data set associated with Pima 

Indian heritage of 768 gestational females at least 21 years old. The aimed 

dataset was initially collected by the National Institute of Diabetes and 

Digestive and Kidney Diseases (NIDDKD). The data set can be found in 

the UCI Machine Learning Repository. It counts 9 explanatory study 

variables such as body mass index (BMI), age (in years), plasma glucose 

concentration level over 2 hours in an oral glucose tolerance test 

(Glucose), diastolic blood pressure (BP) (mm Hg), investigation unit type 

(IUT) (1=non- diabetic, 2= diabetic), number of pregnancies (NOP), 

triceps skin-fold thickness (TST) (mm),  diabetes pedigree function 

(DPF), 2-hours serum insulin (mu U/ml) (Insulin),  Here all the 

explanatory variables are continuous except IUT, which is an attribute 

character. It is noted that DPF is a function that estimates diabetes 

likelihood depending on family history. 

Statistical Methods  

The present gestational females data set is physiological data that is of a 

commonly heteroscedastic nature. The response insulin level is 

heteroscedastic positive and continuous. Unequal variance response insulin 

level can be modeled by adopting a suitable transformation when the 

insulin level variance is stabilized by the transformation. Commonly, the 

response variance may not be stabilized in several cases [15].  It is known 

that a positive continuous constant variance response variable can be 

modeled either by the gamma, or the lognormal model [16].  For a non-

constant variance continuous positive response variable, modeling can be 

suitably done using joint generalized linear models (JGLM) under the 

lognormal, or the gamma models [17-20].  JGLMs is illustrated in the book 

by Lee et al. [18].  The response insulin level is modeled in the article using 

the joint gamma models, so it is shortly reported herein. 

JGL gamma models 

The dependent variable herein insulin level is modeled with the remaining 

variables. Let us consider Insulin level=yi as the random response variable 

with mean µi =E(yi) and non-constant variance (
2

i ), maintain Var(yi) 

= 
2

i µi
2  = 

2

i )( iV   say, where V(.) is termed as the variance 

function that recognizes generalized linear models (GLMs) family 

distribution. For instance, if V(  )= , it is Poisson, and it is Normal, or 

gamma as V(  )= 1, or V( ) = 
2 etc. 

Mean & dispersion JGLMs for insulin level with gamma distribution are 

displayed as  


t

iii xg  )(  and 
t

iii wh  )(
2

,  

where )(g  & )(h  are the GLM link functions for the mean & 

dispersion linear predictors respectively, and 
t

ix , 
t

iw  are the 

independent study variables vectors associated with the mean and 

dispersion parameters respectively. Maximum likelihood (ML) method is 

considered to estimate mean parameters, while the restricted ML (REML) 

method is applied to estimate dispersion parameters [18].   

Statistical & Graphical Analysis 

The dependent variable insulin level is modeled on the remaining 

independent variables adopting JGLMs under gamma distribution, as the 

gamma fit gives better results than the Log-normal fit. Independent 

variables are age, glucose, TST, IUT, DPF, BP, NOP, BMI.  The 

independent variable insulin level is marked as heteroscedastic, so it is 

modeled by applying JGLMs under gamma distribution. The best selected 

insulin level joint gamma fitted model is accepted based on the lowest 

Akaike information criterion (AIC=7195.529) value, which lowers both 

the predicted additive errors and squared error loss [21; p. 203-204]. The 

best insulin level joint gamma fitted analysis findings are displayed in 

Table 1. Lower order effects such as pregnancies, DPF (in the mean 

model) and glucose (in the dispersion model) are included in the model 

even if they are insignificant, as their higher order interaction effects are 

significant due to the marginality rule by Nelder [22]. For better fitting, 

some partially significant effects such as BMI*DPF, Glucose*BMI are 

included in the model, which are called confounders in Epidemiology 

[21]. 

Model Covariate estimate Standard 

error. 

t(756) P-value 

Mean constant -1.9302 1.4414 -1.339 0.1810 

Glucose (x2) 0.0162 0.0058 2.782 0.0055 

Pregnancies (x1) -0.1342 0.1016 -1.322 0.1866 

Diabetes pedigree 

Function (DPF) (x7) 

1.0677 1.7086 0.625 0.5321 

Pregnancies *DPF 

(x1*x7) 

0.2541 0.1480 1.717 0.0864 

Age (x8) -0.0518 0.0199 -2.601 0.0095 

Blood Pressure (BP) 

(x3) 

0.0722 0.0112 6.453 <0.0001 

Triceps Skin-fold 

Thickness (TST) (x4) 

0.3948 0.0445 8.864 <0.0001 

BP*TST (x3*x4) -0.0024 0.0006 -4.157         <0.0001 

DPF*TST (x7*x4) -0.1417 0.0316 -4.482 <0.0001 

BMI (x6) -0.1450 0.0371 -3.906 0.0001 

DPF*BMI (x7*x6) 0.0779 0.0515 1.511 0.1312 

Dispersion Constant 3.5658 0.9590 3.718 0.0002 
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Pregnancies (x1) 0.1458 0.0617 2.363 0.0184 

Age (x8) 0.0244 0.0081 3.007 0.0027 

Pregnancies*Age 

(x1*x8) 

-0.0032 0.0016 -2.039 0.0418 

BMI (x6) -0.0524 0.0293 -1.790 0.0738 

Diabetes pedigree 

Function (DPF) (x7) 

-0.3367 0.1557 -2.162 0.0309 

Glucose (x2) -0.0119 0.0081 -1.463 0.1439 

Glucose*BMI (x6*x2) 0.0003 0.0002 1.451 0.1472 

AIC                                         7195.529 

Table 1: Joint gamma INSULIN level fitting mean and dispersion models 

The insulin level gamma fitted JGLMs (Table 1) are diagnosed by Figure 

1. Figure 1(a) displays   the absolute insulin level gamma fitted residuals 

plot with respect to the predicted values, which shows that all points are 

randomly concentrated against a single point, except a point at the right 

boundary.  Figure 1(b) displays the insulin level gamma fitted mean 

model (Table 1) normal probability plot that does not display any lack of 

fit. The two plots Figure 1(a) and Figure 1(b) show that the insulin level 

joint gamma fitted models are appropriate.   

 

Figure 1:  For the JGL gamma Insulin fit  (Table 1), the (a) absolute residuals plot against the Insulin fitted values, and (b) the normal probability 

plot for the Insulin mean model. 

Results & Discussions  

Insulin level JGL gamma fitted summarized results are presented in Table 

1.  It is identified herein that mean insulin level for GW is positively 

linked with glucose level (P=0.0055), while it is negatively linked with 

age (P=0.0095).  Mean insulin level for GW is independent of pregnancies 

(P=0.1866) and DPF (P=0.5321), while it is partially positively linked 

with their joint interaction effect Pregnancies*DPF (P=0.0864). It is 

positively linked with BP (P<0.0001) and TST (P<0.0001), while it is 

negatively linked with the joint interaction effects BP*TST (P<0.0001) 

and DPF*TST (P<0.0001).  In addition, mean insulin level is negatively 

linked with BMI (P=0.0001), while it is positively partially linked with 

the interaction effect BMI*DPF (P=0.1312). Variance of insulin level is 

positively linked with pregnancies (P=0.0184) and age (P=0.0027), while 

it is negatively linked with their joint interaction effect Pregnancies*Age 

(P=0.0418). Also variance of insulin level is partially negatively linked 

with BMI (P=0.0738) and glucose level (P=0.1439), while it is partially 

positively linked with their joint interaction effect BMI*Glucose 

(P=0.1472).  Further, variance of insulin level is negatively linked with 

DPF (P=0.0309).   

JGL gamma fitted insulin level  mean (�̂�) model (Table 1) is  

�̂� = exp(-1.9302 + 0.0162 Glucose -- 0.1342 Pregnancies + 1.0677 DPF 

+ 0.2541 Pregnancies* DPF -- 0.0518 Age + 0.0722 BP + 0.3948 TST --

0.0024 BP*TST -- 0.1417TST*DPF --0.145BMI  + 0.0779 BMI*DPF),  

and the JGL gamma fitted insulin level dispersion (�̂�2) model (from Table 

1) is  

�̂�2 = exp(3.5658 + 0.1458 Pregnancies + 0.0244Age --

0.0032Pregnancies*Age  – 0.0524 BMI – 0.3367 DPF -- 0.0119 Glucose  

+ 0.0003 Glucose*BMI). 

From the joint insulin level gamma fitted models (Table 1), the following 

outcomes can be reported.  It is derived in the report that mean insulin 

level for GW is positively linked with glucose level (P=0.0055), 

concluding that insulin level increases as the glucose level rises. This is  

the natural functional role of insulin. It is negatively linked with age 

(P=0.0095), implying that insulin level decreases as at higher ages of GW, 

which is observed in practice.  Mean insulin level for GW is partially 

positively linked with Pregnancies*DPF (P=0.0864), implying that it 

increases as the joint effect of pregnancies and DPF increases. It shows 

that if pregnancies and DPF are higher, insulin level is also higher. Note 

that insulin level is independent of the marginal effects of pregnancies 

(P=0.1866) and DPF (P=0.5321), while it is affected by their joint effect.  

Mean insulin level is positively linked with BP (P<0.0001) and TST 

(P<0.0001), while it is negatively linked with the joint interaction effect 

BP*TST (P<0.0001), implying that it increases as the BP and TST 

increase, but it can’t increase proportionally as it is inversely linked with 

the joint effect BP*TST  (P<0.0001). In addition, it is inversely linked 

with the joint effect DPF*TST (P<0.0001), while DEF is independent of 

insulin level. Therefore, insulin level can’t increase proportionally as 

TST, or BP increases.  In addition, mean insulin level is negatively linked 

with BMI (P=0.0001), implying that insulin level decreases as the BMI 

increases. Note that mean insulin level is positively partially linked with 

the interaction effect BMI*DPF (P=0.1312), while DPF is independent. 
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Therefore, for GW with high BM along with high DPF, insulin level may 

increase a very little.   

Variance of insulin level is positively linked with pregnancies (P=0.0184) 

and age (P=0.0027), while it is negatively linked with their joint 

interaction effect Pregnancies*Age (P=0.0418), implying that insulin 

level is not highly scattered at higher ages along with higher pregnancies.  

Again, variance of insulin level is partially negatively linked with BMI 

(P=0.0738), implying that insulin level is highly scattered for GW with 

lower BMI. Further, variance of insulin level is negatively linked with 

DPF (P=0.0309), implying that insulin level is highly scattered for the 

GW with lower DPF values. Also, variance of insulin level is partially 

negatively linked with glucose level (P=0.1439), and it is partially 

positively linked with their joint interaction effect BMI*Glucose 

(P=0.1472), implying that insulin level variance has a very complicated 

relationship with the other factors. Partially significant factors are to be 

included in the models as confounders in Epidemiology.  

The above stated results confirm many real situations as mentioned above. 

The article has many new results and joint interaction effects, which are 

rarely observed in any previous articles. Findings of the insulin level 

dispersion model are completely new to the insulin resistance study 

literature for GW. Earlier published articles have used multiple 

regression, analysis of variance, or logistic regression without dispersion 

model [7, 10, 13]. Most of the earlier articles' analysis outcomes have not 

been verified with the diagnostic checking, therefore, such results invite 

many doubts. The current outcomes can’t be compared with the previous 

articles as they have not considered insulin level as a non-constant 

variance dependent variable. The present reported outcomes can be 

examined with the data set observed in the UCI Machine Learning 

Repository.  

Conclusions 

The current manuscript has derived the explanatory factors of insulin level 

for GW based on joint gamma fit along with the required model diagnostic 

checking. Final model is selected with the lowest AIC value, and based 

on the parameters having small standard errors (in Table 1), indicating 

that the estimates are stable. Therefore, the current research 

outcomes have a greater faith in presenting the real effects of insulin on 

GW. The similar data should present similar outcomes to the current 

results that are not shown herein as we have not any similar data in hand. 

The paper has derived a very complex insulin level relationship with the 

rest independent variables. The insulin level mean & dispersion models 

have presented many uncommon outcomes, which are really new to the 

GW study literature. Medical researchers, GW and  practitioners will be 

benefited from the report. It is concluded that for GW, insulin level 

increases with the increase of glucose level, BP, TST, and the interaction 

effects Pregnancies*DPF & BMI*DPF, and it decreases with the increase 

age, BMI, and the interaction effects BP*TST & DPF*TST. GW should 

be careful on her glucose level, BMI, BP & TST regularly. 

Conflict of interest: The authors confirm that this article content 

has no conflict of interest. 
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