
Methods needed to measure predictive accuracy: A study of
diabetic patients☆

Hafiz M.R. Khan a,⁎, Sarah Mende a, Aamrin Rafiq b, Kemesha Gabbidon c, P. Hemachandra Reddy a,d,e,f,g,h,i

a Department of Public Health, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
b Department of Computer Science, Texas Tech University, Lubbock, TX 79409, United States
c Department of Health Disparities, Cancer Prevention Research Training Program, Division of Cancer Prevention & Population Sciences, UT MD Anderson Cancer Center, TX, United States
d Garrison Institute on Aging, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
e Cell Biology & Biochemistry Department, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
f Neuroscience & Pharmacology Department, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
g Neurology Department, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
h Speech, Language, and Hearing Sciences Department, Texas Tech University Health Sciences Center, 3601 4th Street, MS 9424, Lubbock, TX 79430, United States
i Garrison Institute on Aging, South West Campus, Texas Tech University Health Sciences Center, 6630 S. Quaker Suite E, MS 7495, Lubbock, TX 79413, United States

a b s t r a c ta r t i c l e i n f o

Article history:
Received 7 July 2016
Received in revised form 6 January 2017
Accepted 9 January 2017
Available online 11 January 2017

Diabetes is one of the leading causes ofmorbidity andmortality and it can result in several complications such as
kidney failure, heart failure, stroke, and blindness making it a major medical and public health concern in the
United States. Statistical methods are important to detect risk factors and identify the best sampling plan to de-
termine predictive bounds for diabetic patients' data. The main objective of this paper is to identify the best fit
bootstrapping sampling method and to draw the predictive bound considering diabetes patient data. A random
sample was used from the National Health and Nutritional Examination Survey (NHANES) for this study. We
found that there were significant relationships between age, marital status, and race/ethnicity with diabetes sta-
tus (p b 0.001) and no relationshipwas observed between gender and diabetes status.We ran the logistic regres-
sion to identify the risk factors from the data. We identified that the significant risk factors are age (p b 0.001),
total protein (p b 0.001), fast food (p b 0.0339), and direct HDL (p b 0.001). This study provides evidence that
the parametric bootstrapping method is the best fit method compared with other methods to estimate the pre-
dictive error bounds. Thesefindingswill be of great significance for identifying the best samplingmethods, which
can increase the statistical accuracy of laboratory clinical research of diabetes. This will also allow for the deter-
mination of precise risk factors that will best represent the data by detectingmild and extreme outliers from dis-
ease observations. Therefore, these results will be useful for researchers and clinicians to select the best sampling
methods to study diabetes and other diseases in order tomaximize the accuracy of their results. This article is part
of a Special Issue entitled: Oxidative Stress and Mitochondrial Quality in Diabetes/Obesity and Critical Illness
Spectrum of Diseases - edited by P. Hemachandra Reddy.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Diabetes is one of the most prevalent non-communicable diseases
worldwide. Three types of diabetes can occur – Type 1, Type 2, and ges-
tational. These diseases occur due to an insufficient production of the
hormone insulin or due to an inability of the body to use insulin effec-
tively. Insulin is critical for the body's cells to uptake glucose for use as

energy [1]. For this reason, diabetes can be classified as a metabolic dis-
order, characterized by underutilization and overproduction of blood
glucose. A condition also known as hyperglycemia, for which the
cause of varies among each form of diabetes [2].

Diabetes can lead tomany complications such as heart disease, renal
failure, blindness, and stroke [3–5]. It has become a major health con-
cern due to the increase in new diabetic patients and premature deaths
due to diabetes. In 2013, half of diabetes related deathswere in patients
under age 60 [6].

Diabetes mellitus, commonly referred to as diabetes, is a major pub-
lic health issue; it ranks among the top 10 killers in the United States.
Nationally, diabetes is responsible for 234,051 recorded deaths annually
[7]. In the past three decades there has been an exorbitant increase in
the prevalence of early onset of diabetes [8]. Approximately 27% of
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non-diabeticsmay have undiagnosed diabetes, which could have signif-
icant implications in diabetes research [9]. Incidence rates of diabetes
are on the rise throughout developed and developing countries. Accord-
ing to the World Health Organization (WHO), 346 million people
worldwide have diabetes and it is expected to increase by 51% by the
year 2030 [10,11].

Diabetes is a group of metabolic diseases characterized by a state of
hyperglycemia resulting froma defect in insulin secretion, insulin action
or both. Diabetes induced hyperglycemia is associated with a myriad of
adverse health effects such as: neuropathy, retinopathy, nephropathy,
heart and blood vessel damage, and if left untreated organ failure is im-
minent [12]. The etiology of diabetes mellitus is multifactorial, and is
classified into subgroups including gestational, Type 1, and Type 2 dia-
betes. Gestational diabetes is another subclass, which takes place during
pregnancy, and begins when the body is unable to create and use all the
insulin that is needed for pregnancy. According to a 2014 analysis by the
Centers of Disease Control and Prevention (CDC), the prevalence of ges-
tational diabetes is as high as 9.2% for pregnant women [13]. Type 1 oc-
curs when there is a complete lack of insulin (β-cell destruction),
characterized by the pancreas' inability to produce a sufficient insulin
response. Type 2 refers to insulin resistance, where the body is unable
to respond to the insulin that is created and loses the ability to normal-
ize glucose levels in the blood [14].

This studywill focus on application of statisticalmethods that can be
used in research of Type 2 diabetes. The insulin resistance that charac-
terizes Type 2 diabetes has been associated with pancreatic β-cell func-
tion, particularly β-cell dedifferentiation [15]. The dedifferentiation of
β-cells can explain many aspects particular to this form of diabetes, es-
pecially its apparent reversibility that are often possible with lifestyle
changes. Risk factors associated with diabetes that are related to life-
styles choices can often bemodified, such as, obesity, high sedentary be-
haviors, and lack of physical activity. There are also other risk factors
that are not modifiable including, family history, ethnicity, and age
[13]. Diabetes also increases the risk for comorbidities, such as cardio-
vascular disease, hypertension, and kidney failure [16].

The following are some possible risk factors related to diabetes
which are described in details.

1.1. Age and marital status

Age is an important factor in the development of diabetes and
though there has been an increase in the prevalence of diabetes
among adolescents, research over the last 20 years indicates that some
risk factors increase with age. A pooled analysis that studied the effects
of age on various risk factors related to the development of diabetes
found that the effect of body mass index (BMI) on diabetes increased
with age, especially among western cultures [17]. However, the effects
of age and the development of diabetes and other comorbidities can
be slowed by other factors, such as marital status. A separate study
found that for married patients already diagnosed with diabetes their
quality of life declined at a much slower rate than unmarried diabetes
patients [18]. Though no causal relationship has been established with
these risk factors and diabetes, their effect on diabetes and other associ-
ated risk factors could provide information on how to prevent or slow
the progression of the disease.

1.2. Fast food consumption and obesity

An inverse relationship exists between BMI and the age of diabetes
onset, showing severe weight gain associated with a higher risk of dia-
betes, regardless of age [19,20]. The high rates of fast food consumption
in the United States are a major contributing factor to diabetes and are
associated with many risk factors of diabetes such as high BMI, obesity,
and large waist circumference. This is due to the high sugar and fat con-
tent found in these foods. A diet high in sugar and fat could lead tomore
cases of early-onset diabetes. The vastmajority of thosewith early onset

diabetes are obese (80–92%), and it is a primary determinant of Type 2
diabetes [21–23]. Obesity is often associated with increased secretion of
proinflammatory adipokines and adipose tissue inflammation. The pro-
inflammatory adipocyte fatty acid-binding protein has been shown to
play a role in Type 2 diabetes. This adipokine acts as a cytosolic lipid
chaperone that can reversibly bind with high affinity to hydrophobic li-
gands and contributes tomany of the lipid-mediated processes associat-
ed with Type 2 diabetes [23]. Waist circumference is also associated
with fast-food intake and obesity, and is included with low HDL levels
as components of the metabolic syndrome. The metabolic syndrome is
a cluster of conditions that increase risk of life-threatening diseases
such as heart attack, stroke, and diabetes. Understanding causal rela-
tionships between these conditions and diabetes is important to
study, especially in the pursuit of effective prevention techniques [21].
Waist circumference is an effective way to measure the amount of vis-
ceral adipose tissue, and has been shown to have a causal relationship
with diabetes because of its effect on systemic inflammation [24]. An in-
crease in visceral fat causes an imbalance of adipokines which results in
a pro-inflammatory state. Local and systemic insulin resistance can be
caused by the activation of inflammatory pathways due to drainage
into portal circulation [24]. This insulin resistance can then lead to dia-
betes and other comorbid conditions.

1.3. Race/ethnicity

In the United States the burden of diabetes falls disproportionately
on racial/ethnic minorities; many ethnic minority groups aremore like-
ly than whites to be diagnosed with diabetes. Related morbidity and
mortality rates vary by complication and by race [25]. American In-
dians/Alaska Natives are more than two times likely to be diagnosed
with diabetes than non- Hispanic whites, while non-Hispanic blacks
and Hispanics have rates 70% to 80% higher than non-Hispanics whites
[26]. Asian Americans are at a higher risk of developing type 2 diabetes;
despite lower average body mass index compared with non-Hispanic
whites [27]. Another important difference across ethnicities is related
to diabetes identification and prevention: the blood level of glycolated
hemoglobin (HbA1c). On the β-chain of a hemoglobin molecule, carbo-
hydrates can be added to the NH-2 terminal through a slow enzymatic
process. The most common addition is that of glucose, creating HbA1c
[28]. These hemoglobin levels have been used to measure blood glyce-
mia levels over extended periods of time [29]. A cohort study revealed
that African Americans, Hispanics, Native Americans, and Asians had
higher HbA1c levels than whites [28]. These findings could not only af-
fect diagnosis of disease, but can influence specific population-targeted
prevention strategies as well.

1.4. HDL and protein levels

Conditions consistent with diabetics include low HDL (high density
lipoprotein) blood levels, and high triglyceride levels. This collection of
symptoms is called diabetic dyslipidemia, which contributes to athero-
sclerosis [30]. Therefore, these symptoms are not only important for the
study of diabetes, but can be useful in the evaluation of other associated
diseases. Recent studies have focused HDL and the increased incidence
rates in various ethnic populations and age groups [31]. Several predic-
tors that play a role in the pathophysiology of Type 2 diabetes have been
analyzed, and have shown an inverse relationship between HDL and
Type 2 diabetes. Results of such studies have postulated that HDL may
also be directly involved in the pathogenesis of type 2 diabetes mellitus
by virtue of its ability to enhance pancreatic β-cell function and glucose
uptake in skeletal muscle [32]. Other studies show a possibility of re-
verse causation, attributing low HDL levels as a consequence of insulin
resistance [30]. Diabetic dyslipidemia is caused because under condi-
tions of insulin resistance, there is reduced hormone sensitive lipase
(HSL) activity, which further reduces the catabolism of triglyceride-
rich very low density lipoprotein (VLDL-TG). The raised concentration
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