
Screening for Insulin Resistance in Patients
with Liver Disease in Tertiary Centers

Item Type text; Electronic Dissertation

Authors Ahmed, Waheeda Siddiqui

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:04:06

Link to Item http://hdl.handle.net/10150/623087

http://hdl.handle.net/10150/623087


SCREENING FOR INSULIN RESISTANCE IN PATIENTS WITH LIVER DISEASE 

IN TERTIARY CENTERS 

 

 

 

 

by 

 

Waheeda Siddiqui Ahmed 

 

 

 

________________________ 
Copyright © Waheeda S. Ahmed 2016 

 

 

 

A DNP Project Submitted to the Faculty of the 

 

COLLEGE OF NURSING 

 

In Partial Fulfillment of the Requirements 

For the Degree of 

 

DOCTOR OF NURSING PRACTICE 

 

In the Graduate College 

 

THE UNIVERSITY OF ARIZONA 

 

 

 

 

 

 

2 0 1 6



  

2

THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

As members of the DNP Project Committee, we certify that we have read the DNP Project 

prepared by Waheeda Siddiqui Ahmed entitled “Screening for Insulin Resistance in Patients with 

Liver Disease in Tertiary Centers” and recommend that it be accepted as fulfilling the DNP 

Project requirement for the Degree of Doctor of Nursing Practice. 

 

 

 

_______________________________________________ Date:  November 28, 2016 

Matthew J. Gallek, PhD, RN, CNRN 

 

 

 

_______________________________________________ Date: November 28, 2016 

Leslie Ritter, PhD, RN, FAHA, FAAN 

 

 

 

_______________________________________________ Date: November 28, 2016 

Laura McRee DNP, ACNP-BC, RNFA 

 

 

 

Final approval and acceptance of this DNP Project is contingent upon the candidate’s submission 

of the final copies of the DNP Project to the Graduate College. 

 

I hereby certify that I have read this DNP Project prepared under my direction and recommend 

that it be accepted as fulfilling the DNP Project requirement. 

 

 

 

_______________________________________________ Date: November 28, 2016 

DNP Project Director: Matthew J. Gallek, PhD, RN, CNRN 

 

 

  



  

3

STATEMENT BY AUTHOR 

  This DNP Project has been submitted in partial fulfillment of requirements for an advanced 

degree at The University of Arizona and is deposited in the University Library to be made 

available to borrowers under rules of the Library.  

Brief quotations from this DNP Project are allowable without special permission, provided 

that accurate acknowledgment of source is made. Requests for permission for extended quotation 

from or reproduction of this manuscript in whole or in part may be granted by the head of the 

major department or the Dean of the Graduate College when in his or her judgment the proposed 

use of the material is in the interests of scholarship. In all other instances, however, permission 

must be obtained from the author.  

SIGNED:  Waheeda S. Ahmed    



  

4

ACKNOWLEDGMENTS 

 I am grateful and thankful for excellent support I have received for this project from my 

husband, my professors (Dr. Gallek, Dr. McArthur, Dr. Edmund, Dr. Ritter, and Dr. McRee), 

and colleague.  I cannot express how thankful I am for all the feedbacks I have received from my 

professors and colleagues. 

 To Dr. Gallek, for always being there for me when I had questions and I wanted to meet 

with him.  Thanks for sharing your knowledge, directing me to right direction, and being patient 

with me.  Your support, guidance, and professionalism have made my DNP project process a 

wonderful experience.  Thank you for your excellent leadership that led me to succeed in this 

DNP project. 

 To Dr. Habib, for allowing me to use his patients charts for chart reviews and guiding me 

through this project.  Thank you educating me on liver disease, liver pathophysiology, and their 

relation to insulin resistance.  I am grateful for your time to meet with me to teach, guide, and 

lead.   

 To my husband Bashar Ahmed and my sister Prova Ahmed who are always there to love, 

support, encourage, and advise me.  You have never failed to amaze me by your wisdom.  Thank 

you for your advice, feedbacks, proofreading my papers, and most importantly encouraging me 

to move on.   

  

  

 

  



  

5

DEDICATION 

 This paper is dedicated to my mother, Surraya Siddiqui, who is the strongest, kindest, and 

most brilliant person I know.  My mom went through many challenges to raise me and my other 

eight siblings.  She fought for us to come to the U.S. from the most frightening country, 

Afghanistan, to make sure I had every opportunity to be the person I wanted to be.  She lost my 

father and became both my mom and dad when I was very young.  She never made me feel I was 

missing a parent.  She made sure I went to school and always encouraged me to get a doctorate 

degree.  I am proud and grateful to call you my mom.  I will always follow your lead and cherish 

your big heart.



 

 

6 

TABLE OF CONTENTS 

LIST OF FIGURES ........................................................................................................................ 7 

LIST OF TABLES .......................................................................................................................... 8 

ABSTRACT .................................................................................................................................... 9 

INTRODUCTION....................................................................................................................... 12 

Background ............................................................................................................................. 12 

Liver Disease and Insulin Resistance .................................................................................... 13 

Current Problem ..................................................................................................................... 15 

Setting....................................................................................................................................... 16 

PURPOSE .................................................................................................................................... 16 

STUDY QUESTIONS ................................................................................................................. 17 

SUMMARY ................................................................................................................................. 17 

FRAMEWORK ........................................................................................................................... 18 

Framework Relationship to Purpose of Project ................................................................... 20 

Concepts ................................................................................................................................... 20 

SYNTHESIS OF EVIDENCE ................................................................................................... 22 

METHODS .................................................................................................................................. 26 

Design ....................................................................................................................................... 26 

Setting....................................................................................................................................... 26 

Data Subjects ........................................................................................................................... 27 

Process for Data Collection .................................................................................................... 27 

Statistics and Data Analysis ................................................................................................... 28 

RESULTS .................................................................................................................................... 28 

Description of the Sample ...................................................................................................... 28 

Findings Related to the Research Questions ........................................................................ 29 

Availability of Labs .............................................................................................................. 29 

Prevalence of IR .................................................................................................................... 30 

DISCUSSION .............................................................................................................................. 35 

Summary .................................................................................................................................. 35 

Strengths .................................................................................................................................. 38 

Limitations ............................................................................................................................... 39 

RECOMMENDATIONS FOR PRACTICE ............................................................................ 39 

CONCLUSION ........................................................................................................................... 40 

TABLES 1-10 .............................................................................................................................. 42 

REFERENCES ............................................................................................................................ 58 



 

 

7 

 

LIST OF FIGURES 

FIGURE 1:  Diabetic vs. Non-Diabetic .................................................................................29 

FIGURE 2:  Available Data to Calculate HOMA-IR  ...........................................................30 

FIGURE 3:  Percentage of HOMA-IR in Euglycemic Liver Disease Patients ......................32 

FIGURE 4:  Linear Correlation between MELD score and HOMA-IR >2 ..........................35 



 

 

8 

LIST OF TABLES 

TABLE 1:  HOMA-IR Descriptive Statistics .........................................................................30 

TABLE 2:  HOMA-IR Euglycemic Liver Disease Patients ...................................................31 

TABLE 3:  Chi-Squared Tests ...............................................................................................33 

TABLE 4:  MELD Scores Descriptive Statistics ...................................................................33 

TABLE 5:  Correlations HOMA-IR scores and MELD Scores .............................................34 

TABLE 6:  Correlations HOMA-IR >2 and MELD ..............................................................34 

 



 

 

9 

ABSTRACT 

Background:  Liver is a vital organ that plays a major role in glucose production and regulation 

throughout the body (Musso et al., 2012).  Liver disease has long been linked with insulin 

resistance (IR), dating back to 1906 (Megyesi et al., 1967).   IR has been found to be prevalent in 

a range of liver diseases, including chronic Hepatitis C Virus (HCV), hemochromatosis, and 

alcoholic liver disease (Goswami et al., 2014).  Liver disease is highly prevalent in the United 

States population with 30 million people (or one out of ten Americans) suffering from some type 

of liver disease (Peery et al., 2015).  Although research demonstrates a significant relationship 

between liver disease and IR, the University of Arizona (UA) hepatology clinic does not 

currently screen liver disease patients for IR.  Homeostatic model assessment for insulin 

resistance (HOMA-IR) score is used to study IR in non-insulin resistant population.  HOMA-IR 

score is calculated using formula fasting plasma glucose (mmol/l) times fasting serum insulin 

(mU/l) divided by 22.5 (Bonora et al., 2002). Low HOMA-IR (HOMA < 2.0) values indicate 

high insulin sensitivity, whereas high HOMA-IR (HOMA > 2.0) values indicate low insulin 

sensitivity (insulin resistance) (Bonora et al., 2002). 

Objective:  The purpose of this quality improvement (QI) project is to show the prevalence of IR 

in euglycemic liver disease patients at the UA hepatology clinic by using their HOMA-IR scores 

as a screening tool.  By screening euglycemic liver disease patients for IR based on their 

HOMA-IR score, providers at the UA hepatology clinic can prevent liver disease progression 

and complications associated with IR early on.  By doing so, the providers can improve the 

quality of care for liver disease patients. An essential part of calculating HOMA-IR is the 

availability of labs (serum glucose and serum insulin).  A part of this QI project is to determine if 
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the UA hepatology clinic has necessary labs to calculate HOMA-IR for euglycemic liver disease 

patients. A related matter is whether there is a correlation between liver disease patients’ 

HOMA-IR score and Model for End-stage Liver Disease (MELD) score.  If there is a direct 

correlation between HOMA-IR and MELD scores, providers can identify severity and 

progression of liver disease in euglycemic liver disease patients.  

Design:  A case control retrospective study. 

Study Questions:  

1) Do UA Hepatology clinic providers order sufficient labs (fasting plasma glucose and 

fasting plasma insulin) to calculate HOMA-IR in euglycemic patients?   

2)   What is the prevalence of IR in euglycemic liver patients indicated by HOMA-IR score?   

3) Is there any correlation between HOMA-IR score and MELD score in euglycemic liver 

disease patients?   

Participants: Data will be collected from 1000 liver disease patients’ at the UA hepatology 

clinic, a tertiary level referral center. 

Settings:  Banner University Medical Center (UMC) in Tucson, Arizona from January 1, 2011 

until December 31, 2014.  

Measurements:  HOMA-IR score using serum fasting glucose and serum fasting insulin levels 

laboratory values.  MELD score to identify the severity of liver disease in euglycemic liver 

disease patients. 

Results:  Among 1000 patients, 506 (60.5%) were found to have a previous diagnosis of T2DM 

and 395 (39.5 %) were euglycemic liver disease patients (Figure 1). Out of the 395 euglycemic 

liver disease patients, 217 (55%) participants were found to have both insulin level and glucose 
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level in their charts; 178 (45%) euglycemic liver disease patients were missing either insulin 

level or glucose level needed to calculate HOMA-IR score (Figure 2).  Of the 217 euglycemic 

liver disease patients, 54.8% of had HOMA-IR > 2 and 45.2% patients had HOMA-IR <2 

(Figure 3).  The Pearson Correlation between HOMA-R >2 and MELD scores was 0.092 and the 

significance value using 2-tailed was 0.321 (Table 4).  

Conclusion:  The results showed a significant high prevalence of IR in euglycemic patients with 

HOMA-IR score > 2 (54.8%) compare to those patients with HOMA-IR score <2 (45.2%).    

Furthermore, about 178 (45%) euglycemic liver disease patients were missing either insulin level 

or glucose level needed to calculate HOMA-IR score.  This is a significant number of patients 

missing important labs to identify them as high risk for IR. This QI project identified HOMA-IR 

as an important screening tool that should be used both in hepatology clinics and primary health 

care settings.  Use of such tool will lead to improved quality of care for euglycemic liver disease 

patients.     
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INTRODUCTION 

Background 

Glucose is a monosaccharide (simple sugar) that is an important source of energy in all 

living organisms (Mergenthaler et al., 2013).  Glucose is produced from ingested proteins, fats, 

and carbohydrates, and directly absorbed to bloodstream from the intestines (Mergenthaler et al., 

2013).  A physiological balance between glucose production and glucose consumption allows for 

glucose homeostasis in the body’s peripheral tissues (Mergenthaler et al., 2013).  

 The liver is a vital organ that plays a major role in glucose production and regulation 

throughout the body (Musso et al., 2012).  It is known as the glucose warehouse and insulin-

guided organ that constantly aids in glucose homeostasis (Musso et al., 2012). The two ways 

liver regulates glucose levels in the body are gluconeogenesis and glycogenolysis.  

Gluconeogenesis (GNG) is the metabolic pathway that is responsible for synthesis and 

production of glucose from noncarbohydrate resources such as glycerol and amino acids (Exton 

et al., 2013).  The GNG pathway consists of eleven series of enzyme-catalyzed reactions that 

takes place in mitochondria or cytoplasm of liver hepatocytes (Exton et al., 2013).  This pathway 

produces glucose from a molecule of pyruvate through extensive chemical endergonic and 

exergonic processes (Exton et al., 2013).  The second pathway through which the liver regulates 

glucose levels in the body is glycogenolysis (GGL).  This pathway is regulated by hormonal (i.e. 

insulin and glucagon) and neural-signals that target liver hepatocytes (Moreno et al., 2014).  

During the GGL process, glycogen is broken down to glucose-6-phosphate and glycogen (n-1) 

leading to increase amount of glucose in the blood (Moreno et al., 2014).   



 

 

13 

It is important to recognize that the liver cannot directly detect blood glucose levels, but 

regulates the glucose level by detecting changes in insulin levels (Moreno et al., 2014).  For 

instance, when there is increase in insulin levels in the blood, the liver is triggered to activate 

GNG that converts glucose to glycogen and store it in the liver for further use (Exton et al., 

2013).  However, when there is a reduction in insulin level, the liver responds by activating GGL 

to produce and increase glucose levels in the blood (Moreno et al., 2014).   

Liver Disease and Insulin Resistance 

Liver disease has long been linked with insulin resistance (IR), dating back to 1906 when 

scientists first coined the term “hepategenous diabetes” (Megyesi et al., 1967). IR has been found 

to be prevalent in a range of liver diseases, including chronic Hepatitis C Virus (HCV), 

Hemochromatosis, and Alcoholic Liver Disease (Goswami et al., 2014).  In addition, coexistent 

Diabetes Mellitus Type II (T2DM) seems to be associated with more severe liver injury before 

the onset of cirrhosis and more severe complications with higher mortality once cirrhosis is 

established (Hickman & Macdonald, 2007).  Euglycemic liver disease patients are in high risk 

for developing IR (Garcia-Compean et al., 2009).  It is well known that liver diseases may start 

before T2DM develops (Garcia-Compean et al., 2009).  In many patients, liver disease is 

advanced to cirrhosis (end stage liver disease), but patients are never diagnosed with T2DM 

(Garcia-Compean et al., 2009).  Furthermore, IR is linked to progression of liver disease to end 

stage liver disease (Garcia-Compean et al., 2009).  

 Data supports Non-Alcoholic Fatty Liver Disease (NAFLD) as a risk factor for the 

development of IR, which is, in turn, a major contributor to the progression of liver diseases such 

as Non-Alcoholic Steatohepatitis (NASH), Liver Cirrhosis and primary Liver Cancer (Loria et 
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al., 2013).  Since its characterization in 1980, NAFLD has grown to be the most common liver 

disease in the western world (Ludwig et al., 1980).  IR has been strongly associated with and is 

the pathophysiological hallmark of NAFLD (Bugianesi et al., 2010).   

IR can be defined by the body’s inability to clear glucose from the circulation at a given 

insulin level (Hickman & Macdonald, 2007).  Previous studies have HOMA as a reliable 

surrogate measure of IR in research and clinical settings (Muniyappa et al. 2008).   A simple 

equation, defined by the product of fasting glucose and fasting insulin divided by a constant, can 

be used practically as a surrogate index of IR (Muniyappa et al. 2008).  Thus, using SI units, 

HOMA = [(fasting insulin (uU/mL)*(fasting glucose mmol/L)]/22.5] (Muniyappa et al. 2008).  

Manifestation of IR can be detected early from biochemical diagnosis with elevated HOMA 

scores above > 1.7 (Muniyappa et al. 2008).   If this is true, an elevated HOMA score, 

particularly as a result of liver disease, can predispose patients to complications related to 

T2DM, such as development of metabolic syndrome, increase risks of coagulation defects, 

strokes, and cardiovascular events (Dietrich & Hellerbrand, 2014).   

Model for End-stage Liver Disease (MELD) is a validated scoring system that is used to 

identify the severity and progression of liver disease (Angeli & Gines, 2012).  It is calculated by 

using patients’ serum laboratory values including serum creatinine, serum total bilirubin, and 

international normalized ratio (INR).  The formula used to calculate MELD score is 

3.78×LN[serum bilirubin (mg/dL)] + 11.2×LN[INR] + 9.57×LN[serum creatinine (mg/dL)] + 

6.43 (Huang et al., 2015).  A higher MELD score correlates to worse outcomes for patients 

(Huang et al., 2015).  For example, MELD score of 40 or more correlates to 71.3% mortality rate 

within three months for patients with liver disease (Kamath & Kim, 2007).  A MELD score of 30 



 

 

15 

to 39 correlates to 52.6% mortality rate; MELD score of 20 to 29 correlates to 19.6% mortality in 

three months; MELD score of 10 to 19 correlates to 6.0%; and any score less than 9 correlates to 

1.9% mortality rate in three months (Kamath & Kim, 2007).    

Current Problem 

Liver disease is highly prevalent in the United States (U.S.) with 30 million people (one 

out of ten Americans) suffering from some type of liver disease (Peery et al., 2015).  Every year, 

a minimum of 15,000 Americans die from chronic liver diseases related to virus hepatitis and 

ultimately liver cirrhosis disease (Peery et al., 2015).  HCV and Hepatitis B Virus (HBV) are the 

two most common liver diseases in U.S (Peery et al., 2015).  About 2.7 to 3.9 million people are 

chronically infected with HCV in the U.S. (Moorman et al., 2015).  It is estimated that 

approximately 16,000 people die of complicated hepatitis yearly in the U.S. (Moorman et al., 

2015).  More than 1.2 million people are infected with HBV, which kills more than 3,000 

infected people in the U.S. yearly (Moorman et al., 2015).  NAFLD is one of the leading causes 

of chronic liver diseases in both adults and children in U.S. with six million children, which is 

equivalent to 10% of all children in nation (Yki-Järvinen, 2015).   

 Research has shown a significant relationship between liver disease and IR.  Regardless, 

the UA hepatology clinic does not currently screen liver disease patients for IR.  Even though 

research strongly supports using HOMA-IR to screen IR in euglycemic patients, but it is not used 

as screening tool in euglycemic liver disease patients at the UA hepatology clinic.  Doctor of 

Nursing Practice (DNP) focuses on translation of evidence and research to practice context 

(Dreher, 2011).  They utilize evidence-base practice to provide patient care and clinical 

leadership (Dreher, 2011).  DNP providers can perform simple preventative screenings in liver 
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disease patients to determine if HOMA-IR score could be used to screen IR earlier to prevent 

further complications of chronic liver disease.  Strongly focusing on primary care, DNP 

providers have the advantage of performing needs assessment to improve the quality of current 

practice at the UA hepatology clinic by introducing HOMA-IR score as screening tool to prevent 

IR complications in euglycemic liver disease patients.  

Setting 

 The UMC is a major tertiary level referral center for the greater part of the southwestern 

United States.  It offers a diverse population, including Caucasians, African Americans, 

southwestern Native Americans, Asian Americans, Hispanic Americans, and refugee populations 

from around the globe.  As a candidate for the DNP degree, learning both primary and 

specialized care, I seek to perform research in this multicultural tertiary level center.  My quality 

improvement project may further advance the clinical screening tools in practice by introducing 

HOMA-IR score as screening tool to detect IR in euglycemic liver patients before they develop 

T2DM or other related complications.   

PURPOSE 

This quality improvement (QI) project will show the prevalence of IR in euglycemic liver 

disease patients at the UA hepatology clinic by using their HOMA-IR scores as a screening tool.  

Providers at the UA hepatology clinic can prevent liver disease progression and complications 

associated with IR (chronic kidney disease, type II diabetes, diabetic neuropathy, diabetic 

retinopathy, and vascular diseases) early on by using the HOMA-IR score of euglycemic liver 

disease patients.  This will lead to an improved quality of care for euglycemic liver disease 

patients. In order to calculate the HOMA-IR scores, necessary labs of serum glucose and serum 
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insulin must be available. Therefore, this QI project will determine if the UA hepatology has 

necessary labs to calculate HOMA-IR for euglycemic liver disease patients. Furthermore, this QI 

project will identify whether there is a correlation between liver disease patients’ HOMA-IR 

score and Model for End-stage Liver Disease (MELD) score.  This is because a direct correlation 

between HOMA-IR and MELD score could represent progression of liver disease; higher 

HOMA-IR correlates to worse outcomes for euglycemic liver disease patients meaning higher 

mortality rate within three months (Garcia-Compean et al., 2009).  

STUDY QUESTIONS 

1)   Do UA hepatology clinic providers order sufficient labs (fasting plasma glucose and 

fasting plasma insulin) to calculate HOMA-IR in euglycemic patients?     

2)  What is the prevalence of IR in euglycemic liver patients indicated by HOMA-IR score 

at the UA hepatology clinic?   

3) Is there any correlation between HOMA-IR score and MELD score in euglycemic liver 

disease patients?   

SUMMARY 

Research has shown a significant relationship between liver disease and IR; currently 

euglycemic liver disease patients are not screened for IR at UA hepatology clinic.  Additionally, 

the current practice is to use HOMA-IR score in research to study IR, but there are no guidelines 

on using HOMA-IR score to screen IR at an early stage in euglycemic liver disease patients.  The 

purpose of this QI project is to show the prevalence of IR in euglycemic liver patients indicated 

by HOMA-IR score to demonstrate that HOMA-IR scores are needed at UA hepatology clinic to 
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screen IR in euglycemic liver disease patients in order to earlier prevent the progression of liver 

disease.    

FRAMEWORK 

The needs assessment framework is a systematic process to determine and address the 

gaps between current conditions and preferred conditions (Zareiyan Jahrom et al., 2005).  The 

methodical process is to ask questions, analyze answers, and compare results in order to make 

informed decisions to improve the human conditions (Zareiyan Jahrom et al., 2005).  The needs 

assessment model is a preferred theoretical framework used to determine if more IR screening is 

necessary help prevent complications associated with IR in euglycemic liver disease patients. 

 Roger Kaufman first introduced the needs assessment model in the 1972 (Gupta, 2011).  

He defined needs as the gaps between improved qualities, performances, and desired outcomes 

(Gupta, 2011).  Kaufman believed that actual needs should be acknowledged before solutions 

because discovering the processes is not the end, but a means to the solution (Gupta, 2011).  

According to Kaufman, in order to develop a quality needs assessment, one has to first determine 

and analyze the current results (Gupta, 2011).  Once the current results are articulated, the gap 

between the results and the needs is defined as the actual need to a solution (Gupta, 2011).  To 

close this gap, the solutions selected should overcome the barriers that the needs present (Gupta, 

2011). 
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The needs assessment theoretical framework is the part of quality improvement planning 

that is designed to clarify problems and suggest appropriate interventions to improve results 

(Burton & Merrill, 1988).  The theory relies on concrete evidence to effectively assess the needs 

of a group and identify solutions to achieve desired results (Burton & Merrill, 1988).  The needs 

assessment is end-focused and requires identifying a clear problem before developing and 

implementing applicable solutions (Burton & Merrill, 1988).   Gathering sufficient data through 

researching current evidence aids in effectively addressing groups’ needs before making any 

definite conclusions (Burton & Merrill, 1988).     

 

Current 

Condition
Problem

Gap Solution

Preferred 
Condition 

Desired Outcome 

Kaufman’s Needs Assessment Framework 
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Framework Relationship to Purpose of Project 

 The QI project’s purpose is to show the prevalence of IR in euglycemic liver disease 

patients at the UA hepatology clinic by using their HOMA-IR scores as a screening tool.  The 

needs assessment model will aid in gathering evidence to bring change by identifying 

euglycemic liver disease patients as IR, which will benefit liver disease patients in the long run.  

The model will allow providers to detect IR as early as possible to prevent complications such as 

chronic kidney disease, T2DM, diabetic neuropathy, diabetic retinopathy, and vascular diseases.   

 

 

 

 

Concepts 

 The quintessential concept behind the needs assessment framework is to identify the gap 

between current condition and preferred condition (Zareiyan Jahrom et al., 2005).  In this QI 

Current 
Condition 

Problem

Liver disease 
patients are not 

screened for IR at 
UA hepatology 

clinic.

Gap

Solution

Introduce HOMA-
IR as a screening 
tool for IR at UA 

hepatology clinic.

Preferred 
Condition 

Desired 
Outcome

Prevention of IR 
complications in 

liver disease 
patients.

Kaufman’s Needs Assessment Framework 
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project, the current condition is the need for a tool to screen prevalence of IR in euglycemic liver 

disease patients and its future complications.  The preferred condition is the use of HOMA-IR 

score as a screening tool to improve the quality of care for euglycemic liver disease patients.  

According to the needs assessment model, one way to achieve the preferred condition is to define 

the objectives of the assessment; in other words, what quality improvement is envisioned (Garton 

& Chung, 1997).  In this QI project, what is envisioned for quality improvement is the use of 

HOMA-IR scores to identify the prevalence of IR on euglycemic liver disease. Numerous studies 

have independently linked IR to liver diseases, such as viral hepatitis, NAFLD, alcoholic 

hepatitis, autoimmune hepatitis, etc. (Goswami et al., 2014).  The objective of my QI project will 

improve quality of care for euglycemic liver disease patients through identifying the prevalence 

of IR.  

 Another concept in the needs assessment model is to identify the target subject, 

specifically the population from whom the data and information will be collected (Garton & 

Chung, 1997).   In my QI project, my target subjects will be adult patients with liver disease of 

various etiologies visiting the UA hepatology clinic.  The majority of these patients, residing in 

the southwestern U.S., represent a multitude of races and ethnicities. The diverse etiologies (viral 

hepatitis, NAFLD, alcoholic hepatitis, autoimmune hepatitis, etc.) of these patients will identify 

patients with the highest risk for IR who are in the greatest need to be screened for IR 

complications in the future.   

 The concepts of the needs assessment model are focused on determining priorities to make 

quality improvements and allocate resources (Garton & Chung, 1997).  By determining the needs 

or the gaps between preferred conditions, one can envision a better future for current the state 
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(Garton & Chung, 1997).  For instance, the current state for euglycemic liver disease patients is 

that there is significant link between liver disease and IR; and HOMA-IR score is a good 

predictor of IR in these patients.  However, if we know the prevalence of IR in euglycemic liver 

disease patients, we can utilize HOMA-IR score as screening tool to identify IR as early as 

possible.  This will create significant quality improvement among euglycemic liver patients.   

 Data collection and analysis are crucial steps of the needs assessment.  Data collection and 

analysis will allow researchers to better understand future need and to work with evidence to fill 

the gap between quality improvements (Garton & Chung, 1997).  Data collection includes 

examining various current evidences from multidisciplinary fields to understand the needs in 

details (Garton & Chung, 1997).  For this QI project, data collection includes reviewing 

descriptive, correlational, semi-experimental, and experimental studies to understand the need 

for screening euglycemic liver patients for IR to detect IR complications as early as possible.  

Once data is collected, computer analysis of the data will show whether there is a prevalence of 

IR in euglycemic liver disease patients. Utilization of such data is important in the needs 

assessment model; therefore the analyzed data should be used to synthesize the hypotheses that 

could further improve outcomes for the patients (Garton & Chung, 1997).  

SYNTHESIS OF EVIDENCE  

There is a strong correlation between liver disease and IR.  The pathophysiology of the 

liver makes it responsible for GNG and GGL that result in an increase or decrease in blood 

glucose level (Basu et al., 2013).  Liver activates both GGL and GNG cycles by sensation of 

insulin levels in the blood (Basu et al., 2013).  When there is an increase in insulin levels in the 

blood, the body triggers the liver to activate GNG that converts glucose to glycogen, and stores it 
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in the liver for further use (Basu et al., 2013).  However, when there is a reduction in the insulin 

level or when glucogon is activated, the liver responds by activating GGL to produce and 

increase glucose levels in the blood (Basu et al., 2013).  Knowing this correlation, there has been 

a tremendous amount of research to study the relationship between liver diseases and IR.  Many 

articles have hypothesized that liver disease has a strong positive correlation to IR diseases and 

its complications such as T2DM.   

One effective tool to study IR and pancreas β-cells function is HOMA.  This tool 

successfully identifies the relationship between glucose and insulin in the basal state, and the 

balance between hepatic glucose output and insulin secretion, which is maintained by a feedback 

loop between the liver and β-cells in pancreases (Joel et al., 2014).  There have been various 

studies to show the reliability of HOMA-IR and its practical use in the detection of IR in liver 

disease patients.  HOMA scores (1-4) are classified to identify different stages of IR in various 

patients (Joel et al., 2014).  For example, various studies linked a HOMA-IR score of greater 

than 2.0 in non-alcoholic fatty liver diseases with IR (Joel et al., 2014).   

Extensive literature research was conducted using search engines, such as PubMed and 

Cumulative Index of Nursing and Allied Health Literature (CINAHL), in order to gain a better 

understanding of the relationship between liver diseases, IR, and the use of HOMA-IR scores to 

detect IR.  When conducting research, several key words were used, including: Liver Disease, 

Insulin Resistance, Homeostasis Model Assessment (HOMA) score, Glucose Intolerance, Non-

alcoholic Fatty Liver Disease, and Diabetes Mellitus Type II.  The criteria used, which yielded 

up to 114 different articles, included: publication date, human species, population age (greater 

than 18), and English language.  Many articles were excluded due to non-related population, 
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design of the study, older publication date, and small sample sizes.  Ten of the most relevant 

articles were obtained from the research, and were synthesized in detail by references, research 

hypotheses, research designs, sample sizes, data collection, and findings (see Tables 1-10 in the 

Appendix). 

IR has been found to be prevalent in a range of liver diseases, including chronic HCV, 

hemochromatosis, and alcoholic liver disease (Goswami et al. 2014).  To expand further on the 

studies by Bulum et al. (2011) and Zampino et al. (2014) as described in Tables 1-10, the 

following paragraph describes how there is a significant relationship between IR and liver 

disease.  Bulum et al. had a sample size of 330 participants that were divided into control and 

experiment groups.  The control group consisted of 60 participants without NAFLD, and the 

experimental group consisted of 165 participants with NAFLD (with normal Alanine 

Aminotransferase Test (ALT)) and 215 participants with NAFLD (with elevated ALT).  The 

study concluded that patients with higher levels of ALT and Aspertate Aminotransferase Test 

(AST) were significantly at risk for developing IR compared to patients with NAFLD and 

normal ALT and AST (Bulum et al., 2011).  The study by Zampino et al. (2014) also shows a 

significant relationship between liver disease and IR.  The article studied 330 participants that 

were divided in three groups of 66 HBV and HCV co-infected patients, 66 HBV mono-infected, 

and 198 HCV mono-infected  (Zampino et al., 2014).  The study concluded that both HBV and 

HCV participants develop IR in a higher degree compared to patients co-infected with both 

HBV-HCV.  HBV-HCV co-infected patients had a lower degree of IR, but they had a faster 

progression to liver fibrosis due to double infection (Zampino et al., 2014).     
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 There also has been a significant relationship between HOMA-IR score, liver diseases, and 

IR.  The article by Halfon et al. (2009) studied the relationship between IR, liver fibrosis in liver 

steatosis in patients with Human Immunodeficiency Virus (HIV) and HCV, and HCV-infected 

patients using HOMA-IR as a measuring tool.  Patients were considered to have IR when their 

HOMA-IR score was greater than 2.0.  Halfon et al. (2009) concluded that patients with a 

HOMA-IR score greater than 2.0 were associated significantly to liver fibrosis with IR, 

compared to those patients with a HOMA-IR score of less than 2.0.  The article by Kumar et al. 

(2009) also shows a significant association between HOMA-IR score and IR in liver disease 

patients.  The study evaluated the degree of IR using HOMA-IR score in patients with HBV.  

The authors in that article concluded that patients with a HOMA-IR score greater than 1.64 who 

had HBV were at a greater risk for IR, compared to those patients with a HOMA-IR  score less 

than 1.64.  Lastly, the article by Goswami et al. (2014) uses HOMA-IR to study the 

hyperinsulinemia and pancreatic β-cell function in euglycemic cirrhosis.  The article concluded 

that HOMA-IR scores were significantly higher in IR patients compared to non-IR patients.   

 The conducted literature review of ten articles showed a great number of studies that have 

been conducted on liver diseases and IR and the use of HOMA-IR score to show the degree of 

IR.  The studies on the HOMA-IR score and IR have been used previously to identify IR 

complications such as T2DM in patients.  However, the use of these studies in clinical settings is 

very limited.  There is a need for a QI project to show the clinical usefulness of HOMA-IR 

scores in euglycemic liver disease patients.  Providers must be educated on the use of tools such 

as HOMA-IR to identify IR in euglycemic liver disease patients as early as possible to prevent 

complications associated with IR.   
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METHODS 

Design  

The purpose of this quality improvement (QI) project is to show the prevalence of IR in 

euglycemic liver disease patients at the UA hepatology clinic by using their HOMA-IR scores as 

a screening tool.  Data will be collected in a retrospective approach for this needs assessment 

project.  De-identified data will be evaluated from all adult (age ≥ 18 years) patients presenting 

for liver disease evaluation from January 01, 2011 until December 31, 2014.  The UA Center for 

Biomedical and Biostatistics will collect data from a data warehouse for all selected patients by 

using their electronic health records, which will be analyzed for this project.  The following 

information will be collected: serum insulin, fasting plasma glucose, total bilirubin, INR, and 

creatinine levels.  HOMA-IR scores will be calculated at the time of their initial visit to the UA 

hepatology clinic.  Euglycemic patients’ HOMA-IR scores will be calculated using HOMA-IR 

formula (fasting plasma glucose (mmol/l) times fasting serum insulin (mU/l) divided by 22.5).  

Low values (HOMA-IR < 2.0) indicate high insulin sensitivity, whereas high values (HOMA-IR 

> 2.0) indicate low insulin sensitivity (IR) (Bonora et al., 2002).  Patients will be divided into 

those with HOMA > 2.0 indicating IR and HOMA < 2.0 indicating no IR.  Lastly, MELD scores 

will be calculated using the following formula:  3.78×LN[serum bilirubin (mg/dL)] + 

11.2×LN[INR] + 9.57×ln[serum creatinine (mg/dL)] + 6.43 to evaluate any correlation between 

HOMA-IR score and MELD score.  

Setting 

 This QI project will collect data from the UA data warehouse, which is located at the UA 

Center for Biomedical and Biostatistics. The data collected will be from the UA hepatology 
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clinic, which treats more than twenty patients daily and has over 1200 established patients with 

diverse ethnic background.  The data collected will be from patients treated at the clinic between 

January 01, 2011 and December 31, 2014.   

Data Subjects 

 This QI project will include 1000 adults (age ≥ 18 years) presenting to liver clinic for 

evaluation from January 01, 2011 until December 31, 2014.  The inclusion criteria for the 

subjects are as follow: they have to be 18 years old or older, they have to have serum insulin 

level (fasting) laboratory data, and they have to have fasting plasma glucose laboratory data.  

The exclusion criteria for subjects are if they are:  1) age less than 18 years old, 2) have no 

fasting insulin level or glucose level, 3) patient are diagnosed with diabetes, 4) patients are not 

established patient in Hepatology Clinic.    Subjects will be identified by who had established 

T2DM (defined by fasting glucose > 126 mg/dL fasting or >200 mg/dL non fasting) and those 

with euglycemic status.  Those with T2DM will be excluded since they already have IR.   

Process for Data Collection 

 After IRB approval, the UA Center for Biomedical and Biostatistics will collect data using 

a data warehouse. Epic Systems is the computerized health record used by the UA hepatology 

clinic.  Data such as patients’ fasting serum insulin, fasting plasma glucose, total bilirubin, INR, 

and creatinine levels will be collected.  Identification of those who had established T2DM will be 

done by defined fasting glucose > 126 mg/dL fasting or >200 mg/dL non-fasting serum glucose 

level.   
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 Microsoft Office Excel will be used to organize data from the data warehouse in columns 

such as demographics (de-identified numbers), fasting serum insulin, fasting plasma glucose, 

HOMA-IR score, and MELD score.  The HOMA-IR and MELD scores will be calculated.   

Statistics and Data Analysis 

 Descriptive statistics will be performed to calculate prevalence of IR in patients with 

HOMA-IR >2 and to describe the population.  Also descriptive statistics will be performed on 

prevalence of non-IR with HOMA-IR <2.  The Pearson’s Correlation will be used to evaluate the 

correlation of MELD and HOMA-IR scores in IR patients.  A p value of <0.05 is used for 

statistical significance.   

RESULTS 

Description of the Sample 

This QI project collected data from the UA data warehouse and screened 1000 medical 

records of liver disease patients of various etiologies (viral hepatitis, NAFLD, alcoholic hepatitis, 

autoimmune hepatitis, etc.) from January 2011 until December 2014.  The screened medical 

records were all of adults’ age 18 or older.  They were of diverse backgrounds, including 

Caucasians, African Americans, Hispanics, Asians, and Pacific Islanders.  Among the 1000 

participants, 506 (60.5%) were automatically disqualified for screening the prevalence of IR in 

euglycemic patients because they had a previous diagnosis of T2DM.  The remaining 395 

participants (39.5 %) were euglycemic liver disease patients, which made them eligible for 

screening for IR using HOMA-IR scores  (Figure 1).  
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Figure 1: Diabetic vs. Non-Diabetic 

 

Findings Related to the Research Questions 

Availability of Labs  

The first question asked in this QI project was “Do UA Hepatology clinic providers order 

sufficient labs (fasting plasma glucose and fasting plasma insulin) to calculate HOMA-IR in 

euglycemic patients?”  Out of the 395 euglycemic patients, only 217 participants (55%) were 

found to have both insulin and glucose levels available in their charts.  The remaining 178 

participants (45%) were missing either insulin or glucose levels, or both, that are needed to 

calculate HOMA-IR score (Figure 2).   

 

 

 

 

 

605

395

0

100

200

300

400

500

600

700

800

900

1000

Diabetic Non-Diabetic

T
o

t
a

l 
N

u
m

b
e

r
 o

f 

P
a

t
ie

n
t
s

 

Diabetic vs Non-Diabetic

Diabetic

Non-Diabetic

 



 

 

30 

Figure 2: Available Data to Calculate HOMA-IR 

  

 

Prevalence of IR 

The second questions asked in this QI project was “what is the prevalence of IR in 

euglycemic liver patients indicated by HOMA-IR score at the UA hepatology clinic?”  Using the 

HOMA-IR formula {[(fasting insulin (uU/mL)*(fasting glucose mmol/L)]/22.5]}, the 217 

euglycemic liver disease patients’ HOMA-IR scores were calculated with SPSS descriptive 

statistics.  The minimum HOMA-IR score was found to be 0.42 and the maximum HOMA-IR 

was found to be 24.7 (Table 1).  The mean HOMA-IR score was 3.89 ±3.99 (Table 1).   

Table 1: HOMA-IR Descriptive Statistics     

 N Minimum Maximum Mean 

Standard 

Deviation 

HOMA-IR 217 .42 24.78 3.8939 3.99183 

Valid N 

(listwise) 

217 
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Euglycemic patients’ HOMA-IR scores were analyzed using values greater than 2 (>2) and 

values less than 2 (< 2).  A HOMA-IR score >2 indicates IR, while a score  < 2 does not indicate 

IR.  Descriptive statistics of HOMA-IR scores for euglycemic liver disease patients showed that 

119 patients had a HOMA-IR score  >2 and 98 patients had HOMA-IR score < 2 (Table 2).  

Shown using valid percentage values, 54.8% had a HOMA-IR score  >2 and 45.2% had a 

HOMA-IR score < 2 (Table 2).  

Table 2: HOMA-IR Euglycemic Liver Disease Patients 

 

 Frequency      % Valid % Cumulative % 

Valid < 2 98 45.0 45.2 45.2 

>2 119 54.5 54.8 100.0 

Total 217 99.5 100.0  

Missing System 1 .5   

Total 218 100.0   

 

As depicted in the histogram below, a significantly higher percentage (54.8%) of 

euglycemic liver disease patients had a HOMA-IR score >2, while only 45.2% of the patients 

had a HOMA-IR score  < 2 (Figure 3).   
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Figure 3: Percentage of HOMA-IR in Euglycemic Liver Disease Patients 

 

Pearson’s Correlation statistical analysis test shows the significance between two paired 

data.  For this QI project, SPSS was used to run χ2 test on HOMA-IR scores >2 and HOMA-IR < 

2.  The result was that IR is significantly (P= 0.000 compare to P= 0.005) higher in patients with 

HOMA-IR>2 compare to patients with HOMA-IR<2 (Table 3).   
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Table 3: Chi-Squared Tests 

 

 Value df Asymptotic Significance (2-sided) 

Pearson Chi-Squared 217.000a 1 .000 

N of Valid Cases 217   

 

Correlation between HOMA-IR Scores and MELD Scores  

The third step of this QI project was to determine if there is any correlation between 

HOMA-IR score and MELD score in euglycemic liver disease patients.  A descriptive statistics 

of MELD scores on 217 euglycemic liver disease patients shows a minimum MELD score of 

0.10 and maximum value of 46.95 (Table 4).  The mean MELD score among this population was 

7.62 and the standard deviation was 7.9 (Table 4).     

Table 4: MELD Scores Descriptive Statistics 

 
N Minimum Maximum Mean 

Standard 

Deviation 

MELD 217 .10 46.95 7.6195 7.91089 

Valid N 

(listwise) 

217 
    

 

The correlation between HOMA-IR scores and MELD scores were calculated using SPSS 

bivariate correlation function.  The Pearson Correlation between HOMA-IR scores and MELD 

scores was 0.068 and the significance value using 2-tailed was 0.319 (Table 5) 
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Table 5: Correlations HOMA-IR Scores and MELD Scores 

 

   HOMA-IR      MELD 

HOMA-

IR 

Pearson 

Correlation 

1 .068 

Sig. (2-tailed)  .319 

N 217 217 

MELD Pearson 

Correlation 

.068 1 

Sig. (2-tailed) .319  

N 217 217 

 

Furthermore, the correlation between HOMA-IR scores > 2 and MELD scores for HOMA-

IR scores > 2 was calculated using SPSS bivariate correlation function.  The Pearson Correlation 

between HOMA-IR scores > 2 and MELD scores for HOMA-IR scores > 2  was 0.092 and the 

significance value using 2-tailed was 0.321 (Table 6).  

Table 6: Correlations HOMA-IR >2 and MELD  

 

 HOMA-IR MELD 

HOMA-

IR 

Pearson 

Correlation 

1 .092 

Sig. (2-tailed)  .321 

N 119 119 

MELD Pearson 

Correlation 

.092 1 

Sig. (2-tailed) .321  

N 119 119 

 

 The scatter plot of HOMA-IR scores >2 and MELD scores was graphed to show a linear 

relationship between those values (R^2 = 0.008) (Figure 4).  A fitted line plot was drawn to 

further analyze the relationship (Y=6.87 + 0.15X) (Figure 4) 
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Figure 4: Linear Correlation between MELD Score and HOMA-IR >2 

 
 

DISCUSSION 

Summary 

The primary goal of this QI project was to identify the prevalence of IR in euglycemic liver 

disease patients indicated by their HOMA-IR scores at UA hepatology clinic.  The hypothesis 

based on the pathophysiology of liver and IR was that patients who are diagnosed with any kind 

of liver disease, regardless of etiologies (viral hepatitis, NAFLD, alcoholic hepatitis, 
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autoimmune hepatitis, etc.) will have higher prevalence of IR indicated by HOMA-IR scores of 

>2.  After screening 1000 patients, 395 or 39.5% of population was found to be non-diabetic 

(euglycemic). Of the 395 patients, 217 (55%) had adequate labs (available fasting serum insulin 

and glucose levels) to calculate HOMA-IR scores (Figure 1).  HOMA-IR scores were calculated 

using the formula HOMA-IR =[(fasting insulin (uU/mL)*(fasting glucose mmol/L)]/22.5].  The 

result showed a prevalence of IR, defined by HOMA-IR score >2, in euglycemic liver disease 

patients (Figure 3).  Around 54.8% of euglycemic liver disease patients had HOMA-IR scores >2 

compare to only 45.2% of patients with HOMA-IR scores < 2 (Figure 3).  Findings in this QI 

project are consistent with multiple other studies that showed a significant relationship between 

IR and HOMA-IR>2.  The most recent article published in 2014 by Alkassabany et al., showed a 

significant correlation between HOMA-IR scores, IR, and NAFLD (Alkassabany et al., 2014).  

This is a significant finding that can be used to improve quality of care for patients with liver 

disease in many ways.  The high prevalence of IR in euglycemic liver disease patients places 

them at a risk for developing multiple IR complications (chronic kidney disease, T2DM, diabetic 

neuropathy, diabetic retinopathy, and vascular diseases) (Trojak & Idzior-Waluś, 2011).   

Therefore, providers in hepatology clinics could use this finding to prevent complications of IR 

and improve quality of care for euglycemic liver disease patients early on.   

The secondary goal of this QI project was to identify if there were sufficient labs (fasting 

plasma glucose and fasting plasma insulin) required to calculate HOMA-IR at the UA 

hepatology clinic.  The findings indicate that a significant number of patients were missing 

required values to calculate HOMA-IR scores (Figure 2).  Of the 395 euglycemic liver disease 

patients, only 217 participants (55%) were found to have both insulin and glucose levels in their 
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charts; 178 euglycemic liver disease patients (45%) were missing either their insulin levels or 

glucose levels, which are needed to calculate HOMA-IR scores (Figure 2).  This finding 

indicates that providers are not ordering sufficient labs to calculate HOMA-IR scores in 

euglycemic liver disease patients to identify them as high-risk patients for developing IR 

complications.  Thus, more education is needed to ensure providers order sufficient labs at the 

UA hepatology clinic to improve quality of care for liver disease patients.   

Lastly, the third aim of this QI project was to see if there is a correlation between HOMA-IR 

scores and MELD scores in euglycemic liver disease patients.  The findings indicate that there is 

no significant relationship between HOMA-IR scores and MELD scores.  The Pearson’s 

Correlation is a statistical analysis measure that identifies the strength of a linear relationship 

between two variables (Sedgwick, 2012).  The relationship is identified by formula -1 ≤ r ≤ 1, 

where r is the Pearson coefficient (Sedgwick, 2012).  A positive number (any number greater 

than 0) means there is a linear (positive) correlation (Sedgwick, 2012).  A value of zero in this 

formula means there is no correlation between paired data (Sedgwick, 2012).  A negative value 

(any number less than 0) means there is a nonlinear (negative) correlation between paired data 

set (Sedgwick, 2012).  The closer the Pearson Correlation value is to 1, the stronger a correlation 

exists between paired data sets (Sedgwick, 2012).  In this QI project, the Pearson Correlation 

between HOMA-IR scores >2 and MELD scores was 0.068 (Table 5).  This value is closer to 0 

value than either 1 or -1; therefore, there is a very slight to no relationship between HOMA-IR 

>2 and MELD scores.  MELD scores have been used to study the mortality rate of patients with 

end-stage liver disease, including cirrhosis (Kaltenborn et al., 2015).  It has been widely used as 

a tool to identify patients for liver transplantation (Kaltenborn et al., 2015).  This QI project 
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consisted of euglycemic liver disease patients, regardless of their liver disease progression.  The 

data did not necessarily include only liver cirrhosis patients.  Since MELD scores are strictly 

used for liver cirrhosis patients, a lack of correlation between MELD and HOMA-IR in this QI 

project is not sufficient to conclude mortality or lack of mortality as a result of IR.  Nevertheless, 

further studies analyzing HOMA-IR scores between cirrhotic and not cirrhotic patients may help 

identify survival rates in patients with HOMA-IR score >2.  

Strengths 

The strengths of this QI project are the sample size, the reliability of tools to measure the 

outcomes, and the data collection from one clinic. This QI project collected data from the UA 

data warehouse and screened 1000 medical records of liver disease patients of various etiologies 

(viral hepatitis, NAFLD, alcoholic hepatitis, autoimmune hepatitis, etc.) from January 2011 until 

December 2014.  One of the advantages of this large sample size is to increase validity.  A larger 

number of data collected is known to increase accuracy of data and decrease the margin for 

errors (Suresh & Chandrashekara, 2012).  The large sample size maximized the number of non-

diabetic patients needed to calculate prevalence of HOMA-IR scores.  Furthermore, the large 

sample size identified the number of missing labs required to calculate HOMA-IR in euglycemic 

liver disease patients.   

The second strength of this QI project was the use of very reliable tools, such as HOMA-

IR and MELD scores, to show the prevalence and correlation of IR in euglycemic liver disease 

patients.  HOMA-IR scores were first introduced in 1985 and has been extensively studied since 

then for their reliability and accuracy (Okita et al., 2013).  It is known as a sensitive tool used by 

many endocrinologists to identify IR at early stages (Okita et al., 2013).  Use of the HOMA-IR 
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tool in this QI project identified the high prevalence of IR in euglycemic liver disease patients 

that should be addressed to prevent IR complications.   

Lastly, this QI project provided data from a large homogenous population.  The data 

collection was done strictly from liver disease patients at UA hepatology clinic.  All subjects had 

some type of liver disease that placed them at risk for developing IR.  The homogeneity of this 

QI project makes it unique to the liver disease population.  This QI project can be applied to any 

setting where liver diseases are prevalent or managed to improve quality of care for them.     

Limitations 

This QI project collected data from only liver disease patients.  The result applies only to 

euglycemic liver disease patients.  The data was collected from UA hepatology clinic patients 

with specific providers.  The data does not reflect any other hepatology clinics or different 

providers.  The data was collected from adults 18 years or older; it does not reflect any pediatric 

populations.  The data includes all types of liver diseases (viral hepatitis, NAFLD, alcoholic 

hepatitis, autoimmune hepatitis, etc.).  Patients are not grouped by specific etiologies of liver 

disease.  Further studies are needed to establish the prevalence of IR based on specific etiologies 

of liver disease.  

RECOMMENDATIONS FOR PRACTICE 

This QI project identified the high prevalence of IR in euglycemic patients at UA 

hepatology clinic.  As such, preventative interventions should be considered to divert IR 

associated complications to this population.  Liver diseases, such as NAFLD has been associated 

with metabolic syndrome that leads to a high prevalence of complications including T2DM, 

obesity, and increased morbidity and mortality rates of cardiovascular disease (Duseja et al., 
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2015).  This QI project classified that 54.8% of euglycemic liver disease patients had a HOMA-

IR score greater than 2, indicating they have developed IR.  My recommendation for practice is 

that providers must screen all liver disease patients using screening tools such as HOMA-IR to 

identify IR at an early stage to prevent complications associated with IR.  HOMA-IR should be 

used as a screening tool at the UA hepatology clinic to detect IR in euglycemic liver disease 

patients.   I also recommend the use of HOMA-IR as a screening tool to other primary healthcare 

settings where they manage liver disease patients.  Use of HOMA-IR as a screening tool will 

improve quality of care for the majority of liver disease patients by preventing complications 

associated with IR.   

This QI project identified the high number of missing labs to calculate HOMA-IR.  For a 

screening tool such as HOMA-IR, providers must order serum glucose and serum insulin labs to 

calculate the HOMA-IR.  The availability of these labs will allow them to use this tool and detect 

IR early on.  My recommendation for practice is to ensure more providers order serum insulin 

and serum glucose on euglycemic patients to make HOMA-IR calculation possible.  The earlier 

providers have these serum labs, the earlier they can calculate HOMA-IR and detect IR.  

Therefore, my recommendation is to order these labs on the initial visit when euglycemic 

patients are there to establish care.   

CONCLUSION 

 IR has been found to be prevalent in a range of liver diseases, including chronic 

Hepatitis C Virus (HCV), hemochromatosis, and alcoholic liver disease.  The purpose of this QI 

project was to show the prevalence of IR in euglycemic liver disease patients at the UA 

hepatology clinic by using their HOMA-IR scores as a screening tool.  The results showed a 
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significant high prevalence of IR in euglycemic patients with HOMA-IR score > 2 (54.8%) 

compared to those patients with HOMA-IR score < 2 (45.2%).    Furthermore, this QI project 

determined if the UA hepatology clinic has necessary labs to calculate HOMA-IR for 

euglycemic liver disease patients.  The results were that 178 euglycemic liver disease patients 

(45%) were missing either insulin levels or glucose levels needed to calculate HOMA-IR scores.  

This is a significant number of patients that are missing important labs to identify them as high 

risk for IR.  Lastly, this QI project showed no correlation between euglycemic liver disease 

patients’ HOMA-IR scores and MELD scores.  The QI project identified HOMA-IR as an 

important screening tool that should be used both in hepatology clinics and primary health care 

settings.  Use of such tool will lead to improved quality of care for euglycemic liver disease 

patients.     
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TABLES 1-10 

Table 1 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Bulum, T., Kolaric, B., 

Duvnjak, L., & 

Duvnjak, M. 

(2011). 

Nonalcoholic fatty 

liver disease 

markers are 

associated with 

insulin resistance in 

type 1 

diabetes. Digestive 

Diseases and 

Sciences, 56(12), 

3655-3663. 

doi:10.1007/s10620

-011-1807-7 [doi] 

 

Quantitative 

Research-The 

purpose of this study 

was to exam the true 

role of damage in 

histology on patients 

that under biopsy for 

NASH disease and 

are known to be 

insulin resistance due 

to NASH liver 

disease. 

  

 

 

Every patient 

completed extensive 

medical history and 

physical history 

including EKG, 

laboratory blood 

work before they 

were admitted to the 

study.  Patients who 

fulfilled every 

inclusion criteria, 

more study were 

ordered for them.  

The studies ordered 

were liver 

triglyceride, some 

were ask to give 

biopsy (about 293 

patients); glucose 

tolerance was tested 

 

There were 440 

participants  

enrolled.  They were 

divided in three 

groups:  First group 

was 60 individuals 

with no NAFLD, 

second group was 

165 participants with 

normal ALT and 

NAFLD, third group 

was 215 with 

elevated ALT and 

NAFLD.   

 

 

DXA (dual-energy –

ray absorptiometry) 

was used to measure 

the total body fat and 

magnetic resonance 

spectra of liver was 

used to measure the 

triglyceride of liver.   

 

  

 

 

Patients who were 

diagnosed with NAFLD 

and high ALT had 

worse insulin resistance 

(IR) no mater how their 

body mass index was. 

(P < 0.0001).  The 

higher triglyceride, the 

worse IR (P < 0.0001), 

but there were no 

differences in hepatic 

IR. Parallel outcomes 

were resulted when 

patients with NASH 

were compared.  NASH 

with increased ALT had 

worse outcomes 

compare to NASH with 

normal ALT. 
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using OGTT, free 

fatty acid was 

measured, and 

insulin levels were 

measured using 

diagnostic lab 

values. (DXA) 
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Table 2 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Zampino, R., Coppola, 

N., Cirillo, G., 

Boemio, A., 

Minichini, C., 

Marrone, A., . . . 

Adinolfi, L. E. 

(2014). Insulin 

resistance and 

steatosis in HBV-

HCV co-infected 

patients: Role of 

PNPLA3 

polymorphisms and 

impact on liver 

fibrosis 

progression. World 

Journal of 

Hepatology, 6(9), 

677-684. 

doi:10.4254/wjh.v6.

i9.677 [doi] 

 

 

Quantitative-The 

purpose of his 

research was to 

assess insulin 

resistance (IR) 

steatosis, and patatin-

like phospholipase 

domain-containing 3 

(PNPLA3) and how 

they related to 

advancement and 

progession in both 

hepatitis B and C 

viruses patients.   

 

 

Cross-sectional 

 

Participants included 

330 patients who 

were previously 

diagnosed chronic 

hepatitis B and C. Of 

those, 66 were had 

both HBV and HCV, 

66 patients only had 

HBV and finally 198 

patients were 

previously 

diagnosed HCV  

The study took place 

in Italy  

 

Human insulin 

immunoassay Serum 

was used to evaluate 

insulin levels.  

Homeostasis model 

assessment-insulin 

resistance (HOMA-

IR) was to determine 

IR.  The formula for 

HOMA-IR fasting 

plasma glucose 

(mmol/dL) times 

fasting serum insulin 

(IU/mL)] divided by 

22.5.  All patients had 

to undergo liver 

biopsy.  

Commercially 

available immune-

enzymatic assays was 

used to determine the 

different serum 

 

The Prevalence of 

steatosis in patients 

HBV-HCV was parallel 

to patients HCV; the 

group with HBV 

patients showed the 

lowest number of 

steatosis (about 33.3%). 

Group with patients  

co-infected with HBV-

HCV had a lower degree 

of steatosis than group 

only with HCV (P = 

0.016), lesser HCV 

RNA levels (P = 0.025) 

and fewer prevalence 

and grade of IR.  

PNPLA3 

polymorphisms were 

found to be strongly 

linked with steatosis. 

Group with both HBV 
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markers for HCV, 

HCV, HDV and HIV 

infection 

Phylogenetic analysis 

study of sequences 

using 400 nt of the S 

region was used to 

determine hepatitis B 

virus genotypes were 

determined by 

phylogenetic analysis 

of sequences of 400 

nt of the S region.   

QIAamp DNA Mini 

Kit was used to 

extract Genomic 

DNA from whole 

blood and was 

analyzed using 

PNPLA3 

polymorphism. 

 

and HCV exhibited 

greater levels of liver 

fibrosis than the group 

with only HCV (P = 

0.001), Also comparable 

to that detected in HBV  

only group. In patients 

with both HBV-HCV 

group, liver fibrosis did 

not seem to be not 

related with steatosis, IR 

or PNPLA3. HBV was 

the major predictor of 

progressed liver fibrosis.   
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Table 3 

 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Halfon, P., Penaranda, G., 

Carrat, F., Bedossa, P., 

Bourliere, M., Ouzan, D., 

Cacoub, P. (2009). 

Influence of insulin 

resistance on hepatic 

fibrosis and steatosis in 

hepatitis C virus (HCV) 

mono-infected compared 

with HIV-HCV co-

infected 

patients. Alimentary 

Pharmacology & 

Therapeutics, 30(1), 61-

70. doi:10.1111/j.1365-

2036.2009.03995.x [doi] 

 

 

 

 

 

 

 

Quantitative:  The purpose 

of study was to test the 

relationship between 

insulin resistance (IR), liv

er fibrosis and liver steato

sis in HIV patiets with 

HCV and HCV only 

infected patients. 

 

 

Cross-sectional 

 

N= 340.   

170 of those 

participants 

were patients 

with HIV and 

HCV together. 

170 mono- 

infected HCV 

(HCV only) 

patients.  

Patients who 

had HOMA-IR 

score of greater 

than 2 were 

considered to be 

IR.  

 

Metavir scoring 

system was used to 

grade liver 

histological activity 

and fibrosis.   

Weight (kg)/height 

(m2) was used to 

calculated the body 

mass index (BMI).   

272 samples included 

patients who already 

had baseline serum 

assessment and liver 

biopsy.   

 

 

 

IR was impartially 

related in patients HCV 

who had fibrosis [odds 

ratio (OR) = 2.04 (95% 

CI 1.02–4)], (BMI) >25 

kg ⁄ m2 [OR = 3.33 

(1.47– 7.69)] and 

steatosis [OR = 3.33 

(1.67–6.67)].  HCV 

patients with high liver 

activity grade had 

Fibrosis [OR = 8.33 

(3.85–16.67)], male 

gender [OR = 3.03 

(1.33–7.14)] and IR [OR 

= 2.44 (1.15–5)]. In 

HIV–HCV patients, [OR 

= 5.56 (1.64– 20)] was 

related with fibrosis. 

Steatosis 10% was 

linked in HCV 

participants with IR [OR 

= 3.13 (1.59–6.25) and 

(OR = 2.22 (1.15–
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4.17)]. In HIV–HCV, a 

BMI >25 kg ⁄ m2 [OR = 

3.85 (1.64–9.10)], ‡A2 

[OR = 2.16 (1.02–4.55); 

P = 0.044] and 

nucleoside reverse 

transcriptase inhibitor 

[OR = 3.61 (1.19–

10.96); P = 0.023] were 

also linked with major 

liver steatosis. 
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Table 4 

Reference 

Qual: 

Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research 

Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Kumar, M., Choudhury, A., 

Manglik, N., Hissar, S., 

Rastogi, A., Sakhuja, P., & 

Sarin, S. K. (2009). Insulin 

resistance in chronic hepatitis 

B virus infection. The 

American Journal of 

Gastroenterology, 104(1), 76-

82. doi:10.1038/ajg.2008.9 

[doi] 

 

 

 

 

 

 

 

 

 

 

Quantitative 

study 

 

In this study, 

they assessed 

the grade of 

(insulin 

resistance) IR 

and its 

predictors in 

patients with 

infected 

CHBV. 

 

Case selection 

 

Sample size 

total was 69 

patients 

diagnosed 

with CHBV, 

who already 

had done liver 

biopsy 

 

IR was measured 

using Homeostasis 

model assessment 

(HOMA – IR).   

To study the 

relationship between 

patients with CHBV 

infection and IR 

individually from any 

other effect such as 

hepatic fibrosis, 

obesity, or gender, 

researchers 

associated fasting 

blood insulin, fasting 

blood glucose, 

peptide-C, HOMA – 

IR, HOMA-b (b-cell 

function 

 

There were of 31 of the 

total (44.9% ) CHBV-

infected patients were 

calculated to be 

overweight (BMI>23 

kg / m 2) and 18 (26.1 

% ) were calculated to 

be obese (BMI>25 kg / 

m 2). IR was observed 

in almost 34 (49.3% ) 

patients. When 

comparing the high 

BMI with normal BMI, 

all patients had 

comparable IR by using 

HOMA-R as indicator 

of IR.   
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measurement) and 

insulin 

hypersecretion levels 

among the subset of 

14 different male that 

were normal weight 

and diagnosed with 

CHBV either stage 0 

or 1 hepatic fibrosis.  

Lastly 50 male 

healthy weight 

control was matched 

by age and 

anthropometry. 
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Table 5 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research 

Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Goswami, A., Bhargava, N., 

Dadhich, S., & 

Kulamarva, G. (2014). 

Insulin resistance in 

euglycemic 

cirrhosis. Annals of 

Gastroenterology: 

Quarterly Publication 

of the Hellenic Society  

 of Gastroenterology, 

273(3), 237-243. 

  

 

 

 

 

Quantitative- to 

study pancreatic β-

cell function and 

hyperinsulinemia in 

euglycemic patients 

with cirrhosis of 

varied etiology. 

 

 

Cross sectional 

case control 

study 

 

 

The study 

included 200 

subjects  

 

IR was evaluated 

using the 

Homeostasis Model 

Assessment method 

HOMA-IR score of 

greater than 1.64 was 

implied to having 

IR.    

HOMA-β was used 

as measurement to 

study the insulin 

secretion ability 

from pancreas.  

The formula that was 

used to measure this 

parameter was [360 

× insulin 

(μU/mL)]/FBS 

(mg/dL) -63]. 

 

Largely, 68.5%  

euglycemic cirrhosis 

patients had IR.  

Heptatitis C patients and 

100% IR. Non-alcoholic 

fatty liver disease 

(NAFLD) disease 

patients had 100% IR, 

patients with 

autoimmune hepatitis 

and 100% IR, 

hepatocellular 

carcinoma patients had 

about 80% IR, alcoholic 

liver disease 72% IR 

and hepatitis B patients 

had 45% IR.  
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Table 6 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Goral, V., Atalay, R., & 

Kucukoner, M. 

(2010). Insulin 

resistance in liver 

cirrhosis. Hepato-

Gastroenterology, 57

(98), 309-315. 

 

 

 

 

 

 

 

 

 

 

Quantitative- The 

purpose of this 

research was to 

show the presence 

of IR in liver 

cirrhosis patients 

and examine the 

existence of 

relationship 

between IR 

occurring in liver 

cirrhosis patients, 

age, cytokine levels, 

age, CRP, and Hs-

CRP. 

 

 

Randomized 

controlled trial 

 

129 patients 

were included 

in the research.  

A total of 79 

patients 

with liver 

cirrhosis (group 

1) were 

incorporated 

and 50 subjects 

as controls 

(group 2). 

 

 

To assess severity of 

cirrhosis, the Modified 

Child-Turcoutte-Pugh 

score was used.  

Homeostasis model 

assessment (HOMA – 

IR) was used to 

measure the IR in 

patients.  HOMA-IR 

values > 2.7 were 

regarded as presence 

of insulin 

resistance (HOMA-IR 

+). Serum glucose 

level, albumin level, 

and bilirubin levels 

were studied with a 

method known as 

enzymatic method; 

serum CRP, Hs-CRP 

values with 

nephelometric method 

by Beckman Coulter 

 

Serum glucose levels 

showed to be elevated 

in liver cirrhosis 

patients, compared to 

control group (non-

cirrhosis patients).  

Liver cirrhosis 

showed higher 

HOMA-IR.  There 

was no relationship 

between age, gender, 

and etiology when 

comparing liver 

cirrhosis and HOMA-

IR. 
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Image Nephelometer 

(immunochemistry 

system); insulin, C-

peptide with 

electrochemiluminance 

immunological 

method; prothrombin 

time with radiation 

method by ACL-

Advance brand device. 
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Table 7 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Sesti, G., 

Fiorentino, T. 

V., Hribal, M. 

L., Sciacqua, 

A., & 

Perticone, F. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quantitative research- 

The objective of this 

study was to assess the 

relationship between IR 

in patients diagnosed 

with NAFLD using 

ultrasonography, and 

with biomarkers such 

as ALT, AST, GGT, 

ALK, hsCRP, and IGF-

1.    

 

 

 

Cross-sectional 

study 

 

 

The study 

included 473 

Caucasian 

participants  

 

 

Participants had to 

do a liver 

ultrasonography 

and oral glucose 

tolerance tests 

(OGTT).  Also, 

homeostasis model 

assessment 

(HOMA) score was 

used measured to 

insulin resistance in 

participants.   

 

The study showed, 473 

individuals examined, 

only 234 had NAFLD 

diagnosis as confirmed 

by ultrasonography.  

Participants with NAFLD 

had a poorer metabolic 

risk profile displaying 

significantly higher BMI 

(calculated by body 

weight in kg and height 

(m2), waist 

circumference (cm), fat 

mass, two hours glucose, 

fasting insulin in the AM, 

triglycerides,AST, 

hsCRP, ALT , GGT, 

ALK levels, and lesser 

HDL cholesterol (given 

by lipid panel) and IGF-1 

in relation with the non-

NAFLD participants who 

showed to have higher 

number of persons with 

NAFLD had IGT, joined 
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IFG/IGT, and type 2 

diabetes (P < 0.0001), as 

glucose tolerance 

worsens, liver fat 

increases continuously.  
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Table 8 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instruments/tools) 
Findings 

 

Bulum, T., Kolaric, 

B., Duvnjak, L., & 

Duvnjak, M. (2011). 

Nonalcoholic fatty 

liver disease markers 

are associated with 

insulin resistance in 

type 1 

diabetes. Digestive 

Diseases and 

Sciences, 56(12), 

3655-3663. 

doi:10.1007/s10620-

011-1807-7 [doi] 

 

 

 

 

 

 

Quantitative Study - 

The purpose of this 

research article was to 

study the relationship 

between NAFLD 

related markers and 

IR that is measured by 

clinical factors 

(eGDR), the 

association between 

NAFLD-related 

markers and distinct 

components of IR, 

and additionally 

whether higher 

concentrations of 

NAFLD markers were 

related with 

advancement to IR in 

type 1 DM. 

 

 

Cross sectional 

study 

 

Study 

participants 

were 353 

patients.  The 

inclusion 

criteria for the 

study was: 

patients with 

age of 18 to65 

years, at least 1 

year Type 1 

DM, never 

diagnosed with 

thyroid 

disorders, liver 

disease, or 

adrenal gland. 

 

Blood pressure was collected 

from participants measured 

twice a day in the sitting 

position using a mercury 

sphygmomanometer after 

participants had rest for 10 

min The blood glucose level 

were collected at 0800 when 

patients were fasting 

Liver enzymes such as ALT, 

GGT, total bilirubin, ferritin, 

lipid panel such as HDL 

cholesterol, LDL cholesterol, 

VLDL cholesterol, and 

triglycerides were collected 

from each patient.   

 

The study showed there was a 

strong correlation between IR and 

liver biomarkers such as AST, 

ALT, AST-to-ALT ratio, ALK 

and ferritin.  Also, when the BMI 

was higher, there was increased in 

liver biomarkers AST, ALT, and 

ALK that was once again directly 

correlated with IR.  
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Table 9 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design Sample (N) 
Data Collection 

(Instrument/tools) 
Findings 

 

Lee, J. G., Lee, S., Kim, Y. J., 

Cho, B. M., Park, J. S., 

Kim, H. H., . . . Choi, E. 

J. (2012). Association of 

chronic viral hepatitis B 

with insulin 

resistance. World 

Journal of 

Gastroenterology, 18(42)

, 6120-6126. 

doi:10.3748/wjg.v18.i42.

6120 [doi] 

 

 

 

 

 

 

Quantitative-The 

purpose of the study 

was to show if HBV 

was associated with 

IR.  The study was 

trying to find the 

prevalence of Ir in 

HBV patients and 

healthy patients what 

were placed as 

control group.  

 

Cross-

sectional  

 

A total of 

7880 adults 

participants 

were 

included in 

the study of 

which 3851 

were men 

and 4029 

were  

women. 

 

All subjects had to 

give blood to study 

the fasting blood 

glucose, fasting 

insulin level, and 

hepatitis antibotics.  

Homeostasis 

model assessment 

(HOMA), was 

used to study IR. 

 

There was a 

significant relation 

between HOMA 

score, IR and hepatitis 

B virus.  The HOMA 

score also showed a 

positive relationship 

between BMI and IR.  

The higher the BMP, 

the higher HOMA 

score and greater risk 

to develop IR.   
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Table 10 

Reference 

Qual: Concepts or 

phenomena 

Quan: Key 

Variables 

Hypothesis 

Research Question 

Design 
Sample 

(N) 

Data Collection 

(Instrument/tools

) 

Findings 

 

Exebio, J. C., Ajabshir, S., Zarini, 

G. G., Vaccaro, J., & 

Huffman, F. G. (2014). Use of 

Homeostatic Model 

Assessment Indexes for the 

Identification of Metabolic 

Syndrome and Insulin 

Resistance among Cuban-

Americans: A Cross Sectional 

Study. British Journal of 

Medicine and Medical 

Research,4(29), 4824. 

 

 

Quantities Study-

The purpose of the 

study was to 

determine cut off 

points for The 

Homeostatic Model 

Assessment Index 1 

and 2 (HOMA-1 and 

HOMA-2) for 

classifying insulin 

resistance and 

metabolic syndrome 

within a Cuban-

American 

population. 

 

  

Cross-Sectional 

 

 

The sample 

size 

included  

A total of 

146 

participants 

ages 37 to 

83 years 

old. 

 

 

Subjects without 

diabetes living in 

South Florida were 

registered for the 

study. The 

HOMA1-IR and 

HOMA2-IR 90th 

percentile in the 

healthy group was 

used as the cut-off 

point for insulin 

resistance.  A 

receiver operating 

characteristic 

(ROC) curve was 

created to establish 

the cut-off point 

for metabolic 

syndrome. 

 

 

HOMA1-IR 

was associated 

with central 

obesity, 

triglycerides, 

and BMI 

(P3.95 and 

>2.20 and for 

metabolic 

syndrome were 

>2.98 (63.4% 

sensitivity and 

73.3% 

specificity) and 

>1.55 (60.6% 

sensitivity and 

66.7% 

specificity), 

respectively. 
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