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 The purpose of this study was to explore the association between poor 

sleep quality and TNF-alpha levels and determine which chronic diseases modify 

this relationship.  In this cross-sectional study of 75 participants, we ascertained 

sleep quality by means of the Pittsburgh Sleep Quality Index (PSQI).   

 Analyses revealed females were more likely to experience poor sleep 

quality compared to males.  Although sleep quality was not associated with TNF-

levels, significant associations were detected with dyslipidemia and tobacco use.  

Interestingly, we discovered hypertension and diabetes modified the relationship, 

creating a trend toward inverse associations.  As for the relationship between 

chronic disease and sleep quality, depressive symptomatology and pain were 

strongly correlated.  Unexpectedly, diabetes bordered associations with improved 

sleep quality.  Larger longitudinal studies are needed to confirm these 

relationships and explore the effects of improved sleep quality and chronic 

disease management on TNF-alpha levels.  
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CHAPTER I 
 

INTRODUCTION 
 
 

Diminished sleep quality is characteristic of modern civilization and is often attributed to 

increasing work hours, stress levels, socioeconomic changes, and poor general health. Despite 

the fact that restorative sleep is important for all individuals (regardless of sex, race, and age), 

poor sleep quality continues to afflict millions of Americans.1  Along with reducing quality of 

life 2, 3 and perpetuating poor health and chronic disease, poor sleep quality threatens the public 

health in the form of increased car accidents while driving drowsy. 4-6  Statistics from the 2009 

Sleep in America Poll performed by the National Sleep Foundation (NSF) reported that one-third 

of Americans sleep approximately 6.5 hours a night or less.7  Sleep disturbances often lead to a 

rapid decline in quality of life with a definite impact on one’s ability to function and attain 

satisfaction in living, as it robs individuals from the pleasures of work and social activities.1  The 

NSF’s 2008 Sleep in America Poll revealed 14 percent of the participants had missed family 

events, work functions, and leisure activities in the past month due to sleepiness.8 

Although chronic disease has been extensively researched, sleep quality, as an outcome 

and general risk factor of chronic disease, has received less attention.  Among the multiple 

objectives that make this a novel study, there are two very important points.  A recent body of 

literature has emerged suggesting sleep duration is an important marker for cardiovascular 

disease (CVD).9  In this study sleep duration is a subcomponent in the definition of sleep quality, 

thus representing one unique point.  Second, previous studies had proposed that sleep quality is 

associated with cardiovascular morbidity and mortality as it perpetuates and exacerbates chronic 



 

 

2 

 

diseases.10, 11    However, this study assessed the inverse hypothesize that chronic disease is 

associated with sleep quality.  Although, the cross-sectional design prevented causality to be 

determined, these multivariate analyses were calculated based on this inverse relationship that 

chronic disease is associated with sleep quality.  The exploration of this understudied and 

underestimated association represents the second unique distinction of this study.    

Recent literature has proposed an underlying pro-inflammatory cytokine, Tumor Necrosis 

Factor-alpha (TNF-alpha), to link the progression of chronic disease and sleep quality.4  

Surmounting evidence has suggested TNF-alpha is not only prevalent in chronic disease, but 

contributes to disease incidence and exacerbation.  Recent data even suggests that ‘healthy’ 

individuals with reduced sleep may be at risk of future poor health.12, 13 

The main goal of this pilot research study was to explore the inter-relationships between 

sleep quality, chronic disease, and the pathophysiologic response of the peripheral innate 

immune system using inflammatory mediator, TNF-alpha, as a bio-marker. This goal was carried 

out by investigating whether poor sleep quality is physiologically associated with increased 

circulating levels of pro-inflammatory cytokines in individuals with and without chronic 

diseases.  To accomplish this task, the following specific aims were outlined: 

1. Determine if sleep quality is associated with TNF-alpha serum levels. 

2. Determine if chronic disease is associated with sleep quality. 

3. Determine if chronic disease alters the association between sleep quality and TNF-alpha 

serum levels.    
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The escalating incidence of chronic disease within modern civilizations has been reported to 

parallel the frequency individuals with chronic disease report decreased sleep quality.3, 14-16  

Furthermore, the inadequate emphasis on sleep has seemingly contributed to the popularity of 

sleep curtailment, explaining the inflating number of individuals with sleep disorders within the 

western industrialized countries.17  Based on the current literature, the possibility that sleep 

quality could affect the progression of the disease, prognosis, or clinical outcome is reason 

enough to warrant further investigation.  Performance of this study is supported by prior studies, 

suggesting a multivariate study of factors that contribute to sleep disorders and quality of life 

would prove useful in people with cardiovascular disease.18  Furthermore, the possibility that 

improving the quality of sleep may serve as both a preventative and modifiable measure appears 

promising to both the clinician and patient. 

 

Figure 1.  Statement of Hypotheses 

Hypothesis 1. 

     Sleep quality is associated with TNF-α serum level. 

Hypothesis 2. 

     Chronic disease status, type, and number are associated with sleep quality. 

Hypothesis 3. 

 The relationship between sleep quality and TNF-α serum level is modified by chronic       

disease status, type, and number. 
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CHAPTER II 

BACKGROUND AND SIGNIFICANCE 
 

 The National Sleep Foundation (NSF) 2009 Sleep in America Poll revealed that 

since 2005, sleep problems have become significantly more prevalent. For example, in 2009, 

approximately 64% of adult Americans experienced sleep problems a few nights a week with 

41% suffering from sleep problems every night or almost every night.8  Recent data have shed 

light on the effects of sleep deprivation and sleep-disordered breathing on the endocrine system 

and its daily effects on the body.19  Sleep is crucial for the maintenance and restoration of 

homeostasis as it allows the body time to repair, rejuvenate, control infection, and regulate 

energy.4  Thus, poor sleep quality disrupts the body’s homeostasis causing hormone system 

dysfunction, ultimately affecting the entire body.19  For example, patients with insulin resistance, 

such as in type 2 diabetes and metabolic syndrome, are in a constant inflammatory state. The 

anti-inflammatory action of insulin is impaired during the state of insulin resistance and is unable 

to control inflammatory mediators such as TNF-alpha.20  Increased circulating levels of pro-

inflammatory cytokines, in turn, increase the risk for additional comorbidities including 

cardiovascular disease.21-23  Literature has suggested that chronic exposure to low-grade 

inflammation precedes symptoms of chronic diseases years before their onset.24 
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Multiple studies report that sleep disorders influence the progression of cardiovascular 

diseases and sleep disorders are more common among people with cardiovascular disease.18  

Thus, this research was directed to study individuals without diagnosed sleep disorders 

(obstructive sleep apnea, restless leg syndrome, insomnia), but that still have poor sleep.   

TNF-alpha 

TNF-alpha is an acute pro-inflammatory cytokine that is transiently upregulated after a 

night of sleep deprivation.  This study looked beyond the scope of duration to determine if 

elevated levels are associated with poor sleep quality.  Second, this study determined whether 

similar changes in TNF-alpha serum levels are observed after persistent exposure to poor sleep.   

Within the last decade, it has become clear that the underlying pathological processes in 

several chronic diseases, including diabetes, are inflammatory mechanisms.25  TNF-alpha serves 

as an important systemic biological driver and has been suggested to be a cause as well as a 

consequence of pathological processes in low level systemic inflammation.25  For example, TNF-

alpha has been recognized as a component in the subclinical inflammatory processes that cause 

atherogenesis and thus has been considered a cardiovascular risk factor.26 Studies now propose 

that even in healthy humans, the circulating levels of TNF-alpha are significantly affected by 

cells outside the immune system (such as adipose tissue and endothelial cells). 

The role of TNF-alpha has continued to expand over time, and it has now been suggested 

it is not only important in immune function, but it also serves as an important regulator in the 

endocrine system, metabolism, coagulation, brain function,25 as well as an plasma oxidative 

stress marker (including N-tyrosine [N-tyr], oxidized low density lipoproteins [ox-LDL]).27  

Research has now shown that TNF-alpha immunoreactive neurons exist in the CNS, as TNF 

receptor mRNA is expressed in the normal brain and soluble TNF receptors are in cerebrospinal 
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fluid.  Irwin et al. showed that even a modest reduction in sleep caused an up-regulation of 

signaling pathways and transcription of TNF-alpha genes.28, 29  Studies performed in mice have 

proposed the mechanism that enables communication between the activated peripheral innate 

immune system and the microglia also produces an exaggerated proinflammatory cytokine 

response.30, 31  This neuroinflammatory response then induces neurobehavioral consequences 

commonly referred to as sickness behavior response.32, 33  Commonly recognized neurobehavioral 

consequences include cognitive impairment, depression, prolonged sickness process, and 

neurological disease.30-32, 34  Thus, pharmacological strategies directed at reducing exacerbated 

glial reactivity may prove important for improving recovery from infections and minimizing 

neurobehavioral deficits in the elderly.30   

There is evidence that suggests a bi-directional relationship between sleep and the 

inflammatory cytokine TNF-alpha.28  Not only does TNF-alpha play a physiological role in sleep 

regulation, but it is significantly influenced by nocturnal sleep disturbances.35, 36  In 2004, 

Zamarron et al incidentally discovered that a single infusion of Infliximab significantly improved 

the sleep disturbances and daytime alertness in patients with rheumatoid arthritis.  The 

improvement in sleep was considered an effect of the central nervous system secondary to 

inhibition of increased levels of circulating TNF-alpha.  Based on the prompt improvement in 

sleep and the fact that it was independent of joint pain amelioration, TNF-alpha was suggested to 

be a key factor in sleep disturbance.  

Although many cytokines are known to be associated with sleep (Interleukin-1 [IL-1] and 

C-reactive protein [CRP]), TNF-alpha is an upstream mediator that affects the production of 

down-stream inflammatory markers, such as CRP.   Thus, it would appear ideal to target the 

inflammatory pathway early on so that it could prevent its impact on further inflammatory 
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pathways downstream.  A similar concept was suggested in a preliminary study by Van Deventer 

et al. who demonstrated that treatment with Infliximab, an antitumor necrosis factor-alpha 

monoclonal antibody, resulted in a rapid and almost complete inhibition of multiple 

inflammatory pathways as it neutralized TNF-alpha, thus restoring and resetting the 

immunological dysbalance of the inflamed mucosa.37 

This study focused on TNF-alpha because it is secreted early (before IL-4, IL-10) during 

inflammation and under psychological stress it could be comparably more sensitive to subtle 

changes in the inflammatory cascade.38  Thus, prohibiting the action of TNF-alpha would prevent 

further inflammatory pathways downstream.  Second, treatment modalities targeting TNF-alpha 

currently exist.   

Chronic Disease 

Cardiovascular disease (CVD) is a major cause of morbidity in the United States and has 

served as the leading cause of mortality in both men and women in the U.S. over the last several 

decades.39  Now recognized by the Dallas- Fort Worth Hospital Council as a public health 

concern, it has been suggested that heart disease education, prevention, and treatment programs 

are needed to help offset the increasing cost of medical management and treatment.40  Although 

studies with chronic illnesses (such as hypertension, dyslipidemia, atherosclerosis, diabetes 

mellitus, and metabolic syndrome) are currently underway, the pathophysiologic mechanism 

giving rise to the inflammation and the exact role of inflammatory mediators has yet to be fully 

understood.     

Several potential mechanisms have been proposed in mediating the relationship between 

chronic diseases and sleep quality, including the hypothalamic-pituitary-axis, increased 

sympathetic activity, and the interaction with inflammatory cytokines.28, 41-43  Chronic disease 
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 status increases the likelihood of sleep problems, especially in those with multiple 

comorbidities, and it has been suggested that alleviating their impact could improve a person’s 

general well-being.44 

Although the underlying mechanisms for the relationships between insomnia and 

cardiovascular morbidity and mortality remain unclear, insomnia has been suggested to be a 

marker for underlying stress, disturbed mood, and autonomic dysfunction.  Multiple studies have 

revealed insomnia, a characteristic of poor sleep, to be associated with non-fatal myocardial 

infarction45-47 and death from CHD.47   

An emerging body of literature is showing that sleep is important in glucose metabolism 

and insulin regulation, independent of snoring and sleep apnea.42, 43  Spiegel et al. revealed that 

even in healthy subjects sleep restriction caused decreased insulin sensitivity and elevated fasting 

glucose levels.42 However, it was unclear whether central sleep disturbances may be caused by 

diabetes or whether they may specifically relate to effects of diabetic complications.  Findings 

from the Sleep Heart Health Study have shown that subjects with type 2 diabetes report more 

sleep problems than non-diabetic subjects 12  Over a mean follow-up of 7.5 years, a total of 119 

cases in men and 69 among women were registered with incident type 2 diabetes.  Results from 

both sexes showed individuals with difficulty maintaining sleep were at higher risk of type 2 

diabetes.  After adjusting for various factors, such as body mass index, age, hypertension, 

dyslipidemia, parental history of diabetes, history of angina pectoris, physical activity, habitual 

smoking, alcohol intake, and education, the hazard ratio in women was 1.98 (95% CI: 1.20–3.29) 

and 1.60 (95% CI: 1.05–2.45) in men.   After performing multivariate adjustments, they found 

difficulty initiating sleep was not associated with developing type 2 diabetes mellitus in either 

sex.12 
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Sleep disturbances may be attributable to a myriad of complex factors.  Throughout 

literature, specific variables have frequently been identified as correlating with sleep quality and 

TNF-alpha serum levels, including age, gender, race/ethnicity, tobacco use, body mass index 

(BMI), pain, and depressive symptomatology.1, 7, 17, 23, 48-55  Studies have shown a correlation 

between aging and TNF-alpha levels, with a more significant rise in the elderly compared to the 

younger generations who have less variation.25, 48-51  TNF-alpha has also been suggested to be an 

independent predictor of mortality in the elderly50, especially the frail, elderly.  Evidence 

continues to support that sleep problems increase in prevalence with advanced aging, and the 

negative effects of sleep disturbances on health and quality of life become more profound with 

age.1, 52   

TNF-alpha has been shown to vary according to gender.36  Vgontzas et al revealed the 

normal baseline of 24-hour TNF-alpha serum secretion is lower among women compared to 

men, respectively (2.0 ± 0.2 pg/mL; 3.05 ± 0.4 pg/mL; p < 0.05).54  In regards to sleep, females 

tend to be “poor” sleepers compared to males and more predisposed to sleep disturbances.1, 17 

With the recent discovery that adipose tissue is an important endocrine organ, producing 

and secreting inflammatory cytokines, such as TNF-alpha,25 BMI was considered in this study.  

In addition, TNF-alpha has been suggested to play a key role in obesity-related insulin 

resistance.53  The National Sleep Foundation (NSF) 2009 Sleep in America Poll conducted a 

national survey of 1000 adult Americans.7  They found obese individuals (22%) compared to 

those of average weight (16%) were more likely to sleep less than 6 hours and were more likely 

to have been told by a physician they had a sleep disorder (23% versus 9%).7  Quetelet’s index 

has been regarded as the best measure of adiposity and has been used most often throughout the 

world. 56, 57  Thus, in this study, obesity was measured using the BMI.   
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This study investigated the association between pain, TNF-alpha level, and sleep quality. 

A collection of CNS-mediated effects often referred to as sickness behavior responses (such as 

fever, pain enhancement, reduced social interaction, cognitive impairment) has been suggested to 

manifest during systemic inflammation.32, 33  Accruing evidence supports the cyclic feedback 

pathway between glial cells and spinal meninges with proinflammatory cytokines (TNF-alpha).30, 

31, 55   The mechanism responsible for modulating pain enhancement is detection of 

proinflammatory cytokines by the glia cells and spinal meninges, which respond by synthesizing 

and secreting additional proinflammatory cytokines in the spinal cerebrospinal fluid (CSF).55  

This feed-forward mechanism further contributes to the cytokine levels which are known to 

sensitize dorsal spinal cord pain responsive neurons, thus enhancing pain.    

Sleep quality represents a complex phenomenon that has historically been difficult to 

define and objectively measure.58  This pilot study will be among the first to assess the 

associations between sleep quality, TNF-alpha and chronic disease.  The ultimate goal for this 

study was to afford a more thorough understanding of sleep quality in order to promote the 

development of new interventions for improving or treating chronic disease through life-style 

modifications and improved sleep hygiene.  

This study was performed by an osteopathic medical student completing a Pre-Doctoral 

Fellowship in the Primary Care Research Institute at the University of North Texas Health 

Science Center in Fort Worth. This study was approved by the University of North Texas Health 

Science Center’s Institutional Review Board as an adjunct to the North Texas Healthy Heart 

(NTHH) study. 
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CHAPTER III 

METHODS 

Research Design 

This pilot study used a cross-sectional design nested within a cohort study, The North 

Texas Healthy Heart (NTHH) study, to assess three inter-dependent entities: sleep quality using 

the Sleep Quality Questionnaire (SQQ); the pathophysiology of inflammation measured by the 

pro-inflammatory cytokine TNF-α; and the modifying potential of five chronic conditions.  This 

study was purposefully incorporated into the NTHH study to aid in the recruitment process, 

lower study costs, and obtain more thorough and reliable data.    

North Texas Healthy Heart (NTHH) Study 

 In 2006, the Primary Care Research Institute (PCRI) received funding for the North 

Texas Healthy Heart (NTHH) study from the National Institutes of Health (NIH) through the 

Texas Center for Health Disparities.  Since that time, they have been awarded additional funding 

to complete a second cohort resulting in a total of 571 participants.  The present study was 

incidentally scheduled to be performed the same time the original cohort were due for their 2 

year follow-up visit.  The overlap between the follow-up visits and completing this research 

enabled the integration of this study, which offered many benefits.  For example, an independent 

study would not have provided the time and ability to recruit as large of a sample size as it did 

when integrating the studies.  Procedures were strict and methodical, which minimized the 

chance for errors.  The integration also helped to offset the cost of labs and computed 

tomography (CT) scans.   
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This study was approved by the Institutional Review Board (IRB) at the University of 

North Texas Health Science Center as an adjunct to the NTHH study, which did not require an 

additional consent.  English and Spanish versions of the SQQ were approved as an addition to 

the medical history section.  The risks associated with the additional questionnaire were minimal 

and did not compromise the overall integrity of either study.           

Study Participants 

 This study was performed on a convenient sample of participants who were originally 

recruited for the NTHH study and were returning for their second year follow-up visit. There 

were a total of 371 eligible NTHH participants.  The IRB approved the SQQ on August 11, 2008 

after which 53 participants had already come in for their follow-up visit, leaving a potential 318 

participants the opportunity to partake in this study.  The inclusion of participants concluded 

early on March 20th 2009 with a total of 113 participants. Four participants were excluded 

because TNF-alpha serum levels were not available.  Thirty-four participants were excluded 

based on the exclusion criteria.  All remaining 75 participants were included in all the analyses, 

except for the analyses utilizing the coronary calcium score.  Due to elevated heart rate during 

three separate visits, CT scans were unable to be performed in three individuals.  As a result, 

only 72 participants were included in coronary calcium score analyses.  Figure 2 illustrates the 

derivation of the participants in the main analysis from the original cohort.   

Inclusion/Exclusion Criteria 

The inclusion criteria for this study were consistent with the NTHH.  Eligible participants 

were those that participated in the first NTHH study and signed an informed consent giving 

permission to be contacted for future follow-up studies.  Originally, participants were eligible if 

they were over the age of 44, identified themselves as non-Hispanic white, non-Hispanic Black, 
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or Hispanic/Latino, and had no history of self-reported cardiovascular disease (coronary artery 

disease, peripheral arterial disease, history of myocardial infarction or stroke, or congestive heart 

failure), renal failure, or cirrhosis.  Participants were excluded from the current analysis based on 

the following criteria: 1. Physician-diagnosed sleep disorder including obstructive sleep apnea, 

insomnia, narcolepsy, and restless leg syndrome. There are a plethora of recent sleep studies 

examining individuals with sleep-breathing disorders (SBD), with the majority focusing on 

obstructive sleep apnea.  A novelty of this study was that in contrast to previous research, this 

study examined sleep quality in individuals with no diagnosis of sleep disorders.  2. Participants 

who reported having an active infection on the NTHH questionnaire.  3. Participants recently 

diagnosed and/or treated for cancer, excluding non-malignant skin cancer.  4. Participants that 

had received a blood transfusion, chemotherapy, or radiation therapy within the last year. 5. 

Participants diagnosed with inflammatory or autoimmune diseases such as rheumatoid arthritis 

(RA), psoriasis, eczema, and inflammatory bowel disease.  6.  Participants receiving treatment 

with biologic agents that interfere with TNF activity: Infliximab (Remicade); Etanercept 

(Enbrel), and Adalimumab (Humira). 7. Participants diagnosed with hepatitis, human 

immunodeficiency virus (HIV), or auto-immune deficiency syndrome (AIDS).  

Study Protocol   

The 371 eligible individuals were contacted by phone and invited back to participate in 

the two year follow-up of the second NTHH study.   This study included multiple testing 

procedures and two encounters that were performed within 2 weeks of one another.   

During the first encounter, informed consent was obtained, an interview was performed, 

body measurements were taken, and blood samples were collected.  Subjects arrived in the 

morning at the Patient Care Center (PCC) at the University of North Texas Health Science 
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Center (UNTHDC) in Fort Worth.  The Research Assistants (RAs) were limited to five 

individuals, three English speaking and two bilingual (Spanish-English).   After the participant 

had provided written consent, a one hour face-to-face interview was conducted in a controlled 

environment.  During this encounter, information regarding demographics, medical history, 

several psychosocial domains, the NTHH questionnaire, and SQQ were obtained.  Afterwards, 

anthropometric measurements were taken by the trained RA.  Height and weight were recorded 

to the nearest 0.25 inch and 0.25 pounds, respectively, using a standard balance scale.  Non-

stretchable tape was used to measure waist circumference to the nearest 1/16 inch midway 

between the bottom of the ribcage and the top of the iliac crest.  The Body-mass index (BMI) 

was calculated using height and weight measurements based on Quetelet’s equation (kg/m2).59  

After the participant was seated quietly for 5 minutes, systolic and diastolic blood pressures were 

measured in each arm using the Automated Welch Allyn© sphygmomanometers with the size-

appropriate cuff.  An average systolic and diastolic blood pressure was calculated.  In this study, 

blood pressure was considered unobtainable in one participant after 3 attempts.        

Under standard phlebotomy procedures, a 25 ml blood draw was conducted by a 

phlebotomist.  Serum studies included: complete metabolic panel (CMP) with fasting blood 

glucose, glycosylated hemoglobin (HgA1c), triglycerides (TG), low-density lipoproteins (LDL), 

high density lipoproteins (HDL), and tumor necrosis factor-alpha (TNF-alpha).  A sub-zero 

freezer located in PCC Room 4-266 was used to store all blood samples.  Participants were 

scheduled for the second encounter within two weeks.  All participants were compensated with 

$60.00 for his/her time, regardless of whether they completed the first encounter.   
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The second encounter took place at Radiology Associates in Fort Worth, TX.  A multi-

slice CAT scan (MSCT) of the heart was obtained under standard radiology preparations.  

Coronary artery calcium (CAC) scores were determined using 16 slices with images every 3 

millimeter from the carina to the base of the heart.  CAC scores were dichotomized as no 

calcification (CAC = 0) and calcification present (CAC > 0).  Scans were read centrally and 

assigned a coronary calcium score with the radiologist blinded to the participants’ characteristics.  

Copies of the results were sent to the participant and the Primary Care Research Institute (PCRI).  

Dr. Roberto Cardarelli’s interpretation of the MSCT and recommendations were included with 

the results and sent to the participant’s primary care physician.  Participants were compensated 

with $20.00 for his/her time and effort.       

Participants who received abnormal lab values or CT results were referred to their 

physician.  Individuals who did not have a physician were provided with information about the 

county hospital district and community clinics. 

Data Management 

The only identifier used to link the participant to their data was their unique identifying 

number (UIN), which was individually assigned to the participant when he/she entered the study.  

Data entry was performed by a single individual and compiled in a SPSS version 15.0 database.  

Data access was limited to the research assistant and investigators.  

Missing Data 

 Missing data presented a challenge in this study, as is often observed in studies utilizing 

self-report instruments.  Due to the small size and larger number of previously excluded 

participants, salvaging the missing values posed as the best solution.   Individual mean  
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imputation method was performed for missing values in the sleep disturbances section of the 

SQQ and the CES-D depression screen.  This was the method chosen as it has been shown to 

have good validity and a Kappa statistic greater than 0.88 when 10% of the data is missing.60   

Variables 

TNF-alpha levels 

TNF-alpha is a pro-inflammatory cytokine that is detectable in the blood and 

cerebrospinal fluid.  In this study, levels of TNF-alpha in anti-coagulated blood were measured 

using Millipore’s Multiplex Map kit at the University of North Texas Health Science Center in 

Fort Worth according to the manufacturer’s instructions.  The blood was drawn in the morning 

between 7:00 A.M. and 9:00 A.M. and frozen.  Once 35 samples of blood were collected, equally 

among whites, blacks, and Hispanics, an entire plate was analyzed.  Studies have shown that 

TNF-alpha peaks in the morning close to wakening from sleep.61  Morning elevations were used 

to elucidate the differences in TNF-alpha levels associated with sleep quality.  Based on the 

proposed study, TNF-alpha levels are expected to be elevated in individuals with poor sleep.  

TNF-alpha was recorded in picograms per milliliter (pg/mL) and computed as a dependent 

continuous variable. 

Sleep Quality (PSQI score)  

Sleep quality was measured using the Pittsburg Sleep Quality Index (PSQI) included 

within the Sleep Quality Questionnaire (SQQ) (see Appendix A). The PSQI is a self-report 

survey instrument that produces a single global score.62  Buysse et al. identified seven 

components as the standardized areas routinely assessed in patients with sleep/wake complaints 

(subjective sleep quality, latency, disturbances, efficiency, duration, sleeping medication, and 

daytime dysfunction).62  The summation of the 7 component scores (0-3 points) generates the 
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global PSQI score which ranges from 0-21 points.  A higher PSQI global score (> 5) is indicative 

of poor sleep quality and more frequent sleep disturbances compared to a lower PSQI score (≤ 5) 

which is more indicative of good sleep quality.  A global PSQI score > 5 has a diagnostic 

sensitivity of 89.6% and specificity of 86.5% in distinguishing “poor sleepers” from “good 

sleepers” (PSQI > 5 and PSQI ≤5, respectively).62 The test-retest reliability for the global and 

individual components is 0.85 and 0.65-0.84, respectively.62  The overall reliability coefficient is 

0.83.  Sleep quality, measured by the PSQI score, served as an independent and a dependent 

variable in the multiple linear regression analyses and was also dichotomized into good versus 

poor sleepers to compare demographic, psychosocial, and medical differences.     

Sleep Quality Questionnaire (SQQ) 

The SQQ is a combination of the PSQI, 13 medical questions, and the Visual Analog 

Scale (VAS).  The PSQI was incorporated for multiple reasons including it was designed to yield 

a single, easy to interpret global score to facilitate group comparisons using standardized 

measures, short in length and quick to calculate, and provided good reliability and validity in 

detecting differences between clinically distinct groups.62  The PSQI questions were scored 

according to the author’s guidelines 62, which are included in the SQQ Scoring Instructions (For 

the SQQ see Appendix B).   

Thirteen questions were integrated into the SQQ to screen individuals for medical 

conditions that would necessitate their exclusion from the study.  A sample question that 

detected one excluded participant is “Has a physician ever told you that you have Human 

Immunodeficiency Virus (HIV)?”  Other questions inquired as to whether they had received a 

blood transfusion, chemotherapy, or radiation therapy in the last year.   
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Visual Analog Scale (VAS) -Pain  

The VAS was utilized to measure the intensity of pain.63  This self-report scale is a 10 

centimeter horizontal line centered across a page with “ABSOLUTELY NO PAIN” on the left 

anchor (0 cm) and “WORST PAIN” on the right anchor (10 cm).  Participants are asked, “Please 

draw an “X” through the line that describes your average pain over the month.”  Data were 

measured with a ruler and calculated as the distance (centimeters) from the left end of the scale 

to the mark made by the patient.64  Higher measurements correlated with higher intensities of 

pain.  The interpretations and scoring methods for the PSQI, 13 medical questions, and VAS are 

listed in SQQ Scoring Instructions, respectively (see Appendix B).  

NTHH Questionnaire 

 The NTHH questionnaire is a combination of instruments containing validated scales to 

measure demographics and psychosocial factors, such as the Center for Epidemiologic Studies-

Depression (CES-D) scale and Behavioral Risk Factor Surveillance System (BRFSS) 

questionnaire.   

Current depressive symptoms were assessed with the Center for Epidemiologic Studies 

Depression (CES-D) scale.  This 20-item self-report depression scale was validated as a means to 

screen for symptoms of depression within community-based individuals.65  In the present study, 

the prevalence of depressive symptoms during the past week were measured.  A sample item is 

“I felt that I could not shake off the blues even with help from my family or friends.”  

Respondents could choose ‘Rarely or none of the time’, ‘Some or a little of the time’, 

‘Occasionally or a moderate amount of the time’, or ‘Most or all of the time’.  Each question 

scored 0-3 points.  Participants with scores ≤ 16 were identified as not having depressive 
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symptomatology, whereas participants with scores > 16 were regarded as having depressive 

symptomatology. 

Questions retrieved from the Behavioral Risk Factor Surveillance System (BRFSS) 

questionnaire were used to obtain data on the demographics, health behaviors, and health 

conditions of participants.  For example, participants were asked about their current marital 

status with the option of reporting ‘Married’, ‘Divorced’, ‘Widowed’, ‘Separated’, ‘Never 

married’, ‘In a relationship’, or ‘Refused’.  Other questions pertained to age, diet, exercise, 

race/ethnicity, and highest level of education.  Participants were also asked to recall all of their 

prescribed medications, but only medications for high cholesterol, hypertension, diabetes, and 

depression were recorded as “Yes or No”.  The Past History of Diseases form required subjects 

to self-report physician-diagnosed medical conditions.   A list of medical conditions (such as 

high cholesterol, high blood pressure, diabetes, depression, rheumatoid arthritis, cancer, and 

eczema) were organized into two columns with a space to check “Yes or No” for each disease.   

Chronic Disease 

Chronic disease was assessed in 3 different manners: status, type, and number.  Chronic 

disease status was dichotomized with ‘Yes’ representing the presence of at least one of the 5 

chronic diseases and ‘No’ to be the absence of all five.  Chronic disease type refers to the five 

chronic medical conditions: hypertension, dyslipidemia, coronary calcium score (CAC > 0), 

diabetes mellitus, and metabolic syndrome.  Each chronic condition was also dichotomized as 

‘Yes’ or ‘No’.  The number of chronic diseases ranged from 0-5, but were categorized into 3 

groups.  The absence of all chronic diseases scored a “0”.  The presence of one chronic disease 

was given a “1”, and participants having two or more conditions were assigned a “2”.  
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Hypertension 

Hypertension was defined in accordance with the Seventh Report by the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure as a 

systolic blood pressure ≥ 140 mmHg, a diastolic blood pressure ≥ 90 mm Hg, a history of 

physician-diagnosed hypertension, or taking prescribed anti-hypertensive medications.66  Blood 

pressure was measured once in each arm and then the average was calculated.  The average 

blood pressure reading of the two measurements was the value used in the analyses.  A 

maximum of three attempts were allowed before blood pressure measurements were considered 

unobtainable.   

Dyslipidemia 

Dyslipidemia was defined as triglycerides (TG) ≥ 200 mg/dL, high density lipoproteins 

(HDL) < 40 mg/dL, low density lipoproteins (LDL) ≥ 160 mg/dL, a history of physician-

diagnosed dyslipidemia, or taking cholesterol medications. 

Coronary Calcium Score  

Emerging evidence now suggests that coronary calcium scores detected by computed 

tomography can function as a subclinical predictor of coronary artery disease in subjects of all 

ages and both sexes with the severity of coronary calcium directly related to the risk of future 

cardiac events.67-72  Multi-slice computed tomography is a standardized non-invasive method for 

detecting and quantifying the radio-opaque calcium hydroxyapatitie deposits in the coronary 

arteries, in order to determine the total coronary atherosclerotic plaque burden.67-72   Results from 

the Cheng et al. study revealed increased risk of coronary heart disease at all levels of CAC > 0.  

The results also revealed a threshold at a CAC > 95 with a steep increase in CHD risk.70    In this 

study, the presence of any calcification (CAC >0) was defined as a positive finding.  This study 
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found the statistical distribution of the amount of calcification to be skewed toward zero; thus, 

coronary calcium scores were dichotomized as zero (undetectable) versus non-zero 

(detectable).70  King et al used a similar method due to a low prevalence of detectable 

calcification (7.5%).71  Various CAC levels have been used based on the number of participants 

and skewness of each level.73  Comparable to our study, the Estrogen Therapy and Coronary-

Artery Calcification study by Manson et al reported skewed coronary calcium scores with 53.5% 

of participants having scores of zero.  However, Manson et al chose to group the CAC into 5 

categories based on 1064 participants: no calcification (0), minimal (1 to <10), mild (10-100), 

moderate (101-300), and extensive ( >300).73    

Diabetes Mellitus 

Diabetes status was obtained based on selected criteria from the American Diabetes 

Association (ADA) 2008 guidelines as follows: A fasting blood glucose level ≥ 126 milligrams 

per deciliter (mg/dL), a blood glucose level ≥ 200 mg/dL two hours after drinking 75 grams of 

glucose dissolved in water, history of physician-diagnosed diabetes mellitus, or use of 

hyperglycemic medications.74  However, repeat lab tests were not conducted, and the presence of 

symptoms (increased thirst and urination, blurriness, and unexplained weight loss) were not 

evaluated.  

Metabolic Syndrome 

Metabolic Syndrome (MS) was defined using the criteria established by the American 

Heart Association (AHA) / Updated National Cholesterol Education Program (NCEP) Adult 

Treatment Panel (ATP) III guidelines 75.  The diagnosis required 3 of the 5 criteria: 1) Waist  
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circumference ≥ 40 inches (102 cm) for men; ≥ 35 inches (88 cm) for women.  2) Triglycerides ≥ 

150 mg/dL).  3) High density lipoprotein (HDL) < 40 mg/dL for men; < 50mg/dl for women.  4) 

Blood pressure ≥ 130/85 mm Hg or use of antihypertensive medications.  5) Fasting blood 

glucose ≥ 100 mg/dL (5.6 mmol/L) or use of hyperglycemic medications. 

Covariates 

Seven covariates (age, gender, race/ethnicity, BMI, depressive symptomatology, pain, 

and tobacco use) were identified and included in the analyses based on previous literature that 

had suggested they are associated with sleep quality and TNF-alpha levels.  Age was a 

continuous variable and recorded in years.  Gender was dichotomized into ‘Female or Male’.  

BMI was calculated using Quetelet’s equation (kg/m2) after the height was converted from 

inches (in) to meters (m) and the weight was converted from pounds (lbs) to kilograms (kg).57, 59  

BMI were assembled into 3 categories with a BMI between 18.5-24.9 considered normal; a BMI 

between 25.0-29.9 considered overweight; and a BMI ≥30.0 considered obese.   The prevalence 

of depressive symptoms during the previous week were measured using the 20-item CES-D 

scale.  Higher scores were more representative of increased depressive symptomatology.  The 

average pain level experienced by participants over the last month was measured using the VAS.  

Pain was recorded as a continuous variable ranging from 0-10 cm.  The prevalence of tobacco 

use among participants was acquired during the interview using the BRFSS questionnaire, which 

asked “Do you now smoke cigarettes every day, some days, or not at all?” Participants could 

choose ‘Not at all’, ‘Some days’, ‘Every day’, ‘Don’t know/Not sure’, or ‘Refused’.   No 

participants reported don’t know/not sure or refused.  The remaining three answer choices were 

collapsed into two categories, tobacco use (regardless of frequency) and no tobacco use. 
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Sample Size Estimations   

 Due to the paucity of studies exploring the relationship between sleep quality and TNF-

alpha, information was limited and required inference in order to calculate sample size for this 

study with 80% power.  Vgontzas et al’s study was chosen because it provided the most 

information to most accurately estimate a PSQI “global” score.61  Component scores for sleep 

latency, duration, efficiency, and use of sleeping medications were directly extracted, while the 

three component scores for daytime dysfunction, subjective sleep quality, and sleeping 

disturbances were inferred based on the participants’ reports and the scoring methods for each 

component (Table 1).   

The mean and standard deviation of TNF-alpha for each group and as a whole were 

calculated using the hourly lab values collected from 7:00 A.M. to 2:00 P.M (Table 2).  The 

PSQI “global” scores and the average TNF-alphas were analyzed in SPSS 14.0 using a simple 

linear regression in order to determine the slope and intercept.  The analysis resulted in the 

following equation.    

Y= 2.171 + 0.04X 

 The actual sample size calculations were analyzed with PASS 2008 using simple linear 

regression analyses.  Sleep quality was the independent variable (x), and since the standard 

deviation of x (SX) was unknown it was entered as a range 1.00 to 9.00 by 2.00.  The standard 

deviation of the dependent variable (y), TNF-alpha, was calculated to be 0.26 (Table 2); thus, it 

was entered as 0.1 to 0.9 by 0.1.  The input into PASS included alpha (0.05), power (0.8), 

hypothesis test (two-sided), slope for the null hypothesis, beta0 (0.01), slope for the alternative 
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hypothesis, beta1 (0.01 to 0.09 by 0.01), and standard deviation of x, SX (1.00 to 9.00 by 1.00), 

and standard deviation of Y, SY (0.1-0.9 by 0.1).  A sample size of 25 was sufficient to achieve 

an 80% power to detect a 20% difference in TNF-α between good sleepers and poor sleepers.   

Table 3 provides a chart of appropriate sample sizes based on the different values for SX, the 

standard deviation of the independent variable (x), the PSQI score, and SY, the standard 

deviation of the dependent variable (y), TNF-alpha levels.   

Statistical Analysis 

For descriptive analyses, data were summarized for the entire sample as well as stratified 

by sleep quality to identify the demographic and psychosocial differences between good and 

poor sleepers. Participants with PSQI scores ≤ 5 were defined as good sleepers, and those 

scoring >5 were defined as bad sleepers.  Comparisons between good sleepers and bad sleepers 

were calculated using chi-square analysis for categorical variables and independent samples t-

test for continuous variables.  Levene’s Test for Equality of Variances and normality tests, such 

as skewness and kurtosis, were performed prior to completing the parametric t-tests.  The values 

calculated for skewness and kurtosis that were between -1.0 and +1.0 were representative of a 

normal distribution.  Data are presented as number and percentage, except for age and pain, 

which are expressed using mean ± standard deviation (SD).   

To find the best predictive models and to eliminate the influence of known confounding 

variables, multiple linear regression analyses were performed.  The relative contribution of each 

covariate was determined through univariate analyses.  Variables identified as significant or 

reaching a trend (p < 0.1) and those in the literature shown to be significant confounders were 

included in the final multivariate model.   Multiple linear regressions estimated the contribution 

of each independent variable and covariate in the final models.  Interactions were also tested and 
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when detected, the analysis was stratified.  In this study, two interactions were discovered, sleep 

quality and hypertension, as well as sleep quality and diabetes mellitus.  Each multivariate 

analysis was stratified by the presence or absence of hypertension and the presence or absence of 

diabetes mellitus, respectively.  Values were reported as beta, standard deviation, and p-value. 

  Upon inspection, the TNF-alpha values in this sample were not normally distributed, but 

rather positively skewed at 1.330 and leptokurtic with a kurtosis of 2.063. A square root 

transformation was performed, which normalized the data by reducing the skewness and kurtosis 

to within an acceptable range.  The square root of TNF-alpha (sqrtTNF-alpha) was used in all 

analyses.  All statistical tests were considered significant at the p ≤ 0.05 level. As this research 

study was an observational pilot study with a small sample size, variables with p ≤ 0.10 were 

considered a ‘trend’.  All statistical analyses were performed using SPSS version 15.0. 
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CHAPTER IV 
 

RESULTS 
 
 

Study population characteristics 

 Demographic characteristics of the study participants are presented in Table 4.  Overall, 

the participants were predominantly black (49%), female (65%), and in their mid-fifties with an 

average age of 57 ± 7.7 years.  The level of education was evenly distributed, ranging from no 

college (23%) to a post-graduate degree (23%).  The majority were married (57%), employed 

(77%), had healthcare coverage (88%) and at least one personal healthcare provider (88%).  

Participants were less likely to consume alcohol (79%) and smoke tobacco (89%).  

Approximately three fourths received some form of exercise (76%) and reported having a 

healthy diet (77%).   

When stratified by sleep quality, 47 (63%) participants were considered “good” sleepers 

and 28 (37%) were “poor sleepers”.  A statically significant proportion of ‘poor’ sleepers were 

females (p=0.018).   There was no difference in sleep quality by age, race, education, marital and 

employment status, or having a personal healthcare provider.  A slightly higher proportion of 

those with no healthcare coverage had poor sleep quality (p = 0.07).  No significant differences 

existed by diet, exercise, tobacco use, or alcohol consumption.     

Table 5 reveals additional psychosocial and health characteristics about the study 

population.  The average pain of the participants over the last month was 2.3 (S.D. of 2.4) based 

on the VAS scale ranging from 0-10 centimeters.  Participants that marked the left end of the line 
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(0 cm) were reporting ABSOLUTELY NO PAIN, and marks at the right end (10 cm) were 

describing WORST PAIN.  Larger values were more indicative of higher pain intensities.  

Approximately, half of the participants (48%) were considered obese (BMI ≥ 30).  Depressive 

symptomatology was not prevalent, with only 8 (11%) of the participants reporting > 16 

symptoms.   After stratifying by sleep quality, a significant difference was detected (p=0.003) as 

poor sleepers were more likely to have higher depressive symptomatology (25%) compared to 

good sleepers (2%).  Otherwise, sleep quality did not differ by TNF-alpha, pain level, or BMI.      

 Table 6 presents the prevalence of chronic disease among the study sample and then 

describes the distribution after stratifying by sleep quality.  Approximately, 80% of the 

participants had at least one chronic illness, and 55% had two or more chronic conditions.  

Hypertension and dyslipidemia were the two most common conditions and presented in 44% and 

49% of the population, respectively.  Less than half of the population had a positive CAC score 

(33%) or metabolic syndrome (36%).  Diabetes was the least common disease, occurring in only 

11 participants (15%). After stratifying by sleep quality, there were no differences by chronic 

disease status, number, or type. 

Univariate Analyses 

Based on the original hypotheses, sleep quality (PSQI score) and TNF-alpha were the 

only two dependent variables assessed using simple and multiple linear regression.  Thus, 

separate univariate analyses were generated with all of the independent predictors and covariates.  

The results are recorded in Table 7 using unstandardized beta, standard error, and the p-value.   

The univariate analyses for TNF-alpha revealed significant associations with chronic disease 

status (yes/no) (p = 0.03) and dyslipidemia (p = 0.02) and a trend with the number of chronic 

diseases (p = 0.06), tobacco use (p = 0.06), metabolic syndrome (p = 0.08), and age (p = 0.1).  
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Therefore, subjects with at least one chronic disease or dyslipidemia were more likely to have 

elevated TNF-alpha serum level.  Results also revealed a potential relationship, such that 

(increasing in possibility) among subjects with older ages, the presence of metabolic syndrome, 

smoking tobacco products, or higher the number of chronic diseases, they could possibly have 

increased TNF-alpha serum level.  Thus, additional studies with larger sample sizes are 

warranted, as it provide more power to reveal significant associations.   

As for sleep quality (PSQI score), univariate analyses revealed depressive 

symptomatology was the only significant association (p = 0.002) and gender approached 

significance (p = 0.09).  Therefore, subjects with depressive symptomatology were more likely to 

reveal poor sleep quality.  In addition, males could also be more prone to poor sleep quality, but 

this study’s small sample size may have confined its power to detect an association.  Covariates 

found to have an association with TNF-alpha or PSQI score were then included in all the 

respective multivariate models. Thus, the associated covariates, age and tobacco use, were 

entered into all of the final multivariate models for TNF-alpha. Although gender was not a 

significant covariate in the analysis, studies have shown it has significantly impacted TNF-alpha 

levels.  Therefore, gender was included in building the best predictive model.36  In the final 

model regressing PSQI scores, the associated covariates included gender and depressive 

symptomology, in addition to age and pain as they have been shown to affect sleep quality.17  

Multivariate Analyses  

Hypothesis 1: 

Sleep quality is associated with TNF-alpha serum levels. 

The final multivariate model included sleep quality and the covariates: age, gender, and 

tobacco use.  As seen in Table 8, sleep quality was not associated with TNF-alpha levels (β = 
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0.010, S.E. = 0.016, p = 0.54).  However, there was a significant association with tobacco use 

(β= 0.015, S.E. = 0.008, p = 0.04) and a trend with age (β = 0.015, S.E. = 0.008, p = 0.055).  

Consistent with the univariate analysis, gender was not found to be associated.   

Hypothesis 2: 

Chronic disease status, type and number is associated with sleep quality. 

Table 9 portrays the 3 separate regressions performed for each of the sets of predictors 

within this hypothesis.  The same covariates, age, gender, pain level, and depressive 

symptomatology, were included in all the final multivariate models.  The first predictor tested 

was chronic disease status (yes/no), which revealed no association with sleep quality (β = -0.155, 

S.E. = 1.040, p = 0.88).   

The best predicted model for sleep quality in regards to chronic disease type included all 

5 independent chronic disease predictors and the covariates previously discussed.  Among the 

subjects with hypertension, dyslipidemia, positive CAC scores, and/or metabolic syndrome, there 

were no associations with sleep quality detected.  Conversely, a potential relationship could exist 

between diabetes mellitus and sleep quality, as it was just beyond the level of significance (β = -

2.277, S.E. = 1.164, p = 0.055).  In the future, a larger study is needed as it would be more 

powered to detect a true association.  Furthermore, the strength of the relationship with sleep 

quality was profound, as well as, the inverse relationship unforeseen.  These results were 

unexpected as it strongly suggested that diabetics were more likely to have better quality of sleep 

than non-diabetics.   

The third set of analyses assessed the relationship between the total number of chronic 

diseases and sleep quality.  The total number was categorized into 3 groups: 0- No chronic 

diseases, 1- One chronic disease, and 2- Two or more chronic diseases.  Consistent with the 
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univariate analysis, the final multivariate model also supported the notion that the total number 

of chronic diseases was not associated with sleep quality.  Whether the actual number was not 

associated or the method of categorization interfered with the association remains unknown.     

Interestingly, depressive symptomatology was strongly and positively associated with 

sleep quality in all three final multivariate models (p ≤ 0.004).  The strength of the relationship 

was consistently profound.  It should be noted that the strongest association between depressive 

symptomatology and sleep quality was detected in the same final model that diabetes mellitus 

was a strong, inverse predictor of sleep quality.  The other covariate of significance was pain.  

Similar to the trend seen in depressive symptomatology, pain was associated in all three final 

models, and again became more significant in the same model as diabetes was an inverse 

predictor (β = 0.369, S.E. = 0.171, p = 0.03).   

Hypothesis 3: 

The relationship between sleep quality and TNF-α serum levels is modified by chronic disease 

status, type, and number.         

Within this hypothesis, there were 7 final multivariate analyses.  Interactions between 

sleep quality and each chronic disease predictor were tested in order to detect the presence of 

chronic disease modifiers.  Similar to the first hypothesis that also evaluated the associations 

between sleep quality and TNF-alpha, the same covariates (tobacco use, age, and gender) were 

incorporated into all the final multivariate models. 

The association between sleep quality and TNF-alpha is modified by chronic disease status. 

As shown in Table 10, the final multivariate model included the predictors, PSQI score 

and chronic disease status after the presence of an interaction between sleep quality and status 

had been ruled out (p = 0.93).  A trend was noted in chronic disease status (β = 0.283, S.E. = 
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0.148, p = 0.06), which suggested it could possibly be a predictor of TNF-alpha levels.  A 

significant association was also detected with tobacco use (p = 0.04).     

The association between sleep quality and TNF-alpha is modified by the number of chronic 

diseases. 

The final multivariate model is also depicted in Table 10.  The PSQI score and number of 

chronic diseases were entered as independent predictors after confirming the absence of an 

interaction between them (p =0.52).  There was no association between sleep quality or the 

number of chronic diseases with TNF-alpha.  A trend was detected with the use of tobacco (p = 

0.05).   

The association between sleep quality and TNF-alpha is modified by dyslipidemia.    

The final multivariate model is displayed in Table 10 (continued) with PSQI score and 

dyslipidemia entered as the independent predictors.  No interactions existed between sleep 

quality and dyslipidemia (p = 0.97).  Although the PSQI score was not associated with TNF-

alpha, dyslipidemia was a significant predictor in TNF-alpha levels (β = 0.249, S.E. = 0.119, p = 

0.04).   Tobacco use had a trend toward significance (p = 0.06).   

The association between sleep quality and TNF-alpha is modified by coronary calcium score.  

 Table 10 (continued) also describes the independent predictors, PSQI score and coronary 

calcium score, which were included in the final multivariate model after excluding the presence 

of their interaction (p = 0.930).  Sleep quality and coronary calcium score were not associated 

with TNF-alpha levels.  Once again, tobacco use was significantly associated with TNF-alpha (p 

= 0.04).     
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The association between sleep quality and TNF-alpha is modified by metabolic syndrome.    

 Neither of the independent predictors, PSQI score and metabolic syndrome, were 

associated with TNF-alpha.  An interaction between the independent predictors was not detected 

(p = 0.44) However, the use of tobacco reached a trend (p = 0.075). 

The association between sleep quality and TNF-alpha is modified by hypertension.   

  The final multivariate model detected the existence of a significant interaction between 

sleep quality and hypertension (β = -0.078, S.E. = 0.035, p = 0.03).  Table 11 presents the final 

model after removing the interaction and stratifying the population based on the presence of 

hypertension.  In individuals with hypertension (β = -0.056, S.E. = 0.028, p = 0.05), the PSQI 

score was closer to approaching a significant association with TNF-alpha than it was in non-

hypertensive individuals (β = 0.037, S.E. = 0.020, p = 0.07).  In hypertensive individuals, the 

PSQI score was inversely associated with TNF-alpha, suggesting that the hypertensive 

participants with diminished sleep quality were likely to have lower TNF-alpha levels.  There 

was a significant association with tobacco use in hypertensive individuals (p = 0.04), and a 

significant association with age in non-hypertensive participants (p = 0.02).   

The association between sleep quality and TNF-alpha is modified by diabetes mellitus.    

Due to the significant interaction between sleep quality and diabetes detected in the final 

multivariate model (p = 0.04), the participants were stratified by the presence of diabetes 

mellitus, as seen in Table 11.  Only the PSQI score in diabetics trended toward significance (β = 

-0.118, S.E. = 0.058, p = 0.08).  Similar to the stratified hypertensive participants, diabetics with 

diminished sleep quality were more likely to have had lower TNF-alpha levels compared to good 

sleepers.  With the exception of the trend in the PSQI score (p = 0.08), no other associations with  
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TNF-alpha levels were detected.  However, the association with tobacco use could not be 

assessed among diabetics as there were no diabetics that smoked.     In non-diabetics, tobacco 

use was significantly associated with TNF-alpha levels (p = 0.03) and age showed a trend (p = 

0.09).   
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CHAPTER V 
 

DISCUSSION 
 

 

Chronic disease reinforces poor sleep, which feeds back to bolster the advancement of 

chronic disease.  Within this loop, inflammatory pathways have been suggested as the 

pathophysiologic link as the associations between chronic disease and increased levels of 

circulating pro-inflammatory cytokines have been well established.24, 76 

Gender 

A significant difference in sleep quality was detected between the genders as poor 

sleepers were more likely to be female than male. This is consistent with prior literature 

reporting women of all ages normally have twice as many subjective sleep complaints as males.77 

The increased prevalence of insomnia in older females, which becomes more prominent with 

age, has been considered a main explanation for the differences in sleep quality among men and 

women.77, 78  Insomnia has been most commonly associated with hormonal or psychological 

changes during major transitions in life.78  Studies have suggested that the hormonal imbalances 

are the primary culprit for the observed diminished sleep quality in women, as the changes 

induce sleep-onset latency insomnia, decreased sleep duration, and increased frequency of 

nocturnal awakenings in peri- and post-menopausal women secondary to hot flashes.77    
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Additional causes contributing to the discrepancy in insomnia between the genders is a 

higher prevalence of depression and pain among women.78  Interestingly, this study reinforced 

the presence of these relationships.  Of the three final multivariate models for sleep quality, there 

were very strong and significant relationships with depressive symptomatology in all models and 

moderately significant associations with pain in all final multivariate models.   

In summary, the variation in sleep quality between the genders could be attributed to the 

menopausal status in women.  Insomnia, mood disorders (depression and anxiety), and sleep 

disturbances associated with hot flashes and hormonal changes are all prominent complaints in 

menopausal women and could account for the increased prevalence of poor sleep in females 

within this study.77, 78 Unfortunately, this study did not evaluate the pre-menopausal, menopausal, 

and post-menopausal status in the females.  Future studies should explore menopausal status as a 

covariate, especially in women within this age group.  In addition, the presence of interactions 

between gender and age should be considered, especially in studies with older female 

participants.     

In contrast to the present study, Vgontzas et al (2004) revealed significant gender effects 

in regards to TNF-alpha levels.36  After one week of sleep restriction, a significant increase in 24-

hour TNF-alpha secretion was detected in men (post-minus presleep restriction, 0.26 ±0.1 pg/ml; 

p < 0.01), but not in women (-0.06 ± 0.03; p > 0.05).  The inconsistencies with the current study 

could be attributed to age and health status.  In Vgontzas et al’s study, the subjects were younger 

(19-34 yr of age), had lower BMIs (23.8 ± 2.3 versus the current study with nearly half having a 

BMI ≥ 30), in good general health, and had no chronic diseases.36  The lack of association  
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detected between gender and TNF-alpha levels could be attributed to the multiple factors 

affecting TNF-alpha levels (including age, visceral adipose tissue, and pathophysiology of 

chronic diseases), as well as the possibility of unequal dispersion of these factors between males 

and females.    

Aging 

 Differences in age may not have been detectable or associated with sleep quality and 

TNF-alpha levels (with the exception of non-hypertensive individuals) due to the narrow range 

of the participants’ ages.   In contrast to the previous studies that have shown sleep quality 

diminishes with age,17, 51 this study failed to detect such as association.  Thus, additional studies 

are needed to investigate the interactions between age and gender.  

Similar studies have also reported the lack of detecting associations between age and 

TNF-alpha.35  Vgontzas et al purposefully excluded patients above the age of 55 years, in order 

to avoid the potential effects of aging on TNF-alpha plasma levels.35  Due to the narrow 

distribution of age and small sample size, differences in age with regards to TNF-alpha levels 

were not likely to have been detectable.   As discussed earlier, additional considerations that 

were not tested include the presence of an interaction between age and gender, as these factors 

are not mutually exclusive.   

Depressive symptomatology 

The strength of the relationship between depressive symptomology and poor sleep quality 

was not surprising as it was consistent with the majority of the literature.79-83  Links between 

depressive symptomatology and sleep have been well established.84-86 Sleep disturbances are 

thought to be core symptoms of depression.79-83  In addition, decreased sleep quality has been 

shown to lead to depressive symptoms.84-86  These results were consistent with the findings 
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reported during the PSQI validation study.  Results from the PSQI validation study revealed that 

of the four groups (controls; poor sleepers with depression; poor sleepers with Disorder of 

Initiating and Maintaining Sleep (DIMS); and poor sleepers with Disorder of Excessive 

Somnolence (DOES), depressed subjects and poor sleep quality-only subjects revealed similar 

profiles.  Although insomnia is the most common sleep disturbance in major depressive disorder, 

additional changes in sleep include increased wakefulness during sleep, early morning 

awakening, and diminished sleep efficiency.87  This is important as it represents similar questions 

asked within the PSQI questionnaire.  In 2004, Specchio et al reported that more than 60% of 

chronic insomniacs suffered from a concomitant mood disorder.88  Consistent with our study, 

poor sleep (such as insomnia) has been shown to be associated with mental health conditions, 

and whether it is a symptom of depression or a precursor to the development remains unclear.  

The strong association between poor sleep quality and high PSQI scores could be 

attributed to the similarity between the questions from the CES-D and the PSQI.  We speculate 

that the CES-D questions may overlap with PSQI questions.  Results of the chi-square test are 

also consistent with the literature as a significant difference was detected between poor sleepers 

who are more likely to experience depressive symptomatology than good sleepers.81, 82, 87, 88   

Studies showing the associations between sleep and psychosocial aspects, including 

mood, outlook, and lifestyle 89 are reflected in the 2003 National Sleep Foundation (NSF) Sleep 

in America poll.  Sleep disturbances (such as difficulty falling asleep, waking up throughout the 

night, and inablility to fall back to sleep) as well as self-reported sleep problems were associated 

with respondents feeling down, depressed or hopeless at least once a week.  Thus, the strong 

correlation between poor sleepers and depressive symptomatology in the present study was not 

surprising.   
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Pain 

The significant associations between pain and sleep quality detected in this study are 

consistent with prior literature describing that poor sleep is often a prominent complaint among 

chronic pain patients.90 Smith et al (2000) reported sleep disturbances in 88% of the individuals 

with chronic pain.90  Bi-directional influences can account for the high prevalence of sleep 

disturbances in individuals with chronic pain, as pain disrupts sleep and poor sleep reduces pain 

thresholds ultimately exacerbating the pain. Despite the unclear and complex relationship 

between pain and poor sleep, it is clear that there is an association.90-92 

Further research studies are needed to clarify the complex inter-relationships of the sleep 

quality – chronic pain – depression nexus highlighted within these results of this study. For 

example, often times it is hard to determine whether the chronic pain experience itself has 

resulted in depression, or whether patients experience symptoms that fulfill the criteria for 

depression solely because of their chronic pain. The hazy distinction remains, and deciphering 

between them will prove challenging, but the task seems paramount for the modern practice of 

primary care medicine as all three of these disorders are very common. The proper delineation of 

the complicated relations between these three interdependent domains may elucidate 

mechanisms by which more appropriate, individualized treatments could be developed. 

Sleep quality and TNF-alpha level  

  These findings are consistent with the general theory that decreased sleep quality may 

increase TNF-alpha serum levels in specific chronic diseases thereby exacerbating their chronic 

disease condition and worsening their prognosis.35, 37, 93, 94  In the multivariate model testing the 

association between sleep quality and TNF-alpha (with the exception of modifying affects by 

hypertension and diabetes mellitus), there was no significant association discovered.  Due to the 
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lack of studies evaluating sleep quality and TNF-alpha in generally healthy populations, 

comparison of this pilot study’s results is limited.  However, studies have shown that sleep 

deprivation is associated with increasing TNF-alpha levels.35, 36, 93, 94  

Diabetes 

 Based on this study’s results, diabetics were more likely to have obtained good sleep 

quality over the past month.  This finding is contrary to the prevailing literature which support 

that diabetes is generally associated with decreased sleep quality.  Diabetics often complain of 

sleeping difficulties and feeling unrested.  Historically, sleep disturbances have been attributed to 

the manifestations of diabetics, such as diabetic neuropathy. Another interpretation for the 

finding was that sleep quality was measured using (global PSQI scores), which rank longer sleep 

durations to reflect good sleep.  However, longer self-reported sleep durations may actually 

indicate diabetics have more sleeping difficulties and try to compensate by sleeping more.   

Two theories have been proposed to explain the contradictory findings within the current 

study.  As TNF-alpha is thought to be involved in the regulation of sleep, its somnogenic effects 

may have triggered alterations in the circadian rhythm and increased sleep.35  Second, 91% of the 

diabetics in this study were taking anti-glycemic medications.  It is possible that patients treated 

with exogenous insulin and anti-glycemics medications have improved sleep quality.  They 

could be well-controlled diabetics in a reduced state of low-grade chronic inflammation 

secondary to the anti-inflammatory effects of the medication.  Results of these diabetics endorse 

the fundamental theory behind this study by imparting evidence that patients treated with 

medications for diabetes (or other chronic condition) are not only properly treating their disease,  
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but are also improving their sleep quality.  Ultimately their risk of future cardiovascular events 

has been reduced via two different, but inexclusive, pathways.  Most likely this finding is beyond 

the explanation offered by either sole theory, but rather represents multifactorial phenomena.     

Hypertension and Diabetes  

 The results of this study supported the third hypothesis, that having a chronic disease (in 

this case hypertension and diabetes) modified the relationship between sleep quality and TNF-

alpha. Results revealed a trend toward significant associations between sleep quality and TNF-

alpha when modified by hypertension (p =  0.053) and diabetes mellitus (p = 0.080).   

Interestingly, these were inverse to the relationships originally hypothesized.  Subjects with a 

coexisting chronic condition and decreased sleep quality were more likely to have an unexpected 

decrease in TNF-alpha serum levels.  

This unpredicted inverse relationship led to the speculation that anti-hypertensive and 

anti-hyperglycemic medications could be confounding the modifying effect of chronic diseases 

on the relationship between sleep quality and TNF-alpha.  Further investigation revealed 25 

(76%) of the 33 individuals with hypertension were taking anti-hypertensive medications, and 10 

(91%) of the 11 diabetics were taking anti-hyperglycemic medications.   

Supporting evidence is surmounting that has shown specific medications significantly 

decrease TNF-alpha concentrations.  A recent study comprised of 86 subjects with symptomatic 

heart failure demonstrated that one year’s treatment with carvedilol significantly decreased TNF-

alpha levels.95  In 2007, Gomez and associates evaluated the effects of metformin and 

rosuvastatin on TNF-alpha levels in 32 patients with hypertension and dyslipidemia.96  Although 

metformin is an anti-glycemic medication and rosuvastatin is used to treat high cholesterol, 

treatments with either reduced inflammation via decreasing the levels of TNF-alpha.  The 
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reduction in inflammation is suggestive of its ability to provide additional cardioprotective 

effects.96  Thus, additional prospective studies are required to evaluate whether rosuvastatin and 

metformin could function to decrease the cardiovascular risk resulting from inflammation.   

Angiotensin converting enzyme (ACE) inhibitors are well known for their beneficial 

effects in controlling blood pressure, but recent studies have found it also has 

immunomodulatory functions.97, 98  Specific ACE inhibitors (such as captopril and enalapril)99 

have been shown to significantly suppress TNF-alpha synthesis, whereas ramipril, and lisinopril 

have not,98 which is unfortunate as lisinopril is often prescribed.  Schindler et al found the 

synthesis of TNF was suppressed by 74% (p < 0.01) in a dose-dependent fashion with 

captopril.98  In the midst of recent studies supporting these medications’ interference with the 

production of inflammatory cytokines, other studies have failed to show these interactions. 26, 53, 

100  Unfortunately, in this study, comparisons cannot be made between medications and TNF-

alpha as medications were recorded as either ‘Yes’ or ‘No’ for hypertension, diabetes mellitus, 

and high cholesterol.   

Larger prospective longitudinal studies of sleep quality in relation to TNF-alpha are 

needed to confirm the additive benefits of medications in individuals with hypertension and 

diabetes. The pleiotropic effects of these medications appear promising as they manage the 

chronic disease itself (such as hypertension) and reduce inflammation, which ultimately reduces 

the cardiovascular risks simultaneously through multiple pathways.  

Tobacco 

This study revealed that subjects who smoke tobacco were more likely to have elevated 

TNF-alpha levels.  The finding was consistent with prior literature which reported smoking 

increases the production of pro-inflammatory molecules including TNF-alpha,101-103 thus 
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contributing to elevated serum levels.76, 103  Literature attributes this observed significant 

association to a direct physiological cause and effect relationship between smoking and elevated 

TNF-alpha serum level. Endotoxins, or lipopolysaccharride (LPS) is a potent biologic response 

modifier, and has been identified as a component in cigarette smoke.104    

Dyslipidemia and Coronary Arterial Calcification  

In 2000, Bruunsgaard et al published a study with 130 elderly men that found a 

significantly larger proportion of men with high concentrations of TNF-alpha had 

atherosclerosis.  However, they found no associations between TNF-alpha and total cholesterol, 

LDL, of BMI, and only a very weak correlation with triglycerides (TG).  In contrast, the present 

study found there was a significant association between TNF-alpha and dyslipidemia.  A direct 

comparison between the studies cannot be made as they asked about clinical diagnoses of 

atherosclerosis, whereas the current study did not.  Rather than assess atherosclerosis, CAC 

scores were utilized as a subclinical predictor of coronary artery disease (CAD) and future 

cardiac events.  Based on studies that have shown TNF-alpha levels correlate with atheroma 

development, an association with CAC score was expected.  This study was compromised of 

generally healthy subjects as those with a history of coronary heart disease were excluded when 

the NTHH cohort study began two years ago.  One possibility for the lack of association detected 

between CAC score and TNF-alpha could be explained by the 2008 MESA study, which 

reported that the Agatston score may not be as accurate in detecting differences in the lower end, 

which was the majority of our participants (CAC ≤ 8).105 
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Results of the univariate analyses revealed that the number of chronic diseases were 

significantly and positively associated with TNF-alpha serum level.  The positive significant 

association between number of chronic disease and TNF-alpha was expected as prior research 

has clearly established links between chronic disease and their association with dangerous, 

persistent, low-grade inflammatory states.4, 20-22, 24, 27, 35 

Although research has just began to examine the association between sleep disorders and 

incident diabetes, studies have thus far proposed that sleep disorders seem to augment 

inflammatory responses that could, in the long run, contribute to the development of and 

perpetuate the progression of type 2 diabetes mellitus and other chronic diseases.106   Sleep 

disturbances are thought to alter the endocrine, immune, and metabolic system, such as 

enhancing insulin resistance and chronic low-grade systemic inflammation.  These changes are 

considered the link to the development of type 2 diabetes and other chronic diseases.  A study 

conducted in a group of Japanese male employees demonstrated a strong positive association 

between difficulty maintaining sleep, as well as difficulty initiating sleep, with a higher risk of 

developing future type 2 diabetes even after controlling for possible confounding factors.107   

In the Nurses Health Study, a large 10-year prospective cohort study, subjects were 

followed in order to establish whether there was an association between sleep duration and an 

increased risk of diabetes diagnosis.108  Results revealed the relative risks (RRs) for short 

sleepers (sleep duration < or = 5 hours per day) to develop diabetes was 1.57 (95% CI 1.28-

1.92).  After adjusting for BMI and other confounders, the RR was no longer significant (1.18 

[0.96-1.44]). In comparison, the RRs for long sleepers (sleep duration > or = 9 hours per day) 

was 1.47 (1.19-1.80) and remained significant even after adjustment (1.29 [1.05-1.59]).108  An 

even larger prospective study found positive associations between difficulty maintaining sleep 
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and incident type 2 diabetes in men and women.12  These studies support the notion that factors 

contributing to poor sleep need to discovered so that patients can achieve better quality sleep.  In 

response, the inflammatory processes would be limited and prevent the associated 

manifestations, such as depression, pain, and chronic disease development in healthy patients, as 

well as the progression in currently diseased patients.   

The results of the present study provide some consistency with the general theory that 

decreased sleep quality may increase TNF-alpha serum levels in specific chronic disease disorder 

patients thereby exacerbating their chronic disease condition and worsening their prognosis. 

These findings, if verified by repeat studies in larger primary care clinical populations, have 

significant implications. Sleep curtailment is having a negative effect on physical health and 

public health.  Encouraging patients to make behavioral changes is paramount to any primary 

care practice. This study should reinforce that the current quick and easy medical services, most 

often prescriptions for blood pressure, elevated cholesterol, or diabetes, may not suffice for 

adequately treating individuals with or at risk for cardiovascular disease. Education about sleep 

hygiene, as well as the standard education about diet and exercise, may be necessary practices to 

assist patients in reducing their chronic disease risk and improving their prognoses. To date, 

longitudinal studies that assess the beneficial effect of sleep improvement on the immune system 

and change in chronic disease status is lacking.  Future studies that help physicians to identify 

strategies to optimize the quality of patient’s sleep are desperately needed.   

Limitations   

There were limitations inherent to this study.  The cross-sectional design precluded the 

ability to determine the direction of causality.  The lack of established temporal relationships 

between the onset of poor sleep and the onset of increased inflammatory markers limited the 
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study’s generalizability.  Thus, future research in sleep in warranted with longitudinal studies 

that focus on sleep quality and ascertain its role in the innate immune system and chronic 

disease.   

Sleep is a clinical construct representing a complex phenomenon that has just begun to be 

explored.  Accurately measuring sleep quality has proved to be a challenge, as self-report 

questionnaires are more often subject to recall bias.  Although the PSQI is considered a 

standardized tool for evaluating sleep quality, it remains a subjective measure of sleep.  

Instruments such as the polysomnography could have provided more objective results.  However, 

the PSQI score offered the benefit of providing a global estimate of sleep quality spanning one 

month compared to polysomnography which is more sensitive to daily variability.  This study 

was subject to publication bias, even though the search was performed in multiple databases that 

contained unpublished research studies.   

Although strict caution was taken with storing the blood, 3 samples had slightly 

hemolyzed and 1 sample had moderately hemolyzed prior to arriving to the lab.  Hemolysis 

could have interfered with the detection of TNF-alpha and underestimated the total levels.  

Although square root transformation of TNF-alpha serum levels was required to accommodate 

the large variability observed, the differences among the participants was likely underestimated.     

Based on the findings in this study, further investigation as to the relationship between 

pain and depression could have provided more insight as to their interaction with sleep quality.  

Although the study achieved the calculated sample size and was powered to detect a 20% 

difference, the small number of participants limited the number of predictors, covariates, and  
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modifiers in the study.  Depressive symptomatology cannot be generalized as a diagnosis of 

depression.  To make the diagnosis of major depressive disorder, specific criteria must be met 

according to the Diagnostic and Statistical Manual of Mental Disorders 4th Edition (DSM IV).    

Anti-inflammatory cytokines, IL-4, IL-10, IL-13, and insulin, could have altered the 

effects, as they are known to reduce the TNF-alpha serum level.  However, the associations with 

these factors cannot be deduced as they were not accounted for in this study.  Data were neither 

obtained on subjects taking over the counter or prescribed anti-inflammatory medications (such 

as non-steroidal anti-inflammatory drugs [NSAIDS] or COX-2 inhibitors).  Thus, participants 

taking these medications were not excluded.  Anti-inflammatory medications (over the counter 

or prescribed) have been suggested to reduce and/or mitigate the effects of TNF-α 109.  However, 

literature remains inconsistent as to the effects on TNF-alpha.  Studies have reported NSAIDS 

disrupt sleep110 compared to others that describe how they are used to improve their sleep.111   

According to the literature, these medications could have underestimated the association between 

sleep quality and TNF-alpha.  Although the treatment efficacy of NSAIDS for diabetic 

retinopathy remains a clinical dichotomy, a study by Joussen revealed treatment with high doses 

of aspirin reduced retinal TNF-alpha levels in diabetics (1.20 ± 0.08 pg/mg; p > 0.05 compared 

with nondiabetic controls).109  Although, they report an insignificant p-value (p > 0.05) with high 

dose aspirin, it is proposed this is a misprint, as the remaining article reports aspirin produced a 

significant difference compared to diabetic controls.  In fact, high dose aspirin resulted in the 

largest reduction being comparable to normalized TNF-alpha levels found in nondiabetic rats 

versus diabetic rats (0.99±0.05 pg/mg vs. 2.00±0.18 pg/mg; n=6, P<0.005).109  In addition, they  
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found lower TNF-alpha levels in diabetic rats with higher doses of the COX-2 inhibitor, 

meloxicam: 0.2 mg/kg led to 19% reduction (1.61 ± 0.8 pg/mg; p < 0.05) versus 26% reduction 

(0.47 ± 0.08 pg/mg; p < 0.01) with 2 mg/kg.109  

The results of the current study should not be extrapolated beyond the scope of the study 

sample.  These participants were all over the age of 44 and non-Hispanic white, non-Hispanic 

black, or Hispanic/Latinos.  Thus, these data cannot be generalized to individuals younger than 

44 and other racial and ethnic groups. 

  Due to the nature of this acute reactant, TNF-alpha, the ability to make generalizations is 

limited.  The reliability of TNF-alpha wavers as it is present in small concentrations, has not 

been considered a stable cytokine, and has TNF-alpha binding proteins that can interfere with its 

measurements.26, 112  Potential limitations also inherent to the study of acute reactant 

inflammatory mediators are the lack of control of health-related factors that impact immunity.113   

For example, brief episodes of psychological stress or stress-induced anxiety (such as preparing 

for academic examinations) have been shown to significantly increase production of TNF-

alpha.114  When participants were interviewed in this study, questions were not asked as to, 

“Have you experienced a major stressor in the last two days?”  In addition, participants may have 

experienced moderate anxiety immediately prior to their first encounter.  Thus, it remains 

difficult to determine whether increases in TNF-alpha are associated with sleep quality or with 

outside confounders that we were not able to control.   
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CHAPTER VI 

CONCLUSION 
 
 

This study explored the attributes of sleep and the multivariate factors that contribute to 

poor sleep.  With the hopes that it may serve as a stepping stone for deciphering appropriate 

sleep-promoting interventions, including pharmacological and behavioral strategies, this study 

was performed to ultimately improve patients’ overall health.  Further studies are needed to 

examine the negative effects of poor sleep on the innate immune system as the inflammatory 

response feeds back and controls sleep-wake transitions, furthermore exacerbating the 

development of chronic disease.     

Although the potential roles and functions of the pro-inflammatory mediators continue to 

be debated, several mediators, specifically TNF-alpha have been clearly identified as having a 

pivotal role in inflammation.4, 95, 112, 115-119  Thus, therapies specifically focusing on the 

inflammatory process underlying atherosclerosis and other cardiovascular risk factors have the 

potential for delaying the progression of cardiovascular disease and providing a better quality of 

life.  

During routine clinical visits, it becomes even more important to inquire as to the 

patient’s quality of sleep, and educate them on modifiable risk factors related to improving their 

sleep and reducing inflammatory processes.  Unfortunately, lack of patient awareness is a 

consequence of physicians overlooking its importance.  Meissner et al. studied the prevalence of 

individuals suffering with sleeping conditions and how frequently they go unrecognized.120  He 

identified 105 (47%) hospitalized patients with insomnia, excessive daytime somnolence, or 
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both.  After reviewing the admitting physicians’ records, he found not one physician had record 

of any patient symptom related to sleep.120  This study is a testament to the infrequency patients 

are screened for poor sleep, while it could be an inciting cause of admission.  Thus, clinicians 

must be more proactive in establishing a successful screening program in their clinic, especially 

for chronic diseased individuals.   

An added barrier to successful screening is that while patients with sleeping difficulties 

consider it bothersome, they underestimate its importance and do not feel they should be 

concerned.  This explains why patients rarely seek medical attention and supports the reason 

clinicians should actively screen on a routine basis.  It is important that clinicians emphasize that 

patient compliance is vital, and reinforce the potential efficacy in their efforts to make lifestyle 

changes.  For example, Reichert et al. (2009) observed significant reductions in circulating TNF-

alpha levels in participants after a smoking cessation process.118  

 This study suggests the significance of an integrated team approach, which has started at 

the bench level but now needs to be carried out by both the clinician and patient.  The obstacles 

in measuring sleep, proinflammatory cytokines, attitudes, and difficulties in initiating lifestyle 

behavioral changes create unique challenges.  However, consistent and dedicated efforts can be 

effective in overcoming such challenges.    

 To date, longitudinal studies that assess the beneficial effect of sleep improvement on the 

immune system and change in chronic disease status is lacking. The results of this study did 

discover significant relationships between specific chronic diseases and TNF-alpha serum level, 

but this association was not generalizable for all chronic diseases.  As patients with decreased 

sleep quality may induce or perpetuate their chronic disease, they could potentially improve their 

prognosis by achieving better sleep.  Though the data remain sketchy on the optimum 
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management of poor sleep in chronic diseased individuals, large-scale studies will most likely 

prove that reducing the inflammatory response in individuals with coexisting poor sleep quality 

and diabetes and/or high blood pressure will require aggressive regimens and strict compliance 

with medications.   Despite all the advances in our understanding of sleep, we have just begun to 

scratch the surface of this multifaceted construct and its interplay with psychology and lifestyle 

behaviors.    
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Figure 2.  Study Participant Flow Diagram 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
  
 
 
 
 
 
 
 
 
Figure 2 illustrates the derivation of the SQS participants recruited during the NTHH study.   
*10-Obstructive Sleep Apnea; 4- Insomnia; 2- Restless Leg Syndrome; 1- Other physician-diagnosed sleep disorder; 1-Human 
Immunodeficiency Virus; 2- Chemotherapy; 2- Radiation; 11- Active Infection; 1-Excessive alcohol consumption; 3- Non-
malignant skin cancer; 10- Rheumatoid Arthritis; 3- Eczema; 1- Psoriasis.  Many of these participants meet more than one 
exclusion criteria.**The CT scan was not performed on three participants due to elevated heart rate.  However these participants 
remained in the study.  

371 Participants from the NTHH study invited back for the 
follow-up visit. 

113 Participants 

79 Participants 

75 completed surveys used in all data 
analysis, except in models with 

coronary calcium score 

*34 Ineligible Participants based 
on exclusion criteria. 

 

4 Participants did not have TNF-α 
values due to inadequate blood 

draws. 
 

258 did not receive the SQQ 
• 53 Participants returned before 

August 11, 2008 
• 205 Participants lost-to-follow-

up or scheduled repeat visit 
after March 20, 2009 

**72 surveys used in data analysis for 
coronary calcium score  
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Table 1. Estimated PSQI "global" score  
    

  Controls Cases 

     
Reported  

Component 
Score 

Reported  
Component 

Score 

   Sleep Quality 
No 

complaints 
"0" 

Very frequent- 
Difficulty sleeping  

"1" 

   Sleep Latency (min) 10.7 +/- 2.0 0 32.8 +/- 5.2 3 

   Sleep Duration (hrs) 7.4 0 6.6 1 

   Habitual Sleep Efficiency 92.9 +/-0.6 0 82.5+/-2.8 1 

   Sleeping Disturbances 
No 

complaints 
"0" Frequent arousal "1" 

   Sleeping Medications 0 0 0 0 

   Daytime Dysfunction 
No frequent 
complaints 

"1" 

Frequent daytime 
fatigue,                           

poor 
concentration, and 

inattention 

"2" 

   Global PSQI score                        "1"                                "9" 

min, minutes; hrs, hours; "number", estimated component score 

Vgontzas, A.N., Zoumakis, E., Bixler, E.O., et al.  Adverse Effects of Modest Sleep Restriction on Sleepiness, 
Performance, and Inflammatory Cytokines. Journal of Clinical Endocrinology and Metabolism. 2004;89:2119-2126. 
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Table 2. Hourly TNF-alpha Serum Levels 

 
Mean SD 

Hour 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 
  

Controls 2.49 2.63 2.15 2.18 2.25 2.00 2.10 1.85 2.21 0.25 

Cases 2.45 2.50 2.75 2.63 2.30 2.53 2.63 2.35 2.52 0.15 

Total 
        

2.36 0.26 

* SD, Standard deviation 

Vgontzas, A.N., Zoumakis, E., Bixler, E.O., et al.  Adverse Effects of Modest Sleep Restriction on Sleepiness, 
Performance, and Inflammatory Cytokines.  Journal of Clinical Endocrinology and Metabolism.  2004;89:2119-
2126. 
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Table 3. Estimated Sample Size 

Power N B SX SY S α B 

0.80 191 0.04 1.00 0.20 0.20 0.05 0.20 

0.80 436 0.04 1.00 0.30 0.30 0.05 0.20 

0.82 17 0.04 3.00 0.20 0.16 0.05 0.18 

0.81 44 0.04 3.00 0.30 0.27 0.05 0.19 

1.00 2 0.04 5.00 0.20 0.00 0.05 0.00 

0.84 13 0.04 5.00 0.30 0.22 0.05 0.17 

*N, sample size; B, slope; SX, standard deviation of X; SY, standard deviation of Y; S, standard deviation of 
residuals; α, alpha; B, beta 
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Table 4. Demographic characteristics of the study participants (N=75) 

  
Total Good 

Sleepers* 
Poor 

Sleepers** p-value 

  (n=75) (n=47) (n=28)   

Years of age, mean (SD) 57 (7.7) 58 (8.3) 57 (6.7) 0.565 
Sex         
    Female 49 (65%) 26 (55%) 23 (82%) 0.018 
    Male 26 (35%) 21 (45%)  5 (18%)   
Race/Ethnicity         
    White/Caucasian 20 (27%) 15 (32%)  5 (18%) 0.140 
    Hispanic/Latino 18 (24%)  8 (17%) 10 (36%)   
    Black/African American 37 (49%) 24 (51%) 13 (46%)   
Education         
    No college 17 (23%)  9 (19%)  8 (29%) 0.233 
    Some college 24 (31%) 13 (28%) 11 (39%)   
    College degree 17 (23%) 11 (23%)  6 (21%)   
    Post-graduate degree 17 (23%) 14 (30%)  3 (11%)   
Marital Status         
    Married 43 (57%) 27 (59%) 16 (57%) 0.896 
    Not married 31 (41%) 19 (41%) 12 (43%)   
    Not reported   1 (1%) __ __   
Employment Status         
    Employed 58 (77%) 35 (74%) 23 (82%) 0.443 
    Unemployed 15 (20%) 12 (26%)  5 (18%)   
Health Care Coverage         
    Yes 66 (88%) 44 (94%) 22 (79%) 0.071 
    No  9 (12%) 3 (6%)  6 (21%)   
Personal Healthcare Provider         
    Yes 66 (88%) 40 (87%) 24 (89%) 1.000 
    No  9 (12%)  6 (13%)  3 (11%)   

*Good sleepers identified by global PSQI score ≤ 5.  **Poor sleepers identified by global PSQI score > 5. 
SD, standard deviation 
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Table 4 (cont). Demographic characteristics of study participants (N=75) 

  
Total Good 

   Sleepers* 
Poor 

    Sleepers** p-value 

  (n=75) (n=47) (n=28) 
 

Diet         

    Healthy 58 (77%) 38 (81%) 20 (71%) 0.346 

    Unhealthy 17 (23%)   9 (19%)   8 (29%)   

Physical Exercise         

    Yes 57 (76%) 37 (79%) 20 (71%) 0.474 

    No 18 (24%) 10 (21%)  8 (29%)   

Tobacco Use (cigarettes)         

    No 67 (89%) 41 (87%) 26 (93%) 0.702 

    Yes   8 (11%)   6 (13%) 2 (7%)   

Alcohol Consumption �         

    No 59 (79%) 37 (79%) 22 (79%) 0.988 

    Yes 16 (21%) 10 (21%)   6 (21%)   

*Good sleepers identified by global PSQI score ≤ 5.  **Poor sleepers identified by global PSQI score > 5.  ѱAlcohol 
consumption never exceeded more than four drinks on one occasion 2-4 times a month.   
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Table 5.  Psychosocial and health characteristics of study participants (N=75) 

  
Total Good 

  Sleepers* 
Poor 

   Sleepers** p-value 

  (n=75) (n=47) (n=28) 
 

sqrtTNF-alpha (mean [SD]) 1.8 (0.5) 1.8 (0.5) 1.9 (0.58) 0.511 
Pain (cm, mean [SD]) 2.3 (2.4) 2.3 (2.3) 2.4 (2.7) 0.896 
Body Mass Index (BMI)     
    Normal (18.5-24.9) 10 (13%) 7 (15%) 3 (11%) 0.472 
    Overweight  (25.0-29.9) 29 (39%) 20 (43%) 9 (32%) 

 
    Obese (≥ 30.0) 36 (48%) 20 (43%) 16 (57%) 

 
Depressive Symptomatology � 

    
    Absent (≤ 16) 67 (89%) 46 (98%) 21 (75%) 0.003 
    Present (> 16) 8 (11%) 1 (2%) 7 (25%) 

 
    

*Good sleepers identified by global PSQI score ≤ 5.  **Poor sleepers identified by global PSQI score > 5.             
ѱDepressive Symptomatology is defined as absent if participant has ≤ 16 symptoms and present if participant 
experiences > 16 symptoms.  SD, standard deviation; TNF-alpha, tumor necrosis factor-alpha; cm, centimeters; sqrt, 
square root.   
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Table 6. Chronic disease and sleep quality of study participants (N=75) 

  
Total Good 

  sleepers* 
Poor 

   Sleepers** p-value 

  (n=75) (n=47) (n=28) 
 

Chronic Disease Status     
     Present 59 (79%) 37 (79%) 22 (79%) 

1.000 
     Absent 16 (21%) 10 (21%)  6 (21%) 

Number of Chronic Diseases     
  0 16 (21%) 10 (23%)  6 (21%) 

0.424   1 15 (20%)   7 (16%)  8 (29%) 
  2-5 41(55%) 27 (61%) 14 (50%) 

      Missing 3 (4%) __ __ 
 

Hypertension     
      Yes 33 (44%) 22 (47%) 11 (39%) 

0.526 
      No 42 (56%) 25 (53%) 17 (61%) 

Dyslipidemia     
      Yes 37 (49%) 25 (53%) 12 (43%) 

0.387 
      No 38 (51%) 22 (47%) 16 (57%) 

Coronary Calcium Score     
     Zero 47 (63%) 27 (61%) 20 (71%) 

0.382 
     Nonzero 25 (33%) 17 (39%)  8 (29%) 

     Not available 3 (4%) __ __ 
 

Diabetes     
     Yes 11 (15%)   8 (17%)  3 (11%) 

0.522 
     No 64 (85%) 39 (83%) 25 (89%) 

Metabolic Syndrome     
    Yes 27 (36%) 15 (32%) 12 (43%) 

0.340 
     No 48 (64%) 32 (68%) 16 (57%) 

 
*Good sleepers identified by global PSQI score ≤ 5. **Poor sleepers identified by global PSQI score > 5. n, number; 
%, percentage; SD, standard deviation;  
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Table 7.  Univariate Analysis of Independent Predictors and Covariates (N=75) 
 

TNF-alpha PSQI score 
(Sleep Quality)  

 
 B (S.E.) p-value B (S.E.) p-value 
     
PSQI score   0.011 (0.016) 0.517   
Chronic disease     
     Status   0.317 (0.138) 0.025 -0.274 (1.019) 0.788 

     Number    0.139 (0.072) 0.060 -0.120 (0.522) 0.819 

     Type:     

        Hypertension -0.073 (0.118) 0.538 -0.511 (0.839) 0.545 

        Dyslipidemia   0.262 (0.113) 0.023   0.436 (0.834) 0.603 

        Coronary Calcium Score   0.152 (0.124) 0.225 -0.598 (0.893) 0.505 

        Diabetes Mellitus   0.210 (0.164) 0.205 -1.685 (1.164) 0.152 

        Metabolic Syndrome 
  0.213 (0.120) 0.079             0.847 (0.864) 0.330 

Covariates     
    Age   0.013 (0.008) 0.099 -0.035 (0.054) 0.521 

    Gender -0.045 (0.123) 0.716 -1.473 (0.860) 0.091 

    Race/ethnicity -0.060 (0.069) 0.392   0.077 (0.496) 0.877 

    Body Mass Index (BMI)   0.023 (0.083) 0.780   0.351 (0.593) 0.556 

    Tobacco use (cigarettes)   0.351 (0.185) 0.062   0.871 (1.349) 0.520 

    Pain   0.015 (0.024) 0.535   0.269 (0.171) 0.121 

    Depressive symptomatology ѱ -0.158 (0.189) 0.407  4.090 (1.265) 0.002 

ѱDepressive Symptomatology is defined as absent if participant has ≤ 16 symptoms and present if participant experiences > 16 symptoms. B, unstandardized 
beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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Table 8.  Final Multivariate Model:  Association between Sleep quality and  
TNF-alpha levels (N=75) 

 
TNF-alpha levels 

B (S.E.) p-value 

   

PSQI score  0.010 (0.016) 0.539 

Covariates   
    Age  0.015 (0.008) 0.055 

    Gender -0.016 (0.122) 0.896 

    Tobacco use   0.386 (0.186) 0.042 
   

*B, unstandardized beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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Table 9.  Final Multivariate Models: Association between Chronic disease status (yes/no), type, and number and Sleep quality 
(N=75) 

 PSQI score (Sleep Quality) 

 
Final model with Chronic 

Disease Status 

 
Final model with all types 

 Final model with total 
number of chronic diseases 

B (S.E.) p-value  B (S.E.) p-value  B (S.E.) p-value 

Chronic disease         

   Status -0.155 (1.040) 0.882       

   Total Number       -0.229 (0.536) 0.671 

   Type:         

      Hypertension    -0.973 (0.831) 0.246    

      Dyslipidemia     0.337 (0.879) 0.703    

      Coronary Calcium Score    -0.713 (0.915) 0.439    

   Diabetes Mellitus    -2.277 (1.164) 0.055    

   Metabolic Syndrome     1.371 (0.922) 0.142    

         

Covariates         
   Age -0.026 (0.055) 0.635  -0.008 (0.056) 0.881  -0.021 (0.056) 0.713 

   Gender -1.154 (0.847) 0.178  -0.887 (0.928) 0.342  -1.088 (0.872) 0.217 

   Pain  0.324 (0.164) 0.052   0.369 (0.171) 0.034    0.333 (0.168) 0.052 

   Depressive symptomatologyѱ  3.875 (1.285) 0.004   4.253 (1.323) 0.002    3.960 (1.330) 0.004 

ѱDepressive Symptomatology is defined as absent if participant has ≤ 16 symptoms and present if participant experiences > 16 symptoms.  B, unstandardized 
beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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Table 10.  Final Multivariate Models:  Association between Sleep quality and TNF-alpha  
levels modified by Chronic Disease Status and Total Number  (N=75) 

 TNF-alpha levels 

 
Chronic Disease Status  Total Number of  

Chronic Diseases 
B (S.E.) p-value  B (S.E.) p-value 

      

PSQI score 0.009 (0.016) 0.580  -0.009 (0.017) 0.584 

Chronic disease      

    Status (Yes/No) 0.283 (0.148) 0.060    

    Total Number    0.111 (0.076) 0.150 
      
Covariates      
    Age  0.009 (0.008) 0.244    0.011 (0.008) 0.196 

    Gender -0.067 (0.123) 0.586  -0.059 (0.127) 0.646 

    Tobacco use   0.384 (0.182) 0.039    0.373 (0.189) 0.052 

*B, unstandardized beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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Table 10 (cont).  Final Multivariate Models: Association between Sleep Quality and TNF-alpha levels modified by 
Dyslipidemia, Coronary Calcium Score, and Metabolic Syndrome (N=75)  

 TNF-alpha levels 

 
Dyslipidemia  Coronary Calcium Score  Metabolic Syndrome 

B (S.E.) p-value  
B (S.E.) p-value  

B (S.E.) p-value 

PSQI score 0.006 (0.016) 0.730 
 

0.010 (0.017) 0.543 
 

0.009 (0.016) 0.595 

Chronic disease         

   Type:         

       Dyslipidemia 0.249 (0.119) 0.040       

       Coronary Calcium Score    0.124 (0.133) 0.354    

    Metabolic Syndrome       0.124 (0.126) 0.328 

         

Covariates         
   Age   0.012 (0.007) 0.106    0.012 (0.008) 0.143  0.013 (0.008) 0.095 

   Gender -0.101 (0.126) 0.426  -0.045 (0.129) 0.731  0.005 (0.124) 0.968 

   Tobacco use   0.348 (0.182) 0.060    0.393 (0.190) 0.043  0.345 (0.190) 0.075 

*B, unstandardized beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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Table 11.  Final Multivariate Models: Association between Sleep Quality and TNF-alpha levels – Stratified by Hypertension 
and Diabetes Mellitus (N=75) 

 

No  
Hypertension 

 Hypertension  
Present 

 No  
Diabetes Mellitus 

 Diabetes Mellitus 
Present 

B (S.E.) p-value 
 

B (S.E.) 
p-

value 
 

B (S.E.) p-value 
 

B (S.E.) 
p-

value 
            

PSQI score 0.037 (0.020) 0.065  -0.056 (0.028) 0.053  0.027 (0.017) 0.103  -0.118 (0.058) 0.080 

            
Covariates            
   Age 0.024 (0.010) 0.021   0.001 (0.011) 0.911  0.013 (0.008) 0.091   0.027 (0.026) 0.328 
   Gender 0.029 (0.160) 0.856  -0.053 (0.175) 0.764  0.031 (0.124) 0.803  -0.428 (0.388) 0.306 

   Tobacco use  0.307 (0.209) 0.150   0.793 (0.365) 0.039  0.408 (0.177) 0.025  … … 

*B, unstandardized beta; S.E., standard error; PSQI, Pittsburg Sleep Quality Index 
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APPENDIX A: 
 

SLEEP QUALITY QUESTIONNAIRE 
 

SURVEY 
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APPENDIX B: 
 

SLEEP QUALITY QUESTIONNAIRE 
 

SCORING INSTRUCTIONS 
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Scoring Instructions for the Sleep Quality Questionnaire 

Scoring Instructions:  This questionnaire measures seven different components of sleep quality.  
The score for each component is weighted equally, and each has a range of 0-3 points.  A score 
of “0” indicates no difficulty, while a score of 3” indicates severe difficulty.  The seven 
components are then combined to yield one “global” score with the possibility of scoring 0-21 
points. PSQI global scores >5 are used to distinguish good and poor sleepers.  
 

 

Sleep Quality 
Components 

Questions 
needed to 
calculate 

Analysis of Answers 
Finalized 

Score 

Component 1: 
Subjective 

Sleep Quality 

Question 12 
 

 

Response Score 

          “Very good” 
           “Fairly good” 
         “Fairly bad” 
        “Very bad” 

0 
1 
2 
3 

Component 1 
Score _____ 

Component 2: 
Sleep Latency Question 2 

Response Score 

                             ≤ 15 minutes 
            16-30 minutes 
            31-60 minutes 
          > 60 minutes 

0 
1 
2 
3 

 
                                #2 _____ 

 

 Question 5a 

Response Score 

           Not during the past month 
           Less than once a week              
         Once or twice a week 

             Three or more times a week 

0 
1 
2 
3 

                               
                                 #5a _____ 
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Question2 

and 5a 
 

Sum of #2 and #5a Score 

          0 
           1-2 
           3-4 
           5-6 

0 
1 
2 
3 

 

Component 2 
Score _____ 

Component 3: 
Sleep Duration Question 4 

Response Score 

         >7 hours 
          6-7 hours 
          5-6 hours 
          < 5 hours 

0 
1 
2 
3 

 

Component 3 
Score _____ 

            
Component 4: 
Habitual Sleep 

Efficiency 
 

Question 1,3 

Question 3: Getting up time______ 
                         --   Question 1: Bed time ______ 

 
   = Hours spent in bed ______ 

 

 

Question 4 
and hours 

spend  
in bed 

Habitual Sleep Efficiency 
= (Question4)/(Hours spent in bed) x 100 

= (_____)/(_____) x 100 
 

Response Score 

>85% 
75-84% 
65-74% 
<65% 

0 
1 
2 
3 

 

Component 4 
Score _____ 
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Component 5: 
Sleep 

Disturbances 

Questions 
5b-5j 

Response Score 

                Not during the past month 
                Less than once a week                      
                  Once or twice a week 

                   Three or more times a week 

0 
1 
2 
3 

 
Assign for scores for each question 

5b _____ 
5c _____ 
5d _____ 
5e _____ 
5f _____ 
5g _____ 
5h _____ 
5i _____ 

            5j _____Reason 
                                     Total  _____ 

 

 
Sum of #5b-

5j 

Sum of # 5b-5j = _____ Score 

                       0 
                     1-9 
                   10-18 
                   19-27 

0 
1 
2 
3 

 

Component 5 
Score _____ 

Component 6: 
Use of Sleeping 

Medications 
Question 6 

Response Score 
          Not during the past month 

         Less than once a week 
         Once or twice a week 

           Three or more times a week 

0 
1 
2 
3 

 

Component 6 
Score _____ 

Component 7: 
Daytime 

Dysfunction 
Question 7 

Response Score 
Not during the past month 

Less than once a week 
Once or twice a week 

Three or more times a week 

0 
1 
2 
3 

                                  
                                           #7 _____ 
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 Question 8 

Response Score 
Not during the past month 

Less than once a week 
Once or twice a week 

Three or more times a week 

0 
1 
2 
3 

 
                                           #8 _____ 

 

 
Sum of  

#7 and #8 

Sum of #7 and #8 = _____ Score 

                                      0 
      1-2 
      3-4 
      5-6 

0 
1 
2 
3 

 

Component 7 
Score _____ 

Modified 
“Global” PSQI 

score 

Components 
1-7 

Sum of components 1-7 
Global Score 

 
 __________ 

        

 

Participants are excluded from the study if they answer the following: 

1.  Once or twice a week for the following questions: 

•        Question 9 

•        Question 10 

2. Three or more times a week for the following question: 

• Question 11 

3. Answered Yes for the following questions: 

•       Question 14                                          If yes, which __________ 

•       Question 16a, 16b, or 16c                  If yes, which __________ 

•       Question 17a, 17b, or 17c                  If yes, which __________ 

•       Question 18a                                        If yes, which __________ 

 

The Visual Analog Scale is an instrument used to measure pain as a continuous variable.  The line is exactly 10cm 

long.  Measurements are made from the left side of the line to the “X” and reported in centimeters.  

 

 Pain (cm) __________   
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APPENDIX C: 
 

NORTH TEXAS HEALTHY HEART STUDY  

SURVEY 
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Primary Investigators: Dr. Roberto Cardarelli (817)  735-0282; Dr. Joan Carroll (817) 735-2084

Survey Date (sdate) : _____________ Site (site) :______________Data Entry (dateent) :____

Interviewer (intervwr) :__________________________________

TO BE READ BY INTERVIEWER

UIN (uin) : _______________ Contact other than relative:
Name:________________________

Name:_________________________________ Address:_____ _________________

______________________________

Address:________________________________ Phone:_____ ___________________

Zip Code (zipcd) ______________

Physician Information

Telephone number:____________________ Name:_________ _______________

E-mail:___________________ Address:_________________ _____

Date of birth:______________ ______________________ ________

Phone:________________________

MEASUREMENTS

BP1 BP2 Average

Weight (weight) ___________ lbs. Systolic

Height (height )___________ in.

BMI (bmi) ________ Diastolic

Circumferences Heart Rate

Waist (waist) __________ in.

Hip (hip)_ ___________ in.

"The North Texas Healthy Heart II Study"

University of North Texas Health Science Center

The North Texas Primary Care Practice-Based Researc h Network

All answers are CONFIDENTIAL.  Your doctor or nurse  will not know how you answered 
and your answers will not affect the medical care y ou receive.



 

 

79 

 

 

TO BE READ BY INTERVIEWER

"This section is going to ask about how you and oth ers like you are
treated, and how you typically respond."

1. If you feel you have been treated unfairly, do you usually: (select the best response). (dcunfair1)

□ Accept it as a fact of life 1
□ Try to do something about it 0

2. And if you have been treated unfairly, do you usually: (select the best response) (dcunfair2)

□ Talk to other people about it0
□ Keep it to yourself1

3. Have you ever experienced discrimination, been prevented from doing something, or been 
hassled or made to feel inferior in any of the following seven situations because of your race, ethnicity,
or color…

If response is "YES"
How many times did this happen?

Once1

2-3 
times 2

4 or 
more 
times 3

3a. □ No0 □ Yes1 At school? (dcschool) □ □ □ (schooly)

3b. □ No0 □ Yes1 Getting hired for a job? (dcjob) □ □ □ (joby)

3c. □ No0 □ Yes1 At work? (dcwork) □ □ □ (worky)

3d. □ No0 □ Yes1 Getting housing? (dchouse) □ □ □ (housey)

3e. □ No0 □ Yes1 Getting medical care? (cdmedca) □ □ □ (medcay)

3f. □ □ Getting service in a (dcservice) □ □ □ (servicey)

store or restaurant?

3g. □ □ Getting credit, bank (dcbank) □ □ □ (banky)

loans, or a mortgage?

3h. □ □ On the street or in a (dcstreet) □ □ □ (streety)

public setting?

3i. □ □ From the police (dcpolice) □ □ □ (policey)

or in the courts?

Yes1No0

No0 Yes1

No0 Yes1

No0 Yes1

 ADMINISTERED BY INTERVIEWER
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"The next questions are about how you feel." 
"These are some statements people have made. For ea ch of the following please tell me if
you strongly agree, agree, disagree, or strongly di sagree"

SENSE OF CONTROL

    Strongly        
    Agree- 2 Agree- 1 Neutral 0 Disagree 1 Unknown 7

Control over good
1. I am responsible for my own successes. (scresp)

□ □ □ □

SENSE OF CONTROL (continued)

    Strongly        
    Agree- 2 Agree- 1 Neutral 0 Disagree 1 Unknown 7

2. I can do just about anything I really set my mind to. (scmind)

□ □ □ □

Control over bad
3. My misfortunes are the result of mistakes I have made. (scmisf)

□ □ □ □

4. I am responsible for my failures. (scfail)

□ □ □ □

Powerlessness over good
5. The really good things that happen to me are mostly luck. (scluck)

□ □ □ □

6. There’s no sense in planning a lot—if something good is going to happen, it will. (scnopain)

□ □ □ □

Powerlessness over bad
7. Most of my problems are due to bad breaks. (scbadbks)

□ □ □ □

8. I have little control over the bad things that happen to me. (scnocont)

□ □ □ □

□

□

□

□

TO BE READ BY INTERVIEWER

□

Strongly
Disagree 2

Strongly
Disagree 2

□ □

□ □

□ □

□

□

□ □

□
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SOCIAL SUPPORT

    Strongly        Strongly
    Agree 1 Agree 2 Disagree 3 Disagree 4 REFUSED9

Emotional support
1. I have someone I can turn to for support and understanding when things get rough. (sssupp)

□ □ □ □

2. I have someone I can really talk to. (sstalk)

□ □ □ □

Instrumental support
3. I have someone who would help me out with things, like give me a ride, watch (sshelp)

   the kids or house, or fix something.
□ □ □ □

4. I have someone who would take care of me if I were sick. (sssick)

□ □ □ □

"The next questions are about ways you might have f elt or behaved. Please tell me how 
often you have felt this way during the PAST WEEK."  

DEPRESSION

    Rarely or Occasionally
    none of the Some or a or a moderate
    time (less little of the amount of the
    than 1 day) 0 time(1-2 days) 1 time(3-4 days) 2

1. I was bothered by things that usually don't bother me. (dbother)

□ □

2. I did not feel like eating; my appetite was poor. (dnoeat)

□ □

3. I felt that I could not shake off the blues even with help from my family or friends. (dshake)

□ □

4. I felt I was just as good as other people. (dgood)

□ □

5. I had trouble keeping my mind on what I was doing. (dmindon)

□ □

6. I felt depressed. (ddepres)

□ □

□

□ □

□

□ □

□ □

□ □

□

□

DON'T
KNOW7

□

□ □

□ □

Most or

□

TO BE READ BY INTERVIEWER

□□

time(5-7 days) 3

all of the
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DEPRESSION (continued)

    Rarely or Occasionally
    none of the Some or a or a moderate
    time (less little of the amount of the
    than 1 day) 0 time(1-2 days) 1 time(3-4 days) 2

7. I felt that everything I did was an effort. (deffort)

□ □

8. I felt hopeful about the future. (dhope)

□ □

9. I thought my life had been a failure. (dfailure)

□ □

10. I felt fearful. (dfear)

□ □

11. My sleep was restless. (drestlss)

□ □

12. I was happy. (dhappy)

□ □

13. I talked less than usual. (dtalkles)

□ □

14. I felt lonely. (dlonely)

□ □

15. People were unfriendly. (dunfriend)

□ □

16. I enjoyed life. (denjoy)

□ □

17. I had crying spells. (dcry)

□ □

18. I felt sad. (dsad)

□ □

19. I felt that people dislike me. (ddislike)

□ □

20. I could not get "going." (dgoing)

□ □

Most or
all of the

time(5-7 days) 3

□

□

□

□

□

□

□

□

□

□

□

□ □

□

□

□

□

□□

□

□ □

□ □

□

□

□ □
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"Now some  information about yourself"

1. Do you currently have an active infection, such as a cold, urinary tract infection, or   (acinfec)

a dental infection?

□ Yes1

□ No0

2. Have you smoked at least 100 cigarettes in your entire life? (hundsmok)

□ Yes1 □ Don't know/Not sure7 

□ No0 □ Refused9

3. Do you now smoke cigarettes every day, some days, or not at all? (smokefrq)

□ Every day1

□ Some days2

□ Not at all0

□ Don't know/Not sure7

□ Refused9

4. During the past 12 months, have you stopped smoking for one day or longer (smokestp)

because you were trying to quit smoking?

□ Yes1

□ No0

□ Don't know/Not Sure7

□ Refused9

5. How would you rate your diet? (diet)

□ Healthy (High amount of fiber, fruits, vegetable, poultry, fish)0

□ Unhealthy (Majority of red meats, fried foods, fast-foods)1

TO BE READ BY INTERVIEWER
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6. Do you take any type of vitamins on a daily basis? (vitamins)

□ Yes1

□ No0

7. How often do you have a drink containing alcohol? (Alcoholic drinks include (EtOH2f)

one beer, one glass of wine, a mixed drink of hard liquor, or one wine cooler.  
Each of these counts as one drink, unless they have double shots, which would equal two drinks.) 

□ Never0 □ 2-3 times a week3

□ Monthly or less1 □ 4 or more times a week4

□ 2-4 times a month2

8. How many drinks do you have on a typical day when you are drinking? (EtOH2#)

□ 1 or 20

□ 3 or 41

□ 5 or 62

□ 7 to 93

□ 10 or more4

9. How often do you have four or more drinks on one occasion?

□ Never0

□ Monthly or less1

□ 2-4 times a month2

□ 2-3 times a week3

□ 4 or more times a week4
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10. In the past year, how often did you use nonprescription drugs to get high (nonrx)

or change the way you feel?

□ Never0

□ Monthly or less1

□ 2-4 times a month2

□ 2-3 times a week3

□ 4 or more times a week4

11. In the past year, how often did you use drugs prescribed to you or to someone (rx)

else to get high or change the way you feel?

□ Never0 □ 2-3 times a week3

□ Monthly or less1 □ 4 or more times a week4

□ 2-4 times a month2

12. In the last year, how often did you drink or use drugs more than you meant to? (fdrinks)

□ Never0

□ Monthly or less1

□ 2-4 times a month2

□ 2-3 times a week3

□ 4 or more times a week4

13. How often did you feel you wanted or needed to cut down on your drinking (cutdown)

or drug use in the last year and not been able to?

□ Never0

□ Monthly or less1

□ 2-4 times a month2

□ 2-3 times a week3

□ 4 or more times a week4
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14. In general, would you say your health is: (gnhealth)

□ Excellent0

□ Very Good1

□ Good2

□ Fair3

□ Poor4

□ Don’t Know7

□ Refused9

15. During the past month, other than your regular job, did you participate in any  (exercise)

physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?

□ Yes1

□ No0

□ Don't know/Not sure7

□ Refused9

16. Do you have any kind of health care coverage, including health insurance, (hlthcov)

prepaid plans such as HMOs or government plans such as Medicare or Medicaid?

□ Yes1

□ No0

□ Don't know/Not sure3

□ Refused4
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17. If so, what kind of coverage do you have? (typecov)

□ Private health insurance0

□ HMO1

□ Medicare2

□ Medicaid3

□ Other _______________ (covother)

18. If you don't have any kind of coverage, what are some reasons why? (nocovrs)

□ Can't afford to have it0

□ I don't qualify for government programs1

□ I don't know if I qualify for government programs2

□ My employer doesn't provide health benefits3

□ Other _____________________________ (nocovoth)

19. Do you have one person you think of as your personal doctor or healthcare provider? (provider)

If NO, ask: Is there more than one, or is there no person who you think of as your 
personal doctor or health care provider?

□ Yes, only one0

□ More than one1

□ No2

□ Don't Know/Not sure7

□ Refused9
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20. Was there a time in the past 12 months when you needed to see a doctor but (drcost)

could not because of cost? 

□ Yes1

□ No0

□ Don't know/Not sure7

□ Refused9

21. About how long has it been since you last visited a doctor for a routine checkup? (rtcheck)

A routine checkup is a general physical exam, not an exam for a specific injury, illness, or condition.

□ Within past year (1-12 months ago)0

□ Within past 2 years (1-2 years ago)1

□ Within past 5 years (2-5 years ago)2

□ 5 or more years ago3

□ Never4

□ Don’t know/Not sure7

□ Refused9

22. What is your gender? (gender)

□ Female0

□ Male1

23. What is your age? _______________ (age)

24. Are you Hispanic or Latino? (hispanic)

□ Yes1 □ Refused9

□ No0

□ Don't Know7
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25. Which one of these groups would you say best represents your race? (race)

□ White0

□ Black/ African American1

□ Asian2

□ Native Hawaiian or Other Pacific Islander3

□ American Indian or Alaska Native4

□ Other_________________________ (raceoth)

26. Are you…? (marstat)

□ Married0 □ Never married4

□ Divorced1 □ In a relationship5

□ Widowed2 □ Refused 9

□ Separated3

27. How many children less than 18 years of age live in your household? (children)

Number of children ____

□ None0

□ Refused9

28. How many years of education have you completed? (yrsed)

Note: Give example: elementary school- 5 yrs, high school- 12yrs

__________
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29. What is the highest grade or year of school that you completed? (school)

□ Never attended school or only attended kindergarten7

□ Grades 1 through 8 (Elementary)6

□ Grades 9 through 11 (Some high school)5

□ Grade 12 or GED (High school graduate)4

□ College 1 year to 3 years (Some college or technical school)3

□ Bachelor's degree (4 years of college)2

□ Master's degree1

□ Doctorate degree0

(work)

□ Employed for wages0 □ A Student5

□ Self-employed1 □ Retired6

□ Out of work for more than 1 year2 □ Unable to work7

□ Out of work for less than 1 year3 □ Refused8

□ A Homemaker4

30. Are you currently…?
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31. What is your occupation?

□ Labor4

□ Technical3

□ Clerical2

□ Managerial1

□ Professional0 

□ Trade6

□ Service7

□ Student5

□ Other(specify)9___________________ (otherocc)

□ None10

32. Last year, what was your total family income from all sources, before taxes? (income)

□ Below $10,0007

□ More than $10,000 but less than $20,0006

□ More than $20,000 but less than $30,0005

□ More than $30,000 but less than $40,0004

□ More than $40,000 but less than $50,0003

□ More than $50,000 but less than $75,0002

□ More than $75,000 but less than $100,0001

□ Above $100,0000
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33. Is the house, apartment, or mobile home where you live: (ownhouse)

□ Owned by you or someone in your household with a mortgage or loan0

□ Owned by you or someone in your household free and clear (without a mortgage or loan)1

□ Rented for cash rent2

□ Occupied without payment of cash rent3

34. How many automobiles, vans, and trucks of one-ton capacity or less are kept (vehicle)

at home for use by members of your household? __________

35. Did any of your first degree family members (mother, father, brothers, sisters) (famhx)

ever had a heart attack or blocked arteries?

□ Yes1 If YES, how old was the family member when they had the (famhxyrs)

attack or diagnosed with artery disease?  _____
□ No0

□ Don't Know7

36. Have you had any meals today? If so, what did your meal include? Yes1      No0 (mealtoday)
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(FEMALES ONLY for Questions 37-39b)
37. (Females only) Have you been told that you are currently in menopause?

38. When was your last menstrual period? Date:___________ (lstmen)

(mendate)

39. Do you currently take:
39a. Hormone replacement therapy? □ Yes1 □ No0 (hrt)

If yes, how many years? _________ (hrtyrs)

39b. Birth -control pills? □ Yes1 □ No0 (bcp)

If yes, how many years? _________ (bcpyrs)

Medication List

Name Strength
Dosing (every # 

hours) Reason
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PAST HISTORY OF DISEASES 
 

Please indicate whether you currently have any of the following or if you have had any of the following in the past 3 
months.  Place an X in the appropriate box. 
 
YES NO      YES NO 
 
____ ____ Shingles       ____ ____ Stroke 
   
____ ____ Rheumatic Fever                 ____     ____ Hernia (groin) 
   
____ ____ Infectious Mono                 ____ ____ Peptic Ulcer Disease 
 
____ ____ Anemia                  ____ ____ Gallbladder Disease 
 
____ ____ High Cholesterol                  ____ ____ Diverticulitis / Diverticulosis 
 
____ ____ Diabetes     ____ ____ Hepatitis 
 
____ ____ Heart Attack    ____ ____ Inflammatory Bowel Disease 
 
____ ____ High Blood Pressure   ____ ____ Hemorrhoids 
 
____ ____ Disease of Arteries    ____ ____ Prostate disease 
 
____ ____ Phlebitis     ____ ____ Kidney Stone 
 
____ ____ Varicose Veins                 ____ ____ Urinary tract Infection 
 
____ ____ Emphysema    ____ ____ Hypothyroid Disease 
 
____ ____ Pneumonia    ____ ____ Hyperthyroid Disease 
 
____ ____ Bronchitis    ____ ____ Eczema 
 
____ ____ Cancer     ____ ____ Psoriasis  
 
____ ____ Rheumatoid Arthritis   ____ ____ Mental Disorder 
 
____ ____ Osteoarthritis    ____ ____ Depression 
 
____     ____      Immune Problems                 ____ ____  Other 
 
____ ____ Serious Injuries (include fractures)                                                                                                                        
 
Explanation of any yes answers:  
______________________________________________________________________________ 
______________________________________________________________________________ 
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APPENDIX D: 
 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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