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ABSTRACT 

The purpose of this study was to identify and compare the pulmonary infection 

characteristics of diabetic and non-diabetic patients with pneumonia. Using retrospective 

chart review, pneumonia characteristics were collected and compared between 30 

diabetic and 30 non-diabetic subjects. Comparisons were made between causative 

organisms, blood glucose levels, length of stay in the hospital, intravenous antibiotic 

prescription on discharge, and cost of care. The 30 non-diabetics were matched to the 

diabetics by age, sex, and year of admission to the hospital. 

Results indicated that the diabetic group was affected by a few different organisms 

than the non-diabetic group, had a significantly higher blood glucose on admission to the 

hospital, did not stay in the hospital longer, did not require any more intravenous 

antibiotic use on discharge than non-diabetics, and cost the health care system the same 

amount of money as the non-diabetic subjects. Nursing implications included increased 

demands for diabetic education, prevention programs, and development of care plans that 

address the needs of hospitalized diabetics with pneumonia. 



CHAPTER I 

INTRODUCTION 

The incidence and prevalence of diabetes mellitus (DM) in the United States has been 

slowly increasing since 1980 (CDC, 1997). During the years 1980 to 1994, the 

prevalence ofDM has increased from 25.4 to 29.8 per 1000 population. The same time 

span has yielded an incidence rate change from 2.5 to 3.7 per 1000 population. 

Diabetes mellitus has been identified as an independent risk factor for developing 

lower respiratory infections (Mackowiak, Martin, & Jones, 1979). Loukides and 

Polyzogopoulos (1990) showed the most common respiratory manifestation ofDM was 

an increased incidence of acute and chronic pulmonary infections. However, there have 

also been epidemiological studies that have indicated the overall incidence of pneumonia 

may not be increased in diabetics (Younger & Hadley, 1971). 

The association between diabetes mellitus (DM) and chronic obstructive pulmonary 

disease (COPD) has been well documented in a number of studies (Isreal et al, 1954; 

Winterbauer, Bedon, & Ball, 1969; Kessler, 1971; Bailey et al, 1990; Bailey et al , 1992). 

The frequent occurrence of pulmonary infections with these two diseases has prompted 

several studies on the types of bacterial organisms involved and the length of stay for 

hospital admissions related to these conditions. The most common causative organisms 

found for pulmonary infections in diabetics without COPD have been staphylococcus or 

gram-negative bacilli (Loukides & Polyzogopoulos, 1990). With the combination of 

COPD and DM, the sources of infection are commonly Pseudomonas aeruginosa and 

gram-negative bacilli. 

9 
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Problem Statement 

Diabetes is on the rise in the population of the United States (ADA, 1997) and the cost 

of care associated with DM potentially will continue to increase as the incidence and 

prevalence increase in the population. Past studies have shown a relationship between 

diabetes mellitus, chronic obstructive pulmonary disease, and the incidence of pulmonary 

infections. Few studies, however, have described pulmonary infections in patients with 

diabetes who do not have a history of pulmonary pathology. Moreover, many of the 

studies that have investigated pulmonary infections in diabetics were performed prior to 

1990. Changes in diabetic treatments and organism resistance to antibiotics have 

possibly changed the problems that may be associated with the morbidity and mortality 

rates. Thus, pulmonary infection in diabetic patients needs further study. 

Purpose 

The major purpose of this study was to identify and compare the pulmonary infection 

characteristics that occur in diabetic and non-diabetic patients with pneumonia. 

Research Questions 

The specific research questions addressed were: 

1. What is the rate of diabetes mellitus in a cohort of patients who are admitted to the 

hospital with pneumonia? 

2. What are the causative organisms for pneumonia in patients with diabetes and in 

patients without diabetes who are hospitalized as a result of their pneumonia 

diagnosis? 

3. What is the blood glucose level at the initial diagnosis of pneumonia in patients with 



diabetes and without diabetes. 

4. Is there a difference in the length of stay for diabetic patients hospitalized with 

pneumonia versus non-diabetic patients admitted to the hospital with pneumonia? 
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5. Are diabetic patients who were admitted for pneumonia more likely to be discharged 

home from the hospital on intravenous antibiotics than non-diabetics? 

6. Is there an increased cost of care associated with diabetic patients who are admitted to 

the hospital with pneumonia? 

Significance 

Nursing has a unique function and role that allows for the collection of data, 

planning, and the implementation of care that is used for the purpose of improving the 

lives of individuals. Nurses design and implement interventions that address not only 

management and treatment of disease but help people cope with the impact disease has 

on their lives (Kimminau, 1990). Welch (1996) stated the belief in early intervention is 

due in part to its intuitive appeal: disease found early should be easier to control. Nurses 

are in the position of being able to diagnose human responses to health problems and 

provide restorative care, health counseling, and teaching. They can use the information 

that is obtained by the aforementioned methods and develop a plan of care to improve the 

patient's health care status. 

Nursing has an interest in the health care issues involving patients with diabetes. This 

study is significant to nursing because it will add to the knowledge base regarding 

pulmonary infections, specifically pneumonia, in patients with diabetes. The knowledge 

base will enable nurses to develop a plan that may influence the physiological changes 
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that occur in patients with diabetes and pulmonary infections. Pulmonary infections are 

the sixth leading cause of death in the United States (American Lung Association,1997). 

The combination of diabetes and a pulmonary infection places the patient at a higher risk 

for morbidity and mortality (Koziel & Koziel, 1995). The mortality rate from infections 

has decreased due to the progressive use of antibiotic therapy, however, pulmonary 

infections remain a significant cause of morbidity in the patient with diabetes. Although 

DM is often identified as an independent risk factor for developing lower respiratory tract 

infections, the available literature concerning this issue is incomplete. 

This study is significant for health care delivery systems that want to be more proactive 

in their approach to the patient with diabetes. Research that has studied the combination 

ofDM and COPD has documented an additional admission time of 3.6 hospital days 

(Loukides & Polyzogopoulos, 1996). Findings from this study will identify the hospital 

length of stay for both diabetic and non-diabetic patients who have been admitted to the 

hospital for pneumonia. Thus, health care systems may benefit by using this information 

to develop prevention programs and treatment regimens that could ultimately affect the 

increased cost of care associated with patients with diabetes and pulmonary infections. 
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CHAPTER II 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

In this chapter, the literature relevant to polymorphonuclear cell function, 

hyperglycemia and leukocyte function, immune response dysfunction, diabetes and 

pulmonary infections, diabetes and immune response, pulmonary abnormalities of 

diabetes, and basement membrane changes is reviewed and summarized. The theoretical 

framework, developed from theories of infection in diabetics, is also presented. 

Polymorphonuclear Cell Function 

Much of the research involving the relationship of diabetes to pulmonary infections 

has been centered on pulmonary immune ceJI function. Results of research edited by 

Koziel and Koziel ( 1996) have shown alterations in polymorphonuclear cell function in 

DM including, impaired chemotaxis, phagocytosis, bactericidal activity, and superoxide 

production. In addition, Rayfield and coworkers (1982) have found that aspects of the 

host response to invading microorganisms, including neutrophil chemotaxis, intracellular 

killing, serum opsonins, and cell mediated immunity, are depressed in some diabetic 

patients. Perille and colleagues ( 1987) reported one of the earlier studies that examined 

the possibility that lowered resistance to infection occurred in diabetes. They found the 

early local neutrophil response, within the first three hours of infection, was virtually 

absent in patients with acidosis when compared to individuals with well controlled 

diabetes and in non-diabetic patients. Study findings concluded that the presence of 

acidosis in the host resulted in reduced capacity to resist invasion and spread of bacterial 

organisms. These early studies were essential building blocks to the development of 



increased research in this area. Scientists were now able to look at impaired immune 

mechanisms in patients with diabetes as an integral part of pulmonary infection. 

Hyperglycemia and Leukocyte Function 
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In 1970, Brayton and coworkers confirmed the work of Perilli e's group. They also 

showed a defect in leukocyte mobilization in 18 nonacidotic diabetic subjects. A more 

recent study (Tebbs et al., 1991) concluded that increased concentration of glucose in 

vitro inhibits the oxidative phase of killing and suppresses superoxide production. Tebbs 

further reported that superoxide is of central importance to the oxidative attack on 

ingested organisms as it is the source of all toxic oxygen products involved in the 

polymorphonuclear oxidative attack. 

The information that has been obtained from these investigations is important for the 

development of a theory that can be used to explain the association between pulmonary 

infections and diabetes. Several researchers have investigated the transit of leukocytes 

through the pulmonary circulation. Neutrophils make up the largest portion of white 

blood cells that are circulating through the blood and are recognized as the body' s 

primary defender against microorganisms. From the pulmonary blood vessels, 

neutrophils can either defend the body against inhaled bacteria or move quickly to any 

part of the body (Rhoades & Phlanzer, 1996). Neutrophils travel through the lung more 

slowly than red blood cells. However, this slowed movement through the pulmonary 

vessels can lead to damage to the blood vessels and cause plasma to leak into the 

interstitial spaces. The result may cause a pulmonary edema in the alveoli and result in 

decreased respiratory gas exchange (Rhoades & Phlanzer, 1996). Pulmonary edema 



decreases airway clearance, impairs lymphatic drainage, and disturbs mucociliary 

function (Light & George, 1983). 
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The suggestion that neutrophil movement rates have been shown to be slowed in 

patients with diabetes is still under investigation. The mechanical impediment theory 

(Rhoades & Phlanzer, 1996) has described decreased movement rates of neutrophils 

through pulmonary vessel circulation. The process may be further compounded by the 

known decreased chemotaxis movement of neutrophils to the site of infection in patients 

with diabetes. The results may create a delay in the phagocytic process of the immune 

response to the site of infection in the lungs. 

Immune Response Dysfunction 

Tebbs and coworkers (1992) found that diabetic patients with infection, who had an 

elevated glycosolated hemoglobin, were prone to glucose-induced polymorphonuclear 

dysfunction. Other authors have suggested that oxidative metabolism of diabetic 

polymorphonuclear cells may be impaired by protein glycosylation or altered arachidonic 

acid metabolism. The importance of normal glucose metabolism for phagocytosis and 

killing of microorganisms is supported by the observation of defective neutrophil 

function in diabetics during periods of acidosis and hyperglycemia (Bagdale, Root, & 

Bulger, 1974). Valerius and coworkers (1982) reported no intraneutrophilic lysozyme 

changes that could account for increased susceptibility to infections in patients with 

diabetes. However, they did conclude in their results that if diabetics do have an 

increased susceptibility to infection, it is likely to be caused by other factors, such as 

impaired polymorphonuclear ingestion or killing of bacteria (Valerius et al, 1982). 
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The literature relevant to diabetes and pulmonary infection, diabetes and immune 

response, and pulmonary complications of diabetes will be reviewed further. The 

available literature on these subjects dates from 1924 to 1996 and encompasses a wide 

range of theories and explanations for the relationship between diabetes and pulmonary 

infections. The search for literature revealed many studies from the 1970' s to the 1980' s, 

with few large studies occurring in the 1990' s. 

Diabetes and Pulmonary Infections 

Prior to 1924, 19% of diabetic deaths were attributed to infection, the majority of 

which were pulmonary (Coopan, 1985). Over a period of time from 1958 to 1965, 

Warren and LeCompte (1966) reported a series of779 deaths in diabetic patients at the 

Joslin Clinic in Boston, Massachusetts, in which 170 were attributed to infection. 

Pneumonia accounted for 54% of these fatal infections. Many of these early studies on 

pulmonary infection in diabetic patients were epidemiological studies that were done in 

the absence of control groups. Practitioners who took care of patients with diabetes made 

observations. In the general population, 10 million Americans are seen each year by their 

primary care physician for cough. Pneumonia is the fifth leading diagnosis that results 

from the presentation of cough (Meyley, 1997). Various studies have yielded a 10 to 

15% prevalence rate of diabetes in patients with pulmonary infections (Bartlett et at 

1986; Bryan and Reynolds, 1984). The study done by Bryan and Reynolds was limited 

due a small sample size. A total of 166 subjects were monitored after having acquired a 

nosocomial bacterial pneumonia. Of the total, there were 16 patients who had diabetes 

mellitus, thus a prevalence rate of 10% was established. Another limitation of this study 



was the lack of generalizability to the population as a whole due to the diagnosis of 

hospital acquired pneumonia versus community acquired pneumonia. These studies did 

not use a comparable group while investigating this subset of patients. Post-operative 

pneumonia was included in these studies. Percentages of patients who were admitted to 

the hospital with pneumonia were not compared to the percentage of patients who 

acquired pneumonia while in the hospital. 
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From the available literature, two patterns emerge regarding lower respiratory tract 

infections in patients with diabetes. First, certain types of pulmonary infections have 

been associated with an increased frequency in diabetic patients. These include 

Staphylococcus aureus, gram negative bacteria, and M. Tuberculosis (Robbins & Tucker, 

1944; Seymour & Phea, 1963 ). Second, certain pulmonary infections do not occur with 

an increased frequency, but are associated with increased morbidity and mortality. These 

include infections due to Streptococcus pneumoniae, Legionella, and influenza. The 

organisms that cause increased morbidity rates in patients with diabetes have been well

documented in older studies (Robbins & Tucker, 1944; Seymour & Phea, 1963; 

Moutschen, Scheen, & Lefebvre, 1992; and Tateishi, 1965). The study conducted by 

Seymour and Phea (1963) was based on 261diabetic patients who died from a variety of 

causes during the period 1956 to 1960. From this group, 27.6% had died from infections 

compared to 8.3% of the general population. 

Diabetes and Immune Response 

The occurrence of lower respiratory tract infections may indicate a decrease in the 

pulmonary host defense system. The lower respiratory tract defense systems include 



18 

bronchial-associated lymphoid tissue, opsonins like IgA and IgG, surfactant, chemotactic 

factors, phagocytic alveolar macrophages, and T and B lymphocytes (Shelhamer et al, 

1992). Respiratory infections can occur as a result of a dysfunction from any one of 

these systems. It has long been believed that an abnormality in host defense predisposes 

the diabetic patient to bacterial infection. Bagdale and coworkers ( 1973) studied eight 

patients whose diabetes was under poor control. They used a control group of non

diabetic patients. Samples of venous blood, taken at the same time from each group, 

were analyzed for leukocyte and phagocytosis activity. The results showed a decrease in 

the function of myeloid and lymphoid cells with the presence of metabolic acidosis and 

when placed in concentrations of glucose that exceeded 250mg per lOOmilliliters of 

serum. Bagdale and coworkers reported if polymorphonuclear (PMN) migration is 

delayed in the diabetic and phagocytosis is abnormal as the data suggests, these 

abnormalities might facilitate microbial proliferation. 

In contrast, Valerius and coworkers (1982) found no changes in lysozyme proteins, 

which aid in bacteriolytic activity. Their study of 36 patients with diabetes determined 

there were no impairments in PMN chemotaxis and lysosome content. The discrepancy 

between this study and prior results may be due to the differences in technique and it is 

unknown if pH and glucose levels were monitored in the Valerius (1982) study. The 

washing of cells prior to testing was reported as being different in each experiment. 

The impairment in PMN function is not fully understood, although it may correlate 

with the severity of hyperglycemia. Tebbs and coworkers (1992) conducted research on 

four groups of twenty subjects, which included healthy non-diabetics controls, controls 
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with infections of the lower respiratory tract, type I diabetics without infection, and type I 

diabetics with infected foot ulcers. The major purpose of the study was to identify the 

effects of aldose reductase on the oxidative burst of neutrophils in patients with diabetes. 

Aldose reductase is essential for superoxide attack on ingested organisms and the 

function of PMN. The results of this study revealed a significant correlation between 

aldose reductase activity and superoxide formation in the PMN of diabetic patients. The 

groups of patients with infection included in the study were diabetics. The study did not 

include patients with pulmonary infection. The importance of normal glucose 

metabolism for phagocytosis and the oxidative burst for killing of organisms is supported 

by the observations of defective in vitro neutrophil function in diabetics during periods of 

acidosis and hyperglycemia (Tebbs et al, 1992). 

In the context of the immune cell abnormalities described in diabetics patients, several 

points are noteworthy. First, most of the observations described in the literature 

regarding immune cell dysfunction are derived from patients with Type I diabetes. The 

pathophysiology of Type I diabetes differs from Type II diabetes and applying the data 

from Type I to Type II diabetes may have limitations. The studies are complicated 

further by the fact that IDDM patients, in general, are much younger that NIDDM 

patients, and advanced age may be indicative of comorbid conditions in older patients 

(Gallin, 1981; Monsterrat et al, 1985; Niederman & Fein, 1986; and Schwab & Weksler, 

1987). 

Second, studies on immune cell function have been perfonned on peripheral blood 

cells. It is not known if specific characteristics and function of pulmonary immune cells 



differ between Type I to Type II diabetic patients. The effects of diabetes on alveolar 

macrophages and alveolar lymphocytes are not well known and will require further 

research in the future. 

Pulmonary Abnormalities of Diabetes 
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Many lung abnormalities are believed to be a result of microangiopathic changes in the 

basement membranes of pulmonary blood vessels and respiratory epithelium as well as 

non-enzymatic glycosylation of tissue proteins (Sandler, Bunn, & Stewart, 1987). In 

streptozotocin-induced diabetes in rats, structural changes have been described in 

pneumocytes, nonciliated bronchiolar epithelium and connective tissue proteins. Sandler 

and coworkers (1987) studied lung elastic recoil, pulmonary diffusing capacity, and 

membrane diffusing capacity and pulmonary capillary blood volume in diabetic subjects. 

Forty diabetic subjects were studied and matched for like features with a group of 40 

healthy subjects. The study concluded that there are mild, abnormalities of lung elastic 

recoil and pulmonary diffusing capacity and a reduction of pulmonary blood volume in 

Type I diabetes mellitus. The study, which controlled for age, demonstrated changes in 

pulmonary function that were related the time since diabetes was diagnosed. Vracko, 

Thorning, and Huang (1979) reported additional findings related to lung function and 

diabetes. They described pathological findings of thickened epithelial and capillary basal 

lamina of the alveoli and diabetic microangiopathy in the capillaries of the alveolar septa 

and alveolar arterioles in the lungs of patients with diabetes. These changes within the 

pulmonary system may interfere with host defense by altering clearance mechanisms, 

providing an environment suitable for infection, or changing the clinical manifestation of 



pulmonary infections (Koziel & Koziel, 1995). In the study done by Sandler and 

coworkers, it was also found that pulmonary microangiopathy may predispose the 

diabetic patient to non-cardiac pulmonary edema. 

There are physiological changes in patients with diabetes that affect pulmonary 

function and may result in an altered pulmonary host defense. These changes are 

presented in Table 1. 

21 



Table 1 

Pulmonary Changes Associated With Diabetes Mellitus 

Abnormalities 

1. Reduced diffusion capacity 

2. Reduced ventilatory response to hypoxemia and hypercarbia 

3. Diminished bronchial reactivity 

4. Reduced perception of inspiratory-resistive loads 

5. Noncardiogenic pulmonary edema 

6. Occult mucous plugging of the central airways 

7. Peri vascular xanthogranulomatosis of the lungs 

Note. Adapted from ''Is the Lung a Target Organ in Diabetes Mellitus," by M. Sandler, 

1990, Archives oflntemal Medicine, 150, p. 1385. 
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The difficulty in distinguishing diabetes mellitus as an independent risk factor for the 

development of pulmonary infections when compared to non-diabetic states is due to the 

presence of extraneous variables. In addition to the conditions described above, variables 

of advanced age and personal habits, such as the use of tobacco and ethanol, may further 

weaken host defenses (Koziel & Koziel, 1995). Age-related changes of defense 

mechanisms include loss of lung elasticity, decrease in tracheal mucus velocity, 

weakening of respiratory muscles, and reduction in strength of cough (Bartlett et al, 

1986). 

Pathological evidence of lung involvement in subjects with diabetes mellitus has 

included thickened alveolar epithelial and pulmonary capillary basal laminae. Sandler 

(1990) suggested that the lung should be considered a target organ in diabetes mellitus. 

In Sandlers ' studies, he looked at the pulmonary mechanics in 40 insulin-dependent 

diabetic patients and discovered reduced lung volumes in patients less than 25 years old, 

reduced elastic lung recoil and reduced pulmonary capillary blood flow in patients greater 

than 25 years of age. Several limitations were identified in this study. It must be noted 

that all the patient's were Type I diabetics and 15 patients were between 15 and 24 years 

of age. Previous studies (Asunuma et al, 1985; Bell et al, 1988) reported a 50% rate of 

smoking cigarettes in their subjects, which undoubtedly had an effect on their findings. 

The study by Sandler excluded smokers to avoid the debate about epithelial tissue 

changes as a result of tobacco use and tissue insult. 

In clinical studies of basement membrane function in DM, the relationship of 

pulmonary dysfunction to glycemic control and duration of diabetes, has been explored. 
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In the studies that looked at glycemic control and lung dysfunction there were no 

significant correlations made (Primhawk et al, 1987; Asunuma et al, 1985; and Sandler et 

al, 1987). 

Clinical Relevance 

Abnormal pulmonary function has been documented in 60% of a cross section of a 

diabetic population (Sandler, Bunn, & Stewart, 1987). There are 28 million Americans 

who are affected by chronic lung disease each year in the United States (American Lung 

Association, 1997). With the United States population between 250-300 million, the 

incidence rate of chronic lung disease is approximately 10% in the general population 

(American Lung Association, 1997). The incidence of death from pulmonary disease has 

been previously reported as 14% in a study of 3151 diabetic autopsy cases (Goto, Sato, & 

Masuda, 1974). In a study of factors contributing to the deaths of 448 diabetic subjects 

under the age of 50 years, respiratory disease was responsible in 24 subjects ( 5% ), of 

whom 20 died from pulmonary infection (Tunbridge, 1981 ). Although abnormalities of 

pulmonary function have been described in some diabetic patients, the need for further 

research is necessary in order to identify the patients who may be at greater risk for 

morbidity and mortality. 

Theoretical Framework by Diagram 

The diagram in Figure 1 is based on an immune response theory and illustrates the two 

levels of pulmonary host defense in patients with diabetes mellitus. The review of the 

literature supports the development of two possible models to explain an increased rate of 
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Diabetes Mellitus 

Hyperglycemia Basement Membrane Changes 

Immune Response Dysfunction Pulmonary Abnormalities 

Pulmonary Infection 

Figure 1. Theoretical Framework for Pulmonary Infections in Diabetics 

hyperglycemia on neutrophil production and function. This abnormality would lead to 

pulmonary infection in persons with diabetes. One model is based on the effect of 

decreased innate immune response and increased susceptibility of the diabetic patient to 

infection. The second model is based on the diabetic microangiopathic changes in the 

pulmonary vessels and epithelium. These changes cause an overall decrease in lung 

function, which would increase the likelihood that an infectious organism could adhere to 

the respiratory mucosa and cause infection. The two tracts of this model are derived from 

the pathophysiological mechanisms of diabetes and both are probably operative in the 



diabetic individual. The person with diabetes is thus prone to increased infection due to 

increased adherence of bacteria and decreased ability to combat infection by normal 

immune mechanisms. 

Summary 

The literature review has revealed many differing opinions about the effects of 
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diabetes on the immune system. While no one theory can be used alone to support the 

claim, researchers do agree there are physiological changes that affect the immune 

response and the number of infections that occur in the diabetic population. This study 

will not attempt to replicate or generate new ideas about immune response or pulmonary 

function in the diabetic patient, but it will use these much studied processes as a 

framework for guiding the research. 



CHAPTER III 

METHODOLOGY 
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In this chapter, the design, setting, sample, data collection procedure, protection of 

rights of human subjects, and data analysis plan will be presented. 

Design 

This study employed a descriptive comparative design, utilizing a retrospective chart 

review, to investigate the rate of diabetes mellitus in patients with pneumonia. A 

descriptive design is defined as research that aims predominately at describing 

phenomena rather than explaining them (Polit & Hungler, 1995). Descriptive research is 

classified as non-experimental. Polit and Hungler ( 1995) have stated " the purpose of 

descriptive studies is to observe, describe, and document aspects of a situation as it 

naturally occurs" (p. 178). Comparisons in research studies can be of various types. This 

study used a comparison between two groups, patients with diabetes and patients without 

diabetes. Thus, the descriptive comparative design is appropriate to describe the 

characteristics of pneumonia and compare those characteristics between a group of 

diabetic patients and a group of non-diabetic patients. 

Sample 

Subjects were recruited from a large southwestern medical center that is affiliated with 

Colleges of Nursing and Medicine. First, the medical records department generated a 

computer aided list of 841 patients who were admitted to the hospital for pneumonia 

between January 1996 and December 1997. Of the 841 patients, 121 were identified as 

diabetics. Next, 30 diabetic subjects were randomly selected by using a table of random 
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numbers. The non-diabetic subjects were chosen from a computer generated list of 

patients admitted for pneumonia during the same time period and matched to the diabetic 

subjects by age, gender, and year of diagnosis. 

Subjects were included in the study if they met the following criteria, 

Diabetic subjects: 

1. Diagnosis of insulin dependent diabetes (Type I) 

2. Diagnosis of non-insulin dependent diabetes (Type II) 

3. 18 years of age or older 

4. Admission diagnosis of pneumonia 

5. Hospital admission between January 1996 and December 1997 

Matched non-diabetic subjects: 

1. No diagnosis of diabetes mellitus 

2. No history of sustained hyperglycemia 

3. 18 years of age or older 

4. Admission diagnosis of pneumonia 

5. Hospital admission between January 1996 and December 1997 

The following exclusion criteria was used for the subjects: 

1. History of lung cancer 

2. Under 18 years of age 

3. Admission diagnosis of aspiration pneumonia 

Major Study Variables 

The major variables for this study were: total number of hospital admissions for 
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pneumonia during the described length of time, the rate of diabetes mellitus in patients 

with pneumonia, the type of causative organisms, blood glucose levels, length of hospital 

stay, antibiotic therapy continuation on discharge, and cost of care associated with 

hospital admissions for pneumonia. 

Definitions 

For the purpose of this study, the following operational definitions of the study 

variables were used: 

Pneumonia: any person admitted to the hospital with a coded diagnosis of pneumonia, 

specified or unspecified. 

Diabetic: any person who has been diagnosed with diabetes mellitus by a physician. 

Diabetes mellitus: a metabolic endocrine disorder of insulin insufficiency at the cellular 

level, characterized by hyperglycemia and macro- and microvascular complications 

(Marble, Krall, Bradley, & Saeldner, 1985). 

Causative organisms for pulmonary infections: a bacteria, virus, or fungal organism that 

is identified by sputum culture or pathology. 

Hyperglycemia: blood glucose levels greater than 126mg/dl that are obtained either 

fasting or non-fasting. 

White blood cell count: the number of white blood ceJls, including differential, recorded 

by serum sample upon admission to the hospital. Polymorphonuclear percentage of each 

total white blood cell count was collected. 

Length of stay: number of days hospitalized for pneumonia. 

Cost of care: length of stay multiplied by the average cost per day for a pneumonia 



patient at the participating hospital ($2490/day). 

Antibiotic therapy on discharge: the continued use of antibiotics at home as prescribed 

by the discharging physician. 

Demographic Variables 
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It was recognized that there were certain variables that could affect the results. These 

demographic variables indicated the following: 

Age: Studies have shown an increased chance of pulmonary pathology associated with 

advancing age (Gallin, 1987). A large sample of older diabetic or non-diabetic persons 

may have increased numbers of pulmonary infections. 

1. Use of alcohol: May weaken host pulmonary defenses by inhibiting neutrophil 

migration and function (Schwab & Weksler, 1987). 

2. Tobacco use: Can impair mucociliary clearance, increase mucus volume, and alter 

humoral and cellular immune response (Schwab & Weksler, 1987). 

3. Chronic Obstructive Pulmonary Disease: Can impair the pulmonary defense system 

by decreasing mucociliary activity, cough, etc. (Sandler, Bunn, & Stewart, 1987). 

4. Heart Disease: Decreases circulatory function and increases the chance for ischemic 

events leading to impaired oxygenation and impaired pulmonary circulation 

(Rhoades & Phlanzer, 1996). 



Since these variables could not be controlled by design, quantifiable data was 

collected on each variable and the two groups, diabetics and non-diabetics were 

compared statistically. 

Measurement 
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The different variables studied are measured at different levels. The rates of 

pneumonia were measured using an ordinal level of measurement. The numbers 

represent an increment in the amount of infections that are occurring. Causative 

organisms were measured by adding the frequency of the individual types of organisms 

that were reported from sputum cultures. Blood glucose levels are values that will 

fluctuate from patient to patient, but the fact that a blood glucose level of l 40mg/dl is 

higher than 60mg/dl makes this an interval measurement. Blood glucose levels were 

measured as milligrams of glucose per deciliter of blood (mg/dl). Body temperature was 

measured as degrees Celsius. Measurements of body temperature with oral, rectal, and 

tympanic thermometers were accepted. White blood cell count (WBC) was measured 

using the standard of 5000-10000 WBC's per milliliter of blood as a normal range. The 

percentage of polymorphonuclear cells to individual total WBC 's was recorded as 

reported in each laboratory document. Hospital length of stay was measured by summing 

the total amount of days admitted to the hospital. The final measurement level, and the 

highest, is ratio measurement. The cost of care associated with pulmonary infection 

complications fall within this measurement criteria because it can be measured on a ratio 

scale that can obtain zero or meaningfully add, subtract, multiply, and divide numbers 

(Polit & Hungler, 1995). Cost of care was measured by adding the cost of each subject 
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hospital day. 

The variables were measured as follows: 

1. Age: number of calendar years from date of birth to date of hospital admission. 

2. Use of alcohol: number of drinks per day 

3. Tobacco use: number of pack-years 

4. Chronic obstructive pulmonary disease: yes for present and no for absent as indicated 

in the medical record. 

5. History of heart problems: included subjects with underlying hypertension, 

myocardial infarction, coronary artery disease, and congestive heart failure. Yes for 

present and no for absent as indicated in the medical record. 

Data Collection Procedure 

Data for this study was collected as follows: 

1. Permission was obtained from the human subjects review board to review medical 

records of patients who were admitted to the hospital for pneumonia from January 

1996 to December 1997. 

2. A computer generated list was obtained from the medical records department that 

identified any patient who had been admitted to the hospital with a pneumonia 

diagnosis during the specified time period. 

3. 30 medical records were randomly selected from the diabetic subjects and matched 

for age, gender, and year of diagnosis with 30 non-diabetic subjects. 

4. The charts were reviewed to assure patients met inclusion and exclusion criteria for 

diabetes mellitus and patients without diabetes mellitus. 
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5. 30 records of patients with diabetes mellitus were reviewed for history of pulmonary 

pathology, age, tobacco use, alcohol use, temperature at time of admission, white 

blood count at time of admission, polymorphonuclear counts, length of hospital stay, 

blood glucose on admission and 24 and 48 hours, types of antibiotics used, sputum 

culture, and whether the patient was discharged home on antibiotics. 

6. 30 medical records of patients without diabetes were reviewed for history of 

pulmonary pathology, age, tobacco use, alcohol use, temperature at time of 

admission, white blood count at time of admission, polymorphonuclear counts, 

length of hospital stay, blood glucose on admission and 24 and 48 hours, types of 

antibiotics used, sputum culture, and whether patient was discharged home on 

antibiotics. 

Data was recorded on the data collection tool (Appendix A). Data was coded on the 

data collection tool for several areas (Appendix B). Data was inputted and stored on 

Microsoft Excel spreadsheet (Appendix A) for the 30 diabetic patients and the 30 non

diabetics patients. The data from Microsoft Excel was then loaded into the SPSS 

statistical program for data analysis. 

Human Subjects Approval 

The Human Subjects Committee approved the study as exempt from review prior to 

data collection. Confidentiality was assured by using patient identification numbers_to 

obtain the charts for medical record review. Identification numbers were not correlated 

to patient names. 
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Data Analysis 

Data on subject characteristics was analyzed using measures of central tendency and 

dispersion. Data on the major study variables was analyzed using descriptive statistics, 

including frequencies, percentages, means, ranges, and standard deviations. Differences 

between groups were determined by students ' t-test. Relationships between major study 

variables and selected extraneous variables was analyzed using appropriate correlational 

statistics for discrete and continuous variables. Chi-square was used to determine the 

frequency and percentage of comparative variables occurring in the subject population. 



CHAPTER IV 

PRESENTATION OF DATA 
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The purpose of this study was to identify and compare pneumonia characteristics in 

patients with pneumonia who have diabetes mellitus and patients who do not have 

diabetes mellitus. The data obtained was used to describe the rate of diabetes in patients 

admitted to the hospital with pneumonia. Furthermore, the results describe the causative 

organisms, blood glucose levels on admission, length of stay in the hospital, and whether 

patients were discharged home on antibiotics. 

The characteristics were recorded on a data collection tool that was developed by the 

researcher and included 29 variables. In addition, demographic information was 

collected regarding age, sex, and ethnicity. 

Description of Sample 

The sample consisted of 60 subjects diagnosed with pneumonia, 30 with diabetes 

mel1itus and 30 without diabetes mellitus. Data that describes the sample by age, sex, 

and ethnicity are presented in Table 2. The subjects ages ranged from 18 to 80 years, 

with a mean age of57.3 (SD= 17.9). Fifty percent (n= 30) of the subjects were 60 years 

or older. The number of subjects was nearly equally divided between males (48.3%) and 

females ( 51. 7% ). The equality between males and females remained consistent for 

diabetics and non-diabetics. Ethnicity was divided as Caucasian (68.3%), Hispanic 

(16.7%), Native American (6.7%), black (6.7%), and Asian (1.7%). 
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Table 2 

Description of Subject Population (N=60) 

Total Population Diabetic Non-diabetic 

M N % M N % M N % 
S.D. S.D. S.D. 

Characteristics 

Age (years) 57.3 56.8 57.3 
17.9 17.0 18.1 

Gender: 
Male 29 48.3 15 50.0 14 46.7 
Female 31 51.7 15 50.0 16 53 .3 

Ethnicity: 
Caucasian 41 68 .3 19 63 .3 22 73 .3 
Hispanic 10 16.7 6 20.0 4 13 .3 
Black 4 6.7 I 3.3 3 10.0 
Native Am 4 6.7 4 13 .3 
Asian I 1.7 3.3 

M=mean 
N = number of subjects 
% = percent of population 



Analysis of Data 

The findings discussed below are organized by the 6 research questions. 

Research Question 1 

What is the rate of diabetes mellitus in a cohort of patients who were admitted to the 

hospital with pneumonia? 
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From January 1, 1996 to December 3 1, 1997 there were 841 admissions for 

pneumonia to the participating hospital. Out of the 841 subjects admitted for pneumonia, 

121 were patients with diabetes mellitus. The rate of diabetes mellitus in patients 

admitted for pneumonia over the two year period was 14.4% at the participating hospital. 

Research Question 2 

What are the causative organisms for pneumonia in patients with diabetes mellitus and 

patients without diabetes mellitus? 

Causative organisms were described from the results of sputum cultures that were 

obtained upon admission to the hospital for pneumonia. Table 3 presents the specific 

organisms by subject group. Organisms were classified as unspecified due to lack of 

sputum culture or mixed flora in both of the groups. The incidence of unspecified 

organisms in the diabetic group was 36. 7% compared to 30% in the non-diabetic group. 

Streptococcus was identified as the most common organism in both diabetics ( 40%) and 

non-diabetics (33.3%). Out of all the cases, several organisms appeared more frequently 

in the non-diabetic population. Haemophalous influenza and Mycoplasma was cultured 

only in non-diabetic subjects while 60% of the Pseudomonas infections were in non

diabetics. Five of the six cases (83.3 %) of Staphylococcus were cultured from the 
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diabetic group. 

Table 3 

Causative Organisms 

Total Population Diabetics Non-diabetic Diabetes Type I Diabetes Type II 
N=60 N=30 N=30 N=12 N=l8 

Organisms N(%) 

Unspecified 20 (33.3) 

Streptococcus 22 (36.7) 

Staphylococcus 6 (10.0) 

Pseudomonas 5 (8.3) 

Klebsiella 1 (1. 7) 

H. Flu 3 (5 .0) 

Enterobacter 2 (3 .3) 

Mycoplasma I (1.7) 

Research Question 3 

N(%) N(%) 

11 (36. 7) 9 (30.0) 

10 (33 .3) 12 ( 40.0) 

5 (16. 7) 1 (3 .3) 

2 (6.6) 3 (10.0) 

1 (3 .3) 

3 (10.0) 

1 (3 .3) 1 (3.3) 

I (3.3) 

N(%) 

5 (41.7) 

3 (25 .0) 

2 (16.7) 

2 (16.7) 

N(%) 

6 (33 .3) 

7 (38.9) 

3 (16. 7) 

1 (5 .6) 

I (5.6) 

What is the blood glucose level at the initial diagnosis of pneumonia in patients with 

diabetes mellitus and patients without diabetes mellitus? 

The blood glucose level at time of admission was not a fasting level and no 

information was gathered regarding post-prandial times. There was one subject who did 

not have an admitting electrolyte panel, therefore blood glucose was not obtained. Table 

4 presents the blood glucose for the total sample, the diabetic group, and the non-diabetic 



group. For the total sample, a mean blood glucose level of 174mg/dl (SD= 72. 7) was 

found. The diabetic group had a mean blood glucose level of22lmg/dl (SD= 71.1) 

compared to 124mg/dl (SD= 28.1) for the non-diabetic group. Table 5 describes the 

blood glucose levels and differences between the two groups. The differences in blood 

glucose levels between the two groups was significant at a p= .000 level (t= -6.91). 

Within the diabetic group, the Type I patients had a mean blood glucose level of 

257mg/dl (SD= 79.5) compared to Type II patients at 198mg/dl (SD= 55.0) which was 

significant at p=.05 (t=2.4). 

Research Question 4 

Is there a difference in the length of stay for patients with diabetes mellitus 

hospitalized with pneumonia versus non-diabetics admitted to the hospital with 

pneumonia? 

Length of stay was taken from the discharge face sheet that the business office at 

hospital had inputted into the chart. The number of days was calculated by use of 

calendar days. Days were recorded as whole numbers. 
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A description of length of stay by group is presented in Table 5. The diabetic subjects 

had a mean length of stay (LOS) of7.8 days (SD= 3.1). The non-diabetic subjects 

incurred a mean LOS of 6.8 days (SD= 3.3). The median length of stay for both groups 

was 5 days. The non-diabetic group LOS ranged from 1- 21 days and the diabetic group 

from 2-37 days. The length of stay data was not normally distributed. A log 

transformation of the data provided a normal distribution. A one way ANOVA on the 

transformal variable demonstrated no significant difference (p=.246) between diabetic 



and non-diabetic subjects. The Type I diabetic had a mean LOS of 7.6 days (SD= 3.8) 

compared to 7.9 days (SD= 2.7) for the Type II diabetic; the difference was not 

significant at p=.502. 

Table 4 

Description of Blood Glucose Level (mg/di) on Admission (N=59) 

Subjects 

Total Sample 

Diabetics 

Non-diabetics 

Type I 

Type II 

* - Significant difference at p=.000 
+ - Significant difference at p=.050 

(N) 

59 

30 

30 

12 

18 

Mean 
(SD) 

174 (72.7) 

221 (71. I)* 

125 (28.1)* 

257 (79.5/ 

198 (55 .ot 

Range 

70-376 

112-376 

70-211 

126-376 

112-297 
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Table 5 

Length of Stay in Days (N=60) 

Population 

Diabetics1 

Non-diabetics2 

1 N=30 
2 N=30 

Research Question 5 

Mean (SD) 

7.8 (7.3) 

6.8 (4.6) 
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Median Significance 

5 

5 P=.246 

Are patients with diabetes mellitus who are admitted for pneumonia more likely to be 

discharged home on intravenous antibiotics than non-diabetics? 

Discharge summaries were reviewed for all 60 subjects and there were no missing 

data for any of the subjects. Data on intravenous antibiotics are presented in Table 6. Of 

the 60 subjects, 1 ( 1. 7%) diabetic patient was discharged home on intravenous antibiotics 

while 3 ( 5. 0%) of the non-diabetics were discharged home on intravenous antibiotics. 

For the total sample, 4 subjects (6.7%) were sent home on intravenous antibiotics. 
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Table 6 

Intravenous Antibiotics Prescribed for Discharge 

Subjects Yes No 
N(%) N(%) 

Total Population 4 (6.7) 56 (93.3) 

Diabetics1 1 (3 .3) 29 (96. 7) 

Type I 12 (100) 

Type II 1 (5.6) 17 (94.4) 

Non-diabetics2 3 (10.0) 27 (90.0) 

1 N=30, Type I )N=l2), Type II (N= l8) 

2 N=30 

Research Question 6 

Is there an increased cost of care associated with diabetic subjects who are admitted to 

the hospital with pneumonia? 

Cost was calculated for each subject using hospital supplied average daily charge for 

pneumonia diagnosis ($2490) and is presented in Table7. The LOS of each subject was 

multiplied by the provided daily cost. The mean cost for the diabetic group was 19,671 



dollars (SD=18,266). The mean cost for the non-diabetic group was 15,438 dollars 

Table 7 

Cost of Care for Pneumonia in Diabetic and Non-Diabetic Subjects 

N 
Mean 
Std.dev 
Range 

N = Number of Subjects 
* = Not Significant at p=.288 

Diabetic 

30 
$19671 * 
$18266 

$4980-92130 

Non-Diabetic 

30 
$15438* 
$11576 

$2490-52290 

(SD=l 1,576). There was no statistical difference between the two groups by one way 

ANOV A (p=.288). 

Subject Characteristics 

The polymorphonuclear count data was not normally distributed. A log 

transformation of the data provided a normal distribution. Polymorphonuclear (PMN) 

cell counts were calculated by multiplying the white blood cell count by percent PMN' s. 
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A one way ANOV A was used to determine if there was a difference in PMN counts 

between groups and is presented in Table 8. The 29 diabetic subjects had a mean PMN 

Table 8 

Comparison of Polymorphonuclear Counts Between Diabetic and Non-Diabetic Subjects 

N 
Mean 
Std.dev 
Range 

Diabetic 

29 
7124 1 

5465 
224-28674 

1 no significant difference at p=. 031 

Non-Diabetic 

30 
103091 

6337 
570-26275 

count of 7124 (SD=5465). The 30 non-diabetic subjects had a mean PMN count of 

10309 (SD=6337). The difference between the groups was significant at p=.031. 

Statistical analysis was performed on history of chronic obstructive pulmonary disease 

(COPD), tobacco use, and ethanol consumption using Chi-square analyses. For the total 

population, COPD was found in 21 of 60 (35%) subjects. Nine of the 30 (30%) diabetics 

and 12 of the 30 (40%) non-diabetics were reported as having COPD. Chi-square 
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analysis was not significant at p=.417 (x2
= .66) 

The frequency of tobacco use in the total population was 33 of 60 (55%) subjects. In 

the diabetic group, 12 of 30 ( 40%) subjects had a history of tobacco use. The non

diabetic group had 21 of 30 (70%) subjects who had a history of tobacco use. Chi

square analysis of tobacco use in the two groups had a difference that was significant at 

p=.019 (x2=5.45). 

History of alcohol use was found in 17 of 60 subjects (28% ). Alcohol use in diabetic 

subjects was found in 6 of 30 (20%) and 11 of 30 (36%) of the non-diabetic subjects. 

The results of statistical analysis were not significant at p=.152 (.r2=2.05). 

A history of cardiac disease was also examined. For the total population, 35 of 60 

(58%) of the subjects had some form of cardiac history as previously defined. In the 

diabetic group, 16 of 30 ( 53%) had a history of cardiac disease, while in the non-diabetic 

group 19 of 30 (63%) subjects had a cardiac disease history. Chi-square analysis was not 

significant at p=.432 (x2 =.617). 

The Pearson product-moment correlation coefficient was used to determine if any 

relationships existed between blood glucose and subject characteristics. Several 

significant correlations were identified. Table 9 presents a grid of the significant 

findings. Age correlated significantly with blood glucose level on admission and at 48 

hours. An admitting blood glucose level negatively correlated with age at r= -.267, 

p=.041. The same 'trend was observed in the blood glucose taken at 48 hours as shown in 

Table 9. Temperature at 48 hours was negatively correlated with blood glucose levels at 
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admission and 24 hours (r= -.362, p=.006; r= -.324, p=.013, respectively). Age also 

negative} y correlated with length of stay r= -. 416; p=.001. 

Table 9 

Significant Pearson Product Correlations 

Temp 48 hours Age Tob pk years 

BG Admit Pearson Correlation -.362 -.267 -.261 
Sig. (2-tailed) .006 .041 .046 

N 57 59 59 

BG 24 Hours Pearson Correlation -.324 -.308 
Sig. (2-tailed) .013 .018 

N 58 59 

BG48 Hours Pearson Correlation -.272 
Sig. (2-tailed) .049 

N 53 

PMNCounts Pearson Correlation .494 
Sig. (2-tailed) .000 

N 59 

LOS Pearson Correlation -.415 
Sig. (2-tailed) .001 

N 60 

Age Pearson Correlation .258 
Sig. (2-tailed) .047 

N 60 

Tobacco use in pack years was found to be significantly related to several variables. 

Age correlated positively with tobacco use. Blood glucose levels at admission and 24 



hours were negatively correlated with tobacco use. Polymorphonuclear cell counts 

correlated positively with tobacco use in pack years. 

Summary 

Sixty subjects, 30 identified as having diabetes mellitus and 30 not having diabetes 

mellitus, and all over 18 years of age participated in the study designed to describe the 

infection characteristics of patients admitted to the hospital for pneumonia. Data was 

collected using a data co11ection tool designed by the researcher. 
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This chapter presented the findings relating to the characteristics of the sample and 

results of the data analysis. The characteristics of the sample were presented using 

descriptive statistics. Descriptive statistics were used to analyze the major study 

variab]es. Two-tailed t-tests were used to determine if statistically significant differences 

existed between the two groups on length of stay, blood glucose levels, and use of 

intravenous antibiotics on discharge from the hospital. Significant difference in the mean 

blood glucose level was found between the diabetic and non-diabetic subjects. More 

non-diabetic subjects used tobacco than did diabetic subjects. Pearson product-moment 

correlation coefficient was used to analyze relationships between pneumonia 

characteristics and the demographic variable age, diabetic, and non-diabetic subjects. 

Significant correlation's were found between the demographic variable age, blood 

glucose at admission and 24 hours, temperature at 24 and 48 hours, polymorphonuclear 

cells, length of stay, and tobacco use in pack-years. 



CHAPTER V 

DISCUSSIONS AND CONCLUSIONS 

The purpose of this study was to identify and compare pneumonia and subject 

characteristics in patients with diabetes mellitus and patients without diabetes mellitus. 

In this chapter a discussion of the findings, conclusions, limitations of the study, 

recommendations for future research, and implications for nursing are presented. 

Discussion of Research Questions 

Data concerning the subjects ' age, sex and ethnicity were analyzed by descriptive 

statistics. T-test statistics and one way ANO VA analyzed differences of mean scores 

between subjects with DM and without DM. The Pearson product-moment correlation 

coefficient was calculated to identify any relationships between characteristics of 

pneumonia and subjects with or without diabetes mellitus. 

Research Question 1 

What is the frequency at which patients with diabetes mellitus are admitted to the 

hospital for pneumonia? 
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There were 841 patients admitted to the hospital with pneumonia during January 1996 

and December 1997. Out of this number, 14.4% (n= 121) were subjects with diabetes 

mellitus. Previous studies published by Bartlett and coworkers (1986) and Bryan and 

Reynolds ( 1984) found a prevalence rate for diabetes mellitus in pneumonia patients of 

10-15%. The results of this study yielded a number within this range. Even though the 

prevalence ofDM in the United States has increased from 25.4 to 29.8 per 1000 

population, there has been no increase in the rate of diabetics being admitted for 
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pneumonia when compared to studies done in the mid-1980's. However, the prevalence 

of diabetes in the general population is three percent while in the population of patients 

admitted for pneumonia the rate of diabetes soars to 15 percent. 

Research Question 2 

What are the causative organisms for patients admitted to the hospital with pneumonia 

in patients with diabetes mellitus and patients without diabetes mellitus? 

The entire sample was reviewed for the causative organism of their pneumonia. 

Unfortunately, 20 (33.3%) of the total sample was found to have an unspecified 

pneumonia. This category included either a mixed flora, inconclusive sputum culture, or 

lack of sputum culture obtained. The most common organism in both the diabetic 

(n= 10) and non-diabetic (n= 12) group was streptococcus. Studies cited earlier in the 

review of literature reported an association of streptococcus infection with increased 

morbidity and mortality rates in diabetic patients. Five of the 6 (83%) cases of 

staphylococcus were found in patients with DM. This finding remains consistent with 

earlier findings by Robbins & Tucker, 1944; Seymour and Phea, 1963; Loukides & 

Polyzogopoulos, 1990; and Moutschen, Scheen, & Lefebvre, 1992. 

More recent research (Loukides & Polyzogopoulos, 1990) found Pseudomonas as a 

common source of pulmonary infection in patients with chronic obstructive pulmonary 

disease and diabetes mellitus. Results of this study found Pseudomonas in the non

diabetic group accounting for 60% of the total cases of pneumonia (n= 3). Further, 

COPD occurred more frequently in the non-diabetic subjects, but not at a significant 

level. In this study, the two cases of Pseudomonas was found in patients with COPD and 



DM indicating Pseudomonas does occur with COPD and DM as reported by Loukides 

and Polyzogopoulos (1990). However, the sample size is too small to draw any 

conclusions. 

Research Question 3 

What is the blood glucose level at the initial diagnosis of pneumonia in patients with 

diabetes mellitus and patients without diabetes mellitus? 
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The study included this variable in order to validate earlier research conducted by 

Tebbs and coworkers (1991) that concluded increased glucose concentration potentially 

inhibits the oxidative phase of killing and suppresses superoxide production. The Type I 

diabetics had a non-fasting mean blood glucose level of257mg/dl on admission to the 

hospital. There was no significant correlation between blood glucose level on admission 

and length of stay. However, a correlation between increased blood glucose levels and 

decreased polymorphonuclear (PMN) counts was found at 24 hours. Polymorphonuclear 

cells are responsible for oxidative phase of killing and superoxide production. This 

relationship may suggest that the patient with DM is more at risk for infection than the 

non-diabetic patient due to elevated blood glucose levels and decreased PMN cell counts. 

As expected, the subjects with DM had significantly higher blood glucose levels 

compared to the non-diabetic subject. 

Research Question 4 

Is there a difference in the length of stay for patients with diabetes mellitus 

hospitalized with pneumonia versus non-diabetics admitted to the hospital with 

pneumonia? 
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The diabetic subjects had a greater mean length of stay. As discussed in data analysis, 

there was no significant difference in the median or mean found in LOS between the two 

groups of subjects. While no significant difference was found, there was a trend for the 

acutely ill diabetic subjects to be hospitalized for greater length of time as evidenced by 

the difference in the ranges between the two groups. 

Research Question 5 

Are diabetic patients who are admitted for pneumonia more likely to be discharged 

home from the hospital on intravenous antibiotics than non-diabetics? 

The statistical analysis found that non-diabetics had an increased frequency ( 5%) of 

intravenous antibiotic use upon discharge compared to diabetic patients (I. 7%) 

discharged after treatment for pneumonia. These percentages could not be statistically 

analyzed due to the small sample size. The frequency of intravenous antibiotic use on 

discharge for the non-diabetics was a clinically significant finding. The sample size of 

this study limits the accuracy of projecting a similar frequency for a larger group of non

diabetics. 

The clinical significance of these findings is found in the delivery of health care in an 

outpatient setting. Information was not gathered on the specific hospital discharge 

locations so the mechanism by which intravenous antibiotics was delivered is not known. 

However, whether a patient went home or to a skilled nursing facility there are 

implications for nursing. Intravenous therapy requires that a registered nurse administer 

the medication. As health care continues to move toward outpatient care with less acute 

care admissions, it would be interesting to revisit this question in another 5 years to see if 



52 

more patients are leaving the hospital on intravenous antibiotics. The trends in outpatient 

therapy will have a greater impact on nursing care that is delivered in the home or skilled 

nursing setting. 

Research Question 6 

Is there an increased cost of care associated with diabetic patients who are admitted to 

the hospital for pneumonia? 

There was no significant difference in the cost of treating a diabetic subject and a non

diabetic subject. The most expensive hospital stay from the cohort of subjects did occur 

in the diabetic group. However, no further assumptions can be made that could be 

supported statistically. 

Subject Characteristics 

Age correlated (negatively) with length of stay. As age decreased, length of hospital 

stay increased. Increased lengths of stay are more costly to the health care system and 

the patients involved. The reason may lie in diagnostic related groups (DRG's) and 

managed care. The older patient, who were shown to stay shorter periods of time, have 

an increased chance of being on a Medicare risk HMO program. The state in which this 

study was conducted has the highest concentration of managed care organizations in the 

United States. The older patient may be hospitalized under an insurance plan that may 

dictate firm control over the number of bed-days a patient uses for each admission. The 

younger patient may be more likely to present to the hospital in acute distress requiring a 

longer hospital stay than the older patient. In the diabetic population, the younger patient 

will be a Type I diabetic, who by this study' s findings, is more likely to present with an 



53 

acutely high blood glucose level which places them at higher risk for ketoacidosis and 

respiratory failure which may influence length of stay. Age showed a significant inverse 

correlation with admitting blood glucose levels and glucose levels at 48 hours. Thus, 

older patients had lower blood glucose level on admission and at 48 hours than younger 

patients. A rationale for this is based on the type of diabetes that affects different age 

groups. Diabetes Mellitus Type I is diagnosed in persons from birth to approximately 

age 30 (ADA, 1998). Type I DM is responsible for more acute elevations in blood 

glucose levels since the pancreas is no longer producing insulin. From this study, Type I 

DM subjects had a mean admission blood glucose level of 257mg/dl compared to the 

total population at 174mg/dl. Older patients tend to develop Type II DM. Patients with 

Type II DM have a tendency to develop chronically elevated blood glucose levels as a 

result of the disease process and not the acute elevations that are seen with the Type I 

diabetic. This study bears out this finding statistically as Type II diabetics had an 

admitting blood glucose mean of 198mg/dl compared to Type I mean of257mg/dl. 

The final variable that correlated with age (positively) is tobacco use in pack years. 

As the age of the subjects increased so did the number of pack years. Prolonged 

exposure to tobacco smoke can lead to chronic bronchitis and chronic obstructive 

pulmonary disease. Cigarette smoking increases the risk of COPD by about 30 times 

(Goroll, May, & Mulley). A history of smoking or chronic lung disease increases the 

risks of pneumococcal, H. influenza, and Moraxella infections (Goroll, May, & Mulley). 

Koziel and Koziel (1995) reported COPD, tobacco use, and ethanol use may weaken 

host defenses. While this may be true, there was no significant difference in the 
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frequency of COPD and heart disease between the two groups in this study. The results 

of this study found significant positive correlation between tobacco use and elevated 

PMN's. Tobacco use was more prevalent in the non-diabetic group. Tobacco use may 

weaken host defenses, but it does not appear to delay the initial response by the immune 

system to pulmonary infection. Even though the non-diabetic had more tobacco use and 

higher WBC' s on admission, their length of stay was the same as the diabetic group. The 

other variable mentioned by Koziel and Koziel ( 1995), alcohol use, was not found to be 

significantly higher in one group over the other. 

Another interesting finding from this study related to three deaths that occurred from 

pneumonia within the group of 60 subjects. All three were Native Americans with 

diabetes mellitus. Studies have shown an incidence rate of DM as high as 70% 

(Eschwege & Bennett, 1997) in Native Americans who are indigenous to the area where 

the research site was located. Specific demographics and medical history from this 

subgroup were not analyzed statistically since the study was not focused on a specific 

ethnic group. 

Results in Relation to Theoretical Framework 

The literature review and resultant theoretical framework discussed several areas that 

have been researched in relation to pulmonary function , glucose levels, immune 

response, and abnormalities associated with diabetes. Several areas of results were found 

to be consistent with the building blocks of the theoretical framework. 

Polymorphonuclear cell counts were found to be lower in the subjects who had 

diabetes and a pneumonia infection. The lower levels of PMN' s were not significantly 



related to longer hospital stays. The suggestion here is that immune response may be 

delayed in the person who has a history of elevated blood glucose levels, which in tum 

leads to lowered PMN counts, resulting in a delayed response by the immune system. 

Similar findings have been included in many research studies that were used to develop 

the theoretical framework used in this study. 
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Pulmonary changes associated with diabetes mellitus have been studied through the 

years as previously reported. Findings from this study did not reveal a significant 

difference in the rate of COPD between the diabetic and non-diabetic subjects. However, 

underlying pulmonary abnormalities as a result of long term hyperglycemia from diabetes 

may play a part in the trend for diabetic subjects with pneumonia stay in the hospital for 

longer periods of time even though the incidence of COPD is equal to the non-diabetic 

group. 

Limitations 

The limitations of this study were as follows: 

1. Inability to control for large number of variables. 

2. Blood glucose levels obtained from chart review were not fasting and there was no 

clear method to identify post-prandial time. 

3. Self-report measures for tobacco and alcohol use limited the collection of this data to 

the degree of self-disclosure of subjects. 

4. No specific theoretical framework has been linked to DM and pneumonia infections 

to help guide the data collection and gain better control of extraneous variables. 

5. Lack of conclusive sputum culture collections and reports. 



6. Conclusive findings on chest radiographs to indicate a pneumonia infection. 

Recommendations 

The recommendations for future study include: 
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1. Prospective review of charts with researcher interaction with subjects for information 

collection. 

2. Specific protocols for blood glucose monitoring, sputum culture collection, and 

discharge planning. 

3. Development of a tool for use by clinicians to better identify diabetic patients at risk 

for pneumonia. 

4. Prospective involvement by radiologist to define pneumonia by chest radiograph. 

Nursing Implication 

Nursing has a unique function and role that allows for the collection, description, 

planning, and implementation of care that is used for the purpose of improving the life of 

individuals. The Systems-in-Change Model (Riehl & Roy, 1980) defines the role of 

nurse as supporting and promoting health and the quality of life. The data collected and 

the resulting analysis have made it possible to describe some of the differences between 

diabetics and non-diabetic who are admitted to the hospital for pneumonia. These 

differences help define how nursing can plan and implement care. 

In this study, information about pneumonia characteristics in diabetic and non

diabetic groups was analyzed and discussed. Nursing can use information to better target 

the segment of the population that would benefit the most. In the case of this study, 

Diabetes Mellitus Type I patients had a tendency for longer hospital stays. With the 



knowledge obtained from this study, nurses can guide their assessments, interventions, 

and evaluations . Including biological, social, and personal systems in the patient 

assessment allows the nurse to promote quality of life through a holistic approach. 

Treating pneumonia in patients with DM requires the nurse to approach the situation 

using skills to identify social patterns and different levels of personal functioning. The 

reason for this type of skill is related to the two DM groups that a nurse will come in 

contact with, each requiring special needs. 
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The Type I diabetic, who by this study's findings is likely to stay in the hospital longer 

and thus be more ill, may not have very good control over his/her blood sugar. Intensive 

education needs to be initiated with this patient population and nursing will be called 

upon to deliver the critical information to the patient. Registered nurses will likely be 

asked to educate these patients about the purpose of good glucose control and selecting 

social patterns that decrease the opportunity of acquiring infections. 

As the delivery of health care continues to move in the direction of outpatient services 

nursing will be called upon to help deliver a large portion of this care. Hospitals, 

insurance companies, and home health agencies are employing more nurse case managers 

now than ever before and a new job market for nursing is evolving as a result. Diabetes 

Mellitus is increasing in incidence and prevalence in the United States and this 

population of patients will require continuous education in order to optimize their health. 

Nursing has the opportunity to develop and implement plans of care and education that 

will be beneficial to the diabetic population. 

Pneumonia places demands on the health care system in all patients. The non-diabetic 
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in this study was more likely to be discharged home on intravenous antibiotics and, 

therefore, will need follow-up through a home health agency for therapy. The 

importance of continuing oral antibiotics upon discharge and making appointments with 

their physician within one to two weeks, will continue to be an integral part of what 

nursing does to educate the patient. 

Nursing cannot wait or rely upon organizations to educate the public about the 

seriousness of pneumonia. Nurses are in the community in a number of medical 

environments and need to take the opportunity to educate patients about the importance 

of influenza and pneumonia vaccination. The results of this study found that patients 

who are diagnosed with pneumonia may be in the hospital from 1 to 3 7 days and nurses 

can use this information to educate the community about prevention and the need to see a 

medical provider if they develop signs and symptoms of pneumonia. 

Summary 

Pneumonia has been studied since the early 1900' s in the diabetic and non-diabetic 

populations. Even with the increase in incidence and prevalence of diabetes, there has 

been no significant increase in the percentage of pneumonia patients who are diabetic. 

The results of this study found that patients with diabetes mellitus were more likely to be 

admitted with a higher blood glucose level, but did not stay in the hospital any longer. 

The same organisms that have been identified since the 1940' s are still infecting the 

diabetic and non-diabetic populations. The diabetic patient was not more likely to be 

discharged home on intravenous antibiotics than the non-diabetic. The cost to care for a 

diabetic and non-diabetic patient is not significantly different, however the longest length 
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of stay was seen in a diabetic subject 

Research needs to be continued to identify how diabetes mellitus or the elevated blood 

glucose levels as a result of the disease, affect the immune system and make those 

affected more susceptible to longer hospital stays and more acute illness. 
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APPENDIX A 

DAT A COLLECTION TOOL 
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APPENDIXB 

CODING OF DEMOGRAPHIC AND VARIABLES FOR DAT A COLLECTION TOOL 



Gender 

Male= 1 
Female= 2 

Ethnicity 

CODING FOR DEMOGRAPHICS AND VARIABLES 

Caucasian= I 
Hispanic= 2 
Native American= 3 
Black= 4 
Asian= 5 

Sputum Culture 

Streptococcus= 1 
Staphylococcus= 2 
Pseudorn.onas= 3 
Klebsiella= 4 
H. flu= 5 
Enterobacter= 6 
M ycoplasrn.a= 7 

Tobacco 

Yes= I 
No= 2 

Alcohol Use 

Yes= 1 
No= 2 

Diabetes Mellitus Type 

Type I= 1 
Type II= 2 

Type oflntravenous Antibiotics 

None=O 
Ceftriaxone= I 
Erythrorn.ycin= 2 
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Unasyn= 3 
Vancomycin= 4 
Gentamycin= 5 
Tobramycin= 6 
Piperacillin= 7 
Cefuroxime= 8 
Ceftazidine= 9 
Cefotax= 10 
Clindamycin= 11 
Ampicillin= 12 

Intravenous Antibiotics on Discharge 

Yes= 1 
No=2 

COPD, CHF, Cardiac Disease, Renal Disease 

Yes= 1 
No=2 

Mortality 

Yes= 1 
No=2 

PO Antibiotics on Discharge 

Yes= 1 
No=2 
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