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This study aimed to determine the relationships among resident, physician, and
facility characteristics and ACE inhibitor use; and those between ACE inhibitor use and
hospital utilization in elderly nursing home residents with heart failure. The study sample
(N=468) consisted of predominately white female residents with an average age of 86.0
years (SD=8.0, range=65 to 106). Of the overall sample, 30.8% (n=144) of the residents
received ACE inhibitor therapy, 64.1% (n=300) received a loop diuretic, 28.8% (n=135)
received digoxin, 22.9% (n=107) received a beta-blocker, 7.5% (n=35) received a
potassium-sparing diuretic, and 5.3% (n=25) received an angiotensin II receptor blocker.
Residents’ number of selected concomitant conditions was the only characteristic
significantly associated with “any ACE inhibitor use” (OR = 1.462, 95% CI = 1.184 –
1.804, p<0.001), controlling for all other characteristics.
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With regards to hospital

utilization, ACE inhibitor users had lower likelihood of hospitalization due to any cause
than non-users.

A smaller proportion of ACE inhibitor users than non-users were

hospitalized for any reason (16.7%, n=9 versus 59.1%, n=68) and for heart failure at least
once during the observation period (5.5%, n=3 versus 29.6%, n=34). ACE inhibitor use
(OR = 0.150, 95% CI = 0.046 – 0.484, p=0.001) and length of the observation period
(OR = 1.679, 95% CI = 1.316 – 2.143, p<0.001) were significantly associated with the
likelihood of being hospitalized for any reason, controlling for all characteristics and
ACE inhibitor use. Sensitivity analyses of the models for hospitalization due to any
cause and due to heart failure showed similar results. The findings for hospital utilization
suggest that ACE inhibitor therapy may contribute to reduced likelihood of
hospitalization. Future research should explore further the relationships among resident
characteristics, physician prescribing behaviors, organizational resources, other heart
failure drug therapies such as beta-blockers, and resident outcomes.
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1. INTRODUCTION
Under-diagnosis and under-treatment of heart failure is well-documented. The
breadth of the literature on this medical condition, recent technological and medical
advances in understanding it, and treatment options, suggest that heart failure
management is a matter of complex pathophysiology rather than of neglect by health care
providers in managing it.

In fact, textbooks on cardiovascular diseases and

pharmacotherapy show that heart failure is indeed a complex medical occurrence. It is
associated with numerous risk factors such as hypertension, coronary artery disease,
diabetes, congenital heart disorders, and valvular diseases. The mechanics of the heart
itself are also complex. The compensatory mechanisms that are needed to mitigate
effects of heart damage can also inflict detrimental effects on the heart, resulting in a
vicious cycle with compensatory responses causing worsening of heart failure.
Characteristics of the patient population most vulnerable to developing heart
failure also add to the challenges of optimal heart failure management. People aged 65
and over who are functionally dependent and have multiple chronic conditions are
especially vulnerable. A major reason is that these individuals already have a greater
number of risk factors compared to their counterparts who are younger and who live in
the community. In addition to co-morbidities, age-related changes in the cardiovascular
system decrease a frail elderly person’s ability to respond to negative effects of impaired
heart function.
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Despite the clinical challenges with heart failure management, recent clinical
trials demonstrated the efficacy and safety of several drugs for heart failure treatment.
These drugs include the angiotensin-converting enzyme (ACE) inhibitors, certain betablockers, and spironolactone. The introduction of ACE inhibitors was also instrumental
in helping researchers understand the pathophysiology of heart failure. Unlike older
drugs (e.g., diuretics and digitalis) that could only improve symptoms, the latter drugs
have been shown to increase survival and slow progression of heart failure. In the last
decade, pharmaceutical companies have increased awareness of these drugs by
advertising their benefits for treating heart failure. Within the last few years, betablockers have been drawing more attention as a mainstay treatment for heart failure given
the renewed interest in their neurohormonal activities.

Spironolactone has inspired

clinical trial investigations of other aldosterone antagonists.
In addition to the growing volume of research evidence heralding the use of the
above drugs, clinical practice guidelines have also become commonplace. In the last 10
years, at least a dozen local guidelines have been developed to promote best practices for
heart failure management. In particular, the Michigan Health System and Blue Cross
Blue Shield have developed a comprehensive and concise set of guidelines for their
physicians. These guidelines are based on the American College of Cardiology and
American Heart Association national guideline for heart failure management. Other
managed care organizations and professional organizations followed suit. The United
States Agency for Healthcare Research and Quality has established an online clinical
practice guidelines clearinghouse to facilitate easy access to guidelines for practitioners.

2

Along with the guideline movement, several other interventions for changing
clinical practices have also gained increasing popularity.

These strategies include

academic detailing, performance-based feedback, computerized reminder systems,
continuing education meetings/workshops, and distribution of educational kits. Although
none of these interventions have been found to be effective when used alone, they can be
effective if combined.
In the current environment for improving the quality of health care delivery,
suboptimal heart failure management remains a major clinical issue. This clinical issue is
of particular interest to federal health insurance programs like Medicare and Medicaid
because these two programs finance health care for the majority of elderly Americans.
While Medicare has been active in funding quality improvement initiatives and other
projects to find effective interventions for improving heart failure management, budget
constraints at the state level limit what Medicaid can do to improve this clinical problem.

1.1.

Project Context
Improving the quality of care for heart failure patients is a particularly important

concern for Medicare and Medicaid. These two programs provide health care coverage
for the majority of elderly Americans aged 65 and over.1 Since three-fourths of all heart
failure patients are aged 65 and over (i.e., 3.4 million), Medicare, and to some extent
Medicaid, are responsible for a large portion of the health care expenses associated with

1

Centers for Medicare and Medicaid Services (CMS). Medicare and Medicaid.
http://www.cms.hhs.gov/default.asp? Accessed September 12, 2004.
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managing this condition in these patients.2 While Medicare has channeled funds to
improving the quality of care for heart failure patients (i.e., the National Heart Failure
Project), Medicaid has done so to a much lesser extent.3 As more and more middle-aged
persons survive cardiovascular diseases and more and more elderly people move into
nursing homes, heart failure management will become a more important quality of care
issue for state governments.4
In the state of Texas, the entity that is charged with providing evidence-based
information to nursing home care providers is the Medical Quality Assurance (MQA)
program in the Department of Aging and Disability Services (DADS).

This is the

successor agency to the Department of Human Services (DHS). The MQA program was
established by DHS in 1998 to design and implement statewide quality improvement
strategies for Texas nursing facilities. The 76th Texas legislature allocated funds to the
MQA program so that it could conduct annual assessments of quality of care, quality of
life, and consumer satisfaction with care and services provided in Texas nursing
facilities.5 The findings from these annual statewide quality reviews serve to inform the
state of specific quality issues; they also serve as statewide baseline performance
measures and as a record of quality improvement progress.6

2

National Heart, Lung, and Blood Institute. Congestive heart failure in the United States: a new epidemic Data Fact Sheet. www.nhlbi.nih.gov/health/public/heart/other/CHF.htm. Accessed March 17, 2003.
3
CMS. National Heart Failure Project Overview. http://www.medqic.org/assets/medqicpdf/MedicarePriorities_HC_082903.pdf Accessed September 12, 2004.
4
Ahmed A. Treatment of chronic heart failure in long-term care facilities: implications of recent heart
failure guidelines recommendations. Archives of Gerontology and Geriatrics 2003;37(2):131-137.
5
Cortes LL. Medical Quality Assurance in Texas Department of Aging and Disability Services (DADS).
http://mqa.dhs.state.tx.us/QMWeb/MQA.htm. Accessed January 31, 2004.
6
Cortes LL, personal communication, January 31, 2004
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1.2.

Project Purpose
In the context of state budget constraints, this dissertation was initiated to study

the issue of heart failure management in long-term care. In particular, this dissertation
focuses on why certain recommended drug therapies are under-used and the factors that
influence whether or not elderly nursing home residents receive these drugs.
Specifically, the purpose of this dissertation is three-fold: (1) to identify factors from the
literature related to ACE inhibitor use in elderly nursing home residents; (2) to determine
relationships between these factors and ACE inhibitor use in the DADS sample of elderly
nursing home residents; and (3) to examine the relationship between ACE inhibitor use
and hospital utilization in the DADS sample of elderly nursing home residents,
controlling for significant factors identified in (2).
While there are several indicators for the quality of heart failure management
(e.g., ACE inhibitor use, left ventricular function evaluation, discharge educational
materials, and smoking cessation), ACE inhibitor use is the primary variable of interest in
this dissertation project.7

The patient population of interest is Texas nursing home

residents with a diagnosis of heart failure. Donabedian’s structure, process, and outcome
model provides the theoretical framework. The aim of this project is to assist efforts by
DADS to improve the quality of care for Texas nursing home residents suffering from
heart failure. In support of the project purpose, this dissertation is organized based on the
following outline.

7

Medicare Quality Improvement Community. http://www.medqic.org/content/measures/index.jsp.
Accessed January 2, 2005.

5

•

Chapter 1 provides an overview of this dissertation, including detailing the
context for the project, the project’s purpose, and the project’s aim.

•

Chapter 2 provides a review of the literature on heart failure. It is divided into
four major parts: (1) heart failure, including epidemiology, etiology,
pathophysiology, diagnosis and evaluation; (2) pharmacologic management of
heart failure; (3) patterns of heart failure pharmacologic treatment in longterm care; and (4) factors and barriers related to heart failure management.

•

Chapter 3 explains the study rationale, the conceptual framework, the
objectives, and the hypotheses.

•

Chapter 4 describes the methods by which this dissertation project was
executed.

Its content consists of descriptions of the study design, study

population, study variables, data sources, and statistical analysis procedures
and analytical frameworks.
•

Chapter 5 presents the study results from descriptive analyses, bivariate
analyses, and regression analyses that correspond to the eight objectives.

•

Chapter 6 discusses the findings from this study for each objective, provides
conclusions drawn based on the findings, as well as proposes ideas for future
research and implications of the findings for DADS.
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2. LITERATURE REVIEW
Currently available research continues to show that heart failure (HF) is difficult
to treat in both the general and nursing home populations. As such, suboptimal treatment
is common. To provide an understanding of the challenges often faced with heart failure
treatment, this chapter reviews the literature on heart failure and its treatment, with a
focus on major drug therapies. The first part of this chapter (Section 2.1) presents heart
failure epidemiology, etiology, pathophysiology, and diagnosis and evaluation.

The

second part (Section 2.2) discusses evidence from clinical trials, consensus
recommendations, and clinical practice guidelines with regard to efficacy of the major
drugs or drug classes for heart failure management. The third part (Section 2.3) describes
current patterns of heart failure pharmacologic management; and the final part (Section
2.4) discusses factors and barriers related to heart failure management.

2.1.

Heart Failure
The consequences of HF make it a national health care priority, and its

characteristics contribute to the difficulty of treating this condition. In general, HF is
associated with relatively high morbidity and mortality. It is the most common hospital
discharge diagnosis in the elderly population and accounts for billions of health care
dollars spent. Persons with symptomatic HF often have reduced physical function, which
influences their quality of life, and may even experience early death.8 A diagnosis of HF
is difficult to discern because it has multiple causes and risk factors, nonspecific signs
8

Rich MW. Drug therapy of heart failure in the elderly. American Journal of Geriatric Cardiology
2003;12(4):235-242.
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and symptoms. In the elderly, manifestations that are often confused with aged-related
changes mask HF diagnosis. The following sections provide an overview of the literature
illustrating these points.

2.1.1. Epidemiology
Epidemiologic findings for HF demonstrate that it is a major health care problem
nationally. The prevalence of HF has been increasing steadily and is likely to continue
increasing in the ensuing decades. In 2001, there were almost five million Americans
identified as having heart failure based on the International Classification of Diseases, 9th
Revision (ICD-9) code 428.0, which includes congestive heart failure, left heart failure,
and unspecified HF.9 The National Heart, Lung, Blood Institute (NHBLI) reports that
there are 550,000 new HF cases each year in the general adult population. The number of
HF cases is projected to increase to 10 million in 2007.10
The inevitable rise in the number of HF cases in the future can be attributed to a
greater number of people surviving from cardiovascular diseases that are precursors of
HF.11 This trend coincides with the aging of the baby boomer population. The number
of people aged 65 and over is expected to increase from the current 35 million to 39.7
million in 2010 to 70.3 million in 2030.12 Based on the most recent available estimate of
3.4 million Americans with HF who were aged 65 and over (in 1996), approximately

9

American Heart Association. Heart Disease and Stroke Statistics — 2004 Update. Dallas, Texas:
American Heart Association, 2003, pp. 1-48.
10
O’Connell JB. The economic burden of heart failure. Clinical Cardiology 2000;23(Suppl. III):III6-III10.
11
O’Connell, 2000, p. III3
12
Administration on Aging (AoA). A profile of older Americans: 2002. U.S. Department of Health and
Human Services. http://research.aarp.org/general/profile_2002.pdf. Accessed February 2, 2004.
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10% of all elderly persons currently suffer from heart failure.13 The NHLBI reported in
their annual Data Fact Sheet that there were nearly 10 new cases per 1,000 people aged
65 years and over.14 If the prevalence and incidence of HF remain constant, there will be
at least seven million elderly people with HF by 2030.15 However, current trends suggest
a much higher prevalence for HF in elderly persons.16
The prevalence of HF is also likely to increase in the elderly nursing home
population as more and more elderly people move into nursing homes. In 1999, there
were some 1.5 million elderly people residing in nursing homes.17 This number is
projected to double or triple by 2030.18 The most common diagnoses in the nursing home
population are diseases of the circulatory system, the majority of which are diseases of
the heart.19 Regional data show that currently, 14.5% to 18.0% of elderly nursing home
residents may have heart failure.20

If the above trends increase or even remain

unchanged, HF will remain a major contributor to the morbidity and mortality of elderly
nursing home residents.
13

National Heart, Lung, and Blood Institute. Congestive heart failure in the United States: a new epidemic
- Data Fact Sheet. www.nhlbi.nih.gov/health/public/heart/other/CHF.htm. Accessed March 17, 2003.
14
National Heart, Lung, and Blood Institute. Congestive heart failure in the United States: a new epidemic
- Data Fact Sheet. www.nhlbi.nih.gov/health/public/heart/other/CHF.htm. Accessed March 17, 2003.
15
Administration on Aging (AoA). A profile of older Americans: 2002. U.S. Department of Health and
Human Services. http://research.aarp.org/general/profile_2002.pdf. Accessed February 2, 2004.
16
American Heart Association. Heart Disease and Stroke Statistics — 2004 Update. Dallas, Texas:
American Heart Association, 2003, pp. 1-48.
17
Administration on Aging (AoA). A profile of older Americans: 2002. U.S. Department of Health and
Human Services. http://research.aarp.org/general/profile_2002.pdf. Accessed February 2, 2004.
18
Administration on Aging. Aging into the 21st century – Health Statistics.
http://www.aoa.gov/prof/Statistics/future_growth/aging21/health.asp. Accessed November 13, 2004.
*Original reference: Rivlin AM, Wiener JM, Hanley R, Spence D. Caring for the disabled elderly: Who
will pay? Washington, DC: The Brookings Institution, 1988, Table 2-4 (pp. 30-50).
19
Jones A. The National Nursing Home Survey: 1999 summary. National Center for Health Statistics.
Vital Health Statistics 2002;13(152):1-117. *Note: The estimate of common circulatory system diagnoses
was based on all nursing home residents, 90% of whom were aged 65 and over.
20
Litaker JR, Chou JY. Patterns of pharmacologic treatment of congestive heart failure in elderly nursing
home residents and related issues: a review of the literature. Clinical Therapeutics 2003;25(7):1918-1935.
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Heart failure is associated with a high mortality rate, particularly for those with
severe symptoms, male gender, and older age. Overall, the survival rate for heart failure
patients is 30% to 40% within the first five years.21 Based on symptom severity, patients
with mild HF symptoms have a mortality rate of 5% to 10% per year; for those with
moderate symptoms, the rate is 20% to 30%; and for those with advanced disease, the
rate is 30% to 80%.22,23 With respect to gender, the Framingham study showed that
among those who were diagnosed with HF, 20% of the men and 14% of the women died
within the first year; and among those who began to exhibit HF symptoms, 62% of the
men and 42% of the women died within five years.24 Mortality rates for HF also
increased exponentially with advancing age. Among Medicare patients aged 67 and
older who were hospitalized for heart failure, approximately 30% died within the first
year and only 20% survived six years after initial diagnosis.25,26 Similarly, the total
mortality rate for old-old patients with an average age of 89 years residing in long-term
care facilities who were hospitalized for HF was 87%.27

21

Johnson JA, Parker RB, Patterson JH. Heart failure – chapter 13. In: Pharmacotherapy – a
Pathophysiology Approach – Fifth Edition. Eds. DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM. McGraw-Hill Medical Publishing Division: New York, 2002, 185-218.
22
Packer M, Cohn JN. Consensus recommendations for the management of chronic heart failure.
American Journal of Cardiology 1999;83(2 Suppl 1):1A-38A.
23
Johnson et al., 2002, p. 185
24
Luchi RJ, Taffet GE, Teasdale TA. Congestive heart failure in the elderly. Journal of the American
Geriatrics Society 1991;39(8):810-825.
25
Croft JB, Giles WH, Pollard RA, et al. Heart failure survival among older adults in the United States – a
prognosis for an emerging epidemic in the Medicare population. Archives of Internal Medicine
1999;159(8):505-510.
26
Rich MW. Epidemiology, pathophysiology, and etiology of congestive heart failure in older adults.
Journal of the American Geriatrics Society 1997;45(8):968-974.
27
Wang R, Mouliswar M, Denman S, Kleban M. Mortality of the institutionalized old-old hospitalized
with congestive heart failure. Archives of Internal Medicine 1998;158(22):2464-2468.
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Heart failure continues to be the most common discharge diagnosis in the elderly.
HF was listed as a primary or secondary diagnosis for one-fifth of all hospital discharges
among elderly patients.28,29 Furthermore, readmission rates for HF are relatively high.
Based on 1990 estimates, 90-day readmission rates related to heart failure ranged from
15% to 30%, with half of these being preventable.30
The significance of the hospitalization rates mentioned above lies in the potential
economic burden for payers of health care services for elderly nursing home residents
who have HF. Close to half of all elderly nursing home admissions (46.2%) come
directly from hospitals.31

Given that HF is the most common hospital discharge

diagnosis in elderly patients and that many elderly nursing home residents have diseases
of the circulatory system, some of which are precursors of HF, the actual prevalence of
HF in nursing homes may have been under-estimated. Undiagnosed cases of HF can
unknowingly add to the number of hospital admissions and readmissions, thereby further
increasing health care costs related to treating this condition.
Currently, the most commonly reported estimates for health care costs related to
HF management range from $20 to $40 billion.32 Based on 1991 Health Care Financing
Administration (HCFA) estimates, the total annual spending for heart failure was nearly

28

Massie BM, Shah NB. Evolving trends in the epidemiologic factors of heart failure: rationale for
preventive strategies and comprehensive disease management. American Heart Journal 1997;133(6):703712.
29
National Heart, Lung, and Blood Institute. Congestive heart failure in the United States: a new epidemic
- Data Fact Sheet. www.nhlbi.nih.gov/health/public/heart/other/CHF.htm. Accessed March 17, 2003.
30
O’Connell, 2000, p. III7
31
Jones, 2002, p. 19
32
Packer and Cohn, 1999, p. 2A
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$38 billion.33 This total included hospitalization costs (i.e., inpatient care and pharmacy
costs) and outpatient visits. The average cost for hospitalizations due to heart failure was
over $10,000 (mean length of stay of 6.3 to 7.7 days). In 1999, the total annual spending
for heart failure was reportedly $56 billion, with an average cost of $11,000 per
hospitalization attributed to heart failure.34
Based on more recent cost estimates compiled by the NHLBI, the total direct and
indirect costs related to heart failure treatment is $25.8 billion in 2004.35 The majority of
this total consisted of hospital charges (52.7%), nursing home care (13.6%), and drugs
and other medical durables (10.5%). The above estimates were for the general adult
population who had heart failure. In 1999, $3.6 billion or $5,456 per hospital discharge
was paid for Medicare beneficiaries with congestive heart failure.36 Reasons for the
lower 2004 NHLBI cost estimates of treating HF compared to the 1990s HCFA cost
estimates are unclear.

2.1.2. Etiology
A major reason for the difficulty in treating HF is that there are multiple risk
factors and causes associated with its development, thus complicating treatment options.
Any factor that results in cardiac injury can trigger the process of HF development if it is
left unmitigated. Risk factors for heart failure include: (1) coronary artery disease (i.e.,
angina or myocardial infarction); (2) chronic hypertension; (3) idiopathic dilated
33

O’Connell, 2000, p. III7
O’Connell, 2000, p. III7
35
American Heart Association, 2003, p. 42
36
American Heart Association, 2003, p. 42. *Note: the direct source for this estimate was from CMS.
Health Care Financing Review, 2001 Medicare and Medicaid Statistical Supplement, published April 2003
34
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cardiomyopathy; (4) valvular heart failure such as mitral regurgitation, aortic stenosis; (5)
other cardiomyopathies such as sarcoidosis; (6) arrhythmia, particularly atrial fibrillation;
(7) anemia; (8) fluid volume overload due to noncardiac causes; and (9) thyroid disease
(hypo- or hyperthyroidism).37

These conditions can impair either systolic function,

diastolic function, or both (Table 2.1).38 For example, cardiomyopathies, or disorders of
the heart muscle, are a common factor that negatively affects the heart’s contractility,
thereby causing systolic dysfunction. Cardiomyopathies can be due to an unknown
cause, viral infection, or alcoholism.

Other factors that affect ventricular systolic

function are pulmonary hypertension and valvular regurgitation. These conditions impair
ventricular contractility and increase ventricular muscle mass by producing pressure and
volume overload.39 On the other hand, some conditions cause restricted ventricular
filling, or diastolic dysfunction, through increased ventricular stiffness. These disorders
include hypertrophic cardiomyopathy, amyloidosis, endomyocardial fibrosis, mitral or
tricuspid valve stenosis, and pericarditis. Myocardial ischemia and infarction can cause
both systolic and diastolic dysfunction.

37

American Medical Directors Association (AMDA). Heart failure – clinical practice guideline. AMDA
2002, pp. 1-20.
38
Johnson et al., 2002, p. 186
39
Johnson et al., 2002, p. 187
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Table 2.1 Etiologic Factor by Type of Heart Failure
Type of Heart Failure

Etiologic Factor

Systolic dysfunction
(decreased contractility)

•

Reduction in muscle mass (e.g., ischemia or myocardial
infarction)

•

Dilated cardiomyopathies (e.g., idiopathic, viral,
alcoholic)

•

Ventricular hypertrophy
o Pressure overload (e.g., systemic or pulmonary
hypertension, aortic or pulmonic valve stenosis)
o Volume overload (e.g., valvular regurgitation, atrial
and ventricular shunts, high-output states)

Diastolic dysfunction
(restriction in ventricular
filling)

•

Increased ventricular stiffness
o Ventricular hypertrophy (e.g., hypertrophic
cardiomyopathy)
o Infiltrative myocardial diseases (e.g., amyloidosis,
sarcoidosis, endomyocardial fibrosis)
o Myocardial ischemia and infarction

•

Mitral or tricuspid valve stenosis

•

Pericardial disease (e.g., pericarditis, pericardial
tamponade)

Source: Johnson JA, Parker RB, Patterson JH. Heart failure – chapter 13. In: Pharmacotherapy – a
pathophysiology approach – 5th edition. Eds. DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM. McGraw-Hill Medical Publishing Division: New York, 2002, p.186.
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In both elderly and younger patients, the most common causes of HF are
hypertension and coronary heart disease.40,41 According to the Framingham study, 76%
of men and 79% of women with HF had hypertension or had received an antihypertensive medication; and 46% of men and 27% of women had coronary heart
disease.42 These two cardiovascular diseases accounted for more than 70% of the HF
cases in elderly patients.43

However, valvular disease is increasingly becoming a

common cause of HF among older patients.44 In the nursing home population, essential
hypertension and heart disease compose the majority of the diseases of the circulatory
system (23.9%) that are reported as the most common group of diagnoses that elderly
patients have upon admission to a nursing home.45 This trend suggests the potential for
unrecognized existing cases of HF and signals the potential for new cases of heart failure
in the nursing home setting.
Certain factors can trigger HF in vulnerable patients or aggravate symptoms of
HF in patients with existing HF.

In particular, elderly patients are prone to acute

respiratory disorders such as pneumonia or worsening chronic obstructive airway
disease.46

These precipitating factors may worsen the elderly person’s cough or

pulmonary edema related to left ventricular dysfunction.
40

Other contributing factors

Wiseman S, Lejemtel TH, Sonnenblick EH. Congestive heart failure in the elderly. In: Cardiovascular
Disease in Elderly Patient – Fundamental and Clinical Cardiology. Ed. Tresch DD. New York Marcel
Dekker, Inc.: New York, 1999, 467-480.
41
Luchi et al., 1991, p. 815
42
Wiseman, 1999, p. 470
43
Ho KKL, Pinsky JL, Kannel WB, Levy D. The epidemiology of heart failure: the Framingham study.
Journal of American College of Cardiology 1993;22(Suppl A):6A-13A.
44
Wiseman, 1999, p. 470
45
Gabrel CS. Characteristics of elderly nursing home current residents and discharges: data from the 1997
National Nursing Home Survey. Advance data from vital and health statistics; no. 312. Hyattsville,
Maryland: National Center for Health Statistics. 2000.
46
Luchi et al., 1991, p. 815
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include the use of certain medications such as non-steroidal anti-inflammatory drugs
(NSAIDs).47

These medications impair renal sodium and water excretion that can

potentially worsen a patient’s edema or cause fluid retention in a patient without edema.48
NSAIDs have been found to be responsible for approximately 19% of hospital
admissions of older patients with HF.49

2.1.3. Pathophysiology
The process by which HF develops explains why it is complex to treat, and how it
can be debilitating if not properly managed. When the heart is suddenly injured, for
example, as a result from one of the conditions listed in Table 2.1, the heart’s ability to
pump is immediately impaired.50 The impairment, in turn, leads to two major effects:
reduced cardiac output and increased venous pressure from blood pooling in the veins.
Fortunately, the body has several mechanisms through which it attempts to restore
hemodynamic balance to compensate for the reduced cardiac output and changes in blood
pressure. These compensatory mechanisms include: (1) sympathetic nervous system
activation; (2) fluid retention or increased preload, including activation of the reninangiotensin-aldosterone system (RAAS); (3) cardiac remodeling; and (4) release of
neurohormones.51,52 Each of these mechanisms is described below.

47

Johnson et al., 2002, pp.190-191
Page J, Henry D. Consumption of NSAIDs and the development of congestive heart failure in elderly
patients: an underrecognized public health problem. Archives of Internal Medicine 2000;160(6):777-784.
49
Page and Henry, 2000, p. 777
50
Guyton AC, Hall JE. Cardiac failure – chapter 22. In: Textbook of Medical Physiology – Tenth Edition.
W.B. Saunders Company: Philadelphia, Pennsylvania, 2000, pp. 235-244.
51
Guyton and Hall, 2000, pp. 235-237
52
Johnson et al., 2002, pp. 186-190
48

16

During the acute phase of heart damage (i.e., from seconds to within hours), the
body attempts to increase cardiac output by activating the sympathetic nervous system.
Through this pathway, the neurotransmitter norepinephrine is released to increase heart
rate, cardiac contractility, and peripheral vascular resistance. Sympathetic stimulation via
norepinephrine forces the heart muscle to work harder and increases peripheral
vasculature tone (vasoconstriction). These effects help to sustain the patient until further
treatment is instituted to mitigate the injury inflicted on the heart. It is important to note
that this compensatory mechanism can have detrimental effects on the heart if its effects
are prolonged. Examples of these adverse effects include increasing the heart’s demand
for oxygen, increasing the risk of myocardial cell death, and shortening diastolic filling
time.53
Reduced cardiac output also affects a patient’s renal function, which can last from
hours to days.54 When the body detects low cardiac output, it signals the kidneys to
retain sodium and water, which increases venous return (preload). The kidneys also
redistribute blood away from the kidneys and skin to the heart and brain. Fluid retention
can be beneficial as a short-term strategy for the body to compensate for reduced cardiac
output.

However, if fluid retention becomes excessive, then the heart can become

overstretched, leading to lung infiltrates, deoxygenated blood, and peripheral edema.55 In
addition, excessive increase in preload (i.e., blood volume in the ventricle) will increase
the pressure against which the ventricle must contract (afterload).

53

Johnson et al., 2002, p. 187
Guyton and Hall, 2000, p. 236
55
Guyton and Hall, 2000, p. 236
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These detrimental

effects place further stress on the heart and if not reversed, will lead to de-compensation
of the heart.56
The shunting of blood away from the kidneys and increased sympathetic tone also
signal the release of renin from the juxtaglomerular cells in the kidneys.57 Renin release
contributes to fluid retention through the RAA system by converting angiotensinogen to
angiotensin I (Figure 2.1). Angiotensin I is then converted to angiotensin II by the
angiotensin-converting enzyme. Angiotensin II, in turn, acts on the adrenal gland to
stimulate aldosterone release, which serves as another mechanism for sodium and water
retention. In addition to serving as a substrate for aldosterone activation, angiotensin II is
a potent vasoconstrictor that also reduces breakdown of bradykinin, which is a
vasodilator that stimulates the release of prostaglandins and histamine, both of which are
also vasodilators.

56
57

Guyton and Hall, 2000, p. 237
Johnson et al., 2002, p. 187
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Figure 2.1 Renin-Angiotensin-Aldosterone System (RAAS)

Angiotensinogen
Renin
Angiotensin I
ACE

ACE inhibitors
Angiotensin II
AT1 receptor
antagonists

Non-RAAS
stimulants

Aldosterone
Spironolactone/
eplerenone

Na+/H2O retention

Structural remodeling of
cardiovascular system

ACE = angiotensin-converting enzyme
AT1 = angiotensin II type 1
RAAS = renin-angiotensin-aldosterone system
Na+ = sodium
H2O = water

Source: Wells G, Little WC. Current treatment and future directions in heart failure. Current Opinion in
Pharmacology 2002;2(2):148-153.

While compensatory mechanisms can reestablish cardiac function in the short
term, their continued responses will eventually lead to failure of the heart pump in the
long term. In particular, if the etiologic factors responsible for cardiac dysfunction
persist and other compensatory processes fail, the heart begins to remodel itself. This

19

process, known as cardiac remodeling, involves changes in both myocardial cells and the
extracellular matrix that affects the size, shape, and function of the heart.58 During this
process, ventricular hypertrophy or increased ventricular muscle mass also occurs.
Ventricular hypertrophy and cardiac remodeling can be associated with pressure
or volume overload, loss of myocardial muscle mass, or a decrease in cardiac
contractility.59 In particular, pressure overload results in concentric hypertrophy where
the ventricular wall thickens without chamber enlargement. In contrast, volume overload
results in eccentric hypertrophy where muscle cells lengthen with increased chamber size
and a minimal increase in wall thickness.60 At the cellular level, components of the
extracellular matrix of the heart muscle such as collagen and fibroblast, along with
muscle cells (myocytes) undergo changes. Collagen degradation results in fibrosis and
fibroblast proliferation in stiffening of the myocardium.61
In addition to the compensatory responses that occur in the heart discussed above,
current research suggests that endogenous neurohormonal systems that can be activated
outside of the heart also contribute to the progression of heart failure.62 Activation of
these systems release neurohormonal factors such as angiotensin II, norepinephrine,
endothelin, aldosterone, and cytokines, all of which exert their effects outside of the
heart.

These agents help to maintain cardiac output by inducing sodium retention,

peripheral vasoconstriction, vessel and myocardial hypertrophy, and norepinephrine

58
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release.63 These effects can adversely affect cardiac function by stimulating myocardial
fibrosis and attenuating the effects of other compensatory responses, thereby worsening
heart failure.
While adverse effects of the compensatory responses for HF are expected, older
patients may be especially vulnerable because of the structural and functional changes in
their cardiovascular system related to aging.64,65 For example, elderly people experience
myocardial and vascular stiffness even without cardiovascular disease. The stiffening
results from a progressive loss of myocytes and continued division of fibroblasts
producing collagen that occur as part of normal aging.66 In addition, elderly patients are
less responsive to adrenergic stimulation of heart rate and contractility than younger
patients. During the normal aging process, the number of pacemaker cells diminishes
significantly, and fibrosis and fatty infiltration impair stimulatory responses in the
sinoatrial node and atria. The ventricles also become less compliant, which forces the
atria to work harder leading to atrial dilatation. Furthermore, contraction duration and the
myocardial relaxation phase are prolonged in the aging heart.67 The combined effect of
ventricular stiffness and prolonged diastolic phase may account for the observed 30% to
40% of all elderly patients with typical HF symptoms who have diastolic dysfunction.
Indeed, this is why diastolic dysfunction is a bigger problem than systolic dysfunction in
the elderly.

The age-related changes described above can attenuate compensatory
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responses to reduced cardiac output and consequently, hasten HF development, in elderly
people who have HF.68 In elderly persons who are frail, such as those living in nursing
homes, the above effects may be even more pronounced.

2.1.4. Evaluation and Diagnosis
An accurate diagnosis of heart failure requires that the physician ascertain the
nature and severity of cardiac abnormality, characterize the nature and severity of the
patient’s functional limitation, and determine the presence and severity of fluid
retention.69

To do so, the physician needs to obtain necessary information through

careful physical examination, a complete review of the medical history, and the use of
diagnostic tests.70 Specifically, a complete history and physical would help inform the
physician about the patient’s risk factors for HF, signs and symptoms of HF, and
physiologic abnormalities that may be indicative of HF development. The signs and
symptoms of HF, functional status classification schemes, and the most commonly
recommended diagnostic and evaluative tests are described below.

2.1.4.1.

Signs and Symptoms

Heart failure manifests as abnormalities that are often associated with right
ventricular dysfunction or left ventricular dysfunction. These HF manifestations are
highly suggestive of problems with cardiac contractility and filling capacity (i.e., systolic
and diastolic dysfunction, respectively) (Table 2.2). In particular, symptoms such as

68
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abdominal pain, nausea, ascites, and signs of peripheral edema, jugular venous
distension, and hepatojugular reflux suggest failure of the right ventricle.

These

manifestations suggest that there is a backlog of blood into the liver and the stomach.
Likewise, symptoms such as dyspnea on exertion, orthopnea, and cough, and signs such
as pulmonary edema, Cheyne-Stokes respiration, bibasilar rales, and S3 gallop signify
impaired left ventricular function. This dysfunction causes an increased pressure behind
the left ventricle that affects primarily the lungs.71

71

Braunwald E. Heart failure. In: Harrison’s principles of internal medicine – 12th edition. Eds. Wilson
JD, Braunwald E, Isselbacher KJ, et al. McGraw-Hill, Inc.: New York, 1991, 890-900.
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Table 2.2 Signs and Symptoms of Heart Failure
Type of Dysfunction

Symptoms

Right ventricular
Dysfunction

Abdominal pain
Anorexia
Nausea
Bloating
Constipation
Ascites

Peripheral edema
Jugular venous distension
Hepatojugular reflux
Hepatomegaly

Left ventricular
Dysfunction

Dyspnea on exertion
Paroxysmal nocturnal
dyspnea
Orthopnea
Tachypnea
Cough
Hemopytsis

Bibasilar rales

Exercise intolerance
Fatigue
Weakness
Nocturia
CNS symptoms

Tachycardia
Pallor
Cyanosis of digits
Cardiomegaly

Nonspecific findings

Signs

Pulmonary edema
S3 gallop
Pleural effusion
Cheyne-Stokes respiration

CNS = Central nervous system
Source: Johnson JA, Parker RB, Patterson JH. Heart failure – chapter 13. In: Pharmacotherapy – a
pathophysiology approach – 5th edition. Eds. DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM. McGraw-Hill Medical Publishing Division: New York, 2002, p.191.

Although signs and symptoms of HF may be similar in both young and elderly
patients, elderly patients tend to exhibit non-specific symptoms. For example, instead of
dyspnea, the elderly patient may be more likely to exhibit restlessness.72 In addition,
somnolence, confusion, weakness, fatigue, disorientation and anorexia related to

72
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pulmonary embolism and infarction may be the only symptoms with which elderly
patients with HF present.73 Even if symptoms such as cough and shortness of breath are
present, they may not be specific to HF because elderly patients often have other medical
conditions with similar clinical manifestations. The subtlety of the signs and symptoms
of HF in elderly patients partly explains the difficulty with diagnosing the syndrome
accurately in this population.

2.1.4.2.

Classification of Heart Failure Symptoms

Along with recognizing signs and symptoms of HF, a physician can also
determine a heart failure patient’s functional status through the use of several functional
status classification schemes.

The most commonly used is the New York Heart

Association (NYHA) classification of heart failure symptoms.74 It consists of four levels
ranging from Class I for patients who exhibit symptoms only at exertion (i.e., similar to
healthy individuals) to Class IV for patients who exhibit symptoms at rest (Table 2.3).75
Although it is a widely used scale, the NYHA heart failure classification method is
subjective and may not provide the actual clinical picture of the patient’s condition.76,77
Given the limitations of the NYHA classification scheme, the American College
of Cardiology (ACC) and American Heart Association (AHA), along with the Heart
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Failure Society of America (HFSA), have developed a staging scheme that “emphasizes
both the evolution and progression of the disease” (Table 2.4).78 It ranges from Stage A
where patients are at a high risk of developing HF but have no structural disorder of the
heart and have never developed symptoms of HF to Stage D where patients with endstage disease require specialized treatment strategies, such as mechanical circulatory
support, continuous inotropic infusions, cardiac transplantation, or hospice care. This
scale attempts to depict a patient’s clinical status more accurately and is encouraged for
use with the NYHA scale.79 While the NYHA classification is used widely to describe
the severity of heart failure in elderly nursing home residents, the ACC/AHA scheme is
not yet widely used.
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Table 2.3 New York Heart Association Classification of Heart Failure Symptoms
Functional Class

Description

Patients with cardiac disease but without limitations of
physical activity
I

Ordinary physical activity does not cause undue fatigue,
dyspnea, or palpitation

Patients with cardiac disease that results in slight limitations of
physical activity
II

Ordinary physical activity results in fatigue, palpitation,
dyspnea, or angina

Patients with cardiac disease that results in marked limitation
of physical activity
III

Although patients are comfortable at rest, less than ordinary
activity will lead to symptoms

Patients with cardiac disease that results in an inability to carry
on physical activity without discomfort
IV

Symptoms of congestive heart failure are present even at rest.
With any physical activity, increased discomfort is
experienced.

Source: Johnson JA, Parker RB, Patterson JH. Heart failure – chapter 13. In: Pharmacotherapy – a
pathophysiology approach – 5th edition. Eds. DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM. McGraw-Hill Medical Publishing Division: New York, 2002, p.192.
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Table 2.4 ACC/AHA Staging Scheme for Heart Failure*
Stage Description

A

B

C

D

Examples of the Italicized Phrases in
Description

Patients at high risk of developing
HF because of the presence of
conditions strongly associated with
the development of HF. Such
patients have no identified
structural or functional
abnormalities of the pericardium,
myocardium, or cardiac valves and
have never shown signs or
symptoms of HF.
Patients who have developed
structural heart disease that is
strongly associated with the
development of HF but who have
never shown signs or symptoms of
HF.
Patients who have current or prior
symptoms of HF associated with
underlying structural heart disease.
Patients with advanced structural
heart disease and marked
symptoms of HF at rest despite
maximal medical therapy, and who
require specialized interventions.

Systemic hypertension; coronary artery
disease; diabetes mellitus; history of
cardiotoxic drug therapy or alcohol
abuse; personal history of rheumatic
fever; family history of cardiomyopathy

Left ventricular hypertrophy or fibrosis;
left ventricular dilatation or
hypocontractility; asymptomatic valvular
heart disease; previous myocardial
infarction
Dyspnea or fatigue due to left ventricular
systolic dysfunction; asymptomatic
patients who are undergoing treatment
for prior symptoms of HF
Patients who are frequently hospitalized
for HF and cannot be safely discharged
from the hospital; patients in the hospital
awaiting heart transplantation; patients at
home receiving continuous intravenous
support for symptomatic relief or who
are being supported with a mechanical
circulatory assist device; patients in a
hospice setting for the management of
HF

* American College of Cardiology/American Heart Association
Source: Hunt SA, Baker DW, Chin MH, et al. ACC/AHA guidelines for the evaluation and management
of chronic heart failure in the adult: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to Revise the 1995 Guidelines for the
Evaluation and Management of Heart Failure), 2001. American College of Cardiology Website. Available
at: http://www.acc.org/clinical/guidelines/failure/hf_index.htm. Accessed March 1, 2003.
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2.1.4.3.

Diagnostic and Evaluative Tests

Medical history and physical examination alone may not provide precise
information about the underlying cause of heart failure. Invasive or noninvasive imaging
of the heart chambers or large vessels such as the 2-dimensional echocardiogram with
doppler flow studies is recommended for confirmatory diagnosis of HF.80
Echocardiography, a key diagnostic tool, is a technique used to measure left ventricular
ejection fraction (LVEF). The measure “ejection fraction” signifies the heart's efficiency,
which is determined by how well the left ventricle pumps blood to the rest of the body.81
A normal value of EF is 50%; and the lower the EF value, the less efficient the heart
functions. The result from this non-invasive imaging procedure allows the physician to
determine whether the underlying problem of HF is in the pericardium, endocardium, or
myocardium. If it is in the myocardium, an echocardiogram allows the physician to
determine whether the dysfunction is primarily systolic or diastolic.82 Other evaluative
tests include radionuclide ventriculography and chest radiography. Routine use of these
diagnostic tests to evaluate patients with HF is not recommended.

2.1.5. Summary
The literature presented thus far points to several key messages about HF
management. First, an accurate diagnosis of HF requires a thorough understanding of its
etiology, pathophysiology, and manifestations. Second, elderly patients have different
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clinical presentations than younger counterparts. Therefore, an understanding of agerelated changes, especially of the cardiovascular system, is also necessary. Third, the
number of HF patients is likely to increase exponentially in the near future, which means
health care costs related to treating this condition will also increase dramatically. These
occurrences have important implications for the Medicare and Medicaid programs
because they are the primary health care payers for elderly people.

2.2.

Pharmacologic Management of Heart Failure
Given the complex nature of HF, management strategies require both non-

pharmacologic and pharmacologic treatments to control symptoms and prevent syndrome
progression. Depending on the lifestyle of the patient, appropriate non-pharmacologic
interventions may include smoking cessation, weight loss, discontinued consumption of
cardiotoxic substances such as alcohol, and restrictions of sodium intake.83
Immunization with influenza and pneumococcal vaccines are also encouraged to decrease
the patient’s risk of respiratory infection, especially in elderly nursing home residents.
Additionally, moderate exercise can help improve symptoms and exercise capacity, as
well as prevent disease progression.84
While non-pharmacologic interventions are the first step in managing HF, they
are rarely effective alone.

As such, drug therapies are the mainstay treatments.

Pharmacologic management of HF includes five major drugs or drug classes: (1)
diuretics; (2) digoxin; (3) angiotensin-converting enzyme (ACE) inhibitors; (4) beta-
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blockers; and (5) aldosterone antagonists.

In the following sections, the role and

mechanism of action for each of these drug classes in HF management is discussed. In
addition, research evidence and consensus recommendations for the use of these drugs
are presented. Due to the overwhelming literature on this topic, only key clinical trials
for the specific drug classes identified above are discussed.

2.2.1. Diuretics and Evidence for Their Use
As discussed previously, although fluid retention is an important compensatory
response to reduced cardiac output, in excess, it can worsen congestive symptoms for
heart failure patients.85
excessive fluid retention.

Diuretics are often used to control edema resulting from
These agents exert their effects by inhibiting sodium or

chloride and water reabsorption at various sites in the renal tubules.86,87 Among the
diuretics, the most effective in increasing sodium excretion are the loop diuretics, thereby
making them the agent of choice. These diuretics act on the Loop of Henle while
thiazides and potassium-sparing diuretics act on the distal tubule.88 The loop diuretics
include furosemide, torsemide, and bumetanide. Furosemide is the most commonly used
loop diuretic.
The Advisory Council to Improve Outcomes Nationwide in Heart Failure
(ACTION HF) reported that many short-term trials showed that diuretic therapy reduced
jugular venous pressure, pulmonary congestion, ascites, peripheral edema, and body
85
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weight within days of beginning therapy.89 However, the panel stated that only a few
studies showed the ability of diuretics alone to improve cardiac function, symptoms, and
exercise tolerance in patients with HF. They explained that there is a lack of evidence on
diuretics for improved cardiac function because the Food and Drug Administration did
not request this information during the approval process.
No known long-term study has examined the effects of diuretic therapy on
morbidity and mortality.90 However, some long-term studies that examined the use of
other therapeutic interventions in heart failure patients have also examined the use of
diuretics as standard therapy. Findings from these studies suggest that diuretics are “a
necessary (but not sufficient) component of [HF pharmacotherapy]” in patients with fluid
retention.91

2.2.2. Digitalis and Evidence for the Use of Digoxin
In the process of HF development, inadequate contractility and arrhythmias are
also important contributors to impaired cardiac output.92 Positive inotropes such as
digoxin, a digitalis glycoside, are often prescribed to mitigate these problems. Digoxin
provides symptomatic relief for HF patients by inhibiting sodium-potassium (Na+/K+)
adenosine triphosphatase (ATPase) in cardiac cells, the central nervous system, and
kidneys.93

This action results in increased heart contractility, reduced sympathetic

activation, decreased renal tubular reabsorption of sodium, and suppressed renin
89
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secretion. Digoxin is also effective for treating supraventricular tachyarrhythmias such as
atrial fibrillation that occur in some heart failure patients through its effects on the
parasympathetic nervous system.94
The most extensively studied and the only currently available digitalis in the U.S.
is digoxin.

The ACTION HF committee reviewed several placebo-controlled trials

examining HF treatment with digoxin therapy. These trials lasted one to three months.95
These trials showed that digoxin was efficacious in controlling symptoms, improving
functional capacity, and in increasing exercise tolerance in patients with mild to moderate
heart failure. These benefits occurred regardless of the underlying rhythm (normal sinus
rhythm or atrial fibrillation), cause of heart failure (ischemia or nonischemic
cardiomyopathy), or concomitant therapy (with or without ACE inhibitors).96
The only long-term placebo-controlled trial on digoxin therapy for HF
management is the Digitalis Investigation Group (DIG) trial.97 The trial compared the
efficacy of digoxin (n=3,397) to placebo (n=3,403) with an average treatment duration of
37 months. The two groups were similar in average age (63 years), were predominately
male (78%), white (86%), and younger than age 70 (73%). In addition, both groups of
patients had an average ejection fraction of 28% and had HF for a median of 16 months.
More than half of both groups had NYHA class II heart failure and approximately a third
had NYHA class III heart failure. Approximately 65% of both groups had previous
myocardial infarction, almost half had hypertension, 70% had ischemic heart disease as a
94
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primary cause of HF, and most received diuretics (81% versus 82%), ACE inhibitors
(94% versus 95%), and nitrates (42% versus 43%) as concomitant drug therapies. The
DIG trial showed that digoxin was efficacious in reducing the risk of hospitalizations due
to worsening heart failure (Risk Ratio=0.72, 95% CI=0.66-0.79, P<0.001).98 Digoxin
therapy was also efficacious in reducing the occurrence of death or hospitalization due to
worsening heart failure for patients with an ejection fraction (EF) of less than 25% (Risk
Ratio=0.68, 95% CI=0.60-0.77, P<0.05).99

2.2.3. Vasodilators and Evidence for the Use of ACE Inhibitors
Unlike digoxin, nitrates and hydralazine work in concert to increase cardiac
output via venodilation (reduce preload) and arterial vasodilation (reduce systemic
vascular resistance).100

Isosorbide dinitrate also inhibits ventricular remodeling.101

However, because of the side-effect profile and cumbersome dosing schedule of the
nitrates and hydralazine, ACE inhibitors have become the preferred vasodilators. ACE
inhibitors act on specific enzymes and hormones in the renin-angiotensin-aldosterone
system (RAAS) (Figure 2.1).102 The primary effect of ACE inhibitors is to inhibit the
angiotensin-converting enzyme (ACE) to prohibit the conversion of angiotensin I to
angiotensin II.
The Collaborative Group on ACE Inhibitor Trials, an international group of
clinical and research experts on HF management, examined the effects of ACE inhibitors
98
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on mortality and morbidity in patients with HF.103 The group systematically selected and
reviewed 32 clinical trials on the use of ACE inhibitors in patients with heart failure.
The clinical trials were selected based on the following specified inclusion criteria: (1)
study duration at least eight weeks; (2) total mortality measured by intention to treat; (3)
published or unpublished results; (4) all sample sizes; and (5) comparison of placebo
versus standard therapy. All studies that compared an ACE inhibitor with another active
drug and studies with no data on certain outcomes (e.g., death due to myocardial
infarction) after unsuccessful attempts to obtain the information were excluded.104
The results reported by the Collaborative Group were based on a total number of
7,105 patients from 32 trials. The primary outcome of interest in 25 of 32 trials was
either symptomatic efficacy or exercise tolerance.105 The majority of trials (n=20) had a
study duration of three months, with 12 of the 32 trials following up with patients after
the first 90 days. Of these 12 studies, only seven followed up with patients beyond six
months. The vast majority of the long-term data beyond 90 days were from trials on
enalapril, particularly the Studies of Left Ventricular Dysfunction (SOLVD) treatment
trial.
The Collaborative Group reported an overall significant reduction in mortality in
the first 90 days of treatment with an ACE inhibitor (Odds Ratio=0.56, 95% CI=0.440.70, P<0.001).

Beyond 90 days, there was no significant additional reduction in

mortality (OR=0.87, 95% CI=0.75-1.01). The most common cause of mortality was
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progressive heart failure. Subgroup analyses showed that reductions in total mortality
and a combined outcome measure of total mortality or hospitalizations were similar
across groups based on age, gender, NYHA functional class, etiology, and use of other
vasodilators. The only significant difference in mortality risk reductions occurred in
patients with an ejection fraction (EF) 25% who received ACE inhibitors versus those
who did not (OR=0.69, 95% CI=0.57-0.85, p-value not reported).106
The Collaborative Group study was exhaustive and provided an excellent
overview of all randomized trials of ACE inhibitors for HF management. However, since
it was published in 1995, the review did not include clinical trials after 1994, particularly,
the Veterans Administration Cooperative Vasodilator Heart Failure Trial II (VHeFT
II).107 This trial compared the efficacy of enalapril (n=403) to a combination therapy of
hydralazine (HYD) and isosorbide dinitrate (ISDN), the comparator group (n=401).108
The use of HYD-ISDN was the first vasodilator therapy for HF management before the
introduction of ACE inhibitors. In general, both groups of patients in the VHeFT II trial
were aged 60 years.109 Approximately a third of these patients had HF for more than four
years (25% of enalapril group and 30% of comparator group), had NYHA classes II (50%
versus 52%) and III (44% versus 41%), had coronary artery disease (54% versus 52%),
previous myocardial infarction (48% versus 46%), and hypertension (50% versus 45%).
Most of the patients in both groups had received vasodilators, including ACE inhibitors
106
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(61% versus 60%), antiarrhythmic agents (25% versus 26%), and anticoagulants (33%
for both). Both groups had an average ejection fraction of 28%.
In the VHeFT II trial, participants in the enalapril group had 28% lower risk of
mortality during the first two years compared to the HYD-ISDN group (p=0.016).110
However, this effect did not extend past two years. In fact, at 2.5 years, there was no
statistical difference in mortality rates among the enalapril group versus the comparator
group (p=0.08).

The comparator group also showed a significant increase in body

oxygen consumption at peak exercise (0.8ml per kilogram per minute; p<0.0001 after six
months) and in left ventricular ejection fraction during the first 13 weeks after
randomization (increase in EF=0.033 or 3.3% vs. enalapril=0.021 or 2.1%, p=0.026).

2.2.4. Beta-Blockers and Evidence for Their Use
The only beta-blockers currently approved for HF treatment in the United States
are carvedilol and metoprolol.

Carvedilol is a non-selective beta-blocker with

blocking activity, and metoprolol is a

1-selective

antagonist with no

1-

1-blocking

activity.111 When given in low doses, these beta-blockers increase cardiac EF, decrease
ventricular mass, improve the shape of the ventricle, and reduce systolic and diastolic
volumes.112 Like ACE inhibitors, beta-blockers exert their effects on the neurohormonal
systems but they do so primarily by inhibiting the effects of the sympathetic nervous
system (SNS).113
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Although the specific effects of the SNS on the progression of heart failure are
unclear, beta-blockers appear to confer benefits by inhibiting a host of effects from
sympathetic activation.

For example, sympathetic activation can cause peripheral

vasoconstriction, impair sodium excretion by the kidneys, provoke arrhythmias, stimulate
growth and oxidative stress in terminally differentiated cells, and trigger programmed cell
death.114 All of these harmful effects are mediated via the

1-,

1-,

and

2-adrenergic

receptors, at which beta-blockers exert their effects.
A recent publication examined the efficacy of beta-blockers on overall and causespecific mortality in patients with HF and related diseases.115 This review was not a
systematic review or a meta-analysis but did include seven major clinical trials and five
meta-analyses. Of these trials, only the MERIT-HF, U.S. Carvedilol, and COPERNICUS
trials examined the beta-blockers available in the U.S.116 As such, this discussion focuses
on these three trials.
In the MERIT-HF trial, patients receiving metoprolol (n=1,996) were compared to
those receiving placebo (n=1,995).117 On average, patients in both groups were aged 64
and 78% of them were men. Both groups had a mean LVEF of less than 40%. Using the
NYHA classification scheme, 41% of patients had class II and 55% had class III heart
failure. In the MERIT-HF trial, metoprolol therapy was associated with a 35% mortality
risk reduction compared to placebo.
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Both the COPERNICUS trial and the U.S. Carvedilol trials compared carvedilol
therapy to placebo.118 The patients in the COPERNICUS trial (placebo group n=1,133
and carvedilol group n=1,156), 80% of whom were men, had an average age of 63 years.
The patients in both the intervention and placebo groups had a mean LVEF of 20% and
all patients had NYHA class IV heart failure. There was a 35% mortality risk reduction
in the carvedilol group.
In contrast, the U.S. Carvedilol Heart Failure Study had a relatively younger
sample of patients. Both the placebo group (n=398) and the carvedilol group (n=696)
had an average age of 58 years, with approximately three-fourth of the sample being
male, had a mean LVEF of 22% to 23%, and had comparable proportions of patients with
NYHA class II and III heart failure.119

The risk reduction in all-cause mortality

attributable to carvedilol was 65% (95% CI=39% to 80%; P < 0.001) over a six-month
period.120
The five meta-analyses reviewed also showed that beta-blocker therapy was
efficacious in reducing mortality risk in patients with heart failure. Beta-blocker therapy
was shown to reduce risk of mortality by 30% and risk of hospitalizations by 40% in
heart failure patients.121 This translates into a number-needed-to-treat (NNT) of 26 for
reducing mortality risk and 25 for reducing risk of hospitalizations.
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2.2.5. Aldosterone Antagonists and Evidence for the Use of Spironolactone
Like ACE inhibitors, aldosterone antagonists such as spironolactone act in the
RAAS system (Figure 2.1).122 Spironolactone inhibits the effects of aldosterone such as
sodium

retention,

magnesium

and

potassium

loss,

sympathetic

activation,

parasympathetic inhibition, myocardial and vascular damage, and baroreceptor
dysfunction. Although it has been used primarily as a potassium-sparing diuretic for
treating hypertension, spironolactone is gaining wider acceptance as an important drug
therapy for HF due to left ventricular systolic dysfunction.
The Randomized Aldactone Evaluation Study (RALES) demonstrated that
spironolactone is efficacious in reducing mortality risk for patients with heart failure
compared to placebo. The placebo group (n=841) and spironolactone group (n=822) in
the RALES trial were largely similar.123 Both groups had an average age of 65 years,
were predominately male (73% for both groups), and had NYHA class III and IV heart
failure (nearly 100% for both). These patients also received a diuretic (100% both
groups), an ACE inhibitor (94% versus 95%), digitalis (72% versus 75%), and a betablocker (10% versus 11%).
The RALES trial showed that spironolactone therapy was associated with a
mortality risk reduction of 30% (Relative Risk=0.70, 95% CI=0.60-0.82, p<0.001).124
The 30% risk reduction was attributed to delayed disease progression and prevented
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sudden death from cardiac causes. The occurrence of hospitalizations due to worsening
heart failure was reduced by 35% with spironolactone therapy (Relative Risk=0.65, 95%
CI=0.54-0.77, p<0.001).125

The spironolactone group also experienced significantly

improved functional status compared to the placebo group (41% versus 33%, p<0.001).
The trial was terminated early at an average follow-up period of two years because
spironolactone was determined to be efficacious. The original follow-up period was
scheduled for three years.126

2.2.6. Summary
Current therapeutic approaches stress the role of diuretics, ACE inhibitors, and
beta-blockers, as well as digitalis and aldosterone antagonists for some patients.127 All of
these drug therapies are efficacious in reducing risk of hospitalizations, but only ACE
inhibitors, beta-blockers, and aldosterone antagonists are efficacious in reducing risk of
death. Specific pharmacotherapy is based on the presence or absence of fluid volume
overload and the nature of ventricular dysfunction.128

The drug therapies confer

beneficial effects via different mechanisms of action. Therefore, HF management should
include combined drug therapies rather than monotherapy with any one drug.129,130
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2.3.

Heart Failure Pharmacologic Management in Long-term Care
Despite strong evidence supporting the use of major heart failure drug therapies,

research shows that these drugs are either used inappropriately or under-used. This
section reviews 11 studies that examined patterns of heart failure treatment in long-term
care published between 1991 and 2002.131 No additional studies have been published
since then. Some of the studies compared patterns of HF pharmacologic treatments to
consensus recommendations and clinical practice guidelines while others simply
described patterns of and factors associated with the use of heart failure drug therapies.
Clinical practice guidelines used in the aforementioned studies were published by entities
such as the Agency for Healthcare Research and Quality, American College of
Cardiology/American Heart Association, American Medical Director Association,
European Society of Cardiology, and ACTION HF. Except where noted, all of the study
samples had an average age in the mid-80s to late-80s, are predominantly female (at least
75% of the sample), and have similar co-morbidities (hypertension, diabetes, chronic
obstructive pulmonary disease, and dementia).

2.3.1. Overall Drug Therapies
Three of the 11 studies examined all major heart failure drug therapies for elderly
patients residing in long-term care (LTC) facilities. In all but two of these studies, LTC
facilities refer specifically to nursing homes. The other two studies did not specify which
types of LTC facilities were used in the samples. These studies include one from Norway
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and two from the U.S.132,133,134 The U.S. studies were conducted using samples from
Kentucky and Indiana and the SAGE population (discussed below). The other eight
studies focused on specific clinical issues related to HF treatment with diuretics, digoxin,
ACE inhibitors, and spironolactone.

These studies are discussed in their respective

sections.
The Norwegian study examined patterns of heart failure drug treatments through
residents’ medical records and drug dispensing cards.135 Data were obtained for a total of
1,552 residents, 469 of whom received drug therapies for HF. Of these, 62.5% received
furosemide only, 22.4% received a diuretic plus an ACE inhibitor, digoxin, or a betablocker, 3.8% received a diuretic, an ACE inhibitor, and digoxin, and 9.4% received
digoxin, an ACE inhibitor, or both. Of the residents who received an ACE inhibitor
(n=97), 58% received a daily dose less than recommended for maintenance therapy.
The study conducted in Kentucky and Indiana determined the prevalence of heart
failure and compared characteristics of ACE inhibitor users and non-users. Of 585
elderly residents, 15.9% had an HF diagnosis verified by pharmacy administrative
records and medical records. More than half of the residents diagnosed with HF received
digoxin (55.9%).136 Of these, 26.5% (n=155) had a diagnosis of atrial fibrillation. A
greater proportion of ACE inhibitor users (n=161) than non-users (n=424) received loop
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diuretics (82.6% versus 62.5%), digoxin (63.4% versus 53.1%), long-acting nitrates
(39.1% versus 29.3%), beta-blockers (4.4% versus 3.8%), and non-steroidal antiinflammatory drugs (NSAIDs) (16.8% versus 12.5%). Of the residents with HF, 467
patients had documented potential contraindications to ACE inhibitors. Of these, 70.7%
(n=330) did not receive ACE inhibitors, and 94.2% of the non-ACE inhibitor users
(n=311) had no apparent contraindications.137 Patients who were older had lower odds of
receiving an ACE inhibitor (Odds Ratio=0.97, p=0.008). Patients who received care
from physicians younger than 50 years of age (Odds Ratio=2.54, p=0.044) had higher
odds of receiving an ACE inhibitor, and patients who had a higher mean serum potassium
concentration (Odds Ratio=2.74, p=0.0006) had higher odds of receiving an ACE
inhibitor.
An epidemiologic study that used

the SAGE database characterized

pharmacologic treatment of HF in elderly patients residing in LTC facilities.138 The
Systematic Assessment of Geriatric Drug Use via Epidemiology (SAGE) database was
developed from data compiled from Minimum Data Set (MDS) and associated drug
utilization data. The population represented in the SAGE database consisted of 86,094
elderly residents with HF who were admitted to any of the 1,492 LTC facilities in
Kansas, Maine, Mississippi, New York, and South Dakota from 1992 to 1996. Of the
study population, 38.2% had HF listed as the only cardiovascular condition, 34.7% had
HF and hypertension, 32.3% had HF and coronary artery disease, and 21.8% had HF and
diabetes mellitus. With respect to drug therapy, 50% of the residents received digoxin,
137
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45% received a diuretic, 26% received ACE inhibitors, and four percent received betablockers.139
The investigators in the above study also identified several predictors of
appropriate care for heart failure. Appropriateness of care in this study was determined
by whether a resident who was eligible for ACE inhibitor therapy actually received it.
Predictors identified included age, ethnicity, physical function, cognitive function,
concomitant cardiovascular diagnoses, number of medications, prior hospitalizations, and
nursing home placement. Patients who were aged 85 and over were less likely than those
aged 65 to 74 years (OR=0.89, 95% CI=0.85-0.94) to have received an ACE inhibitor.140
Residents who belonged to ethnic minorities other than blacks were more likely than
those who were white (OR=1.16, 95% CI=1.05-1.27) to have received ACE inhibitor
therapy. In addition, residents who had moderate and severe physical impairment were
less likely than residents with normal or minimal physical impairment to receive an ACE
inhibitor (OR=0.88, 95% CI=0.84-0.92; OR=0.75, 95% CI=0.72-0.79, respectively).
Similarly, residents with moderate and severe cognitive impairment were less likely than
residents with normal or minimal cognitive impairment to be treated with an ACE
inhibitor (OR=0.93, 95% CI=0.90-0.96; OR=0.76, 95% CI=0.72-0.81).

Having

concomitant cardiovascular diagnoses also increased a resident’s odds of receiving an
ACE inhibitor (OR=1.24, 95% CI=1.18-1.30). Residents who received a larger number
of medications (i.e., those who received 4-5, 6-10, or more than 10 medications) were
also more likely than those who received one to three medications to be treated with an
139
140
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ACE inhibitor. Previous hospitalization for HF (OR=1.88, 95% CI=1.80-1.96) and more
years spent in the nursing home also significantly increased a resident’s odds of receiving
an ACE inhibitor.

2.3.2. Diuretic Therapy Withdrawal
While diuretics were often used as monotherapy for HF management, they were
also frequently over-prescribed and associated with adverse drug effects and drug
interactions, both of which can lead to hospitalizations.141,142

A study from the

Netherlands investigated the effects of diuretic therapy withdrawal in 584 elderly nursing
home residents aged 75 and older. The prevalence of diuretic use in this sample was
37.7% (n=220).143 The most frequently used diuretics were loop diuretics (n=158) and
thiazide diuretics (n=53). Diuretic use increased with age; 31.5% of residents aged 75 to
79 years and 50.7% of those aged 90 and over (p<0.05) received diuretic therapy.
According to medical records, of the residents who received diuretics, 35% (n=77)
received diuretics initially for HF, 17.3% (n=38) for hypertension, 9.5% (n=21) for ankle
edema without heart failure, and 38.2% (n=84) did not have an indication.
Of the total Dutch sample, 82 had their diuretics withdrawn.144 Reasons for
withdrawing diuretic therapy included adverse drug effects (n=31), including dehydration
and orthostatic hypotension, and doubtful actual indications (n=15). Of the 82 residents,
73 remained in the study after one-year follow up (9 were discharged during the year).
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Of those remaining, 34 had resumed diuretic therapy within one year after withdrawal,
with 30 resuming therapy within three months. The probability of remaining free of
diuretics at least one year after withdrawal was 0.47. The survival rates between those
who had their diuretic therapy withdrawn and those who continued with therapy did not
differ.

2.3.3. Appropriate Use and Withdrawal of Digoxin
Like diuretics, digoxin is frequently associated with drug interactions and has a
number of side effects that can result in hospitalization. For these reasons, studies have
examined the effects of removing digoxin from the drug regimens of heart failure patients
who did not have valid indications. Two U.S. studies examined the appropriate use of
digoxin and effects of digoxin withdrawal in elderly heart failure patients in nursing
homes.145,146 One study was conducted in Bronx, New York and the other in Boston,
Massachusetts.
In the Bronx study, 19% of 500 consecutively admitted patients aged 60 and older
received digoxin at admission, regardless of whether they had an HF diagnosis.147 The
Bronx sample had an average age of 81 years and 69% were women. Of the residents
who received digoxin and had appropriate indications (n=51), 36% had atrial fibrillation
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with or without HF, and 17% had HF with sinus rhythm and abnormal LVEF.148 Of the
residents who received digoxin with inappropriate indications (n=45), 19% had HF with
sinus rhythm and normal left ventricular ejection fraction (LVEF), and 18% also had
sinus rhythm and normal LVEF with a misdiagnosis of edema or dyspnea as HF. All of
the 45 residents who received digoxin for inappropriate indications had their digoxin
therapy discontinued at admission. No follow-up results for digoxin withdrawal were
reported.
The Boston study examined clinical effects of digoxin withdrawal in 47 elderly
residents receiving digoxin who underwent echocardiographic study.149 A resident is a
candidate for digoxin withdrawal if the resident has normal sinus rhythm and a left
ventricular ejection fraction of 50% or greater. Overall, 15 had atrial fibrillation and 32
had normal sinus rhythm.150 Of the 35 residents with normal systolic ejection fractions,
23 were in normal sinus rhythm (NSR) and 12 in atrial fibrillation. Of the 23 residents in
NSR, none exhibited clinical symptoms or signs of HF.

Of these, digoxin was

discontinued in 14 residents, with 13 having digoxin safely withdrawn.

2.3.4. Use and Outcomes of Angiotensin-Converting Enzyme (ACE) Inhibitor
Therapy
Under-use of ACE inhibitors and their beneficial effects on health outcomes are
often cited in the heart failure literature. For the purpose of this dissertation, only studies
that included elderly nursing home residents or Medicare beneficiaries are described;
148
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there are six such studies. These studies were conducted using samples of elderly nursing
home residents from LTC facilities in Rhode Island, Kansas, Illinois, Alabama, as well as
the study population represented by the SAGE database and another used in the Large
State Peer Review Organization Consortium (LSPROC) project.151,152,153,154,155,156 These
samples consisted of elderly beneficiaries of Medicaid and Medicare.

The studies

addressed issues such as rate of use, appropriateness of use, factors related to use, and
quality of care related to ACE inhibitor therapy.
The Rhode Island study evaluated the use of ACE inhibitors in residents aged 70
and older who had HF identified by a LVEF 40% from results of echocardiography or
radioventriculography (n=119).157 The sample was divided into two groups: those who
received an ACE inhibitor (n=41) and those who did not (n=78). Among residents who
received an ACE inhibitor, 78% received a low-dose ACE inhibitor (i.e., captopril
50mg/day or enalapril 5mg/day). There was no evidence of dose titration over time.
When the ACE inhibitor group was compared to the no ACE inhibitor group, the former
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had smaller proportion of women (66% versus 87%, p<0.01), had a lower diuretic use
rate (65% versus 83%, p<0.001), and had a higher proportion with hypertension (61%
versus 35%, p<0.01).158 In addition, 12% of ACE inhibitor users (n=41) and 14% of nonACE inhibitor users (n=78) in the Rhode Island sample received a beta-blocker.
The Kansas study examined patterns of ACE inhibitor use in a cohort of elderly
Medicaid beneficiaries.159 The study participants were identified as having HF by ICD-9
code 428.0, which includes congestive heart failure, left heart failure, and unspecified
HF. Most of the Medicaid beneficiaries received a diuretic (82.9%), less than half
(46.4%) received digoxin, and 14.3% received beta-blocker therapy.160 However, these
estimates were not specific to nursing home patients (70% of the sample). Only 37.4% of
the patients received an ACE inhibitor during the study period.161 Of these patients,
22.5% received an enalapril-equivalent dose of 15 mg/day or more. This means that the
majority of patients received ACE inhibitor doses that were 50% or less than the
recommended target doses in clinical trials.
The Kansas Medicaid study also identified several patient characteristics that
were significant factors for ACE inhibitor use. Residents who were aged 93 years and
older (unadjusted Odds Ratio=0.44, 95% CI=0.21-0.91) and were admitted to a nursing
home (unadjusted OR=0.55, 95% CI=0.34-0.89) had lower odds of receiving an ACE
inhibitor than those who were younger and not admitted to a nursing home,
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respectively.162 On the other hand, residents with a concomitant diagnosis of diabetes
(unadjusted OR=1.92, 95% CI=1.01-3.67) and who received either a beta-blocker
(unadjusted OR=2.26, 95% CI=1.20-4.24) or hydralazine-isosorbide dinitrate (unadjusted
OR=2.03, 95% CI=1.06-3.91) had a higher odds of receiving an ACE inhibitor.163
Another study using the SAGE database examined the effects of ACE inhibitors
and digoxin on the mortality, morbidity, and physical function in LTC residents aged 85
and over who had HF.164 The cohort was divided (mutually exclusive) into digoxin users
(n=14,890) and ACE inhibitor users (n=4,911). ACE inhibitor therapy was associated
with a reduced risk of mortality (Relative Risk=0.89, 95% CI=0.83-0.95) and a reduced
rate of functional decline (Relative Risk=0.74, 95% CI=0.69-0.80).165 ACE inhibitor
therapy did not significantly reduce hospitalization rates. In general, the two patient
groups were similar. However, digoxin-only users were older (85.4 versus 83.9 years, Pvalue not reported). A greater proportion of digoxin-only users had a body mass index of
at least 19 kilograms per meter squared (25% versus 17%), had ischemic heart disease
(40% versus 34%), and had arrhythmia (27% versus 14%).

In contrast, a greater

proportion of the ACE inhibitor group compared to digoxin-only users had hypertension
(52% versus 29%, p-value not reported).
The Large State Peer Review Organization Consortium (LSPROC) examined
ACE inhibitor use and LVF evaluation in Medicare patients hospitalized in 10 large

162

Howard et al., 2002, p. 289
Howard et al., 2002, p. 292
164
Gambassi et al., “Effects of angiotensin-converting enzyme inhibitors and digoxin,” 2000, p. 53
165
Gambassi et al., “Effects of angiotensin-converting enzyme inhibitors and digoxin,” 2000, p. 56
163

51

states.166 This sample is slightly different from the samples of elderly patients in LTC
facilities. Fifty-six percent of the total sample was female and the mean age of the total
sample was 78 years. Documentation of cardiac ejection fractions (EF) was found in
59% of the medical records (N=6,749).167 Sources of EFs included echocardiograms
(76%), radionuclide ventriculography (10%), and cardiac catheterization (8%). Based on
medical chart reviews, 35% of patients received ACE inhibitor therapy at admission, with
55% receiving it at discharge. A greater proportion of younger patients received ACE
inhibitor therapy compared to older elderly patients (59% of those aged 65 to 74 years
versus 50% of those aged 85 and over, p<0.001).168 More patients with documented EF
received an ACE inhibitor at discharge than those who did not have documented EF
(59% versus 48%, p<0.001). Of all medical records reviewed, only 2.5% showed a
documented allergy to ACE inhibitor therapy at admission and an additional 3.5% during
hospitalization after a trial of an ACE inhibitor.
The Illinois study attempted to determine whether ACE inhibitor therapy could
lead to reduced hospitalizations. A total of 156 elderly residents in LTC facilities had a
diagnosis of HF based on medical charts.169 Of these, 48% received an ACE inhibitor at
six months – from which time point was not reported. Less than one percent of the
residents had documentation of the type of heart failure, NYHA functional classification,
and ejection fraction in their medical records. Among the ACE inhibitor users (n=74),
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69% remained stable for six months while 8% were hospitalized and 23% died. In the
non-user group (n=81), 49% remained stable, 11% were hospitalized, and 40% died.
Hospitalization and death rates were significantly different between the two groups
(P<0.05). Interestingly, hospitalizations and deaths occurred in the lower dose range.
The author reported, “This result may have been due to more aggressively treated sicker
residents in the higher dosage range.”170
The Alabama study compared the quality of care received by elderly Medicare
patients admitted from nursing homes to those admitted from other settings.171 Both
groups had an admission diagnosis of HF. Of the total sample (N=1,067), 9% were
admitted to the hospital from nursing homes. Of these nursing home patients (n=95),
27% received a diuretic, 57% received digoxin, and 32% received an ACE inhibitor
before being admitted to the hospital. With respect to diagnoses, 79% had heart failure,
23% had coronary artery disease, 33% had chronic obstructive pulmonary disease, and
40% had fluid and electrolyte imbalance.172 In addition, 26% had atrial fibrillation and
13% had left ventricular hypertrophy indicated by electrocardiogram at admission.
Of the total Alabama sample, 624 patients received left ventricular function
(LVF) evaluation during hospitalization. Of these patients, 39% (n=37) were admitted
from nursing homes while 60% (n=587) were admitted from elsewhere (P<0.001). Of
those who received LVF evaluation, 320 had LV systolic dysfunction. Of these, 25 died
in the hospital while another 65 had contraindications to ACE inhibitor therapy. Only 12
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of the remaining 230 patients who were considered as “ideal” candidates for ACE
inhibitor therapy were nursing home residents; 218 came from other settings. Of these
“ideal” candidates, six nursing home residents compared to 156 patients admitted from
other locations were prescribed an ACE inhibitor at discharge (50% versus 72%,
P=0.111).
Several predictors of quality of care were also identified from the Alabama
sample. Patients who received care from cardiologists (OR=4.60, 95% CI=3.30-6.40)
and exhibited dyspnea on exertion (OR=1.84, 95% CI=1.28-2.66) and orthopnea
(OR=1.96, 95% CI=1.52-2.52) had higher odds of receiving an LVF evaluation.173
Patients who had cardiomyopathy (OR=2.55, 95% CI=1.64-3.95) and had used an ACE
inhibitor before (OR=1.76, 95% CI=1.11-2.42) had higher odds of receiving an ACE
inhibitor.

2.3.5. Spironolactone
A case series study examined the effectiveness of consultant pharmacists in
initiating spironolactone therapy in LTC residents with HF.174 Of these 231 elderly
residents, 79% received a diuretic, 71% received an ACE inhibitor, 48% received
digoxin, and 47.2% (n=109) received spironolactone therapy. Thirty-three percent of
residents initiated on spironolactone showed a greater than 0.5mmol/L increase in
potassium level.175 The authors concluded that “Consultant pharmacists, via baseline
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clinical assessment and drug regimen review, can be instrumental in the addition of
spironolactone to drug regimens of elderly patients with HF…”176 However, the findings
from this study should be interpreted with caution because not all participating
pharmacists strictly followed the resident selection protocol. The proportion of residents
who received spironolactone may have been overestimated.177

2.3.6. Summary
Current research shows several patterns of HF treatment in long-term care,
especially in the nursing home setting.
indications.

Digoxin is often used without appropriate

Diuretics are often used without documented indications such as fluid

overload and are used as monotherapy.178 In contrast, ACE inhibitors are under-used
although research evidence strongly supports their use. Evidence for the use of betablockers and aldosterone antagonists in HF management is accumulating, but they are
being used even less often than ACE inhibitors. These trends suggest that current
practices of HF management do not coincide with standards defined by research evidence
and clinical practice guidelines.

2.4.

Factors Associated with Heart Failure Pharmacologic

Management
This section attempts to answer the question of why actual HF treatment does not
seem to follow recommendations made in clinical practice guidelines as illustrated by the
176

Byar et al., 2002, p. 44
Litaker and Chou, 2003, p. 1931
178
Litaker and Chou, 2003, p. 1930
177

55

studies reviewed in the previous section.

Since there is a paucity of studies that

investigated this issue in long-term care, studies from the primary care literature are
discussed below.

These studies include those that examined: (1) barriers to HF

management; (2) the impact of physician specialty on the quality of heart failure care;
and (3) factors related to ACE inhibitor use. Nursing homes may or may not encounter
all of the factors and barriers related to HF management faced in the ambulatory care
setting. However, given that a majority of the physicians who have elderly patients in
nursing homes practice primarily in the community and that many elderly nursing home
residents were admitted from hospitals and the community setting, these factors should
be explored.

2.4.1. Barriers to Optimal Heart Failure Management
Although this section focuses on pharmacologic management of HF in general,
barriers influencing HF management can also affect prescribing decisions such as using
ACE inhibitors. Three European studies identified a number of barriers that reportedly
prevented optimal treatment of heart failure.179,180,181 Two of the three studies were from
the U.K., with one study employing telephone interviews and the other using focus
groups.

The third was a postal survey study that covered six European countries

including the U.K., France, Spain, the Netherlands, Germany, and Italy. While the health
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care systems in Europe may differ significantly from the U.S., findings from these studies
may provide some insight into improving HF management for the Medicare and
Medicaid programs.
In the U.K. telephone survey, 100 general practitioners (GPs) were asked about
their awareness of and attitudes towards best practices for HF management, their
management intentions, and their decisions about treatments based on three heart failure
case scenarios.182 Seventy-nine percent of the sample believed that it is important to
identify the underlying cause of heart failure and 67% agreed that they would request an
echocardiogram.

Only 21% of the GPs considered HF treatment straightforward

although 87% reported being aware of clinical trials that supported the use of newer heart
failure drug therapies. Seventy-four percent of the sample reported that their aims for HF
management were to relieve patients’ symptoms and 92% to make patients feel better.
In the same U.K. sample, GPs reported two major barriers to HF management: (1)
determining a differential diagnosis; and (2) concerns about prescribing ACE
inhibitors.183

Less than 30% of the GPs reported that they would undertake basic

investigations such as chest radiography or hemoglobin level. Twenty percent agreed
that initiating ACE inhibitor therapy was a hassle, and 21% found conducting tests and
monitoring patients who received ACE inhibitors difficult. Sixteen percent agreed that
most patients were comfortable on diuretics. On the other hand, 76% of the GPs believed
that the benefits of ACE inhibitor therapy outweighed the hassle of using them.
Referring to HF management in general, 73% of the sample agreed with the statement,
182
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“Much more could be done to help patients with [HF].”184 In addition, 83% of the
sample reported wanting hospital-based doctors to explain their treatment decisions, and
half of the sample agreed with the statement that “Discussions with specialists were more
valuable than generalized written guidelines.”185
In the U.K. focus groups, 30 general practitioners reported their beliefs, current
practices, and treatment decision-making related to diagnosing and treating suspected
heart failure.186

Twenty of the 30 physicians (66%) had open access to

echocardiography. In general, GPs reported that they were often unsure about whether
they were making an accurate diagnosis. They were also concerned about using ACE
inhibitors, beta-blockers, and spironolactone in frail, elderly patients, who often have
multiple chronic conditions and who use multiple drugs.

The GPs explained that

available research evidence was often difficult to interpret, especially in a “rapidly
changing therapeutic field.”187 They were uncertain about applying research findings to
the primary care setting and were concerned about information overload.

The

practitioners cited factors such as medical training, negative clinical experiences,
influences from outside agencies on prescribing behaviors and professional culture as
barriers to HF evaluation and management. Limited availability and access to diagnostic
services and cardiologists also prevented optimal treatment.
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The multi-country European study focused on practice characteristics related to
drug prescribing and use of diagnostic tests in heart failure management.188 Participating
countries included France, Germany, Italy, The Netherlands, and Spain. Response rates
ranged from 17% in France to 56% in Britain, with sample sizes ranging from 14
completed surveys in Spain to 125 completed surveys in the U.K., for a total number of
294 responses. Of the entire sample, 77% of the physicians (n=226) reported having
open access to electrocardiography, 66% to chest x-ray (n=195), and 22% to
echocardiography (n=64). With respect to routine use of these diagnostic tests, 72% of
the total sample reported using electrocardiography (n=212), 86% used chest x-ray
(n=252), and 38% (n=111) used echocardiography. Most of the physicians diagnosed
their patients based on either symptoms alone (26%) or symptoms and signs (41%).
Relatively few physicians diagnosed their patients with HF based on clinical
investigations (21%) and specialist referral (12%).
The sample of European physicians also reported wide variations in their
estimated use of HF drug therapies. The physicians estimated that approximately 65% of
their heart failure patients received loop diuretics, 47% to 62% received an ACE
inhibitor, and 16% to 58% received cardiac glycosides.189 Almost all of the physicians
believed that loop diuretics were effective in relieving symptoms in their patients (96%).
Similarly, 82% of the physicians (n=240) believed that ACE inhibitors were effective in
relieving symptoms and 91% (n=267) believed that ACE inhibitors were effective in
reducing mortality risk. However, a large proportion of physicians believed that ACE
188
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inhibitor therapy was associated with major treatment risks such as renal impairment
(46%, n=40) and hypotension (36%, n=32).

In contrast, a small proportion of the

physicians believed in the effectiveness of beta-blockers in reducing symptoms and
mortality risk (17%, n=51; and 20%, n=60, respectively). Of the 12 British doctors who
responded to questions about use of beta-blockers, 92% (n=11) believed that using betablockers was associated with a substantial risk of worsening heart failure/heart block.190

2.4.2. The Impact of Physician Specialty on Quality of Care
Physician specialty has been shown to be an important factor that influences the
quality of care provided to heart failure patients. Five U.S. studies examined practice
variations in terms of patient characteristics, processes of care, and patient outcomes
among different physician specialties caring for patients with HF.191,192,193,194,195 Of these
studies, two obtained data from patient medical records or medical charts from academic
medical centers, two from physician surveys, and one from the Statewide Planning and
Research Cooperative System.
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A retrospective cohort study compared care provided to patients with HF by
geriatricians, general internists, cardiologists, and other attending physicians who were
specialists in surgical disciplines in an academic medical center.196 Differences in care
provided to heart failure patients (n=439) were evaluated based on left ventricular
systolic function (LVSF) evaluation, drug therapies, and hospitalizations and costs.
Patients cared for by geriatricians were the oldest (mean age=83 years), followed by
those cared for by general internists (mean age=70 years). Those treated by cardiologists
were the youngest (mean age=58 years). Geriatricians treated a larger proportion of
women (74%) than did general internists (59%) and cardiologists (50%). A smaller
proportion of patients treated by geriatricians had a myocardial infarction (13%) than
those treated by a general internist (24%) and a cardiologist (23%). In addition, a smaller
percentage of patients treated by geriatricians presented with rales and a third heart sound
(8% and 3%, respectively) than those treated by a general internist (19% and 10%,
respectively) and a cardiologist (19% and 27%, respectively).
More than half of patients cared for by geriatricians had LV systolic function
assessment done (56%) while 89% of those cared for by general internists and 86% of
those by cardiologists had the assessment.197 A majority of geriatricians’ patients had
normal LVSF (64%) while 44% and 29% of patients cared by general internists and
cardiologists, respectively, had normal LVSF. A higher proportion of patients receiving
care from cardiologists received digoxin (52% vs. 26%, P 0.05), ACE inhibitors (64%
vs. 38%, P 0.05), and warfarin for atrial fibrillation (63% vs. 11%, P 0.05) as compared
196
197

Chin et al., 1998
Chin et al., 1998, p. 1351

61

to those patients treated by geriatricians. More patients cared for jointly by a cardiologist
and a general internist (76%, n=108, P 0.05) were admitted to the hospital for HF than
patients treated solely by a geriatrician or a cardiologist (59%, n=39; 58%, n=132,
respectively).198
Another retrospective cohort study examined the differences in patient
characteristics, process of care, and resource utilization between discharged heart failure
patients who were cared for by cardiologists and other physicians. Associations between
physician specialty and short-term outcomes related to HF were also examined.199 In the
cohort of patients (N=44,926) presented to four groups of physicians: 23% presented to
cardiology (n=10,506); 63% presented to internal medicine (n=28,300); 11% presented to
family practice (n=4,812); and 3% presented to other medical or surgical services
(n=1,308).

Overall, the sample consisted primarily of white (73%), female (56%)

patients with an average age of 73.6 years. Relatively small proportions of the patients
were nursing home residents (3% of all cardiology patients, 8% of internal medicine
patients, 9% of family practice patients, and 6% of patients requiring other types of
medical care).200 Patients who received care from cardiologists tended to be younger
(72.6 years old) than patients who received care from internal medicine (74.1 years old)
and family practice physicians (75.1 years old). Overall, cardiologists’ patients were also
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more likely to have associated cardiovascular diagnoses but less likely to have
concomitant general conditions.201
Of all measured clinical outcomes, adjusted hospital length of stay (LOS) and
hospital charges were significantly different while mortality and heart failure readmission
were similar across all four patient groups.202 The “other” group had the longest length
of stay (11.5 vs. 8.8 days for cardiology, p 0.01) and highest hospital charges ($19,449
vs. $11,956 for cardiology, p 0.01). Patients in the family practice group had the lowest
LOS (8.6 days vs. 8.8 days, p 0.01) and lowest hospital charges ($9,718 vs. $11,956,
p 0.01) compared to those in the cardiology group.
Another study compared treatment and outcomes of hospitalized patients with HF
who were treated by generalists versus by cardiologists. Medical charts for a sample of
298 consecutively patients admitted to a university teaching hospital were reviewed.203
The patients were divided into two groups: those cared for by generalists (n=160) and
those cared for by cardiologists (n=138). Patients cared for by generalists tended to be
older (mean age=72.6 vs. 68.9 years, p<0.01) and of female gender (67.5% vs. 47.8%,
p<0.01) than those cared for by cardiologists.

In addition, a smaller proportion of

patients treated by generalists were hospitalized with severe HF, NYHA functional class
III or IV HF symptoms, on admission than those treated by cardiologists (47.2% vs.
85.6%, p<0.01).
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There were significant differences in diagnostic testing and drug therapy use rates
between patients cared for by each type of physician. Fewer patients cared for by a
generalist versus a cardiologist underwent inpatient echocardiography (34.4% vs. 49.3%,
p<0.01) and radionuclide echocardiography (1.3% vs. 7.2%, p=0.02).204

Based on

medication profiles of patients suffering from heart failure prior to hospital admission, a
smaller proportion of generalists’ patients were prescribed ACE inhibitors than
cardiologists’ patients (30.0% vs. 44.2%, p=0.01).

When compared to generalists,

cardiologists were more likely to provide intravenous (IV) inotropic therapy (12.3% vs.
1.3%, p<0.01) and IV vasopressor therapy (6.5% vs. 1.9%, p<0.05) during hospital stays.
Similarly, cardiologists were more likely than generalists to prescribe diuretics (87.3%
vs. 76.6%, p<0.05) and nitrates (52.4% vs. 37.0%, p<0.01) at discharge.
Of all outcomes measured at admission and follow-up (i.e., frequency of cardiac
mortality, overall mortality, inpatient length of stay, and HF-related readmission),
patients cared for by generalists differed significantly from those cared for by
cardiologists only in HF readmission.205 Patients with HF treated solely by generalists
during the index hospital period were more likely to be readmitted with a primary
diagnosis of HF during the six month follow-up period (44.3% vs. 30.7%, p=0.048).
Physician specialty is a strong independent predictor of readmission.

Generalists’

patients had a 1.7 times higher risk of readmission with HF within six months than
cardiologists’ patients (p<0.05). After adjustment was made for patient characteristics
associated with readmission, a history of diabetes requiring oral hypoglycemic or insulin
204
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therapy (Relative Risk=1.54, 95% CI=1.04-2.28) and previous HF (RR=1.78, 95%
CI=1.10-2.90) or MI (RR=1.57, 95% CI=1.05-2.37) were identified as significant
independent predictors of HF readmission.
In another study, a sample of 182 family practice physicians and 163 cardiologists
derived from a pool of 1,000 randomly selected physicians from the American Medical
Association’s physician master file were asked their views about the importance of
diagnostic tests and risks and benefits of treatments based on major recommendations
from the AHCPR and ACC guidelines.206 Physicians responded to the survey based on
four hypothetical heart failure patients. Of those who responded to the survey, 79% of
the family physicians and 94% of the cardiologists were men (p<0.01).207 The family
physicians saw a median of four heart failure patients per week compared to a median of
12 patients with heart failure by cardiologists (p<0.01). A smaller proportion of family
practice physicians than cardiologists appeared to be familiar with clinical practice
guidelines for heart failure. Familiarity with guidelines was measured as not being aware
of guidelines (17% of family practice physicians vs. 8% of cardiologists, p<0.01); being
aware of guidelines but not having read them (30% vs. 9%, p-value not reported); being
aware of guidelines and having briefly read them (45% vs. 46%, p-value not reported);
and having reviewed guidelines in detail (8% vs. 38%, p-value not reported).208
Responses to questions related to the four patient cases revealed that family
physicians understood less about HF pathophysiology.209 For example, for a typical case
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of diastolic dysfunction due to chronic hypertension and left ventricular hypertrophy,
46% of family physicians correctly identified the primary causes of the patient’s HF
whereas 87% of cardiologists did (p<0.01). Similarly, for a typical case of systolic
dysfunction due to a previous myocardial infarction, 42% of family physicians correctly
identified the primary cause of the patient’s HF compared to 66% of cardiologists
(p<0.01).
Family physicians also appeared to have less understanding of appropriate
treatments based on the underlying disease process compared to cardiologists.210 For the
hypothetical patient case with diastolic dysfunction, more family physicians would
prescribe digoxin (24% vs. 6%, p<0.01) and an ACE inhibitor (79% vs. 58%, p<0.01)
than cardiologists. However, fewer family physicians would prescribe a beta-blocker
(9% vs. 44%, p<0.01) for diastolic dysfunction. For the patient with systolic dysfunction,
fewer family physicians would prescribe digoxin (60% vs. 73%, p<0.01), an ACE
inhibitor (83% vs. 99%, p<0.01), and a beta-blocker (9% vs. 20%, p<0.01).
A survey study compared diagnostic evaluation of and approach to therapy for HF
among three different types of physicians: family and general practitioners (FP/GP,
n=342), internists (IM, n=325) and cardiologists (n=327).211 More than 50% of all three
groups responded to the survey and the FP/GP group had the highest response rate (58%).
Most of the FP/GPs had office-based practices (73%) while most of the cardiologists
practiced in either community hospitals (45%) or university/government hospitals (27%).
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Cardiologists composed the highest proportion of physicians who saw more than five
heart failure patients per week (79% compared to 31% for FP/GP and 51% for IM).
Compared to other physicians, cardiologists appeared to be more likely to follow
AHCPR recommendations for diagnostic evaluation and drug treatments. The highest
proportion of physicians to order LVF evaluations were cardiologists (92%), followed by
IM (69%) and FP/GP (61%, p<0.01) and to use echocardiogram (83% vs. 43% and 59%,
p<0.01).212 For patients with all severity levels, cardiologists were the most likely to
prescribe a diuretic, an ACE inhibitor, and digoxin for initial therapy (20% for patients
with mild to moderate HF and 20% and 71% for those with severe HF). A combination
of a diuretic and an ACE inhibitor was the most frequently prescribed therapy across
physician specialty, depending on HF severity (19% to 43%).

2.4.3. Clinical Outcomes Related to ACE Inhibitor Use in Practice
Clinical trials have demonstrated the efficacy of ACE inhibitor therapy in
improving morbidity and mortality among HF patients. However, the impact of ACE
inhibitor use on these clinical outcomes in the practice setting may differ from clinical
trial results. As such, this section describes studies that examined the impact of ACE
inhibitor use and dosing of ACE inhibitors on clinical outcomes for elderly patients with
heart failure in practice.213,214,215,216,217,218,219 These studies were identified based on a
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MEDLINE search limited to English language and studies published from 1994 through
2004.
Of the seven studies identified from the literature, four showed that ACE inhibitor
therapy is significantly associated with improved survival rates.220,221,222,223

The

association of ACE inhibitor therapy and one-year mortality rates was examined in a
sample of Colorado Medicare beneficiaries in 1994.224 The 92 Medicare patients had
confirmed heart failure due to LVSF and were candidates for ACE inhibitor therapy.
This sample was predominately male and white, with a median age of 80 years for those
discharged on an ACE inhibitor and 74 years for those who were not. Patients who were
discharged on an ACE inhibitor (n=42) showed lower one-year mortality than patients
who were not discharged on an ACE inhibitor (n=50) (64% versus 76%, p=0.03). The
two groups were similar except patients who received ACE inhibitor therapy at discharge
were older than patients not discharged on ACE inhibitor therapy (p=0.004).
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Similarly, the relationship between ACE inhibitor therapy and 4-year mortality
rates in patients with HF was examined in an Alabama Medicare sample in 1994.225 The
sample of 438 Medicare beneficiaries who had known LVEF or a description of LVSF in
their medical records were divided into those who had preserved LVSF (n=238) and
those who did not (n=200). Among patients with impaired LVSF, those who were
discharged on an ACE Inhibitor had 39% lower 4-year mortality rates than patients who
were not (adjusted HR = 0.61, 95% CI = 0.43-0.86), after adjusting for patient and care
variables.

However, for patients with preserved LVSF, there was no significant

difference in the 4-year mortality rates for those who were discharged on an ACE
inhibitor versus those who were not (HR = 0.96, 95% CI = 0.65-1.42) after adjusting for
covariates. In general, the patient group with impaired LVSF was similar to the group
with preserved LVSF, except for a lower proportion of female patients (49% versus 69%,
p<0.001), a greater proportion of those with cardiomyopathy (28% versus 7%, p<0.001),
a greater proportion admitted by a cardiologist (48% versus 33%, p=0.04), and a greater
proportion of those admitted into a teaching hospital (48% versus 25%, p=0.003) among
those with impaired LVSF.
In another study conducted by the same authors using the same patient population
as the study above, the relationships between ACE inhibitor use and 90-day readmission
as well as 90-day mortality rates were examined based on care category.226

Care

category was determined by whether their admitting attending physician was a
cardiologist (cardiologist care), generalist (generalist care), or a non-cardiologist who
225
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ordered a cardiology consultation (consultative care). A sample of 1,075 patients were
divided into those who received cardiologist care (13%), generalist care (55%), and
consultative care (32%).

The sample had an average age of 79 years and was

predominantly female (60%). Consultative care was associated with higher odds of ACE
inhibitor use compared to generalist care (adjusted OR=2.42, 95% CI=1.42-4.12) or
cardiologist care (adjusted OR=2.32, 95% CI=1.14-4.72).

In addition, patients who

received consultative care had lower odds of 90-day readmission compared to patients
who received generalist care (adjusted OR=0.54, 95% CI=0.34-0.86).

Patient

characteristics differed across care categories.
The effect of ACE inhibitor treatment on 30-day readmission or mortality was
examined in a sample of Medicare beneficiaries with chronic congestive heart failure
who were discharged from North Carolina hospitals in 1995.227 This sample of 1,195
patients had complete data and were divided into patients who were discharged on an
ACE inhibitor (n=589) and those who were not (n=606). The sample had an average age
of 77.5 years and was predominantly female. A fourth of the sample was African
American. Patients who were discharged on an ACE inhibitor had a 30% reduction in
30-day mortality or readmission. Patients who were discharged on an ACE inhibitor
were more likely than those who were not to have a history of myocardial infarction
(29% versus 21%, p<0.05) and receive digoxin (58% versus 47%, p<0.05) and longacting nitrates (46% versus 36%, p<0.05). In contrast, patients not discharged on an ACE
inhibitor were more likely to be discharged to a nursing home (15% versus 9%, p<0.05).
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In addition to the impact of its use on morbidity and mortality, ACE inhibitor
therapy has dose-related effects on readmission and mortality rates.228,229,230 In a sample
of elderly patients discharged from a Chicago academic medical center from 1992 to
1993, the impact of ACE inhibitor use, increases in ACE inhibitor dose, and
nonpharmacologic educational interventions on readmission-free survival rates was
examined.231 Based on clinical practice guidelines, optimal ACE inhibitor doses were
defined as a 150 mg daily dose for captopril and a 20 mg daily dose for enalapril.
Readmission-free survival rate was calculated as the time to the first readmission or
emergency room visit, or the time to death during which the patient was not readmitted.
The Chicago sample of 387 heart failure patients had an average age of 73 years,
a fourth was African American, and 55% was female. Of all patients discharged on a
recommended dose of enalapril or captopril (n=163), 18% (n=32) received an optimal
ACE inhibitor dose. Patients discharged on a recommended ACE inhibitor dose were
more likely to be African American (OR=4.27, p<0.01) and had lower sodium levels
(OR=0.88, p=0.02), as well as higher mean arterial pressures (OR=1.03, p=0.05), than
those discharged on a lower ACE inhibitor dose.

In addition, an increase in ACE

inhibitor dosage was associated with improved readmission-free survival, regardless of
LVSF. Patients who were discharged on an ACE inhibitor had better readmission-free
survival rates compared to those who did not receive ACE inhibitor therapy at discharge
(Relative Hazard=0.73, p=0.02). Similarly, patients who had increased ACE inhibitor
228
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doses during the hospital admission had better readmission-free survival rates than
patients whose ACE inhibitor doses were not increased (RH=0.66, p<0.01).232
In a sample of Medicare patients discharged from several Connecticut hospitals
between 1994 and 1995, the relationships between ACE inhibitor dosage and long-term
mortality and rehospitalization rates were studied.233 Patients were included only if they
had documented LVSF, were prescribed an ACE inhibitor at discharge, and had the ACE
inhibitor dose documented in the medical record. These inclusion criteria resulted in a
sample of 554 elderly patients. Doses of ACE inhibitors were categorized as target,
subtarget, or low with respect to recommended dosages from clinical practice guidelines
and clinical trials. In the study sample, 48% of patients were female, 18% were aged 85
and over, and 11% were nonwhite. Of the sample, 19% were given target doses, 63%
subtarget doses, and 18% low doses. Patients given subtarget and target doses of ACE
inhibitors had a significantly lower adjusted 1-year mortality compared to those with low
ACE inhibitor doses (adjusted RR=0.67, p=0.04; adjusted RR=0.51, p=0.02,
respectively). The three dosage groups differed on race, diagnosis of hypertension,
receipt of ACE inhibitor and diuretic therapy before admission and during
hospitalization, and sodium level.
The effect of ACE inhibitor dosing on rehospitalization rates in heart failure
patients was compared to the effects of digoxin and diuretic therapy in a sample of New
York elderly patients who were admitted at least twice to the hospital between 1992 and
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1995.234

The final sample consisted of 314 patients.

ACE inhibitor dose-response

analysis was conducted using the discharge dose of an ACE inhibitor, which was
converted to enalapril- equivalent doses and adjusted for renal function. Rehospitalization
rates included time-to-readmission defined as the time period in days between the first
hospital discharge and subsequent readmission, as well as 90-day readmission rate.
Of those on an ACE inhibitor, only 22% received the recommended daily dose of
20 mg or more of enalapril or its equivalent compared to the 41% who received a 5 mg or
less daily dose of enalapril or equivalent.235 ACE inhibitor therapy was associated with
increased time-to-readmission (p=0.002) compared to digoxin or diuretic therapy. ACE
inhibitor therapy was also a significant covariate for the 90-day readmission rates
(p<0.05). A daily dose of 10 mg or more of enalapril was associated with a 28%
reduction in 90-day readmission rate whereas enalapril daily doses of 5 mg or lessdid not
reduce the readmission rate compared to digoxin or diuretic therapy (p<0.05).236

2.4.4. Factors Related to ACE Inhibitor Use
Numerous factors such as disease severity and patient age have been found to
influence receipt of ACE inhibitor therapy in the practice setting.

These factors

contribute to the under-use and under-dosing of ACE inhibitors, which can have a
negative impact on morbidity and mortality, as the studies discussed in previous sections
suggest. However, these factors are typically used to select study samples in clinical
trials whereby certain patient groups such as frail elderly are excluded. In this section,
234

Luzier et al., 1998
Luzier et al., 1998, p. 466
236
Luzier et al., 1998, p. 467
235

73

four literature reviews that examined factors associated with ACE inhibitor therapy in
different patient populations in various clinical settings are discussed.237,238,239,240
Of the four literature reviews, two were conducted by the Medical Research
Council Research Initiative on Heart Failure at the University of Glasgow in the U.K.,
one was from the University of Alberta in Canada, and one was from the State University
of New York (SUNY), Buffalo, in the U.S. None of the studies were systematic reviews
or meta-analyses. The U.K. reviews discussed results from clinical trials and proposed
reasons explaining under-use of ACE inhibitors while the Canadian and U.S. reviews
presented summaries of the studies that examined patterns of ACE inhibitor use and
factors associated with use and dosing of these drugs.
The U.S. review included 20 studies from both the U.S. and the U.K.241 The
timeframe from which the data were collected ranged from 1989 to 1997. The studies
were categorized based on whether patients had: (1) heart failure (HF) diagnosis only; (2)
HF diagnosis and an ejection fraction (EF) of less than 40%; and (3) HF diagnosis, an EF
of less than 40%, and no contraindications to ACE inhibitor therapy. Of these studies,
four included patients aged 65 and over who were treated for heart failure in ambulatory
clinics or hospitals. Three were U.S. studies, and one was a U.K. study.
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Among elderly ambulatory patients, the prevalence of ACE inhibitor therapy in
those with an HF diagnosis ranged from 26% to 36%.242 The U.K. study showed a 53%
ACE inhibitor use rate in ambulatory patients.

Based on a sample of community-

dwelling elderly patients with an HF diagnosis and an EF of less than 40%, ACE
inhibitor use rates increased from 40% in 1990 to 45% in 1995. In patients with an HF
diagnosis, EF of less than 40%, and no contraindications to ACE inhibitor therapy, 45%
to 81% of hospitalized patients received the treatment while 73% to 86% of ambulatory
patients received the treatment.243 In elderly patients in whom dosages of ACE inhibitors
were examined, 14% received target doses. In comparison, 45% of patients with heart
failure in the registry of Studies of Left Ventricular Dysfunction (SOLVD) received
target doses of their ACE inhibitor therapy.244
The authors in the aforementioned U.S. literature review discussed several major
factors associated with ACE inhibitor therapy.245 In general, these included patient age,
ejection fraction, left ventricular evaluation, physician specialty, and adverse effects.
Older patients (i.e., those aged 85 and over) were less likely to receive ACE inhibitor
therapy than elderly patients aged 65 to 69. In general, studies showed that patients with
low ejection fractions were more likely to receive ACE inhibitor therapy than those with
mild LV dysfunction. Patients with lower ejection fractions (i.e., less than 25%) were
more likely to receive an ACE inhibitor than those with near normal ejection fractions
(i.e., 36% to 39%). Hospitalized patients with heart failure received LVF evaluation
242
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more often than patients who received care from ambulatory care clinics. The effect of
physician specialty on ACE inhibitor prescribing is inconclusive.
A group of researchers from the University of Alberta, Edmonton, Canada also
reviewed under-use of ACE inhibitors in patients with HF.246 The researchers searched
MEDLINE for articles published in English from 1966 to February 2000. All studies that
evaluated the use of ACE inhibitors in patients with HF were included (no exclusion
criteria reported).247 These studies originated from the U.S., U.K., Canada, Portugal, and
Israel and were predominately in the hospital setting and a few in the community setting.
There were no studies in the LTC setting. Thirty-eight studies resulted from the search,
with seven focusing on elderly patients.
Overall, the rates of ACE inhibitor use were based on whether patients had HF
due to systolic dysfunction compared to all patients who received an ACE inhibitor.248
Some of the estimates were based on receipt of an ACE inhibitor prior to admission
and/or at discharge.

Among hospitalized and ambulatory elderly patients with HF

associated with systolic dysfunction, the rate of ACE inhibitor use ranged from 42.5%
(n=1,893) to 67% (n=42). For hospitalized elderly patients with HF, the rates ranged
from 26% (n=250) to 36% (n=431) at admission. Of the five studies that examined ACE
inhibitor use in elderly patients who were hospitalized for HF, only two reported
discharge use rates.

The two studies reported 52% (n=1,212) and 55% of patients

(n=6,749) with HF receiving an ACE inhibitor at discharge.
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The Canadian researchers also discussed factors related to ACE inhibitor use for
HF in adult patients. These factors were categorized as those related to care setting,
physician characteristics, patient characteristics, and drug attributes.249 In general, the
highest proportion of adult heart failure patients who received an ACE inhibitor were
those referred to specialty clinics, followed by those admitted to the hospital and those
treated in the community (no estimates reported). The authors suggested that physicians
in the community could better adjust ACE inhibitor doses than physicians in the hospital
setting. This difference might have been due to the severity of the hospitalized patients’
conditions and shorter lengths of stays that did not allow dose titration.250
Family practice physicians and general internists appeared to prescribe ACE
inhibitors for patients with HF less frequently than cardiologists did.251 The authors
attributed this discrepancy in prescribing to cardiologists’ being more likely to order
diagnostic tests.

Results from diagnostic tests such as echocardiography provide

physicians an objective assessment of left ventricular systolic function, which has been
found to be associated with an increased use of ACE inhibitors.252

Nonetheless, a

majority of all physician specialties were aware of clinical trials indicating the efficacy of
ACE inhibitors. Recently trained and board-certified physicians (regardless of specialty)
were also more likely to use diagnostic tests and to prescribe ACE inhibitors.
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Certain heart failure patients were also more likely to receive ACE inhibitors and
when received, in optimal doses.253 Patients who were younger and male were more
likely to receive an ACE inhibitor. In addition, more patients with severe HF received
ACE inhibitor therapy. In terms of dosage, African Americans were more likely to
receive higher doses of ACE inhibitors perhaps because of being less responsive to these
drugs. Elderly patients who were older, had more severe HF, and who had lower blood
pressure were also less likely to receive an optimal ACE inhibitor dose.
While clinical trials suggest that rates of adverse effects and discontinuation were
similar in placebo-groups and ACE inhibitor groups, studies using medical chart reviews
showed five to 24% of patients having a contraindication and/or intolerance to ACE
inhibitors. Many of the studies might have been subjected to measurement bias because
of data collected from chart reviews and selection bias because patients who might have
been eligible were excluded from these studies. Studies have shown that 27% to 72% of
patients were excluded because objective assessment of left ventricular function was not
used.254
In their discussions about the under-use of ACE inhibitors in HF management,
McMurray and McCleland offered several reasons for the occurrence of the trend.255,256
Physicians were reluctant to prescribe ACE inhibitors because of: (1) a failure to realize
that heart failure is an important public health problem – physicians underestimate the
impact of heart failure on morbidity and mortality; (2) a failure to appreciate clinical
253
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benefits of ACE inhibitors; (3) a failure to understand how clinical benefits justify costs;
(4) concerns that adverse effects outweigh benefits; and (5) a belief that benefits observed
in clinical trials do not translate to clinical practice.257 McCleland explained that at least
a third of heart failure patients over age 75 years were often excluded from clinical trials
by design or bias against patients with diastolic dysfunction.258

2.4.5. Summary
The studies reviewed in this section offered some insight regarding the impact of
ACE inhibitor therapy and the nature of factors and barriers affecting HF management.
The results from these studies revealed that ACE inhibitor use and optimal dosing of
ACE inhibitors can improve morbidity and mortality in the practice setting. As such,
understanding the factors and barriers that influence HF management can facilitate
improving the quality of heart failure pharmacologic management. The studies showed
that the factors associated with ACE inhibitor treatment are typically patient-related,
which supports the idea that HF is challenging to treat, especially in frail elderly who
have complex clinical status. The literature also showed that structural factors such as a
physician’s knowledge about heart failure management, the physician’s experience in
treating heart failure patients, whether the physician has access to specialty services and
diagnostic equipment, and even attributes of the drugs used to treat a condition had
reportedly influenced physician decisions about prescribing ACE inhibitors. In addition
to structural factors, factors influencing processes of care must also be addressed. For
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example, ACE inhibitors are perceived by some physicians as burdensome to use for
treating heart failure. Treatment goals and side effect profiles of a drug can affect
whether a physician would prescribe the drug or not.

The wide variety of factors

identified in this section suggest that the first step for developing an intervention to
improve heart failure management is to identify which factors are significant contributors
to quality of care for a particular target population and care setting.
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3. STUDY RATIONALE / CONCEPTUAL FRAMEWORK
The previous chapter showed that HF often has not been treated according to
current standards and that a number of reasons explain why that is the case. These
reasons tend to center around the issue of whether a patient received recommended drug
therapies. In particular, the studies that examined the issue concentrated on identifying
factors and barriers that either promoted or prevented physician prescribing of those
drugs. The researchers who conducted those studies also found that those factors and
barriers occurred at different levels in the care delivery system and were typically related
to the characteristics of providers, patients, and care settings.
While some factors identified from the literature were also apparent in the longterm care setting, others were not. In addition, some factors present in long-term care
might not have been considered in other care settings: for example, resident preference
for end-of-life care and the role of physicians in long-term care. Furthermore, the nature
of the relationships among these factors, ACE inhibitor use, and clinical outcomes has
not been examined systematically in long-term care. Given these considerations, this
study aimed to address the following questions:
1. What are the relationships between resident, physician, and facility characteristics
and ACE inhibitor use for heart failure management among residents residing in
Texas Medicaid-certified nursing facilities? (In the context of this dissertation
study, care settings are designated as nursing homes or simply as facilities.)
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2. What are the relationships between ACE inhibitor use and the number and days of
hospitalization among residents residing in Texas Medicaid-certified nursing
facilities, controlling for resident, physician, and facility characteristics?

3.1.

Donabedian’s Model for Evaluating Quality of Care
As a framework for addressing the research questions posed in the previous

section, Donabedian’s structure, process, and outcome framework for evaluating the
quality of health care was used. The premise of Donabedian’s theory is that quality
health care is achieved when “the best strategy of care is selected and implemented in the
most skillful way.”259

Determining the best strategy of care requires obtaining

information about the structure of the care setting, the processes of care provided to
patients, and the outcomes of interest. Donabedian suggested, “Inferences can be made
about quality of care from these three types of information;” however, he cautioned, they
are not attributes of quality of care, but simply indicators of quality.260
The three types of information needed to determine quality of care can be found at
various levels of a health care organization.261 Information on structure can be obtained
from examining the physical and organizational properties of the setting in which care is
provided to patients. For example, structural factors can be physician characteristics or
characteristics of a diagnostic laboratory test (Figure 3.1). Process represents “What is
done for patients;” for example, the physician requests for a diagnostic test, the test is

259

Donabedian A. The role of outcomes in quality assessment and assurance. Quality Review Bulletin
1992;18(11):356-60.
260
Donabedian, 1992, p. 357
261
Donabedian, 1992, p. 358
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performed, and the physician prescribes the appropriate treatment based on the results of
the test. Finally, outcome is “What is accomplished for patients.” Changes in clinical
outcomes, results of the diagnostic test, and a diagnosis confirmed are examples of
outcomes. It is important to note that the information can be used to assess quality “only
when and to the extent that they are causally related; that is, structure leads to process,
and process leads to outcome.” 262

262

Donabedian, 1992, p. 357
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Figure 3.1 The Use of Donabedian’s Framework in Actual Practice

Structure

Process

Characteristics
of the diagnostic
laboratory

Tests performed
by the laboratory

Physician
characteristics

Test ordered by
physician

Outcome

Results of
tests

Results of tests
interpreted by
the physician
Diagnosis: the
illness and its
characteristics
Treatment chosen and
executed by physician,
other personnel, and
patient
Change in
patient’s health

Source: Donabedian A. The role of outcomes in quality assessment and assurance. Quality Review
Bulletin 1992;18(11):356-360.
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Donabedian’s model was chosen for this study for several reasons. It considers
the aspects of care delivery that serve as the basis for evaluating quality of care in longterm care. Findings from Section 2.4 provide further support the notion that the three
constructs in Donabedian’s model can be used to understand how the factors identified in
the literature influence heart failure management. In addition, the quality improvement
movement that has pervaded the long-term care setting has its origins in this theory.
Another reason is that this framework aligns with the purpose of and sample
characteristics in this study. However, a major issue with this framework is that it
presumes causality which may be difficult to determine in this study given its design and
availability of data.

3.2.

Conceptual Framework for the Study
Based on Donabedian’s framework, this study examined the relationships shown

in Figure 3.2. In particular, the relationships between the structural variables signifying
resident, physician, and facility characteristics, and ACE inhibitor use were examined.
The relationships between ACE inhibitor use and the number and days of hospitalization,
controlling for the structural variables were also explored. The structural variables were
treated as covariates in the analyses of relationships between ACE inhibitor use and the
outcome measures.
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Figure 3.2 Conceptual Framework for the Study

Structure

Process

Outcome

Resident
Characteristics

Physician
Characteristics

ACE Inhibitor
Use

Hospitalization Status
Days of Hospitalization

Facility
Characteristics

3.3.

Objectives / Hypotheses
There were a total of eight objectives for this study. The first four objectives were

descriptive while the remaining objectives required testing specific hypotheses. The
relationships for Objectives 5 through 8 below are depicted pictorially in Figure 3.3. The
numbers assigned to each objective and hypothesis in this section will be used throughout
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the dissertation. The objectives and their associated hypotheses, as well as the rationale
for each hypothesis, are described below.

Figure 3.3 Conceptual Framework for the Study – Including Objective Numbers

Structure

Process

Outcome

Resident
Characteristics
5

Physician
Characteristics

ACE Inhibitor
Use

6

8

Hospitalization Status
Days of Hospitalization

7
Facility
Characteristics

Note: Each arrow corresponds to each of the relationships addressed by Objectives 5 through 8.

1. To identify characteristics of elderly nursing home residents who had heart
failure;
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2. To identify characteristics of the primary care physicians treating elderly
nursing home residents identified as having heart failure;
3. To determine the characteristics of Texas Medicaid-certified nursing facilities
in which the study residents with heart failure resided;
4. To determine the prevalence and patterns of pharmacologic treatment for heart
failure (i.e., diuretics, digitalis, ACE inhibitors, beta-blockers, and aldosterone
antagonists, as well as angiotensin II receptor blockers ) in elderly nursing
home residents;
5. To determine the relationships between resident characteristics and ACE
inhibitor use, controlling for other resident characteristics, as well as for
physician and facility characteristics;
H5.1: Younger residents were more likely than older residents to have
received an ACE inhibitor.
Rationale: Studies showed that elderly persons with heart failure, especially
those aged 85 and over, in long-term care were less likely to receive ACE
inhibitor therapy.263,264,265
Ho5.2: There was no difference between female and male residents in the
likelihood of having received an ACE inhibitor.
Rationale: Studies of the relationship between the patient’s gender and ACE
inhibitor therapy were inconclusive.266,267
263

Ahmed, 2002, p. 1833
Gambassi et al., 2000, p. 90
265
Ranz et al., 1999, p. 1337
266
Forman et al., 1998, p. 1551
264
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Ho5.3: There was no difference between white residents and residents of other
racial/ethnic groups in the likelihood of having received an ACE inhibitor.
Rationale: Studies of the relationship between the patient’s race/ethnicity and
ACE inhibitor therapy were inconclusive.268,269
H5.4: Residents who used a larger number of medications were more likely
than residents who used fewer medications to have received an ACE inhibitor.
Rationale: Gambassi et al. found that residents with heart failure in long-term
care who used one to three medications were less likely than similar residents
who used four or more medications to have received ACE inhibitor therapy.270
H5.5: Residents with a larger number of concomitant conditions were more
likely than residents who had fewer concomitant conditions to have received
an ACE inhibitor.
Rationale: Some studies showed that residents in long-term care who had
concomitant cardiovascular diseases, particularly hypertension and to a lesser
extent, coronary artery disease and diabetes, were more likely to have
received an ACE inhibitor.271,272,273
H5.6: Residents with less physical impairment were more likely than
residents with greater physical impairment to have received an ACE inhibitor.

267

Gambassi et al., 2000, p. 90
Gambassi et al., 2000, p. 90
269
Ahmed, 2002, p. 1833
270
Gambassi et al., 2000, p. 90
271
Forman et al., 1998, p. 1551
272
Gambassi et al., 2000, p. 90
273
Ahmed, 2002, p. 1833
268
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Rationale: Gambassi et al. found that among long-term care residents with
heart failure, the more physically impaired a resident was, the less likely the
resident was to have received an ACE inhibitor.274
H5.7: Residents with less cognitive impairment were more likely than
residents with greater cognitive impairment to have received an ACE
inhibitor.
Rationale: Gambassi et al. also showed that long-term care residents with
heart failure who had moderate to severe cognitive impairment were less
likely than residents with no or mild cognitive impairment to have received an
ACE inhibitor.275
Ho5.8: There was no difference between residents who had requested end-oflife care and residents who had not requested end-of-life care in the likelihood
of having received an ACE inhibitor.
Rationale: End-of-life care is an important aspect of nursing home care and
may influence treatment decisions. Therefore, this variable was included in
this study. The relationship between end-of-life care and ACE inhibitor use
was not explored in previous studies.
Ho5.9: There was no difference between residents who had advance care
planning and residents who did not have advance care planning in the
likelihood of having received an ACE inhibitor.

274
275

Gambassi et al., 2000, p. 90
Gambassi et al., 2000, p. 90
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Rationale: Advance care planning plays an important role in care planning for
elderly nursing home residents because it may influence treatment decisions.
As such, it was included in this study. The relationship between advance care
planning and ACE inhibitor use was not explored in previous studies.
6. To determine the relationships between physician characteristics and
residents’ use of ACE inhibitors, controlling for other physician
characteristics, as well as resident and facility characteristics;
H6.1: Residents whose physicians were less than 50 years old were more
likely than residents whose physicians were 50 years and older to have
received an ACE inhibitor.
Rationale: Ranz et al. found that residents whose physicians were 50 years of
age and younger were more likely to have received an ACE inhibitor.276
Ho6.2: There was no difference between residents whose physicians were men
and residents whose physicians were women in the likelihood of having
received an ACE inhibitor.
Rationale:

A physician’s gender was not a significant determinant of

residents’ receipt of ACE inhibitor therapy.
Ho6.3: There were no differences among residents whose physicians were in
family practice versus those in internal medicine, general practice, and other
specialties in the likelihood of having received an ACE inhibitor.

276

Ranz et al., 1999, p. 1337
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Rationale: Studies that had examined the relationships between physician
specialty and patients’ use of ACE inhibitors showed inconclusive results.
H6.4: Residents whose physicians were medical directors of the facilities in
which they resided were more likely than residents whose physicians were not
medical directors in the facilities in which they resided to have received an
ACE inhibitor.
Rationale:

Medical director status was included in this study because

physicians who were medical directors might have been more motivated to
follow current practice standards.

This assumption was based on the

increasingly prominent role that medical directors play in being held
accountable for the quality of care provided by their nursing facilities and in
influencing treatment decisions in nursing homes.
H6.5: Residents whose physicians practiced in urban areas were more likely
than residents whose physicians practiced in rural areas to have received an
ACE inhibitor.
Rationale: Some studies showed that prevalence of ACE inhibitor use varied
by geographical location.277,278 The hypothesis was based on the rationale that
physicians who practices in urban areas would have more resources and
perhaps be exposed to more current research, and thereby be more likely to
prescribe recommended drug therapies such as ACE inhibitors.

277
278

Luzier and DiTusa, 1999
Bungard et al., 2001
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H6.6: Residents whose physicians had graduated from medical school within
the last 10 years were more likely than residents whose physicians had
graduated more than 10 years ago to have received an ACE inhibitor.
Rationale: More recently trained physicians might have been more aware of
recommendations for using ACE inhibitors to treat heart failure.279
7. To determine the relationship between facility characteristics and ACE
inhibitor use, controlling for other facility characteristics, as well as resident
and physician characteristics;
Ho7.1: The size of facilities (i.e., number of beds) in which residents resided
was not associated with the likelihood of a resident’s having received an ACE
inhibitor.
Rationale: The relationship between facility size and whether a resident had
received ACE inhibitor therapy was not known.
H7.2: Residents who had lived in facilities located in urban areas were more
likely than residents who had lived in facilities located in rural areas to have
received an ACE inhibitor.
Rationale: Facilities located in certain urban areas (in large cities like Dallas,
Houston, and San Antonio) might have had access to physicians who
practiced in major medical centers where current best practices for HF
management were encouraged.280
279

Westert GP, Groenewegen PP. Medical practice variations: changing the theoretical approach.
Scandinavian Journal of Public Health 1999;27:173-180.
280
Taylor DH, Whellan DJ, Sloan FA. Effects of admission to a teaching hospital and the cost and quality
of care for Medicare beneficiaries. New England Journal of Medicine 1999;340(4):293-299.
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Ho7.3: There were no differences among residents who lived in facilities
located in the 11 DADS-designated administrative regions in the likelihood of
having received an ACE inhibitor.
Rationale: While studies showed geographical differences in resource
utilization, differences in resources utilization by administrative regions were
not known.281,282
8. To determine the relationships between ACE inhibitor use and the number and
days of hospitalization, while controlling for resident, physician, and facility
characteristics.
Rationale: The results from previous hypotheses and objectives were used to
address this objective.
H8.1: Residents who received an ACE inhibitor had lower odds of being
hospitalized at least once during the observation period than residents who did
not received an ACE inhibitor.
H8.2: Residents who received an ACE inhibitor had fewer days of
hospitalization than residents who did not receive an ACE inhibitor.
Rationale: A systematic review of clinical trials showed that ACE inhibitor
therapy reduced hospitalizations.283

281

Eisenberg JM. Physician utilization. The state of research about physicians' practice patterns. Medical
Care 1985;23(5):461-483.
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Westert and Groenewegen, 1999
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Garg and Yusuf, 1995, p. 1450
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4. METHODS
The hypotheses proposed in Chapter 3 were tested in an elderly nursing home
population using data collected from a quality review study commissioned by the
Department of Aging and Disability Services (DADS) and other sources to which the
agency had access. This chapter describes the methods by which this dissertation project
was conducted. Its content is divided into six major sections: (1) study design; (2) study
population, including how the study sample was selected; (3) study variables and sources
of data; (4) limitations of database studies; (5) statistical procedures and analytical
frameworks for Objectives 5 through 8; and (6) sample size and power determination.
This study was approved on March 25, 2005 by the Institutional Review Board
(IRB) for the Protection of Human Research Subjects at the University of Texas at Austin
(IRB Protocol Number 2005-02-0030).

4.1.

Study Design
Given the purpose of this dissertation, the study was designed primarily for

testing hypotheses made about the relationships between various resident, physician, and
facility characteristics and ACE inhibitor use, as well as the relationships between ACE
inhibitor use and hospital utilization. The term “residents” refers to elderly nursing home
residents. Data from multiple sources intended for administrative, evaluative, or other
purposes were used. All data were collected between March 1, 2004 and June 15, 2004.
The unit of analysis was the elderly nursing home resident.
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Note that because of the hierarchical nature of the resident, physician, and facility
variables, a clustering effect was probable. Residents who resided in the same facility or
who had the same physician might have received similar treatment or had similar
outcomes.

The grouping of residents by physicians and/or facilities could reduce

variations in outcome variables such as ACE inhibitor use and hospital utilization.
Consequently, estimates of the relationships between physician characteristics as well as
facility characteristics and ACE inhibitor use could have been biased. The clustering
effect was examined at resident-physician and resident-facility levels. The analyses
showed that the majority of physicians cared for one to two residents and the majority of
facilities had one to two residents assessed (see Section C in Appendix). Therefore, a
clustering effect was unlikely.

4.2.

Study Population
The target population for this study was persons aged 65 and over with heart

failure who resided in Texas Medicaid-certified nursing facilities. The major payer of
care and services provided to these residents was Medicaid. Residents not supported
financially by Medicaid were supported by private funds. The study population was
represented by the 2004 Long-T erm Care Quality Review (LTCQR) random sample
(described below).284 Nursing facilities located in urban versus rural areas were similar
in terms of proportion of facilities visited during the LTCQR, residents’ cognitive status,
and facility size.

284

Cortés LL and Chou JYC. 2004 Long Term Care Quality Review - A Statewide Assessment of Quality
of Care, Quality of Life, and Consumer Satisfaction in Texas Medicaid Nursing Facilities. January 2005.
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4.2.1. Sampling of Residents with Heart Failure
The sample for this dissertation study was obtained from the larger DADS 2004
LTCQR sample of 1,992 residents in 1,012 Texas Medicaid-certified nursing facilities.
The LTCQR sample of nursing home residents was selected from the nursing home
population of approximately 79,000 residents residing in 1,035 Medicaid-certified
nursing facilities in Texas as of December 2003.285 The procedures for selecting the
2004 LTCQR sample were predetermined and performed by DADS Medical Quality
Assurance staff. Because of budget constraints and given the purpose of the LTCQR, the
total desired sample for the quality review was 2,000 residents. The LTCQR sample was
selected based on proportional sampling. The steps with which the 2004 LTCQR sample
was selected are described below.
1. The population of residents from which the LTCQR sample was selected was
based on the number of most recent Minimum Data Set (MDS) assessments
submitted by each of the 1,035 facilities during September 1, 2003 through
December 31, 2003. Each of the MDS assessments represented a unique resident.
2. Each of the submitted MDS assessments was assigned a random number.
3. The MDS assessments were grouped by facilities, which yielded the total number
of residents for whom each facility had submitted the most recent MDS
assessment.
4. Using simple proportion calculations, the number of residents to be assessed in
each facility during the LTCQR was determined by the proportion of residents
285

Cortes LL. Personal Communication on November 12, 2004
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with qualifying MDS assessments in each facility (out of all qualifying MDS
assessments in the entire sample pool) and the total desired sample of 2,000
residents. Based on these calculations, a facility was required to have at least 25
residents in order to have at least one resident selected for assessment.
5. This calculation process resulted in 23 facilities with fewer than 25 residents.
These facilities were excluded from the sampling pool since a minimum of one
resident was required in order for the quality review nurse to visit that facility. A
total number of 1,012 nursing facilities remained in the sample for the quality
review.
6. A list of randomly selected residents to be assessed was generated for each
facility. The quality review nurse chose a resident for assessment starting at the
top of the list. If a resident had died or was not in the facility, the nurse skipped
that resident and proceeded to the next one. The reviewer continued this process
until the desired number of residents in that facility had been assessed.
From the larger LTCQR sample, the sample used in this dissertation was selected based
on whether residents had heart failure. A diagnosis of heart failure was determined by
whether “heart failure” or “congestive heart failure” was listed among the diagnoses in
the residents’ medication administration records, admissions orders, physician progress
notes, or other documents that contained such information collected during the LTCQR.
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4.3.

Study Variables and Data Sources
Based on the objectives described in Section 3.2, relationships between certain

resident, physician, and facility characteristics, ACE inhibitor use, and hospital utilization
were examined in this study. This section describes these study variables and data
sources from which they were extracted.
Data for this study were obtained from various sources. Data on characteristics of
elderly nursing home residents were extracted from DADS long-term care quality review
(LTCQR) data files and the Minimum Data Set (MDS). Information on hospitalizations
was obtained from the Medicaid claims and administration system (COMPASS-21).
Information on the residents’ physicians was obtained primarily from the Texas State
Board of Medical Examiner’s (TSBME) physician list. Data for nursing facilities were
retrieved from the Long-Term Care data mart through which DADS obtained certain
administrative and claims information on services provided to elderly nursing home
residents. All files containing resident information were linked by the same resident
identification numbers. The resident data files also included physicians’ license numbers
that were used to identify physician information from the TSBME list. Similarly, facility
vendor numbers were included in the resident data files. These numbers were used to
locate information on facilities. After all data files were linked to extract the data
required for this study, all identifying numbers were removed.
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4.3.1. Resident Characteristics and Outcomes
According to the proposed study model (Figure 3.3), resident characteristics were
the independent variables of the relationships described in Objective 5, and ACE
inhibitor use and hospital utilization were the dependent variables for Objectives 5 and 8,
respectively. Resident characteristics that were of interest for this study included: (1)
age; (2) gender; (3) race/ethnicity; (4) number of medications; (5) number of certain
concomitant conditions; (6) physical function; (7) cognitive function; (8) end-of-life care
request; and (9) presence of at least one advance care planning documents. The resident
outcomes of interest were number and days of hospitalization. ACE inhibitor use was
also considered as a resident outcome.

All of the variables mentioned above are

described in Tables 4.1 and 4.2. Variables that are not self-explanatory are described in
more detail below.
For the purpose of this study, only selected co-morbidities were examined. Comorbidities of interest for this study included atrial fibrillation, cerebrovascular accident,
chronic obstructive pulmonary diseases (COPD), diabetes mellitus, hypertension,
peripheral vascular disease, and deep vein thrombosis.

Instead of examining the

relationship of each individual diagnosis with ACE inhibitor use, the diagnoses were
examined collectively as the number of these diagnoses that a resident had.
Medication use was considered in both descriptive and inferential analyses. For
descriptive analyses, proportions of residents receiving the major heart failure drug
therapies were calculated. For inferential analyses, medication use was represented by
the number of medications that each resident was taking for the last seven days (from
100

LTCQR date of assessment). The medications included all prescription and over-thecounter medications that residents received on either a routine or as needed basis.
Table 4.1 Resident Characteristics, Descriptions, Data Types and Sources
Variable

Description

Data Type

Data Source

Age

The difference between date of birth
and date of assessment in years
Male or female
Non-Hispanic White, Non-Hispanic
Black, Hispanic, Asian, and Alaskan
or Native American
Includes all active prescriptions for
routine and as needed medications
that the resident has taken in the last
7 days
Atrial fibrillation, cerebrovascular
accident, chronic obstructive
pulmonary disease, diabetes mellitus,
hypertension, peripheral vascular
disease
0= resident is total independent to 6=
resident is totally dependent
0=resident has intact cognition to
6=resident has very severe cognitive
impairment
Documented request for end-of-life
care (yes or no)
Presence of at least one of ACP
documents such as do-notresuscitate, do-not-hospitalize, etc.
(yes or no)

Continuous

MDS

Categorical
Categorical

MDS
MDS

Interval

LTCQR –
MARS

Interval

LTCQR

Ordinal

MDS

Ordinal

MDS

Categorical

LTCQR

Categorical

LTCQR

Gender
Race/Ethnicity

Number of Medications

Number of Comorbidities

MDS Activities of Daily
Living score
MDS Cognitive
Performance Scale score
End-of-Life Care
Advance Care Planning
(ACP)

LTCQR = Long-Term Care Quality Review
MDS = Minimum Data Set
MARS = Medication Administration Records

Residents’ physical and cognitive function was measured using the Activities of
Daily Living (ADL) and Cognitive Performance Scale (CPS) scores reported in MDS
assessments. The ADL score was determined based on four MDS items.286 These
286

Center for Medicare and Medicaid Services (CMS). Resident Assessment Instrument (RAI) Version 2.0
Manual – Chapter 3. Revised December 2002, pp. 76-90.
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included the activities of daily living: personal hygiene, toileting, locomotion, and eating.
The scores for each of these items ranged from 0 (i.e., no setup or physical help from
staff) to 3 (i.e., physical assistance requiring two or more people). The ADL composite
score was calculated based on an algorithm that assigns values ranging from 0 to 18
depending on the combination of scores from the four MDS items. The determination of
the ADL scores was not based on simple additions of the scores from the individual MDS
items. The resulting composite score ranged from 0 which indicated that the resident
could perform all four ADLs independently to 18 where the resident was totally
dependent on nursing facility staff to perform all four ADLs.287 The ADL scale was
reported to have chance-corrected measures of agreement ranging from 0.69 to 0.92.288
The CPS scale, on the other hand, was determined by five MDS items.289 These
items represented comatose status, short-term memory, cognitive skills for decision
making, making oneself understood, and ability of a resident to self-feed. The scores for
each item ranged from 0 (independent or understood, depending on the item) to 3
(severely impaired or rarely/never understood, depending on the item). Similar to the
ADL scale, scores for the CPS scale were also derived based on an algorithm that assigns
values ranging from 0 to 6 depending on the combination of scores from the five MDS
items. The determination of the CPS scores was not based on simple additions of the

287

Morris JN, Fries BE, Morris SA. Scaling ADLs within the MDS. Journal of Gerontology: Medical
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288
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scores from the individual MDS items.290 The composite scale ranged from 0 where the
resident had intact cognition to 6 where the resident had very severe cognitive
impairment. The CPS scale showed good reliability and validity compared to established
measurement tools for cognitive function such as the Mini-Mental State Examination and
Test for Severe Impairment.291 In a recent study, the CPS scale was reported to have
chance-corrected measures of agreement ranging from 0.55 to 0.88.292
Whether residents had requested end-of-life care or advance care planning is an
important aspect of resident care in nursing homes.293 As such, this study also considered
these variables in examining heart failure management. These measures were determined
based on two items in the resident assessment tool used for the LTCQR. For end-of-life
care, the quality review nurse was asked to determine, “Does the resident’s care plan state
that the plan is a palliative plan of care?” For advance care planning, the quality review
(QR) nurse was instructed, “After a careful search through the clinical record did you
find any of the following ACP documents: Out of Hospital DNR (OOHDNR), Directive
to Physicians, Durable Medical Power of Attorney, or care-limiting orders such as donot-resuscitate, do-not-intubate, do-not-hospitalize?” If the resident had at least one of
the above ACP documents, then the QR nurse recorded a “Yes” response. Each of the
items above was answered using a yes or no response.
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The three dependent variables for this study were ACE inhibitor use,
hospitalization status (i.e., hospitalized or not at least once during the observation period)
and days of hospitalization. They are described in Table 4.2 below. In the LTCQR drug
file, ACE inhibitor use was indicated if a resident had an active prescription for an ACE
inhibitor in the last seven days based on his or her medical administration records. An
active prescription for an ACE inhibitor meant that the resident had received at least one
dose in the last seven days. The “last seven days” time frame was used in the LTCQR to
be consistent with the time frame used in the MDS.294
Table 4.2 Resident Outcomes, Descriptions, Data Types and Sources
Variable
ACE inhibitor use
Hospitalization Status

Days of Hospitalization

Description
ACE inhibitor users or ACE
inhibitor non-users
Whether a resident was
hospitalized at least once during
the intended observation period
Days of hospitalization due to
heart failure during the intended
observation period

Data Type

Data Source

Categorical

Various

Categorical

COMPASS-21

Interval

COMPASS-21

ACE = Angiotensin-Converting Enzyme
COMPASS-21 = Texas Medicaid Management Information System for processing claims and encounters

For the regression analyses in Objectives 5 through 8, residents were classified as
ACE inhibitor users or non-users based on four different definitions of ACE inhibitor use.
The different definitions were used to account for the potential impact of ACE inhibitor
treatment duration on the relationships between characteristics and ACE inhibitor use, as
well as ACE inhibitor use and hospital utilization. These definitions included any ACE
inhibitor use, at least 50% ACE inhibitor use, at least 75% ACE inhibitor use, and 100%

294
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ACE inhibitor use. Any ACE inhibitor use referred to any evidence of ACE inhibitor use
during the observation period (described later). The other three definitions of ACE
inhibitor use were based on the proportion of the observation period during which the
residents were receiving ACE inhibitor therapy (i.e., at least 50% of the time, at least
75% of the time, or 100% of the time). Any ACE inhibitor use was used in the main
regression models for testing the hypotheses. The 50%, 75%, and 100% cut-off values
for ACE inhibitor use represented sensitivity analyses of the main regression models. For
the 100% cut-off value, all residents who received ACE inhibitor therapy less than 100%
of the observation period were excluded from the regression analyses for hospital
utilization.
Several assumptions or restrictions regarding ACE inhibitor therapy, facility stay,
and observation period were made. Residents who received ACE inhibitor therapy were
presumed to have received it continuously since it first was prescribed (i.e., the earliest
start date of ACE inhibitor therapy available in the resident’s clinical records) to the “last
seven days” of the drug therapy based on the date of LTCQR assessment. Facility stay
referred to the time period between the date of admission to the facility and date of
LTCQR assessment (inclusively). Observation period was defined as the 12 months
preceding each resident’s date of LTCQR assessment. This duration was chosen to be
consistent with other studies such as the Studies of Left Ventricular Dysfunction
(SOLVD) trial that had used this time length to examine morbidity and mortality
associated with ACE inhibitor therapy.295,296
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However, the sample residents had varying lengths of nursing home stay and
duration of ACE inhibitor therapy. The actual observation period for each resident was
the time period between the date of admission to the facility and date of LTCQR
assessment. The duration of ACE inhibitor therapy was the time period between the
earliest date for when the treatment was initiated and the date of LTCQR assessment.
Both facility stay and ACE inhibitor therapy duration were also adjusted to fall within the
12 months preceding the date of assessment to ensure that all data correspond to the
timeframe for the hospitalization data.
An example of the observation period calculation is shown in Figure 4.1. The
diagram shows that if the resident was assessed on April 20, 2004 and was admitted to
the facility on June 15, 2003, then the observation period was 10 months (Resident A).
On the other hand, if a resident was assessed on June 10, 2004 and was admitted to the
facility on January 15, 2003, the observation period was 12 months (Resident B). Note
that since the LTCQR sample was selected based on each resident’s most recent quarterly
MDS assessment submitted between September 1, 2003 and December 31, 2003, no
resident had an admission date after the MDS submission period.

296

The SOLVD Investigators. Effect of enalapril on survival in patients with reduced left ventricular
ejection fractions and congestive heart failure. New England Journal of Medicine 1991;325(5):293-302.
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Figure 4.1 An Example of Calculating the Observation Period
Date of LTCQR Assessment
(March 1, 2004 through
June 15, 2004)

Resident B

Resident A

Date of nursing home
admission

April 20, 2004

June 15, 2003

June 10, 2004

January 15, 2003

0

Months

12

The outcome variables for hospitalizations were measured as whether a resident
was hospitalized at least once during the observation period (i.e., hospitalization status)
and total number of hospitalization days during the observation period. In addition,
hospitalizations were distinguished between those due to any cause and those due to HF.
For the regression analyses of hospital utilization, an HF diagnosis was determined by the
ICD-9 code 428.0 for heart failure. Since hospitalization data were obtainable from the
COMPASS-21 database only for residents who were Medicaid beneficiaries, all nonMedicaid residents were excluded from the analyses for hospital utilization.

The

exclusion resulted in a subgroup of 169 residents who were Medicaid recipients and had
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an indication of whether they were hospitalized or not during the intended observation
period.

4.3.2. Physician and Facility Characteristics
Physician characteristics that were of interest for this study included: (1) age; (2)
gender; (3) primary practice; (4) medical director status; (5) geographical location of
primary practice; and (6) years of experience. Facility characteristics of interest were: (1)
facility size; (2) facility urban/rural location status; and (3) facility DADS-designated
administrative regions. All of the physician and facility characteristics, except for two
physician variables and a facility variable, are self-explanatory. They are described in
Table 4.3.
Physician age, physicians’ years of experience, and facility administrative region
warranted further explanation. While physician age was a continuous variable, it was
transformed into a dichotomous variable using an age of 50 years as the cut-off point in
order to test hypothesis 6.1. Similarly, physician years of experience was dichotomized
based on 10 years to test hypothesis 6.7. Previous studies had used these categories for
physician age and years of experience.297,298 Facility administrative regions were areas
where DADS had established regional offices. Texas nursing facilities were divided into
11 administrative regions, designated by numbers 1 through 11. Region designation was
indicated with a value of one if a facility was located in a particular region, and a zero if
not located in the region. In the regression analyses, Regions 9 (Midland) and 11 (El

297
298

Westert and Groenewegen, 1999, p. 173
Ranz et al., 1999, p. 1337

108

Paso) were combined because of the small number of residents represented in each
region. From the regional offices, quality consultants and surveyors were dispatched to
the facilities located in their respective regions to resolve quality issues.
As initially written, hypothesis H07.3 required 11 by 11 pair-wise comparisons of
the regions. However, such an analysis was not feasible as part of the multivariate
regression analyses for ACE inhibitor use and hospital utilization. Therefore, 10 separate
multiple regression models were conducted for administrative regions and any ACE
inhibitor use to help in selecting a reference group. Each of the 10 models included nine
regions as the independent variables, with the tenth being the reference group. In each
model, a different region was used as the reference group. Based on the results from the
10 region and ACE inhibitor use models, Region 4 (Tyler) was identified as the region
that differed significantly with the largest number of other regions in the proportion of
residents who were ACE inhibitor users (Table D-2 in Appendix). As such, Region 4
was determined to be the reference group in the full models for ACE inhibitor use and
hospital utilization.
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Table 4.3 Physician and Facility Characteristics, Descriptions, Data Types and
Sources
Variable
Physician
Age
Gender
Primary
Practice Type
Medical
Director Status
Location of
Primary
Practice
Years of
Experience
Facility
Facility size
Location Status
Administrative
Regions

Description

Data Type

Data
Source

Number of years; dichotomize as <50
years and 50 years old
Male or female
Internal medicine, family practice,
cardiology, other
Whether or not a physician is a medical
director
Rural or urban status of the physician’s
primary practice

Ordinal

TSBME

Categorical
Categorical

TSBME
TSBME

Categorical
Categorical

LTC
DataMart
TSBME

Years since graduation from medical
school; dichotomize as <10 years and
10 years ago

Ordinal

TSBME

Number of beds in the facility

Interval

Rural versus urban status of the
facility’s location
The 11 DADS-designated
administrative regions (i.e., facility
located in the region or not)

Categorical

LTC
DataMart
LTC
DataMart
LTC
DataMart

Categorical

TSBME = Texas State Board of Medical Examiners
LTC = Long-Term Care
DADS = Department of Aging and Disability Services

4.3.3. Long-Term Care Quality Review
The LTCQR began in 1999 when the 76th Texas legislature mandated an annual
quality review of resident care and services in long-term care facilities.299 The dual
purpose of the quality reviews is to “inform the state with regard to specific quality [of
care] issues…and the findings from this process serve as statewide performance
299

Cortes LL, Monroe DM, Morrow KA. A statewide assessment of quality of care, quality of life, and
consumer satisfaction – 2003.
http://mqa.dhs.state.tx.us/QMWeb/Reports/Final_2003_LTCQR_Report.pdf. Accessed March 9, 2003.
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benchmarks, as well as a record of quality improvement progress.”300

The quality

reviews include examining certain aspects of resident care such as use of physical
restraints, pain assessment, and use of medications. The quality reviews also included
asking residents or their families about their satisfaction with the care and services
provided by the facility.
The data for the LTCQR were collected by 12 contracted nurses who have
experience in long-term care and had been trained in data collection procedures for the
quality review specified by DADS. The nurses were trained in a one-day training session
by the contracting project manager, as well as DADS representatives. The quality review
nurses used resident assessment instruments developed by DADS to collect information
on 10 different clinical topics and consumer satisfaction and to collect medication
administration records and related treatment documents.301 Detailed instructions on how
to gather information for each item in the resident assessment tool were reviewed with
the quality review nurses during the training session. Copies of the tool and written
guidelines for data collection were also distributed to each quality review nurse at the end
of the session.

4.3.4. Minimum Data Set
Data from both the MDS and LTCQR assist DADS to identify quality issues and
to monitor the effectiveness of DADSmedical quality assurance and quality monitoring

300

Cortes LL. Medical Quality Assurance. http://mqa.dhs.state.tx.us/QMWeb/MQA.htm. Accessed
March 9, 2003.
301
Department of Aging and Disability Services (DADS). Long-term care quality review training manual
for quality review nurses – 2004.
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efforts. The Minimum Data Set (MDS) is a national database that contains information
on nursing facility residents.302

This data system resulted from one of the

recommendations made by the Institute of Medicine in their 1986 report on quality of
nursing home care. The MDS contains information on resident characteristics such as
residents’ ability to communicate, their functional and cognitive status, nutritional status,
and preference for care. It serves as a uniform resident assessment tool, which the federal
government uses to “improve [quality of long-term care] and reform the survey
process.”303 In addition, the MDS provides a way for various health professionals and
nursing home staff to communicate about resident care.
Each Medicare- and/or Medicaid-certified nursing facility must perform a
“comprehensive, accurate, standardized, reproducible assessment of each resident’s
functional capacities” using the MDS.304 The facility must perform an MDS assessment
when the resident is admitted to the facility, quarterly, annually, and whenever the
resident has a significant change in clinical status. For this study, the most recent
quarterly MDS assessment that best corresponded to the date of resident assessment in
the LTCQR was used. These resident assessments occurred between March 1, 2004 and
June 15, 2004.

302

Morris JN, Hawes C, Fries BE, Phillips CD, Mor V, Katz S, Murphy K, Drugovich ML, Friedlob AS.
Designing the national resident assessment instrument for nursing homes. Gerontologist 1990;30(3):293302.
303
Morris et al., 1990, p. 294
304
Morris et al., 1990, p. 295
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4.4.

Analytical Models and Statistical Analysis Procedures
Data extraction and manipulation were performed using Microsoft ACCESS and

EXCEL in Office XP. Data analyses were conducted employing SPSS software, Version
12. Statistical analyses included both descriptive and inferential analyses depending on
the nature of the question(s) that each objective addressed. Objectives 1 to 4 involved
descriptive analyses. No analytical models were required for these objectives.
The remaining objectives required multivariate regression models and variations
of the models for sensitivity analyses. (The analytical procedures are described below for
each objective.) Objectives 5 to 7 required a multivariate logistic regression model for
each set of characteristics (i.e., residents, physicians, and facilities), referred to as a block
model; and one that included all three sets of characteristics, referred to as a full model.
Objective 8 required a multivariate logistic regression model and a multiple linear
regression model, each including the aforementioned characteristics as covariates, for
examining the relationships between ACE inhibitor use and number of hospitalizations
and days of hospitalization.

4.4.1. Objective 1 – Resident Characteristics
Characteristics of residents with heart failure were described as either frequencies
and percentages or means and standard deviations. Resident characteristics were also
compared between residents who received ACE inhibitor therapy and those did not.
Specifically, frequencies and percentages were calculated for all categorical variables
such as gender, ethnicity, end-of-life request, and advance care planning. For continuous
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variables such as age, number of medications, number of selected co-morbidities,
cognitive status, and physical function, means and standard deviations were calculated.
For comparisons of characteristics between ACE inhibitor uses and non-users, t-tests
were used for continuous variables and chi-square tests were used for categorical
variables.

4.4.2. Objective 2 – Physician Characteristics
Characteristics of physicians who cared for sample residents were presented either
as frequencies and percentages or means and standard deviations.

Physician

characteristics were also compared for residents who were ACE inhibitor users and those
who were non-users. Physician gender, specialty, medical director status, and location of
primary practice were presented as frequencies and percentages. Physician age and years
of experience were calculated as means and standard deviations and were dichotomized
for regression analyses. Physicians were categorized into two groups: those younger than
50 years and those greater than or equal to 50 years old. Physicians who graduated from
medical school in the last 10 years were categorized as recent graduates.

For

comparisons of characteristics between ACE inhibitor uses and non-users, t-tests were
used for continuous variables and chi-square tests were used for categorical variables.

4.4.3. Objective 3 – Facility Characteristics
Characteristics of nursing facilities in which sample residents resided were
presented as either frequencies and percentages or means and standard deviations. In
addition, facility characteristics were compared between residents who were ACE
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inhibitor users and non-users.

Urban/rural status and DADS administrative region

designation of the facility were presented as frequencies and percentages. Facility size
was presented as a mean and standard deviation. For comparisons of characteristics
between ACE inhibitor uses and non-users, t-tests were used for continuous variables and
chi-square tests were used for categorical variables.

4.4.4. Objective 4 – Prevalence and Patterns of Heart Failure Drug Therapies
Patterns of heart failure drug therapies were presented as frequencies and
percentages of residents receiving diuretics, digitalis, ACE inhibitors, beta-blockers, an
aldosterone antagonist, and angiotensin II receptor blockers. Overall use of each major
drug therapy, use of each major drug therapy alone, and use of the major drug therapies
in combination were included in the calculations. In particular, use patterns of various
combinations of diuretics, digoxin, ACE inhibitors, and beta-blockers were examined.
Patterns of heart failure pharmacologic treatment were also compared between ACE
inhibitor users and non-users.

4.4.5. Objective 5 – Resident Characteristics and ACE Inhibitor Use
Objective 5 examined the relationships between resident characteristics and ACE
inhibitor use. The analytical model and statistical procedures for this objective are
described below.

115

4.4.5.1.

Analytical Model

Figure 4.2 depicts the general relationships shown in Model 5. In the model,
ACE inhibitor use was defined as any evidence of ACE inhibitor use during the
observation period. In addition, sensitivity analyses were conducted using three different
values representing the proportion of the length of the observation period during which a
resident was receiving ACE inhibitor therapy. A resident was classified as an ACE
inhibitor user if the resident had been receiving ACE inhibitor therapy 50%, 75%, or
100% of the length of the observation period.
Figure 4.2 General Model for Resident Characteristics and ACE Inhibitor Use

Resident
Characteristics

ACE inhibitor
use

The general equation for the logistic regression model of this objective was:
g(x) =

0

•

+

1 1

+

2 2

+

3 3

+…

n n,

where

g(x) = log of odds that Y=1 (evidence of ACE inhibitor use, defined in
“Analytical Models”)

•

0

•

1,

2,

3… n

= odds ratio of independent variables

•

1,

2,

3… n

= resident, physician, and facility characteristics.

= log of odds that Y=1 without consideration to independent variables
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1,

2,

3… n

Model 5:
ACE inhibitor use =
(NDISEASE) +

0

+

6 (ADL)

1

+

(RAGE) +
7 (CPS)

+

2

(RMALE) +

8 (EOL)

+

3

(WHITE) +

9 (ACP),

4

(NMEDS) +

5

where

•

RAGE = resident age

•

RMALE = 1 if the resident was male, or if the resident was female RMALE = 0

•

WHITE = 1 if the resident was of white race/ethnicity, otherwise, WHITE = 0

•

NMEDS = number of medications

•

NDISEASE = number of cardiovascular diseases other than heart failure

•

ADL = Activities of Daily Living score

•

CPS = Cognitive Performance Scale score

•

EOL = 1 if the resident had indicated end-of-life care preference, otherwise EOL
=0

•

ACP = 1 if the resident had documented advance care planning, otherwise ACP =
0

4.4.5.2.

Statistical Procedures

Relationships between resident characteristics and ACE inhibitor use were
examined using block models, full models, and variations of those models based on the
cut-off values for ACE inhibitor use. The analyses were performed as follows:
1. A multivariate logistic regression model that included only resident
characteristics as independent variables and any ACE inhibitor use as the
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dependent variable (i.e., the block model) was used to determine the
relationships without controlling for physician and facility characteristics.
2. Three block models similar to the one in #1, except the dependent variables
were 50% ACE inhibitor use, 75% ACE inhibitor use, and 100% ACE
inhibitor use, were used for sensitivity analyses.
3. A multivariate logistic regression model that included all resident, physician,
and facility characteristics as the independent variables and any ACE inhibitor
use as the dependent variable (i.e., the full model) was used for the hypothesis
tests.
4. Three full models similar to the one in #3, except the dependent variables
were 50% ACE inhibitor use, 75% ACE inhibitor use, and 100% ACE
inhibitor use, were used for sensitivity analyses.
5. The block models were compared to the full models to determine the effects
controlling for physician and facility characteristics.
6. Significant results for block models were determined using an alpha level of
0.05 or less and full models were based on an alpha level of 0.01. An alpha
level of 0.01 was chosen to reduce the likelihood of type 1 error because
multiple hypotheses were tested in this study.305
The specific statistical tests for each hypothesis required for this objective are listed in
Table 4.4.

305

Polit and Hungler, 1999, pp. 492, 494, 496
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Table 4.4 A Summary of Hypothesis Tests for Objective 5
Hypothesis
H5.1: Younger residents were more likely than
older residents to have received an ACE
inhibitor.
Ho5.2:There was no difference between female
and male residents in the likelihood of having
received an ACE inhibitor.
Ho5.3:There was no difference between white
residents and residents belonging to other ethnic
groups in the likelihood of having received an
ACE inhibitor.
H5.4: Residents who used a larger number of
medications were more likely than residents who
used fewer medications to have received an ACE
inhibitor.
H5.5: Residents with a larger number of
concomitant conditions were more likely than
residents who had fewer concomitant conditions
to have received an ACE inhibitor.
H5.6: Residents with less physical impairment
were more likely than residents with greater
physical impairment to have received an ACE
inhibitor.
H5.7: Residents with less cognitive impairment
were more likely than residents with greater
cognitive impairment to have received an ACE
inhibitor.
Ho5.8: There was no difference between
residents who had requested end-of-life care and
residents who had not requested end-of-life care
in the likelihood of having received an ACE
inhibitor.
Ho5.9: There was no difference between
residents who had advance care planning and
residents who did not have advance care
planning in the likelihood of having received an
ACE inhibitor.

Independent
Variable

Dependent
Variable

Statistical
Test*

Age

ACE
inhibitor use

Logistic
regression

Gender

ACE
inhibitor use

Logistic
regression

Race/
Ethnicity

ACE
inhibitor use

Logistic
regression

Number of
medications

ACE
inhibitor use

Logistic
regression

Number of
diseases

ACE
inhibitor use

Logistic
regression

Physical
function score

ACE
inhibitor use

Logistic
regression

Cognitive
function score

ACE
inhibitor use

Logistic
regression

EOL
preference

ACE
inhibitor use

Logistic
regression

ACP status

ACE
inhibitor use

Logistic
regression

* For the hypotheses listed in the table above, multivariate logistic regression was used to determine the
relationship between each resident characteristic and ACE inhibitor use, controlling for all other resident
variables, as well as physician and facility characteristics.
ACE = Angiotensin-Converting Enzyme; EOL = End-of-Life
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4.4.6. Objective 6
Objective 6 examined the relationships between physician characteristics and
ACE inhibitor use. The analytical model and statistical procedures for this objective are
described below.

4.4.6.1.

Analytical Model

Figure 4.3 depicts the general relationships shown in Model 6. For the model,
ACE inhibitor use was defined as any evidence of ACE inhibitor use during the
observation period. In addition, sensitivity analyses were conducted using three different
values representing the proportion of the length of the observation period during which a
resident was receiving ACE inhibitor therapy. A resident was classified as an ACE
inhibitor user if the resident had been receiving ACE inhibitor therapy 50%, 75%, or
100% of the length of the observation period.
Figure 4.3 General Model for Physician Characteristics and ACE inhibitor Use

Physician
Characteristics

ACE inhibitor
use

The general equation for the logistic regression model of this objective was similar to that
for Objective 5.

120

Model 6:
ACE inhibitor use =
(MD) +

0

7 (PURBAN)

+
+

1 (PAGE)

+

8 (RECENT),

2 (PMALE)

+

3 (IM)

+

4 (GP)

+

5 (Other)

+

6

where

•

PAGE = physician age

•

PMALE = 1 if the physician was male, or if the physician was female PMALE =
0

•

IM = 1 if a physician’s primary practice was internal medicine, otherwise IM = 0,

•

GP = 1 if a physician’s primary practice was general practice, otherwise GP = 0,

•

Other = 1 if a physician’s primary practice was other specialties, otherwise Other
= 0; family practice was chosen as the reference group based on results from
regression analyses of physician specialty and any ACE inhibitor use (Table D-1
in Appendix)

•

MD = 1 if a physician was a medical director of at least one nursing facility,
otherwise MD = 0

•

PURBAN = 1 if a physician’s primary practice was located in an urban area,
otherwise PURBAN = 0

•

RECENT = 1 if a physician graduated from medical school in the last 10 years,
otherwise RECENT = 0

4.4.6.2.

Statistical Procedures

Relationships between physician characteristics and ACE inhibitor use were
examined using block models, full models, and variations of those models based on the
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cut-off values for ACE inhibitor use. The analytical procedures were similar to the steps
described for Objective 5 (4.5.5.2). The specific statistical tests for each hypothesis
required for this objective are listed in Table 4.5.
Table 4.5 A Summary of Hypothesis Tests for Objective 6
Independent
Variable

Dependent
Variable

Statistical
Test*

Physician age

Resident’s
use of ACE
inhibitor

Logistic
regression

Physician
gender

Resident’s
use of ACE
inhibitor

Logistic
regression

Physician
specialty

Resident’s
use of ACE
inhibitor

Logistic
regression

Medical
director status

Resident’s
use of ACE
inhibitor

Logistic
regression

Physician’s
primary
practice
location

Resident’s
use of ACE
inhibitor

Logistic
regression

Years of
experience

Resident’s
use of ACE
inhibitor

Logistic
regression

Hypothesis
H6.1: Residents whose physicians were less
than 50 years old were more likely than
residents whose physicians were 50 years and
older to have received an ACE inhibitor.
Ho6.2: There was no difference between
residents whose physicians were men and
residents whose physicians were women in the
likelihood of having received an ACE inhibitor.
Ho6.3: There were no differences among
residents whose physicians were in family
practice versus those in internal medicine,
general practice, and other specialties in the
likelihood of having received an ACE inhibitor.
H6.4: Residents whose physicians were medical
directors of the facilities in which they resided
were more likely than residents whose
physicians were not medical directors in the
facilities in which they resided to have received
an ACE inhibitor.
H6.5: Residents whose physicians practiced in
urban areas were more likely than residents
whose physicians practiced in rural areas to
have received an ACE inhibitor.
H6.6: Residents whose physicians had
graduated from medical school within the last
10 years were more likely than residents whose
physicians had graduated more than 10 years
ago to have received an ACE inhibitor.

* For the hypotheses listed in the table above, multivariate logistic regression was used to determine the
relationship between each physician characteristic and ACE inhibitor use, controlling for all other
physician variables, as well as resident and facility characteristics.
ACE = Angiotensin-Converting Enzyme
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4.4.7. Objective 7
Objective 7 examined the relationships between facility bed size, location and
ACE inhibitor use. The analytical model and statistical procedures for this objective are
described below.

4.4.7.1.

Analytical Model

Figure 4.4 depicts the general relationships shown in Model 7. For the model,
ACE inhibitor use was defined as any evidence of ACE inhibitor use during the
observation period. In addition, sensitivity analyses were conducted using three different
values representing the proportion of the length of the observation period during which a
resident was receiving ACE inhibitor therapy. A resident was classified as an ACE
inhibitor user if the resident had been receiving ACE inhibitor therapy 50%, 75%, or
100% of the length of the observation period.
Figure 4.4 General Model for Facility Characteristics and ACE Inhibitor Use

Facility
Characteristics

ACE inhibitor
use

The general equation for the logistic regression model of this objective was similar to that
for Objective 5.
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Model 7:
ACE inhibitor use =
+

5 (REGION3)

10 (REGION9),

+

0

+

1

(FSIZE) +

6 (REGION5)

+

2

(FURBAN) +

7 (REGION6)

+

3

(REGION1) +

8 (REGION7)

+

4

(REGION2)

9 (REGION8)

+

where

•

FSIZE = number of beds in the facility

•

FURBAN= 1 if the facility was located in an urban area, otherwise FURBAN = 0

•

REGION1 was dummy-coded as 1 if the facility was located in that region and 0
otherwise and similarly for other regions; Region 10 was recoded as Region 9
because of low frequency and proximity of those regions.
Region 4 was chosen as the reference group based on results from 10
separate multiple regression models conducted for administrative regions and any
ACE inhibitor use. The criterion for reference group selection was the region that
differed significantly from the largest number of other regions in the proportion of
residents who were ACE inhibitor users (Table D-2 in Appendix).

4.4.7.2.

Statistical Procedures

Relationships between facility characteristics and ACE inhibitor use were
examined using block models, full models, and variations of those models based on the
cut-off values for ACE inhibitor use. The analytical procedures were similar to the steps
described for Objective 5 (4.5.5.2). The specific statistical tests for each hypothesis
required for this objective are listed in Table 4.6.
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Table 4.6 A Summary of Hypothesis Tests for Objective 7
Independent
Variable

Dependent
Variable

Statistical
Test

Facility size

Resident’s
use of ACE
inhibitor

Logistic
regression

Facility
rural/urban
status

Resident’s
use of ACE
inhibitor

Logistic
regression

Facility
administrative
region

Resident’s
use of ACE
inhibitor

Logistic
regression

Hypothesis
Ho7.1:The size of facilities (i.e., number of
beds) in which residents resided was not
associated with the likelihood of a resident’s
having received an ACE inhibitor.
H7.2: Residents who had lived in facilities
located in urban areas were more likely than
residents who had lived in facilities located
in rural areas to have received an ACE
inhibitor.
Ho7.3:There were no differences among
residents who lived in facilities located in
the 11 DADS-designated administrative
regions in the likelihood of having received
an ACE inhibitor.¥

* For the hypotheses listed in the table above, multivariate logistic regression was used to determine the
relationship between each facility characteristic and ACE inhibitor use, controlling for all other facility
variables, as well as physician and resident characteristics.
ACE = Angiotensin-Converting Enzyme
DADS = Department of Aging and Disability Services

4.4.8. Objective 8
This objective examined the relationships between ACE inhibitor use and
hospitalization status and days of hospitalization. The analytical models and statistical
procedures for this objective are described below.

4.4.8.1.

Analytical Models

Figure 4.5 depicts the relationships for Models 8.1 and 8.2. For the models, ACE
inhibitor use was defined as any evidence of ACE inhibitor use during the observation
period. In addition, sensitivity analyses were conducted using three different values
representing the proportion of the length of the observation period during which a
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resident was receiving ACE inhibitor therapy. A resident was classified as an ACE
inhibitor user if the resident had been receiving ACE inhibitor therapy at least 50%, 75%,
or 100% of the length of the observation period. For the 100% cut-off value, residents
who received ACE inhibitor therapy less than 100% of the observation period were
excluded from analyses for this objective. The regression analyses for this objective were
conducted using only residents who were Medicaid beneficiaries.
Figure 4.5 General Model for ACE Inhibitor Use and Resident Outcomes
Resident outcomes:
Hospitalization status
Days of hospitalization

ACE inhibitor use

Resident, physician, and
facility characteristics

Model 8.1:
Hospitalization status =

0

+

[Physician Characteristics] +

1

(ACE inhibitor use) +

4j [Facility

2j

[Resident Characteristics] +

Characteristics] +

3j

5 (OP)

Model 8.2:
Days of hospitalization =

0

+

[Physician Characteristics] +

1 (ACE

inhibitor use) +

4j [Facility

2j [Resident

Characteristics] +
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5 (OP)

Characteristics] +

3j

For the multiple regression models above, all three sets of characteristics were
included in the models as covariates. In addition, the length of the observation period
(OP) was used as a covariate in both models.

4.4.8.2.

Statistical Procedures

Multiple regression models were used to explore the relationships between ACE
inhibitor use and hospitalization status (i.e., hospitalized at least once or not) and days of
hospitalization controlling for resident, physician, and facility characteristics.

In

addition, sensitivity analyses were conducted for both models using the cut-off values for
ACE inhibitor use. The analyses for this objective were performed as follows:
1. A multivariate logistic regression model that included all characteristics and
any ACE inhibitor use as independent variables and hospitalization status as
the dependent variable was used (full model).
2. Three full models similar to the one in #1, except that the cut-off values of
50%, 75%, and 100% were used for the independent variable ACE inhibitor
use in the sensitivity analyses.
3. A multiple linear regression model that included all characteristics, any ACE
inhibitor use, and the length of the observation period as the independent
variables and days of hospitalization as the dependent variable was used (full
model).
4. Three full models similar to the one in #3, except that the cut-off values of
50%, 75%, and 100% were used for the independent variable ACE inhibitor
use in the sensitivity analyses.
127

5. Results from the full models (i.e., any ACE inhibitor use) were used to
determine whether each hypothesis was rejected or not.
6. Significant results for full models were based on an alpha level of 0.01.
The specific statistical tests for each hypothesis required for this objective are listed in
Table 4.7.
Table 4.7 A Summary of Hypothesis Tests for Objective 8
Independent
Variable

Dependent
Variable

Statistical
Test

ACE inhibitor
Use

Hospitalization
Status

Logistic
Regression

ACE inhibitor
Use

Days of
Hospitalization

Linear
Regression

Hypothesis
H8.1: Residents who received an ACE inhibitor
had lower odds of being hospitalized at least
once during the observation period than
residents who did not received an ACE
inhibitor.
H8.2: Residents who received an ACE inhibitor
had fewer days of hospitalization than residents
who did not receive an ACE inhibitor.

* For the hypotheses listed in the table above, multivariate regression models were used to determine the
relationship between ACE inhibitor use and the outcome variables, controlling for all resident, physician,
and facility characteristics.
ACE = Angiotensin-Converting Enzyme

4.5.

Power Analysis
Hypothesis testing required not only appropriate test statistics, but also adequate

sample size, appropriate level of significance, and sufficient power to detect meaningful
relationships between variables and differences in outcome variables.306 Power analysis
helps the researcher to determine whether a particular study has enough study participants
and power to obtainmeaningful results.

For this dissertation study, power analyses were

conducted for multivariate logistic regression and multiple regression models. Based on
306

Polit DF, Hungler BP. Chapter 8: Research designs for quantitative studies. In: Nursing research –
principles and methods – sixth edition. Eds. Polit DF, Hungler BP. Lippincott: Philadelphia, Pennsylvania.
1999, pp. 183-186.
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the LTCQR sample, an estimated sample size of 470 was used in this dissertation study.
Approximately a third of the sample was receiving an ACE inhibitor.
Given the fixed sample size and proportion of ACE inhibitor use, a small effect
size between 0.2 and 0.3 could be detected with 80% power at an alpha level of 0.01 for
beta coefficient estimates in the multiple regression models.307 An alpha level of 0.01
was chosen to reduce the likelihood of type 1 error because multiple hypotheses were
tested in this study.308 For the multivariate logistic regression models, an odds ratio of
<0.7 or >1.3 could be detected with an alpha level of 0.05 with a power of 80% and a
proportion of 0.3 ACE inhibitor users.309 This level of detection required a sample of at
least 360 residents, assuming that the correlation coefficient between any two covariates
was 0.4. The estimates above did not apply to analyses of hospitalization data.

307

Cohen J, Cohen P. Applied Multiple Regression/Correlation Analysis for the Behavioral Sciences – 2nd
Edition. Hillsdale, New Jersey: Lawrence Erlbaum Associates Publishers, 1983.
308
Polit and Hungler, 1999, pp. 492, 494, 496
309
Hsieh FY. Sample size tables for logistic regression. Statistics in Medicine 1989;8(1):795-802.
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5. RESULTS
This chapter presents findings for Objectives 1 through 8 as proposed in the
previous chapter. It is divided into three major sections: 1) descriptive analyses; 2)
bivariate analyses; and 3) regression analyses.

Section 1 describes findings for

Objectives 1 through 4. These objectives relate to the characteristics of nursing home
residents, characteristics of physicians who treated them, characteristics of facilities in
which the residents resided, and patterns of heart failure pharmacologic treatment. In
Section 2, results from bivariate analyses show whether there were differences in
resident, physician, and facility characteristics between ACE inhibitor users and nonACE inhibitor users. Finally, Section 3 presents results from regression analyses of
relationships between characteristics, ACE inhibitor use, and hospital utilization
hypothesized in Objectives 5 through 8. Subgroup and sensitivity analyses were also
performed to examine the influence of ACE inhibitor treatment duration on the
aforementioned relationships.
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5.1.

Descriptive Analyses
The sample for this study was obtained from the Long-Term Care Quality Review

(LTCQR). The LTCQR sample residents were assessed for quality of care and services
provided by Medicaid-certified Texas nursing facilities during the period March 1, 2004
through June 15, 2004. A total of 1,992 residents were assessed during the quality
review. Of these residents, 86.4% were aged 65 and older (n=1,722). The prevalence of
heart failure in the overall LTCQR sample was 23.5% (n=468) and in the elderly portion
the prevalence was 27.2% (n=468). A resident was considered to have heart failure if a
diagnosis of heart failure or congestive heart failure was listed on the medication
administration record or other documents that contained diagnoses information.
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5.1.1. Objective 1 – Resident Characteristics
The study sample consisted of elderly residents with heart failure (N=468) who
were primarily white female residents with an average age of 86.0 years (SD=8.0,
range=65 to 106) (Table 5.1). On average, the residents had 2.1 selected concomitant
conditions (SD=0.9, range=1 to 5) in addition to heart failure and were receiving 11.2
(SD=4.6, range=1 to 26) medications, including both scheduled and as-needed
prescriptions. In addition, only 7.3% (n=34) had requested palliative care or end-of-life
care and 86.5% (n=405) had advance care planning (ACP) as evidenced by ACP
documents such as do-not resuscitate orders. Approximately 30% of the elderly heart
failure residents received ACE inhibitor therapy (n=144).
In terms of functional status, the mean MDS ADL score representing physical
function was 9.5 (SD=5.2, range = 0 to 18) and the mean MDS CPS score for cognitive
function was 2.5 (SD=1.8, range = 0 to 6). For both scales, higher scores indicate more
severe functional impairment.
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Table 5.1 Description of Resident Characteristics for Overall Sample
Residents (N=468)
N (%)

Characteristic
Gender
Male
Female
Race/Ethnicity§
White
Hispanic
Black
End-of-Life Care
Yes
No
Advance Care Planning
Yes
No
ACE Inhibitor Users
Yes
No

115 (24.6)
353 (75.4)
380 (81.2)
46 (9.8)
40 (8.5)
34 (7.3)
434 (92.7)
405 (86.5)
63 (13.5)
144 (30.8)
324 (69.2)
Mean (SD)
9.5 (5.2)
2.5 (1.8)
Mean (SD)
86.0 (8.0)
11.2 (4.6)
2.1 (0.9)

Physical Functiona
Cognitive Functionb
Age
Number of Medications
Number of Co-morbiditiesc

ACE = Angiotensin-Converting Enzyme; SD = Standard Deviation
§ Two residents did not have information on race/ethnicity.
a. Physical function was measured using the Minimum Data Set (MDS) Activities of Daily Living
(ADL) Performance Scale, which consisted of four items: personal hygiene, toileting, eating, and
locomotion. The MDS ADL score ranged from 0 where the resident could perform all four ADLs
independently to 18 where the resident was totally dependent on nursing facility staff to perform all
four ADLs.
b. Cognitive function was measured by the MDS Cognitive Performance Scale (CPS), which consisted
of five items: comatose status, short-term memory, cognitive skills for decision making, making
oneself understood, and ability of a resident to self-feed. Scores for the CPS ranged from 0 where
the resident had intact cognition to 6 where the resident had very severe cognitive impairment.
c. Includes atrial fibrillation, cerebrovascular accident, chronic obstructive pulmonary diseases
(COPD), diabetes mellitus, hypertension, peripheral vascular disease, and deep vein thrombosis.
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5.1.2. Objective 2 – Physician Characteristics
In general, physicians (n=370) who cared for the sample residents were male
(88.4%, n=327), had an average age of 51.2 years (SD=10.7), and had been practicing for
an average of 23.8 years (SD=10.9) (Table 5.2). The majority of physicians were family
practice physicians (47.3%, n=175), followed by internal medicine physicians (39.7%,
n=147), and general practitioners (5.4%, n=20). Half of the physicians were medical
directors (50.5%, n=187), and most practiced in an urban location (65.9%, n=244). The
majority of the physicians graduated from medical school more than 10 years ago
(88.4%, n=327). The physician characteristics based on residents as the unit of analysis
were similar to those based on physicians as the unit of analysis (Table 5.2).

134

Table 5.2 Physician Characteristics – Physicians and Residents as Unit of Analysis
Characteristic
Gender
Male
Female
Specialty
Family Practice
Internal Medicine
General Practice
Other*
Medical Director
Yes
No
Location of Primary Practice§
Urban
Rural
Recent Graduate¥
Yes
No
Age
Years of Experience in practice

Physicians (N=370)a
N (%)

Residents (N=468)b
N (%)

327 (88.4)
43 (11.6)

419 (89.5)
49 (10.5)

175 (47.3)
147 (39.7)
20 (5.4)
28 (7.6)

217 (46.4)
192 (41.0)
26 (5.6)
33 (7.0)

187 (50.5)
183 (49.5)

258 (55.1)
210 (44.9)

244 (65.9)
124 (33.5)

327 (70.2)
139 (29.8)

43
327
Mean
51.2
23.8

(11.6)
(88.4)
(SD)
(10.7)
(10.9)

52
416
Mean
51.0
23.7

(11.1)
(88.9)
(SD)
(10.7)
(10.9)

a. Based on physicians as the unit of analysis
b. Based on residents as the unit of analysis
* Includes unspecified, geriatrics, emergency medicine, cardiovascular diseases, pulmonary diseases,
gastroenterology, general surgery, hematology, nephrology, neurology, psychiatry, radiology, physical
medicine and rehabilitation, and thoracic surgery
§ Two residents did not have information on the urban/rural area of physician practice.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
SD = Standard Deviation
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5.1.3. Objective 3 – Facility Characteristics
Facilities in which sample residents resided (n=389) were located primarily in
regions that corresponded to the major cities in Texas and had more than 100 beds (Table
5.3). In particular, 21.1% (n=82) of the facilities were located in the Arlington region,
followed by 13.6% (n=53) in Austin, 12.6% (n=49) in Houston, 11.3% (n=44) each in the
San Antonio and Tyler regions. The nursing facilities had an average of 123.1 beds (SD
= 44.7, range = 38 to 297) with an average occupancy rate of 76.2% (SD = 15.9). The
facility characteristics based on residents as the unit of analysis were similar to those
based on facilities as the unit of analysis (Table 5.3).
Table 5.3 Facility Characteristics – Facilities and Residents as Unit of Analysis
Characteristic
Location Status
Urban
Rural
Administrative Regions
1 (Amarillo)
2 (Abilene)
3 (Arlington)
4 (Tyler)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland)
10 (El Paso)
11 (Corpus Christi)
Facility Size (Number of Beds)
Facility Occupancy Rate (%)

Facilities (N=389)a
N (%)
250 (64.3)
139 (35.7)
27
26
82
44
23
49
53
44
12
6
23
Mean
123.1
76.2

a. Based on facilities as the unit of analysis
b. Based on residents as the unit of analysis
SD = Standard Deviation
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(6.9)
(6.7)
(21.1)
(11.3)
(5.9)
(12.6)
(13.6)
(11.3)
(3.1)
(1.5)
(5.9)
(SD)
(44.7)
(15.9)

Residents (N=468)b
N (%)
317 (67.7)
151 (32.3)
31
29
98
53
26
63
68
55
14
6
25
Mean
129.4
77.2

(6.6)
(6.2)
(20.9)
(11.3)
(5.6)
(13.5)
(14.5)
(11.8)
(3.0)
(1.3)
(5.3)
(SD)
(47.6)
(15.8)

5.1.4. Objective 4 – Patterns of Heart Failure Pharmacologic Treatment
Based on the overall sample (N=468), 30.8% (n=144) of the residents received
ACE inhibitor treatment, 64.1% (n=300) received a loop diuretic, 28.8% (n=135)
received digoxin, 22.9% (n=107) received a beta-blocker, 7.5% (n=35) received a
potassium-sparing diuretic, and 5.3% (n=25) received an angiotensin II blocker, which is
considered an alternative therapy to ACE inhibitors (Table 5.4). In comparing the use of
aforementioned drugs between ACE inhibitor users and non-users, a greater proportion of
ACE inhibitor users than non-users received loop diuretics (70.1% versus 61.4%),
digoxin (31.2% versus 27.8%), and beta-blockers (27.0% versus 21.0%). On the other
hand, a greater proportion of non-users received potassium-sparing diuretics (i.e.,
spironolactone) (8.6% versus 4.9%) and angiotensin II blockers (6.5% versus 2.8%).
When examining monotherapy of heart failure drug therapy, 20.9% (n = 98) of
sample residents were treated with a loop diuretic only, primarily with furosemide, and
2.8% (n=13) with a beta blocker only. Residents receiving single heart failure drug
therapy were all non-ACE inhibitor users. Among the non-ACE inhibitor users (n=324),
6.5% (n=21) were treated with an angiotensin II blocker.
Regarding specific combinations of the heart failure drugs, 9.4% (n = 44) were
treated with a loop diuretic and an ACE inhibitor, 6.8% (n = 32) were treated with a loop
diuretic and digoxin, and 5.3% (n=25) were treated with a loop diuretic and a beta
blocker. Only 5.1% (n = 24) of the residents with heart failure were treated with a loop
diuretic, an ACE inhibitor, and a beta-blocker. Other treatment patterns show that 13.9%
(n = 65) of residents did not receive any of the aforementioned heart failure drug
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therapies. In addition, of the residents who received digoxin (n = 135), 43.0% (n = 58)
had a diagnosis of atrial fibrillation. Among residents who received a potassium-sparing
diuretic, in particular spironolactone (7.5%, n=35), 77.1% (n = 27) received it along with
a loop diuretic.
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Table 5.4 Patterns of Heart Failure Drug Therapy

Overall Use
Angiotensin-converting enzyme
inhibitors (ACEI)
Loop diuretics
Digitalis (Digoxin)
Beta-blockers (bb)
Potassium-sparing diuretics (k+ sparing)
Angiotensin II receptor blockers (ARBs)
Single Drugs
Loop diuretics
Digoxin
ACE inhibitors
ARBsa
Beta-blockers
K+ sparing diuretics
Drug Combinations
ACEinhibitor & Loop
ACE inhibitor, Loop, bb
ACE inhibitor, Loop, digoxin
ACE inhibitor & digoxin
ACE inhibitor, Loop, digoxin, bb
ACEinhibitor & bb
ACE inhibitor, digoxin, bb
Loop & digoxin
Loop & bb
Digoxin, k+ sparing, loop
Digoxin, bb, loop
Loop & k+ sparing
Loop & ang. II ant.
Digoxin & bb
Ang. II ant., bb, loop
Ang. II ant. & bb
Other
Digoxin and atrial fibrillationb

Overall
N (%)
N = 468

ACEI Users
N (%)
n = 144

Non-ACEI Users
N (%)
n = 324

144 (30.8)

144 (100.0)

300 (64.1)
135 (28.8)
107 (22.9)
35 (7.5)
25 (5.3)

101 (70.1)
45 (31.2)
39 (27.0)
7 (4.9)
4 (2.8)

199 (61.4)
90 (27.8)
68 (21.0)
28 (8.6)
21 (6.5)

98 (20.9)
28 (6.0)
21 (4.5)
21 (6.5)
13 (2.8)
5 (1.1)

----21 (14.6)
-------

98 (30.2)
28 (8.6)
--21 (6.5)
13 (4.0)
5 (1.5)

44
24
20
12
5
4
4
32
25
10
9
7
7
6
5
4

44 (30.6)
24 (16.7)
20 (13.9)
12 (8.3)
5 (3.5)
4 (2.8)
4 (2.8)
-------------------

--------------32
25
10
9
7
7
6
5
4

(9.4)
(5.1)
(4.3)
(2.6)
(1.1)
(0.8)
(0.8)
(6.8)
(5.3)
(2.1)
(1.9)
(1.5)
(1.5)
(1.3)
(1.1)
(0.8)

58 (43.0)

---

---

(9.9)
(7.7)
(3.1)
(2.8)
(2.2)
(2.2)
(1.8)
(1.5)
(1.2)

---

Note: The categories are mutually exclusive. Not all categories were included because of low use rates.
a. This number includes residents who were receiving angiotensin II receptor blockers but not ACE
inhibitors. The percent was derived by dividing the number of residents receiving an angiotensin II
receptor blocker by the number of residents not receiving an ACE inhibitor (n = 324).
b. The percent was derived by dividing the number of residents receiving digoxin and having a
diagnosis of atrial fibrillation by the number of residents receiving digoxin.
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5.2.

Bivariate Analyses
Bivariate analyses were performed to determine whether there were any

differences with respect to resident, physician, and facility characteristics between
residents who received an ACE inhibitor and residents who did not. T-tests and chisquare tests were used to compare the characteristics between ACE inhibitor users and
non-ACE inhibitor users. T-tests were used for continuous dependent variables and chisquare tests were used for categorical dependent variables. All significance results were
based on two-tailed tests and p 0.05. These analyses were performed for comparison
purposes only and not for hypotheses testing.

5.2.1. Resident Characteristics and ACE Inhibitor Use
There were no statistically significant differences between residents who were
ACE inhibitor users and residents who were not ACE inhibitor users with respect to
gender, race/ethnicity, age, physical function, cognitive function, and number of comorbidities. However, the two groups of residents differed with respect to end-of-life
care (or palliative care) request, presence of advance care planning, and number of
medications (Table 5.5). A smaller proportion of ACE inhibitor users than non-ACE
inhibitor users had palliative care requests (2.8% versus 9.3%, p = 0.012). Similarly, a
smaller proportion of ACE inhibitor users compared to non-ACE inhibitor users had
advance care planning (79.2% versus 89.8%, p=0.003). ACE inhibitor users also had a
larger mean number of medications than non-ACE inhibitor users (11.9 versus 10.9,
p=0.023).

140

Table 5.5 Comparison of Resident Characteristics Based on ACE Inhibitor Use

Characteristic
Gender
Male
Female
Race/Ethnicity§
White
Black
Hispanic
End-of-Life Care
Yes
No
Advance Care Planning
Yes
No
Age (years)
Physical Functiona
Cognitive Functionb
Number of Co-morbiditiesc
Number of Medications

ACEI Users
(n=144)
N (%)

Non-ACEI Users
(n=324)
N (%)

p-value

36 (25.0)
108 (75.0)

79 (24.4)
245 (75.6)

0.908

111 (77.1)
15 (10.4)
18 (12.5)

269 (83.5)
31 (9.6)
22 (6.8)

0.131

4 (2.8)
140 (97.2)

30 (9.3)
294 (90.7)

0.012*

114
30
Mean
85.3
8.9
2.3
2.2
11.9

(79.2)
(20.8)
(SD)
(8.1)
(5.1)
(1.7)
(1.0)
(4.7)

291
33
Mean
86.3
9.8
2.5
2.0
10.9

(89.8)
(10.2)
(SD)
(8.0)
(5.2)
(1.8)
(0.9)
(4.6)

0.003*
p-value
0.208
0.081
0.229
0.051
0.023*

ACEI = Angiotensin-Converting Enzyme Inhibitor; SD = Standard Deviation
§ Two residents did not have information on race/ethnicity.
a. Physical function was measured using the Minimum Data Set (MDS) Activities of Daily Living (ADL)
Performance Scale. The MDS ADL score ranged from 0 where the resident could perform all four
ADLs independently to 18 where the resident was totally dependent on nursing facility staff to perform
all four ADLs.
b. Cognitive function was measured by the MDS Cognitive Performance Scale (CPS). Scores for the
CPS ranged from 0 where the resident had intact cognition to 6 where the resident had very severe
cognitive impairment.
c. Includes atrial fibrillation, cerebrovascular accident, chronic obstructive pulmonary diseases (COPD),
diabetes mellitus, hypertension, peripheral vascular disease, and deep vein thrombosis.
* p 0.05
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5.2.2. Physician Characteristics and ACE Inhibitor Use
Characteristics of the physicians treating each resident were compared based on
whether or not the resident received ACE inhibitor therapy. Physician characteristics for
those two groups were not significantly different (Table 5.6).
Table 5.6 Physician Characteristics Based on Their Patients’ ACE Inhibitor Use

Characteristic
Gender
Male
Female
Specialty
Family Practice
Internal Medicine
General Practice
Other¤
Medical Director
Yes
No
Location of Primary Practice§
Urban
Rural
Recent Graduate¥
Yes
No
Age (years)
Years of Experience in Practice

ACEI Users
(n=144)
N (%)

Non-ACEI Users
(n=324)
N (%)

p-value

131 (91.0)
13 (9.0)

288 (88.9)
36 (11.1)

0.624

66 (45.8)
65 (45.1)
7 (4.9)
6 (4.2)

151 (46.6)
127 (39.2)
19 (5.9)
27 (8.3)

0.290

74 (51.4)
70 (48.6)

184 (56.8)
140 (43.2)

0.314

98 (68.0)
45 (31.2)

229 (70.7)
94 (29.0)

13 (9.0)
131 (91.0)
Mean (SD)
52.0 (11.1)
24.9 (11.4)

39
285
Mean
50.6
23.3

(12.0)
(88.0)
(SD)
(10.5)
(10.6)

0.661
0.426
p-value
0.177
0.114

ACEI = Angiotensin-Converting Enzyme Inhibitor; SD = Standard Deviation
§ Two residents did not have information on the urban/rural area of physician practice.
¤ Includes unspecified, geriatrics, emergency medicine, cardiovascular diseases, pulmonary diseases,
gastroenterology, general surgery, hematology, nephrology, neurology, psychiatry, radiology, physical
medicine and rehabilitation, and thoracic surgery
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* p 0.05
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5.2.3. Facility Characteristics and Residents’ ACE Inhibitor Use
Characteristics of the facilities in which each resident resided were compared
based on whether or not the resident received ACE inhibitor therapy.

Facility

characteristics for those two groups were not significantly different (Table 5.7).
Table 5.7 Facility Characteristics Based on Residents’ ACE Inhibitor Use

Characteristic
Location Status
Urban
Rural
Administrative Regions
1 (Amarillo)
2 (Abilene)
3 (Arlington)
4 (Tyler)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland and El Paso)
11 (Corpus Christi)
Facility Size (Total Beds)
Facility Stay (Months)

ACEI Users
(n=144)
N (%)
96 (66.7)
48 (33.3)
7
8
29
24
9
13
24
14
8
8
Mean
132.7
24.7

(4.9)
(5.5)
(20.1)
(16.7)
(6.2)
(9.0)
(16.7)
(9.7)
(5.5)
(5.5)
(SD)
(50.2)
(25.9)

Non-ACEI Users
(n=324)
N (%)
221 (68.2)
103 (31.8)
24
21
69
29
17
50
44
41
12
17
Mean
127.9
22.6

ACE
I = Angiotensin-Converting Enzyme Inhibitor; SD = Standard Deviation
* p 0.05
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(7.4)
(6.5)
(21.3)
(8.9)
(5.2)
(15.4)
(13.6)
(12.6)
(8.3)
(5.2)
(SD)
(46.3)
(22.0)

p-value
0.749

0.227

p-value
0.310
0.389

5.3.

Regression Analyses
Multivariate regression models were used to examine the relationships between

resident, physician, and facility characteristics and residents’ use of ACE inhibitors as
hypothesized in Objectives 5 through 7.

In addition, controlling for all of the

aforementioned characteristics, the relationships between residents’ use of ACE
inhibitors and hospitalization status and days of hospitalization as hypothesized in
Objective 8 were examined. Because of the varying lengths of residents’ ACE inhibitor
therapy and residents’ facility stay, subgroup analyses and sensitivity analyses were also
conducted. Furthermore, analyses using the length of observation period as a covariate
were performed for regression models examining ACE inhibitor use, hospitalization
status, and days of hospital admissions.

5.3.1. Proportions of ACE Inhibitor Users for Sensitivity Analyses
To examine the influence of duration of ACE inhibitor therapy, regression
analyses were conducted using three cut-off values to classify residents as ACE inhibitor
users or non-users.

Residents were classified as ACE inhibitor users if they were

receiving ACE inhibitor therapy: (1) during at least 50% of the observation period; (2)
during at least 75% of the observation period; and (3) 100% of the observation period.
Sensitivity analyses using these cut-off values were performed for resident, physician,
and facility block models (Objectives 5 through 7), full ACE inhibitor use models that
included all of the aforementioned characteristics (Objectives 5 through 7), and full
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hospital utilization models that included all characteristics and ACE inhibitor use
(Objective 8).
Of the overall sample, 19.7% (n=92) were classified as an ACE inhibitor user if
they had been receiving the treatment during at least 50% of the observation period.
Similarly, 17.1% (n=80) of all residents were classified as an ACE inhibitor user if they
had been receiving the treatment during at least 75% of the observation period, and
15.0% (n=70) if they had been receiving the treatment during 100% of the observation
period (Table 5.8).
Table 5.8 Proportion of Observation Period Treated With ACE Inhibitors
Any use of ACE inhibitor during the observation period
At least 50% of observation period on ACE inhibitor therapy
At least 75% of observation period on ACE inhibitor therapy
100% of observation period on ACE inhibitor therapy
ACE = Angiotensin-Converting Enzyme
* All numbers divided by overall sample (N=468).
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N
144
92
80
70

(%)*
(30.8)
(19.7)
(17.1)
(15.0)

5.3.2. Objective 5 – Resident Characteristics and ACE Inhibitor Use
The relationships between resident characteristics and ACE inhibitor use were
examined using both a block model and a full model. However, only results from the full
model were used for hypothesis testing. The block model included the group of resident
characteristics of interest in this study as independent variables and whether a resident
was an ACE inhibitor user or non-user for any length of time as the dependent variable.
The full model consisted of all resident, physician, and facility characteristics of interest
as independent variables and residents’ ACE inhibitor use status as the dependent
variable. In addition, sensitivity analyses were performed for the block model and full
model using 50%, 75%, and 100% cut-off values for classification of ACE inhibitor use
status.

5.3.2.1.

Block Model and Sensitivity Analyses

The resident characteristics only model (Table 5.9) showed several factors to be
significantly associated with ACE inhibitor therapy. These factors included residents
who had requested end-of-life care (OR = 0.322, 95% CI = 0.108 – 0.958, p=0.042), had
advance care planning documents (OR = 0.497, 95% CI = 0.282 – 0.876, p=0.016), and
number of selected concurrent conditions that a resident had (OR = 1.417, 95% CI =
1.160 – 1.731, p=0.001), controlling for all other resident characteristics.
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Table 5.9 Resident Characteristics and Any ACE Inhibitor Use – Regression Results
Variable
Constant
Age (years)
Male
White Race
End-of-Life Care
Advance Care
Planning
Physical Functiona
Cognitive Functiona
No. of Selected
Conditions
No. of Medications

Coefficients

0.401
0.729
0.696
0.090
0.042
0.016

Odds
Ratio
0.319
1.005
0.907
0.635
0.322
0.497

0.977-1.033
0.554-1.483
0.376-1.073
0.108-0.958
0.282-0.876

0.026 2.872
0.077 0.677
0.102 11.623

0.090
0.410
0.001

0.958
1.065
1.417

0.911-1.007
0.917-1.238
1.160-1.731

0.024

0.066

1.046

0.997-1.097

SE

Wald

-1.143
0.005
-0.098
-0.454
-1.133
-0.699

1.360
0.014
0.251
0.267
0.556
0.289

0.706
0.120
0.153
2.882
4.148
5.841

-0.043
0.063
0.348
0.045

3.376

Sig.

95% CI

SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
a. Higher scores denote more impairment.

In contrast, the resident characteristics only models using 50%, 75%, and 100%
ACE inhibitor use as the dependent variables showed different characteristics to be
significant associated with residents’ use of ACE inhibitors.

All three resident

characteristics only models showed that residents with more physical impairment had
lower odds and those who received a larger number of medications had higher odds of
receiving ACE inhibitor therapy controlling for all other resident characteristics (Table
5.10). The 50% and 75% models showed that residents with a larger number of selected
co-morbidities had higher odds of receiving ACE inhibitor therapy, controlling for all
other resident characteristics.
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Table 5.10 Resident Characteristics Significantly Associated with ACEI Use

Physical Functiona
Number of Comorbidities
Number of Drugs

50% ACEI Use
OR
(95% CI)
0.922
(0.869-0.978)
p =0.007
1.286
(1.027-1.611)
p = 0.028
1.061
(1.005-1.121)
p = 0.033

75% ACEI Use
OR
(95% CI)
0.929
(0.873-0.988)
p = 0.019
1.266
(1.001-1.602)
p = 0.049
1.061
(1.002-1.124)
p = 0.042

100% ACEI Use
OR
(95% CI)
0.929
(0.870-0.992)
p = 0.027
--1.069
(1.006-1.135)
p = 0.031

ACEI = Angiotensin-Converting Enzyme Inhibitor
OR = Odds Ratio; CI = Confidence Interval
See Tables D-3 through D-5 in Appendix for complete results.
a. Higher scores denote more physical impairment.

5.3.2.2.

Full Model and Sensitivity Analyses

The full ACE inhibitor use model identified the number of selected concomitant
conditions that a resident had as significantly associated with ACE inhibitor use,
controlling for other resident, physician, and facility characteristics (Table 5.11).
Residents who had a larger number of selected concomitant diseases (i.e., hypertension,
cerebrovascular accident, atrial fibrillation, etc.) had higher odds of receiving an ACE
inhibitor than residents who had fewer concomitant conditions (OR = 1.462, 95% CI =
1.184 – 1.804, p<0.001). The full models using 50%, 75%, and 100% cut-off values for
classifying residents as ACE inhibitor users and non-users showed that none of the
characteristics were significantly associated with ACE inhibitor use (Tables D-12 through
D-14 in Appendix).
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Table 5.11 All Characteristics and Any Resident ACE Inhibitor Use – Regression Results
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.371

95% CI

Constant
-0.993
1.527
0.422
0.516
Residents
Age (years)
0.004
0.015
0.073
0.788
1.004
0.975-1.034
Male
-0.092
0.265
0.121
0.728
0.912
0.543-1.533
White Race
-0.495
0.293
2.849
0.091
0.610
0.343-1.083
End-of-Life Care
-1.113
0.571
3.796
0.051
0.329
0.107-1.007
Advance Care Planning
-0.605
0.311
3.785
0.052
0.546
0.297-1.004
Physical Functiona
-0.032
0.028
1.344
0.246
0.968
0.917-1.023
Cognitive Functiona
0.023
0.082
0.079
0.779
1.023
0.871-1.203
No. of Selected Conditions
0.380
0.107
12.483 <0.001
1.462
1.184-1.804
No. of Medications
0.043
0.025
2.830
0.092
1.044
0.993-1.097
Physicians
<50 years of age
0.188
0.237
0.629
0.428
1.207
0.758-1.920
Male
0.279
0.375
0.552
0.457
1.321
0.634-2.755
Specialty§
Internal medicine
0.352
0.238
2.198
0.138
1.422
0.893-2.266
General practice
-0.224
0.511
0.193
0.661
0.799
0.294-2.176
Other
-0.546
0.510
1.150
0.284
0.579
0.213-1.572
Medical director
-0.234
0.228
1.046
0.306
0.792
0.506-1.239
Recent graduate¥
-0.537
0.412
1.697
0.193
0.584
0.260-1.311
Practice in urban areas
-0.347
0.740
0.220
0.639
0.707
0.166-3.011
Facilities
Total number of beds
0.002
0.002
0.699
0.403
1.002
0.997-1.007
Located in urban areas
0.184
0.733
0.063
0.801
1.203
0.286-5.060
Administrative Regions*
1 (Amarillo)
-0.932
0.563
2.747
0.097
0.394
0.131-1.186
2 (Abilene)
-0.404
0.541
0.558
0.455
0.667
0.231-1.929
3 (Arlington)
-0.475
0.410
1.344
0.246
0.622
0.278-1.388
5 (Beaumont)
-0.443
0.537
0.679
0.410
0.642
0.224-1.842
6 (Houston)
-1.151
0.462
6.211
0.013
0.316
0.128-0.782
7 (Austin)
-0.512
0.414
1.530
0.216
0.599
0.266-1.349
8 (San Antonio)
-0.897
0.453
3.910
0.048
0.408
0.168-0.992
9 (Midland & El Paso)
-0.297
0.594
0.250
0.617
0.743
0.232-2.379
11 (Corpus Christi)
-0.615
0.587
1.096
0.295
0.541
0.171-1.710
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group. Each region was coded as “1” if a facility was located in that
region and a “0” if it was located in another region.
a. Higher scores denote more impairment.
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5.3.2.3.

Hypotheses

Based on the full ACE inhibitor use model, the null hypotheses for gender,
race/ethnicity, end-of-life care, and advance care planning were supported and the
alternative hypotheses for age, number of medications, physical function, and cognitive
function were not supported (Table 5.12). The alternative hypothesis for the number of
selected concomitant conditions that a resident had was supported. Residents with a
larger number of concomitant conditions had higher odds of receiving ACE inhibitor
therapy than residents who had fewer concomitant conditions (OR = 1.462, 95% CI =
1.184-1.804, p<0.001) controlling for all other resident characteristics as well as
physician and facility characteristics (H5.5).
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Table 5.12 Resident Characteristics and ACE Inhibitor Use
Hypothesis
H5.1: Younger residents were more likely than
older residents to have received an ACE
inhibitor.
Ho5.2:There was no difference between female
and male residents in the likelihood of having
received an ACE inhibitor.
Ho5.3:There was no difference between white
residents and residents belonging to other ethnic
groups in the likelihood of having received an
ACE inhibitor.
H5.4: Residents who used a larger number of
medications were more likely than residents
who used fewer medications to have received an
ACE inhibitor.
H5.5: Residents with a larger number of
concomitant conditions were more likely than
residents who had fewer concomitant conditions
to have received an ACE inhibitor.
H5.6: Residents with less physical impairment
were more likely than residents with greater
physical impairment to have received an ACE
inhibitor.
H5.7: Residents with less cognitive impairment
were more likely than residents with greater
cognitive impairment to have received an ACE
inhibitor.
Ho5.8: There was no difference between
residents who had requested end-of-life care
and residents who had not requested end-of-life
care in the likelihood of having received an
ACE inhibitor.
Ho5.9: There was no difference between
residents who had advance care planning and
residents who did not have advance care
planning in the likelihood of having received an
ACE inhibitor.

Odds Ratio
(95% CI)

p-value

Hypothesis
Supported
or Not?

1.004
(0.975-1.034)

0.788

Not
Supported

0.912
(0.543-1.533)

0.728

Supported

0.610
(0.343-1.083)

0.091

Supported

1.044
(0.993-1.097)

0.092

Not
Supported

1.462
(1.184-1.804)

<0.001

Supported

0.968
(0.917-1.023)

0.246

Not
Supported

1.023
(0.871-1.203)

0.779

Not
Supported

0.329
(0.107-1.007)

0.051

Supported

0.546
(0.297-1.004)

0.052

Supported

Note: The results in this table were based on the full logistic regression model where all resident,
physician, and facility characteristics of interest in this study were entered (Table 5.11). Degrees of
freedom for all above variables = 1; p 0.01; ACE = Angiotensin-Converting Enzyme; EOL = End-of-Life
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5.3.3. Objective 6 – Physician Characteristics and ACE Inhibitor Use
The relationships between physician characteristics and ACE inhibitor use were
examined using both a block model and a full model. However, only results from the full
model were used for hypothesis testing.

The block model included the group of

physician characteristics of interest in this study as independent variables and whether a
resident was an ACE inhibitor user or non-user for any length of time as the dependent
variable. The full model consisted of all resident, physician, and facility characteristics
of interest as independent variables and residents’ ACE inhibitor use status as the
dependent variable. In addition, sensitivity analyses were performed for the block model
and full model using 50%, 75%, and 100% cut-off values for classification of ACE
inhibitor use status.

5.3.3.1.

Block Model and Sensitivity Analyses

The physician characteristics only model (Table 5.13) did not show any physician
characteristics to be significantly associated with residents’ use of ACE inhibitors.
Similarly, the physician block models using 50%, 75%, and 100% cut-off values for
residents’ use of ACE inhibitors showed no significant covariates (Tables D-6 through D8 in Appendix).
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Table 5.13 Physician Characteristics and Resident’s ACE Inhibitor Use –
Regression Results
Variable
Constant
<50 years of age
Male
Specialty§
Internal medicine
General practice
Other
Medical director
Recent graduate¥
Practice in urban areas

Coefficients

SE

0.060
0.705
0.477

Odds
Ratio
0.446
1.087
1.284

0.708-1.668
0.645-2.558

0.358
0.743
0.159
0.144
0.282
0.517

1.223
0.857
0.510
0.737
0.671
0.864

0.796-1.879
0.339-2.162
0.200-1.303
0.489-1.110
0.325-1.388
0.555-1.345

Wald

Sig.

-0.807
0.083
0.250

0.429 3.532
0.219 0.144
0.352 0.506

0.202
-0.155
-0.673
-0.306
-0.399
-0.146

0.219
0.472
0.478
0.209
0.371
0.226

0.846
0.107
1.980
2.136
1.158
0.420

95% CI

SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.

5.3.3.2.

Full Model and Sensitivity Analyses

The full ACE inhibitor use model identified the number of selected concomitant
conditions that a resident had as a significant factor, controlling for other resident,
physician, and facility characteristics (Table 5.11). Residents who had a larger number of
selected concomitant diseases (i.e., hypertension, cerebrovascular accident, atrial
fibrillation, etc.) had higher odds of receiving an ACE inhibitor than residents who had
fewer concomitant conditions (OR = 1.462, 95% CI = 1.184 – 1.804, p<0.001). The full
models using 50%, 75%, and 100% cut-off values for classifying residents as ACE
inhibitor users and non-users showed that none of the characteristics were significantly
associated with ACE inhibitor use (Tables D-12 through D-14 in Appendix).
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5.3.3.3.

Hypotheses

Based on the full model, the null hypotheses for physician gender and specialty
were supported, and the alternative hypotheses for physician age, medical director status,
urban/rural areas of practice, and status of recent graduation were not supported (Table
5.14). None of the physician characteristics were significantly associated with residents’
use of ACE inhibitors.
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Table 5.14 Physician Characteristics and Their Patients’ ACE Inhibitor Use
Hypothesis
H6.1: Residents whose physicians were less
than 50 years old were more likely than
residents whose physicians were 50 years and
older to have received an ACE inhibitor.
Ho6.2:There w as no difference between
residents whose physicians were men and
residents whose physicians were women in
the likelihood of having received an ACE
inhibitor.
Ho6.3: There were no differences among
residents whose physicians were in family
practice versus those in the following
specialties in the likelihood of having received
an ACE inhibitor.

Odds Ratio
(95% CI)

p-value

Hypothesis
Supported
or Not?

1.207
(0.758-1.920)

0.428

Not
Supported

1.321
(0.634-2.755)

0.457

Supported

0.138

Supported

0.661

Supported

0.284

Supported

0.792
(0.506-1.239)

0.306

Not
Supported

0.707
(0.166-3.011)

0.639

Not
Supported

0.584
(0.260-1.311)

0.193

Not
Supported

1.422
(0.893-2.266)
0.799
(0.294-2.176)
0.579
(0.213-1.572)

Internal medicine
General Practice
Other
H6.4: Residents whose physicians were
medical directors of the facilities in which
they resided were more likely than residents
whose physicians were not medical directors
in the facilities in which they resided to have
received an ACE inhibitor.
H6.5: Residents whose physicians practiced
in urban areas were more likely than residents
whose physicians practiced in rural areas to
have received an ACE inhibitor.
H6.6: Residents whose physicians had
graduated from medical school within the last
10 years were more likely than residents
whose physicians had graduated more than 10
years ago to have received an ACE inhibitor.

Note: The results in this table were based on the full logistic regression model where all resident,
physician, and facility characteristics of interest in this study were entered (Table 5.11).
Degrees of freedom for all above variables = 1; p 0.01; ACE = Angiotensin-Converting Enzyme
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5.3.4. Objective 7 – Facility Characteristics and ACE Inhibitor Use
The relationships between facility characteristics and ACE inhibitor use were
examined using both a block model and a full model. However, only results from the full
model were used for hypothesis testing. The block model included the group of facility
characteristics of interest in this study as independent variables and whether a resident
was an ACE inhibitor user or non-user for any length of time as the dependent variable.
The full model consisted of all resident, physician, and facility characteristics of interest
as independent variables and residents’ ACE inhibitor use status as the dependent
variable. In addition, sensitivity analyses were performed for the block model and full
model using 50%, 75%, and 100% cut-off values for classification of ACE inhibitor use
status.

5.3.4.1.

Block Model and Sensitivity Analyses

The facility characteristics only model (Table 5.15) showed region as being
significantly associated with residents’ use of ACE inhibitors, controlling for other
facility characteristics. In particular, residents who resided in nursing facilities located in
Region 6 (Houston) (OR = 0.304, 95% CI = 0.131-0.703, p=0.005) and Region 8 (San
Antonio) (OR = 0.394, 95% CI = 0.174-0.895, p=0.026) had lower odds of receiving
ACE inhibitor therapy than residents who resided in facilities located in Region 4 (Tyler)
which served as the reference group for this analysis.
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Table 5.15 Facility Characteristics and Resident’s ACE Inhibitor Use – Regression
Results
Variable
Constant
Total number of beds
Located in urban areas
Administrative Regions¥
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)

-0.511
0.003
-0.034

0.388 1.734
0.002 1.414
0.247 0.019

0.188
0.234
0.892

Odds
Ratio
0.600
1.003
0.967

-0.958
-0.766
-0.694
-0.435
-1.191
-0.433
-0.931
-0.203
-0.568

0.516
0.500
0.370
0.497
0.428
0.379
0.418
0.539
0.517

0.064
0.126
0.061
0.382
0.005
0.253
0.026
0.706
0.272

0.384
0.465
0.500
0.647
0.304
0.648
0.394
0.816
0.566

Coefficients

SE

Wald

3.441
2.347
3.513
0.764
7.747
1.308
4.949
0.142
1.207

Sig.

95% CI
0.998-1.007
0.595-1.570
0.139-1.056
0.175-1.239
0.242-1.032
0.244-1.716
0.131-0.703
0.308-1.363
0.174-0.895
0.284-2.348
0.205-1.561

SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
¥ Region 4 (Tyler) was the reference group. Each region was coded as “1” if a facility was located in that
region and a “0” if it was located in another region.

Facility characteristics only models using 50% and 75% ACE inhibitor use also
showed residents who resided in facilities located in Region 6 and Region 8 had lower
odds of receiving an ACE inhibitor than residents who resided in Region 4 (Table 5.16),
controlling for other facility characteristics. The 100% ACE inhibitor use model showed
that residents who resided in Region 6 had lower odds of receiving an ACE inhibitor than
residents who resided in Region 4 controlling for other facility characteristics.
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Table 5.16 Facility Region Significantly Associated with ACEI Use

Region 6*

Region 8*

50% ACEI Use
OR
(95% CI)
0.211
(0.070-0.637)
p =0.006
0.375
(0.145-0.972)
p = 0.044

75% ACEI Use
OR
(95% CI)
0.248
(0.081-0.757)
p = 0.014
0.323
(0.114-0.917)
p = 0.043

100% ACEI Use
OR
(95% CI)
0.264
(0.077-0.898)
p = 0.033
---

ACEI = Angiotensin-Converting Enzyme Inhibitor
OR = Odds Ratio; CI = Confidence Interval
* Compared to Region 4 (Reference Group)
See Tables D-9 through D-11 in Appendix for complete results.

5.3.4.2.

Full Model and Sensitivity Analyses

The full ACE inhibitor use model identified the number of selected concomitant
conditions that a resident had as a significant factor, controlling for other resident,
physician, and facility characteristics (Table 5.11). Residents who had a larger number of
selected concomitant diseases (i.e., hypertension, cerebrovascular accident, atrial
fibrillation, etc.) had higher odds of receiving an ACE inhibitor than residents who had
fewer concomitant conditions (OR = 1.462, 95% CI = 1.184 – 1.804, p<0.001). The full
models using 50%, 75%, and 100% cut-off values for classifying residents as ACE
inhibitor users and non-users showed that none of the characteristics were significantly
associated with ACE inhibitor use (Tables D-12 through D-14 in Appendix).
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5.3.4.3.

Hypotheses

Based on the full ACE inhibitor model, the null hypotheses for facility size and
region were supported and the alternative hypothesis for facilities’ urban/rural status was
not supported (Table 5.17). No facility characteristics were significantly associated with
residents’ use of ACE inhibitors.
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Table 5.17 Facility Characteristics and Residents’ ACE Inhibitor Use
Hypothesis
Ho7.1:The size of facilities (i.e., number of
beds) in which residents resided was not
associated with the likelihood of a resident’s
having received an ACE inhibitor.
H7.2: Residents who had lived in facilities
located in urban areas were more likely than
residents who had lived in facilities located in
rural areas to have received an ACE inhibitor.
Ho7.3:There were no differences among
residents who lived in facilities located in the
11 DADS-designated administrative regions in
the likelihood of having received an ACE
inhibitor.¥

Odds Ratio
(95% CI)

p-value

Hypothesis
Supported
or Not?

1.002
(0.997-1.007)

0.403

Supported

1.203
(0.286-5.060)

0.801

Not
Supported

0.097

Supported

0.455

Supported

0.246

Supported

0.410

Supported

0.013

Supported

0.216

Supported

0.048

Supported

0.617

Supported

0.295

Supported

0.394
(0.131-1.186)
0.667
(0.231-1.929)
0.622
(0.278-1.388)
0.642
(0.224-1.842)
0.316
(0.128-0.782)
0.599
(0.266-1.349)
0.408
(0.168-0.992)
0.743
(0.232-2.379)
0.541
(0.171-1.710)

1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)

Note: The results in this table were based on the full logistic regression model where all resident,
physician, and facility characteristics of interest in this study were entered (Table 5.11).
Degrees of freedom for all above variables = 1; p 0.01
ACE = Angiotensin-Converting Enzyme; DADS = Department of Aging and Disability Services
¥ Region 4 (Tyler) was the reference group. Each region was coded as “1” if a facility was located in that
region and a “0” if it was located in another region.
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5.3.5. Objective 8 – Residents’ Use of ACE Inhibitors and Hospitalizations
In the following subsections, the relationship between residents’ use of ACE
inhibitors and hospital utilization is described.

The first subsection (Descriptive

Analysis) shows the occurrence of hospital admission as a proportion of residents who
were admitted to the hospital at least once during the observation period and days of
hospitalization. These measures were compared between ACE inhibitor users and nonusers. Hospital utilization was also distinguished for hospitalizations due to any cause or
due to heart failure. In the second subsection (Significant Covariates and Sensitivity
Analyses), independent variables significantly associated with hospital utilization are
described. The third section (Hypotheses and Sensitivity Analyses) presents the full
models for hospitalizations due to any cause and due to heart failure.
Hospital utilization was measured in two ways: 1) whether residents were
hospitalized within the observation period (i.e., had at least one hospitalization or no
hospitalization); and 2) days of hospitalization within the observation period. For the
first measure, a multivariate logistic regression model that included all resident,
physician, facility characteristics, and ACE inhibitor use status as covariates was used.
For the second measure, a multivariate linear regression model including all of the
aforementioned covariates and length of the observation period (OP) was used. All
analyses described above were performed only for residents receiving Medicaid benefits
(N=169) since hospitalization data were not available for non-Medicaid residents.
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5.3.5.1.

Descriptive Analyses

Hospitalizations for any reason and for heart failure appeared to have occurred
less frequently among ACE inhibitor users than non-ACE inhibitor users. A smaller
proportion of ACE inhibitor users than non-users (16.7%, n=9 versus 59.1%, n=68) were
hospitalized for any reason at least once during the observation period (Table 5.18). ACE
inhibitor users also had lower rates of hospitalization and fewer total days of
hospitalization due to any cause than non-users. The number of hospital admissions per
person-month was 0.024 for ACE inhibitor users and 0.067 for non-users. The days of
hospitalization per person-month was 0.124 for ACE inhibitor users and 0.317 for nonusers. In terms of risk for hospitalizations during the observation period, ACE inhibitor
users had a 71.7% relative risk reduction for hospitalizations compared to non-users and
an absolute risk reduction of 42.4% as compared to non-users.
Table 5.18 Hospital Utilization Due to Any Cause by ACE Inhibitor Use Status
Measures of Hospital Utilization
Number of Residents with at least 1 Hospital Admission
Proportion of Residents with at least 1 Hospital
Admissiona
Total Number of Hospital Admissions
Total Days of Hospitalization
Total Number of Person-Months in Observation Period
Number of Hospital Admissions per person-monthb
Days of Hospitalization per person-monthc

ACEI Users
(n=54)
9

Non-ACEI
Users (n=115)
68

16.7

59.1

9
45
364
0.024
0.124

86
404
1275
0.067
0.317

ACEI = Angiotensin-Converting Enzyme Inhibitors
a. The proportion equals number of residents with at least one hospital admission divided by number of
ACE inhibitor users (non-users).
b. The estimates were based on the number of hospitalizations divided by the number of person-months
during the observation period for all ACE inhibitor users (non-users).
c. The estimates were based on days of hospitalization divided by the number of person-months during
the observation period for all ACE inhibitor uses (non-users).
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Similarly, a smaller proportion ACE inhibitor users than non-ACE inhibitor users
(5.5%, n=3 versus 29.6%, n=34) were hospitalized for heart failure as the primary reason
at least once during the observation period (Table 5.19). In addition, ACE inhibitor users
had lower rates of hospitalizations and fewer days of hospitalization. The number of
hospital admissions per person-month was 0.008 for ACE inhibitor users and 0.028 for
non-users.

The days of hospitalization per person-month was 0.047 for ACE inhibitor

users and 0.131 for non-users. With respect to risk of hospitalization, ACE inhibitor
users had an 81.4% relative risk reduction for hospitalizations compared to non-users and
an absolute risk reduction of 24.1% as compared to non-users.
Table 5.19 Hospital Utilization Due to Heart Failure by ACE Inhibitor Use Statusa
ACEI Users
(n=54)

Measures of Hospital Utilization
Number of Residents with at least 1 Hospital
Admission
Proportion of Residents with at least 1 Hospital
Admission.b
Total Number of Hospital Admissions
Total Days of Hospitalization
Total Number of Person-Months in Observation Period
Number of Hospital Admissions per person-monthc
Days of Hospitalization per person-monthd

Non-ACEI
Users (n=115)

3

34

5.5

29.6

3
17
364
0.008
0.047

36
167
1275
0.028
0.131

ACEI = Angiotensin-Converting Enzyme Inhibitors
a. Heart failure diagnosis based on ICD-9 code 428.0 from hospitalization data
b. The proportion equals number of residents with at least one hospital admission divided by number of
ACE inhibitor users (non-users).
c. The estimates were based on the number of hospitalizations divided by the number of person-months
during the observation period for all ACE inhibitor users (non-users).
d. The estimates were based on days of hospitalization divided by the number of person-months during
the observation period for all ACE inhibitor uses (non-users).
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5.3.5.2.

Hospitalization Status

The full model for hospitalization due to any cause showed that ACE inhibitor
use and length of the observation period were significantly associated with a resident’s
likelihood of being hospitalized for any reason. Residents who received ACE inhibitor
therapy regardless of treatment duration also had lower odds of being admitted to the
hospital at least once during the observation period (OR = 0.150, 95% CI = 0.046 –
0.484, p=0.001), controlling for all resident, physician, and facility characteristics and
observation period (Table 5.20). In addition, for every unit (month) increase in the length
of the observation period that a resident resided in the facility, the resident had higher
odds of being hospitalized (OR = 1.679, 95% CI = 1.316 – 2.143, p<0.001), controlling
for all characteristics and ACE inhibitor use.

Results from the full models for

hospitalizations due to any cause based on the cut-off values of 50%, 75%, and 100% for
ACE inhibitor therapy showed similar results (See Tables D-15 through D-20 in
Appendix for complete results). The full model for hospitalization due to heart failure
showed no significant relationships when all of the variables were controlled in the model
(Table 5.21). It should be noted that these analyses were conducted using a relatively
small sample size (N=169).
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Table 5.20 Logistic Regression Results for Hospitalizations Due to Any Cause
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.192

Constant
-1.652
3.082
0.287
0.592
Residents
Age (years)
-0.023
0.028
0.651
0.420
0.978
Male
-1.260
0.530
5.644
0.018
0.284
White Race
-0.882
0.585
2.273
0.132
0.414
End-of-Life Care
0.867
0.753
1.327
0.249
2.380
Advance Care Planning
0.025
0.646
0.001
0.969
1.025
Physical Functiona
0.007
0.050
0.019
0.891
1.007
Cognitive Functiona
-0.035
0.152
0.052
0.819
0.966
No. of Selected Conditions
0.185
0.209
0.785
0.375
1.203
No. of Medications
0.028
0.049
0.321
0.571
1.028
ACEI Use
-1.899
0.598
10.080
0.001
0.150
Physicians
<50 years of age
-1.044
0.511
4.183
0.041
0.352
Male
-0.306
0.700
0.191
0.662
0.736
Specialty§
Internal medicine
0.431
0.497
0.750
0.386
1.538
General practice
0.082
0.886
0.009
0.926
1.085
Other
1.564
1.126
1.932
0.165
4.780
Medical director
-0.837
0.501
2.791
0.095
0.433
Recent graduate¥
-0.411
0.687
0.357
0.550
0.663
Practice in urban areas
-0.806
1.402
0.331
0.565
0.447
Facilities
Total number of beds
0.003
0.005
0.400
0.527
1.003
Located in urban areas
0.885
1.382
0.410
0.522
2.423
Administrative Regions*
1 (Amarillo)
-1.864
1.067
3.054
0.081
0.155
2 (Abilene)
-0.445
0.957
0.216
0.642
0.641
3 (Arlington)
-1.482
0.856
2.999
0.083
0.227
5 (Beaumont)
0.101
1.142
0.008
0.930
1.106
6 (Houston)
-1.224
0.990
1.530
0.216
0.294
7 (Austin)
-0.089
0.855
0.011
0.917
0.915
8 (San Antonio)
-0.652
0.894
0.532
0.466
0.521
9 (Midland & El Paso)
-3.096
1.483
4.356
0.037
0.045
11 (Corpus Christi)
-0.909
1.169
0.604
0.437
0.403
Observation Period
0.518
0.124
17.337
<0.001
1.679
ACEI = Angiotensin-Converting Enzyme Inhibitor; SE = Standard Error; Sig. = Significance (p
= Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group.
a. Higher scores denote more impairment.
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95% CI

0.926-1.033
0.100-0.802
0.131-1.303
0.544-10.409
0.289-3.636
0.914-1.109
0.717-1.302
0.799-1.811
0.933-1.133
0.046-0.484
0.129-0.957
0.187-2.902
0.580-4.078
0.191-6.166
0.526-43.407
0.162-1.156
0.172-2.550
0.029-6.970
0.994-1.012
0.161-36.384
0.019-1.254
0.098-4.180
0.042-1.216
0.118-10.372
0.042-2.045
0.171-4.889
0.090-3.003
0.002-0.828
0.041-3.987
1.316-2.143
0.01); CI

Table 5.21 Logistic Regression Results for Hospitalizations Due to Heart Failure
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.042

Constant
-3.178 3.675
0.748
0.387
Residents
Age (years)
-0.006 0.029
0.042
0.837
0.994
Male
-0.541 0.554
0.953
0.329
0.582
White Race
-0.396 0.624
0.402
0.526
0.673
End-of-Life Care
0.574 0.741
0.600
0.438
1.776
Advance Care Planning
-0.193 0.738
0.068
0.794
0.824
Physical Functiona
0.005 0.054
0.008
0.927
1.005
Cognitive Functiona
-0.068 0.169
0.159
0.690
0.935
No. of Selected Conditions
-0.118 0.224
0.279
0.598
0.888
No. of Medications
0.042 0.055
0.575
0.448
1.043
ACEI Use
-1.906 0.760
6.285
0.012
0.149
Physicians
<50 years of age
0.187 0.535
0.122
0.727
1.205
Male
-0.675 0.763
0.782
0.376
0.509
Specialty§
Internal medicine
-0.035 0.533
0.004
0.948
0.966
General practice
-0.133 0.911
0.021
0.884
0.875
Other
-0.971 1.311
0.548
0.459
0.379
Medical director
0.016 0.513
0.001
0.975
1.017
Recent graduate¥
-0.838 0.797
1.106
0.293
0.433
Practice in urban areas
-0.451 1.449
0.097
0.756
0.637
Facilities
Total number of beds
0.001 0.005
0.011
0.918
1.001
Located in urban areas
0.180 1.456
0.015
0.902
1.197
Administrative Regions*
1 (Amarillo)
-1.200 1.385
0.751
0.386
0.301
2 (Abilene)
0.374 1.085
0.118
0.731
1.453
3 (Arlington)
-0.274 0.950
0.083
0.773
0.761
5 (Beaumont)
-0.974 1.339
0.529
0.467
0.378
6 (Houston)
-0.515 1.102
0.218
0.640
0.598
7 (Austin)
1.070 0.941
1.293
0.256
2.915
8 (San Antonio)
0.728 0.930
0.612
0.434
2.071
9 (Midland & El Paso)
-0.123 1.505
0.007
0.935
0.885
11 (Corpus Christi)
-0.545 1.429
0.145
0.703
0.580
Observation Period
0.352 0.159
4.908
0.027
1.422
ACEI = Angiotensin-Converting Enzyme Inhibitor; SE = Standard Error; Sig. = Significance (p
= Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group.
a. Higher scores denote more impairment.
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95% CI

0.938-1.053
0.197-1.724
0.198-2.288
0.415-7.594
0.194-3.504
0.904-1.118
0.671-1.303
0.572-1.379
0.936-1.162
0.033-0.660
0.422-3.441
0.114-2.272
0.340-2.743
0.147-5.222
0.029-4.946
0.372-2.781
0.091-2.062
0.037-10.902
0.990-1.011
0.069-20.770
0.020-4.547
0.173-12.188
0.118-4.894
0.027-5.212
0.069-5.185
0.461-18.435
0.334-12.826
0.046-16.900
0.035-9.551
1.041-1.942
0.01); CI

5.3.5.3.

Days of Hospitalization

The full model for days of hospitalization due to any cause based on any ACE
inhibitor use identified length of the observation period to be significantly associated
with days of hospitalization (Table 5.22). Every unit (month) increase in the length of
the observation period was associated with 0.310 more days of hospitalization (t = 3.032,
p = 0.003).

167

Table 5.22 Linear Regression Results for Days of Hospitalization Due to Any Cause
Variable
Coefficients
SE
t
Sig.
-3.111
4.018
-0.774
0.440
Constant
Residents
Age (years)
0.027
0.038
0.711
0.478
Male
-1.000
0.725
-1.379
0.170
White Race
-0.772
0.785
-0.983
0.327
End-of-Life Care
1.037
1.056
0.982
0.328
Advance Care Planning
-0.432
0.870
-0.497
0.620
Physical Functiona
0.108
0.071
1.512
0.133
Cognitive Functiona
-0.237
0.216
-1.099
0.274
No. of Selected Conditions
0.370
0.284
1.301
0.195
No. of Medications
0.148
0.068
2.180
0.031
ACEI Use
-2.055
0.808
-2.542
0.012
Physicians
<50 years of age
-0.259
0.656
-0.396
0.693
Male
-0.729
0.980
-0.743
0.459
Specialty§
Internal medicine
0.614
0.684
0.898
0.371
General practice
1.120
1.253
0.894
0.373
Other
0.925
1.468
0.630
0.530
Medical director
-0.579
0.639
-0.906
0.367
Recent graduate¥
-1.025
1.033
-0.992
0.323
Practice in urban areas
-2.289
1.811
-1.264
0.208
Facilities
Total number of beds
-0.002
0.007
-0.335
0.738
Located in urban areas
1.935
1.771
1.092
0.277
Administrative Regions*
1 (Amarillo)
-1.520
1.651
-0.921
0.359
2 (Abilene)
0.976
1.412
0.691
0.491
3 (Arlington)
-0.358
1.215
-0.295
0.769
5 (Beaumont)
1.739
1.408
1.235
0.219
6 (Houston)
0.690
1.345
0.513
0.609
7 (Austin)
1.480
1.194
1.239
0.217
8 (San Antonio)
1.694
1.266
1.338
0.183
9 (Midland & El Paso)
-1.244
1.870
-0.665
0.507
11 (Corpus Christi)
1.684
1.655
1.017
0.311
Observation Period
0.310
0.102
3.032
0.003
ACEI = Angiotensin-Converting Enzyme Inhibitor; SE = Standard Error; Sig. = Significance
(p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group.
a. Higher scores denote more impairment.
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In the full model for days of hospitalization due to heart failure based on any
ACE inhibitor use, there were no significant relationships. However, the sensitivity
analyses of this model showed that the length of observation period was significantly
associated with days of hospitalizations when residents were receiving ACE inhibitor
therapy during at least 50% and at least 75% of the observation period. For every unit
(month) increase in the length of observation period, residents had 0.183 more days of
hospitalization (t = 3.169, p = 0.002) (see Tables D-24 through D-26 in Appendix for
complete results). It should be noted again that these analyses were conducted using a
relatively small sample size (N=169).
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Table 5.23 Linear Regression Results for Days of Hospitalization Due to Heart Failure
Variable
Coefficients
SE
t
Sig.
Constant
-0.157
2.618
-0.060
0.952
Residents
Age (years)
0.019
0.025
0.752
0.453
Male
-0.299
0.473
-0.633
0.528
White Race
0.013
0.512
0.025
0.980
End-of-Life Care
0.185
0.688
0.269
0.788
Advance Care Planning
-0.839
0.567
-1.479
0.141
Physical Functiona
0.032
0.047
0.687
0.493
Cognitive Functiona
-0.173
0.141
-1.231
0.220
No. of Selected Conditions
-0.002
0.185
-0.013
0.990
No. of Medications
0.058
0.044
1.304
0.194
ACEI Use
-1.093
0.527
-2.075
0.040
Physicians
<50 years of age
0.299
0.427
0.700
0.485
Male
-0.920
0.639
-1.440
0.152
Specialty§
Internal medicine
-0.265
0.446
-0.595
0.553
General practice
-0.100
0.816
-0.123
0.903
Other
-1.706
0.956
-1.784
0.077
Medical director
0.287
0.416
0.689
0.492
Recent graduate¥
-0.488
0.673
-0.725
0.470
Practice in urban areas
-0.408
1.180
-0.346
0.730
Facilities
Total number of beds
-0.002
0.004
-0.439
0.661
Located in urban areas
0.503
1.154
0.436
0.664
Administrative Regions*
1 (Amarillo)
-0.562
1.076
-0.523
0.602
2 (Abilene)
0.834
0.920
0.906
0.366
3 (Arlington)
-0.242
0.792
-0.305
0.761
5 (Beaumont)
-0.333
0.918
-0.363
0.717
6 (Houston)
-0.160
0.877
-0.182
0.856
7 (Austin)
0.622
0.778
0.799
0.425
8 (San Antonio)
1.573
0.825
1.906
0.059
9 (Midland & El Paso)
-0.050
1.219
-0.041
0.968
11 (Corpus Christi)
-0.098
1.079
-0.091
0.928
Observation Period
0.098
0.067
1.469
0.144
ACEI = Angiotensin-Converting Enzyme Inhibitor; SE = Standard Error; Sig. = Significance
(p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group.
a. Higher scores denote more impairment.
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5.3.5.4.

Hypotheses for Hospital Utilization

Results from the full multivariate logistic regression model supported the
hypothesis for hospitalizations due to any cause (Table 5.24). Residents who received
ACE inhibitor therapy had lower odds of being hospitalized at least once due to any
cause (OR = 0.150, 95% CI = 0.046-0.484, p = 0.001) than residents who did not,
controlling for all characteristics and observation period. Results from the full models for
hospitalizations due to any cause using the cut-off values of 50%, 75%, and 100% for
ACE inhibitor therapy also supported the hypothesis (see Tables D-15 through D-20 in
Appendix for complete results).
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Table 5.24 Hospital Utilization and Residents’ ACE Inhibitor Use
Odds Ratio
(95% CI)

Hypothesis

p-value

Hypothesis
Supported
or Not?

0.001

Supported

H8.1: Residents who received an ACE inhibitor
had lower odds of being hospitalized at least
once during the observation period than residents
who did not received an ACE inhibitor.
0.150
(0.046-0.484)
0.149
(0.033-0.660)

Any Cause
Heart Failure
Hypothesis

0.012

Coefficient
(SE)

t
(p-value)

-2.055
(0.808)
-1.093
(0.527)

-2.542
(0.012)
-2.075
(0.040)

Not
Supported
Hypothesis
Supported
or Not?

H8.2: Residents who received an ACE inhibitor
had fewer days of hospitalization than residents
who did not receive an ACE inhibitor.
Any Cause
Heart Failure

Not
Supported
Not
Supported

Note: The results in this table were based on full logistic regression models for hospitalization status where
all resident, physician, and facility characteristics of interest in this study, ACE inhibitor use, and
observation period were entered (Tables 5.20 and 5.21). Full multiple linear regression models were used
for days of hospitalization, including all of same the independent variables for the hospitalization status
models (Tables 5.22 and 5.23).
ACE = Angiotensin-Converting Enzyme; SE = Standard Error
Degrees of freedom for all above variables = 1; p 0.01

Results from the full multiple linear regression model did not support the
hypotheses for days of hospitalization regardless of cause (Table 5.24). However, the
models for days of hospitalizations due to any cause based on the cut-off values of 50%,
75%, and 100% for ACE inhibitor therapy supported the hypothesis that ACE inhibitor
therapy was significantly associated with fewer days of hospitalization, controlling for all
characteristics and length of the observation period (see Tables D-21 through D-26 in
Appendix for complete results).
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5.3.6. Subgroup Analyses
Subgroup analyses were conducted to determine whether short duration of ACE
inhibitor treatment affected the relationship between ACE inhibitor use and resident,
physician, and facility characteristics. Since there is no known study or clinical expert
opinion indicating the minimum effective therapy duration for ACE inhibitors, a cut-off
value of less than 30 days was chosen. Of residents receiving ACE inhibitor therapy
(n=144), 7.0% (n=10) received it for less than 30 days. Analyses of a full model for any
ACE inhibitor use including all residents (Table 5.11) and a full model excluding
residents receiving ACE inhibitors for less than 30 days (see Table D-27 in Appendix)
were performed. The results indicated that there were no differences between the two
models. Therefore, all residents were included in subsequent regression analyses.
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5.3.7. Overall Fit of Regression Models
Model fit indices are used to assess how well a model fits the data. These
measures are also used when comparing models to determine which model is a better
fitted model.310 The degreeof overall fit for the regression models used in this study was
determined by four model fit measures: the -2 log likelihood, Cox and Snell R2,
Nagelkerke R2, and Hosmer and Lemeshow tests. The first and fourth indices are based
on chi-square tests while the second and third indices are similar to the coefficient of
determination for multiple regression models.311 These four measures were the default
tests used in SPSS.
Based on the overall model fit measures, except for the Hosmer-Lemeshow
measure, the full model for ACE inhibitor use had a better fit compared to the block
models containing only resident, physician, and facility characteristics (see Table 5.25 for
complete results).

The Hosmer-Lemeshow measure showed that all of the

aforementioned models had good fit. For the models using different values for ACE
inhibitor treatment duration, Cox and Snell R2 and Nagelkerke R2 measures indicated that
the resident only and full models using any ACE inhibitor use had the best model fit.
However, based on the -2 log likelihood measure, the models based on 100% ACE
inhibitor use had the best fit. Results for the Hosmer-Lemeshow test did not show any

310

Hosmer DW and Lemeshow S. Applied logistic regression. John Wiley & Sons, Inc.: New York, New
York, 1989.
311
Hair JE, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis – Fifth Edition. Prentice
Hall: Upper Saddle River, New Jersey, 1998.
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trend in degree of model fit when models using different values for ACE inhibitor
treatment duration were compared.
Table 5.25 Model Summary for Logistic Regression Models for ACE Inhibitor Use
Overall Model Fit Measures
Resident characteristics
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

Physician characteristics
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

Facility characteristics
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

All characteristics
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

Any ACEI
Use

50%

75%

100%

541.232
0.075
0.106
2.898
(0.941)

439.165
0.051
0.082
4.267
(0.832)

408.604
0.041
0.068
6.333
(0.610)

376.827
0.038
0.067
4.242
(0.835)

566.931
0.016
0.023
3.783
(0.876)

453.650
0.014
0.022
6.410
(0.601)

419.973
0.016
0.026
8.898
(0.351)

388.270
0.013
0.023
6.662
(0.574)

564.521
0.028
0.039
3.987
(0.858)

447.465
0.035
0.055
6.282
(0.616)

414.570
0.029
0.048
6.712
(0.568)

382.324
0.027
0.047
3.376
(0.909)

520.539
0.110
0.155
6.544
(0.587)

418.616
0.085
0.136
8.446
(0.391)

389.972
0.077
0.128
9.832
(0.277)

360.343
0.070
0.123
6.217
(0.623)

ACEI = Angiotensin-Converting Enzyme Inhibitor
a. -2LL = -2 Log Likelihood measures difference between base model and full model (smaller values
indicate better model fit)
b. Cox and Snell R2 serves similar role as R2 in multiple regression (higher values indicate better model
fit)
c. Nagelkerke R2 adjusts Cox and Snell R2 so the values fall in the range 0 to 1 (higher values indicate
better model fit)
d. Hosmer and Lemeshow measures the correspondence of the actual and predicted values of the
dependent variable (smaller values indicate better model fit, good model fit = non-significant); degrees
of freedom = 8; Sig. = significance level at p 0.01
Source: Hair JE, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis – Fifth Edition.
Prentice Hall: Upper Saddle River, New Jersey, 1998.
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The model fit measures for hospitalization status were similar to those used for
the ACE inhibitor use models.

The estimates of overall model fit measures were

inconsistent in showing the best overall fitted model (see Table 5.26 for complete
results). In comparing the models for hospitalizations due to any cause to the models for
hospitalizations due to heart failure, the latter were better fitted models according to the 2 log likelihood and Nagelkerke R-squared measures. However, based on the Cox and
Snell R-squared measure, the models for hospitalizations due to any cause were better
fitted than the models for hospitalizations due to heart failure. Estimates of the HosmerLemeshow measure showed no apparent trend in comparisons of the models.
The model fit measure for days of hospitalization was the coefficient of multiple
determination (R2) (see Table 5.26 for complete results). Multiple regression models
were used for days of hospitalization. The model for days of hospitalization due to any
cause accounted for a larger amount of variance than the model for days of
hospitalization due to heart failure (R2 = 0.301 versus 0.214). Among the models for the
days of hospitalization due to any cause with different values for ACE inhibitor treatment
duration, the model based on 75% ACE inhibitor use showed the largest amount of
variance explained (R2 = 0.334) compared to any ACE inhibitor use (R2 = 0.301), 50%
ACE inhibitor use (R2 = 0.310), and 100% ACE inhibitor use (R2 = 0.324). For days of
hospitalization due to heart failure, the model based on 50% ACE inhibitor use showed
the largest amount of variance explained (R2 = 0.224) compared to any ACE inhibitor use
(R2 = 0.214), 75% ACE inhibitor use (R2 = 0.223), and 100% ACE inhibitor use (R2 =
0.207).
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Table 5.26 Model Summary for Regression Models for Hospital Utilization
Overall Model Fit Measures
Hosp. due to any cause
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

Hosp. due to HF
-2LLa
Cox and Snell R-squaredb
Nagelkerke R-squaredc
Hosmer and Lemeshow

2

(Sig.)

d

Days of hosp. due to any causee
R2
Adjusted R2
Standard Error
Days of hosp. due to HFe
R2
Adjusted R2
Standard Error

Any ACEI
Use

50%

75%

100%

156.431
0.364
0.487
2.770
(0.948)

158.405
0.357
0.477
5.854
(0.664)

155.663
0.367
0.491
7.731
(0.460)

144.319
0.277
0.370
7.159
(0.520)

135.952
0.219
0.336
8.601
(0.377)

136.592
0.216
0.332
7.360
(0.498)

137.376
0.212
0.326
7.669
(0.466)

135.125
0.165
0.240
9.259
(0.321)

0.301
0.149
3.612

0.310
0.161
3.589

0.334
0.190
3.526

0.324
0.133
3.779

0.214
0.043
2.354

0.224
0.056
2.338

0.223
0.054
2.341

0.207
-0.017
2.632

ACEI = Angiotensin-Converting Enzyme Inhibitor; HF = Heart Failure
a. -2LL = -2 Log Likelihood measures difference between base model and full model (smaller values
indicate better model fit)
b. Cox and Snell R2 serves similar role as R2 in multiple regression (higher values indicate better model
fit)
c. Nagelkerke R2 adjusts Cox and Snell R2 so the values fall in the range 0 to 1 (higher values indicate
better model fit)
d. Hosmer and Lemeshow measures the correspondence of the actual and predicted values of the
dependent variable (smaller values indicate better model fit, good model fit = non-significant); degrees
of freedom = 8; Sig. = significance level at p 0.01
e. Model fit measures for days of hospitalization models were based on R2 and adjusted R2. R2 is the
coefficient of determination or proportion of variance of the model explained by the independent
variables in the model. Adjusted R2 accounts for the number of observations per independent variable.
Source: Hair JE, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis – Fifth Edition.
Prentice Hall: Upper Saddle River, New Jersey, 1998.
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6. DISCUSSION/CONCLUSIONS
The aims of this dissertation were: (1) to describe resident, physician, and facility
characteristics in a sample of elderly Texas nursing home residents; (2) to determine the
relationships between these characteristics and residents’ ACE inhibitor use, controlling
for all other characteristics; and (3) to examine the relationships between residents’ ACE
inhibitor use and hospital utilization, controlling for resident, physician, and facility
characteristics.

This chapter summarizes findings from the previous chapter and

discusses the implications of the results for the Department of Aging and Disability
Services (DADS).

The discussion is organized by objective.

In addition, study

limitations and future research are considered and conclusions regarding use of ACE
inhibitors

in

elderly

nursing

home

residents

with

heart

failure,

including

recommendations for quality improvement, are presented.

6.1.

Objective 1 – Resident Characteristics
The intent of this objective was to describe the characteristics of residents in this

study. The study sample was comprised predominately of white, female residents who
belong to the oldest old age group (i.e., 85 years and older). In general, the study sample
was similar to nursing home residents in other studies with respect to all of the
characteristics examined except for racial and ethnic composition.312,313,314 The study
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sample consisted of a greater proportion of Hispanics than the national nursing home
population.315 In particular, 81.2% of the sample in the current study were white, 8.5%
were black, and 9.8% were Hispanic. In contrast, in the 1999 national nursing home
survey, 87.2% of the residents aged 65 and over were white and 9.9% were black.316 Of
the overall survey sample, 3.1% reported being of Hispanic or Latino origin.

The

proportion of residents aged 65 and over who were Hispanic was not reported. Findings
from the current study are consistent with the racial and ethnic composition in Texas,
which has one of the largest percentages of Hispanics in the U.S.317
Residents interviewed in the 1999 survey were asked two separate questions
about their race and ethnicity: (1) “Is he/she [the resident] of Hispanic or Latino origin?”;
and (2) “Which best describes his/her [the resident’s] race?”. Unlike in the national
survey, race and ethnicity of the residents in the current study were determined using a
single item. Therefore, direct comparisons between the proportions of elderly Hispanic
residents in the national survey and the current study could not be made.
The significance in different racial and ethnic composition among the studies lies
in the potential for varying therapeutic effects of ACE inhibitors. ACE inhibitors have
been shown to be less effective in black patients with heart failure compared to white
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patients with heart failure.318 However, some meta-analyses were inconclusive regarding
the role of race in determining the effectiveness of ACE inhibitor therapy.319,320
Nonetheless, given the proportions of residents who were white, black, and of Hispanic
origin in the current study, the varying therapeutic effects of ACE inhibitor may still be
an issue. Findings from this study regarding the relationships between race and ethnicity,
ACE inhibitor use, and hospital utilization may not be generalizable to other samples
with a different racial and ethnic composition.
In this study, characteristics of residents who received ACE inhibitor therapy and
those who did not were also compared. Bivariate analyses showed that fewer ACE
inhibitor users had requested end-of-life care and had advance care planning; also ACE
inhibitor users tended to be receiving a larger number of medications. The average
number of medications might have been inflated because the estimate included over-thecounter medications such as multivitamins, aspirin, and acetaminophen.

These

characteristics were included in regression models for ACE inhibitor use and hospital
utilization as covariates. For further discussion about the relationships between these
characteristics and ACE inhibitor therapy, refer to section 6.5.
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6.2.

Objective 2 – Physician Characteristics
The purpose of this objective was to describe the characteristics of physicians

who cared for the group of elderly nursing home residents in the current study. The
majority of physicians who cared for residents in this study were male, specialized in
family practice and internal medicine, practiced in urban areas, and graduated more than
10 years ago (based on the year 2004). On average, these physicians were 50 years of
age and older and had been practicing medicine for nearly 24 years. No known national
surveys of nursing home physicians have been conducted. Based on regional data, the
current study sample of physicians was similar to physicians in Kentucky, Indiana, and
Missouri with respect to average age and years of practice.321,322 However, a greater
proportion of physicians in this study were family practitioners whereas a greater
proportion of physicians in the Kentucky, Indiana, and Missouri studies were designated
as internists.323,324 Studies that examined the influence of physician specialties on ACE
inhibitor prescribing found significant differences between general practitioners, family
practice, and internal medicine specialties as compared to cardiologists.325,326
Comparisons between family practice and internal medicine physicians were not made.
However, any differences in ACE inhibitor prescription rates between the two physician
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groups are likely to be overshadowed by the fact that both groups were shown to underprescribe ACE inhibitors.327
In the current study, characteristics of physicians whose residents received ACE
inhibitor therapy and those who did not were also compared. Bivariate analyses showed
that physician characteristics did not differ significantly between ACE inhibitor users and
non-users.

6.3.

Objective 3 – Facility Characteristics
This objective aimed to describe the characteristics of nursing facilities in which

the sample of residents in this study resided. The nursing facilities in this study had an
average of 123 beds with an occupancy rate of 76.2% and the majority of the facilities
were located in urban areas. In comparison, the average number of beds for all U.S.
nursing home facilities was 104, the average occupancy rate was 86.6%, and most
facilities were located in urban areas.328 In terms of Medicaid certification, 100% of the
facilities in this study were certified because all other facilities were excluded from the
study. At the national level, 82% of facilities were dually certified by Medicare and
Medicaid, 12% were Medicaid-certified only, 4% were Medicare-certified only, and the
remaining facilities were not certified by either.329
In the current study, facility characteristics were compared between residents who
received ACE inhibitor therapy and those who did not. Bivariate analyses showed that
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facility characteristics did not differ significantly between ACE inhibitor users and nonusers.

6.4.

Objective 4 – Patterns of Heart Failure Pharmacologic Treatment
The purpose of this objective was to describe the patterns of heart failure drug

treatment in this study. A third of the study sample received ACE inhibitor therapy. This
finding is similar to those in previous studies.330,331,332,333 The drugs most commonly
used in this study were loop diuretics, followed by ACE inhibitors, digoxin, and beta
blockers. Except with the use of beta blockers, these trends are similar to those in other
studies.334,335 The higher frequency of beta blocker use in this study (22.9%) compared to
other studies (~4% to 14.8%) could have been due to renewed interest in the past few
years in using beta blockers for treating heart failure.336,337,338,339 In contrast, use of
potassium-sparing diuretics and angiotensin II receptor blockers remained relatively
uncommon, perhaps because of inconclusive results regarding the efficacy of these drugs
in heart failure patients.340,341
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Heart failure treatment patterns also revealed use of major heart failure drugs as
monotherapy in the current study sample. A greater proportion of non-ACE inhibitor
users received monotherapy than ACE inhibitor users whereas ACE inhibitor users
tended to receive combination therapy. In the current study, loop diuretics were the drugs
most commonly used alone among non-ACE inhibitor users. A study conducted in
Norway found similar results. Diuretics (mostly loop diuretics) were used alone in
64.4% of elderly nursing home residents (302/469), and in 91% of non-ACE inhibitor
users (n=372).342

Similar studies in the U.S. did not examine use of diuretics as

monotherapy.343,344
In the current study, loop diuretics and digoxin were the drugs most commonly
combined with ACE inhibitor therapy. These two groups of drugs were also the most
commonly used in non-ACE inhibitor users. These findings are similar to another study
that examined use of ACE inhibitors in nursing home residents.345 No other study
examined the various combinations of heart failure drug therapy.

6.5.

Objective 5 – Resident Characteristics and ACE Inhibitor Use
Results from the present study showed that the only resident characteristic

significantly associated with ACE inhibitor use was the number of selected comorbidities that a resident had (Table 6.1). Residents who had a greater number of comorbidities of interest in this study were more likely to have received ACE inhibitor
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therapy. This relationship was observed in full regression models in which other resident
characteristics, physician characteristics and facility characteristics were controlled;
however, it was observed only in the model in which residents were classified as ACE
inhibitor users based on any ACE inhibitor use. The association between number of comorbidities and ACE inhibitor use was also detected in regression models in which
physician and facility characteristics were not controlled, except in the model based on
100% ACE inhibitor use.
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Table 6.1 All Characteristics and ACE Inhibitor Use
Characteristics

Any ACEI
Use

50% ACEI
Use

75% ACEI
Use

100% ACEI
Use

Residents
Age (years)
Male
White Race
End-of-Life Care
Advance Care Planning
Physical Functiona
Cognitive Functiona
No. of Selected Conditions
No. of Medications
Physicians
<50 years of age
Male
Specialty
Internal medicine
General practice
Other
Medical director
Recent graduate
Practice in urban areas
Facilities
Total number of beds
Located in urban areas
Administrative Regions
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)
ACEI = Angiotensin-Converting Enzyme Inhibitor; empty cell = no significant relationship
Any ACEI Use = any evidence of ACE inhibitor therapy in the last seven days of the LTCQR assessment
date in the residents’ medication administration records
50% ACEI Use, 75% ACEI Use, or 100% ACEI Use = residents received ACE inhibitor therapy 50%,
75%, or 100% of the length of the observation period, respectively
= for every unit increase in the value of a characteristic, the lower the odds that the resident received ACE
inhibitor therapy.
= for every unit increase in the value of a characteristic, the higher the odds that the resident received
ACE inhibitor therapy.
a. Higher scores denote more impairment.
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Other resident characteristics were also significantly associated with ACE
inhibitor use. However, these characteristics were identified from regression models in
which physician and facility characteristics were not controlled. In particular, end-of-life
care and advance care planning were significantly associated with any ACE inhibitor use
while physical function and number of medications were significantly associated with
ACE inhibitor use when the residents were classified as ACE inhibitor users based on the
50%, 75%, and 100% ACE inhibitor use criteria (Table 6.2).

Residents who had

requested end-of-life care and had advance care planning documents in their clinical
records were less likely to have received ACE inhibitor therapy. Residents who had
more physical impairment were less likely to have received ACE inhibitor therapy.
Residents who had a greater number of medications were more likely to have received
the treatment.
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Table 6.2 Resident Characteristics and ACE Inhibitor Use
Characteristics

Any ACEI
Use

50% ACEI
Use

75% ACEI
Use

100% ACEI
Use

Age (years)
Male
White Race
End-of-Life Care
Advance Care Planning
Physical Functiona
Cognitive Functiona
No. of Selected Conditions
No. of Medications
ACEI = Angiotensin-Converting Enzyme Inhibitor; empty cell = no significant relationship
Any ACEI Use = any evidence of ACE inhibitor therapy in the last seven days of the LTCQR assessment
date in the residents’ medication administration records
50% ACEI Use, 75% ACEI Use, or 100% ACEI Use = residents received ACE inhibitor therapy 50%,
75%, or 100% of the length of the observation period, respectively
= for every unit increase in the value of a resident characteristic, the lower the odds that the resident
received ACE inhibitor therapy.
= for every unit increase in the value of a resident characteristic, the higher the odds that the resident
received ACE inhibitor therapy.
a. Higher scores denote more impairment.

Gambassi et al. also found physical function, concomitant cardiovascular
diagnosis, and total number of medications to be significant factors for ACE inhibitor
use.346 The nursing home residents in their sample who had moderate to severe physical
impairment also were less likely than residents who had normal or mild impairment to
have received an ACE inhibitor.

Additionally, residents who had a concomitant

cardiovascular diagnosis and residents who had a greater number of medications were
more likely to have received an ACE inhibitor. ACE inhibitor use was determined based
on whether residents received the drug therapy in the last seven days. The sample in the
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Gambassi et al. study was similar to the current study sample with respect to the
proportion of female residents, mean age, physical function, and cognitive function.
Gambassi et al. also identified older age (i.e., 85 years and older) as significantly
related to ACE inhibitor use.347 However, age was not significantly associated with ACE
inhibitor use in the current study.

This difference may have resulted from the

classification of age as a continuous variable in this study as compared to a categorical
variable in the Gambassi et al. study. In particular, they grouped residents into three
categories: aged 65 to 74 years; aged 75 to 84 years; and aged 85 years and older. In the
current study, age was retained as a continuous variable in order to maintain a reasonable
number of cases per variable examined (i.e., 15 cases per variable).348
The findings discussed above suggest that residents’ clinical status and treatment
preferences and goals are important indicators for whether they were prescribed an ACE
inhibitor. In particular, residents who had hypertension, diabetes, and atrial fibrillation in
addition to heart failure may receive greater benefit from ACE inhibitor therapy because
ACE inhibitors provide therapeutic effects for several chronic conditions, including
hypertension and diabetes.349 Furthermore, the number of medications that a resident was
receiving and the number of co-morbidities suggest that the resident might have had
several of the conditions that could be managed by ACE inhibitor therapy. Therefore,
their physicians were more likely to prescribe ACE inhibitor therapy for them.
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The relationship between physical function and ACE inhibitor therapy suggests
that physical impairment might have been a reason for discontinuing ACE inhibitor
therapy. A physician might have discontinued ACE inhibitor therapy for a resident who
had physical impairment either because the treatment was ineffective or because of the
appearance

of

adverse

drug

events

(e.g.,

hypotension,

angioedema,

and

hyperkalemia).350,351 These potential consequences of polypharmacy are not desirable
especially given the already complex clinical status of these residents.
Residents’ treatment preferences may play an important role in physicians’
decision to treat a resident’s heart failure with ACE inhibitor therapy. Physicians caring
for residents in this study may have already been taking into account residents’ treatment
preferences when deciding whether to prescribe ACE inhibitor therapy. This possibility
could explain why residents who had advance care planning were more likely to have
received ACE inhibitor therapy. There was no documentation to inform the physician not
to prescribe ACE inhibitor treatment. On the other hand, some of the residents in the
sample might have requested palliative care so their physicians did not prescribe ACE
inhibitor therapy for them.
The characteristics significantly associated with ACE inhibitors discussed above,
except for number of co-morbidities, were no longer significantly related to ACE
inhibitor use when physician and facility characteristics were considered in the regression
models (Table 6.1). This phenomenon occurred perhaps because of the correlations
among some of the resident characteristics and physician and facility characteristics. The
350
351
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significant relationships between resident characteristics and ACE inhibitor therapy
might have been partly explained by physician and facility characteristics. Since the
group of physicians who cared for the residents were relatively homogenous, the
differences in the likelihood of receiving ACE inhibitor therapy might have become
obscured. No known study had examined the relationship of ACE inhibitor use and
resident characteristics controlling for physician and facility characteristics and using the
cut-off values 50%, 75%, and 100% for duration of ACE inhibitor therapy.

6.6.

Objective 6 – Physician Characteristics and ACE Inhibitor Use
Results from this study showed that none of the physician characteristics were

significantly related to residents’ ACE inhibitor use. Among studies that examined heart
failure management in nursing home residents, only one other study examined the
relationships between physician characteristics and residents’ use of an ACE inhibitor. In
particular, Ranz et al. included physician specialty and physician age in their analyses
comparing residents who received ACE inhibitors and those who did not.352

The

researchers found that residents whose physicians were younger than 50 years of age had
higher odds of receiving ACE inhibitor therapy compared to residents whose physicians
were 50 years of age and older. In contrast, the current study did not find the same
relationship.
Findings from this study related to physician characteristics are not surprising for
several reasons. Physician characteristics might not have had a direct influence on
whether residents received ACE inhibitor therapy because physicians’ prescribing
352
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decisions for this population were made based on managing the resident as a whole
person rather than based on the chronic condition. That is, the physicians were not
making prescribing decisions only about ACE inhibitor therapy. In addition, the group of
physicians who cared for the sample of residents in this study was relatively
homogeneous.

The majority of physicians were family practitioners and internists.

Previous studies based on samples of elderly patients with heart failure residing in the
community showed that generalists such as family practitioners were more likely to care
for patients who were older and female.353,354,355 Furthermore, the lack of significant
findings in this study could have been due to the complexity of physician practice
behaviors as noted by Smith.356

6.7.

Objective 7 – Facility Characteristics and ACE Inhibitor Use
The findings from this study demonstrated that certain administrative regions

were significantly associated with the likelihood that a resident received ACE inhibitor
therapy. Residents who lived in facilities located in the Houston and San Antonio
administrative regions were less likely to have received ACE inhibitor therapy than
residents who lived in facilities located in the Tyler region (Table 6.3). These differences
could have been due to a multitude of factors such as resource availability, resource
utilization, physician practice patterns, and training programs.357,358 For example, an
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aggressive pharmacy consultant group may serve a large clientele of nursing facilities in
the Tyler region, possibly promoting ACE inhibitor use guidelines. In addition, ACE
inhibitor use may be promoted in the Tyler region through the influence of affiliated
medical school and pharmacy residency programs. In addition, facility characteristics
may be associated with overall resource utilization rather than specifically related to
residents’ receipt of certain pharmacologic treatments such as with ACE inhibitors.
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Table 6.3 Facility Characteristics and ACE Inhibitor Use
Characteristics

Any ACEI
Use

50% ACEI
Use

75% ACEI
Use

100% ACEI
Use

Total number of beds
Located in urban areas
Administrative Regions*
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)
ACEI = Angiotensin-Converting Enzyme Inhibitor; empty cell = no significant relationship
Any ACEI Use = any evidence of ACE inhibitor therapy in the last seven days of the LTCQR assessment
date in the residents’ medication administration records
50% ACEI Use, 75% ACEI Use, or 100% ACEI Use = residents received ACE inhibitor therapy 50%,
75%, or 100% of the length of the observation period, respectively
= for every unit increase in the value of a facility characteristic, the lower the odds that the resident
received ACE inhibitor therapy.
= for every unit increase in the value of a facility characteristic, the higher the odds that the resident
received ACE inhibitor therapy.
* Compared to Region 4 (Tyler); Region 10 (El Paso) was recoded as Region 9.

6.8.

Objective 8 – ACE Inhibitor Use and Hospital Utilization
The discussion of relationships between ACE inhibitor use and hospital utilization

is divided into three sections: (1) ACE inhibitor use and hospital utilization – descriptive
analyses; (2) ACE inhibitor use and hospitalization status (i.e., likelihood that a resident
was hospitalized at least once during the observation period); and (3) ACE inhibitor use
and days of hospitalization.

The relationships between ACE inhibitor use and the

measures for hospitalization utilization are discussed first, followed by discussions of
significant relationships between certain resident characteristics and hospitalization status
and days of hospitalization.
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6.8.1. ACE Inhibitor Use and Hospital Utilization – Descriptive Analyses
Analyses of a resident’s risk for hospitalization due to any cause showed that
ACE inhibitor users had an absolute risk reduction of 42.4% and a relative risk reduction
of 71.7% compared to non-users. Similarly, for hospitalization due to heart failure, the
analyses showed that ACE inhibitor users experienced an absolute risk reduction of
24.1% and a relative risk reduction of 81.4% compared to non-users. While these results
should be interpreted with cause since the number of residents who had at least one
hospitalization during the observation period was small, the findings suggest potential
benefits of ACE inhibitor therapy in contributing to reducing a resident’s risk
hospitalizations. Future studies are warranted to examine these relationships.

6.8.2. ACE Inhibitor Use and Hospitalization Status
Results from the present study revealed that ACE inhibitor use (i.e., regardless of
treatment duration) was significantly associated with a lower likelihood of hospitalization
due to any cause. Physician and facility characteristics were controlled in the regression
models that showed the significant relationships. These relationships are consistent with
findings that ACE inhibitor use can reduce hospitalizations based on a systematic review
of clinical trials examining the effects of ACE inhibitor therapy in community-dwelling
elderly patients.359 However, results from observational studies based on elderly nursing
home residents are inconclusive about the beneficial effects of ACE inhibitor therapy for
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reducing hospitalizations.360,361 Gambassi et al. found that ACE inhibitor therapy did not
significantly reduce hospitalization rates compared to residents who received digoxin.362
It is important to note that residents with a diagnosis of diabetes and/or
hypertension might have been more likely to have received ACE inhibitor therapy. Subanalyses showed that a slightly greater proportion of residents with diabetes received
ACE inhibitor therapy compared to those who did not have diabetes (30.5% versus
26.5%).

Similarly, a greater proportion of residents with hypertension received the

treatment compared to residents who did not have hypertension (37.4% versus 13.7%).
In addition, among residents who received ACE inhibitor therapy (n=144), 41.7% had
diabetes and 87.5% had hypertension.
Length of the observation period was also significantly associated with
hospitalizations due to any cause. This relationship was not observed for residents who
were hospitalized due to heart failure. Note that observation period was determined by a
resident’s length of stay in the facility in the 12 months preceding the LTCQR assessment
date. The results showed that the longer the length of observation period, the more likely
that a resident was hospitalized. This relationship is expected: the longer a resident
resides in a facility (i.e., the longer period of time that the resident can be observed), the
more likely the resident would be hospitalized.
In the full models for hospitalization due to heart failure, the p-values for ACE
inhibitor use did not reach significance. The lack of significant finding could have been
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because of low sample size. A different conclusion may have been reached with a larger
sample size.

6.8.3. ACE Inhibitor Use and Days of Hospitalization
ACE inhibitor use was significantly associated with fewer days of hospitalization
due to any cause when residents were receiving ACE inhibitor therapy during at least
50% of the observation period. Physician and facility characteristics were controlled in
the regression models that revealed the significant relationships. This finding suggests
that there was a treatment duration response with ACE inhibitor use related to days of
hospitalization due to any cause. ACE inhibitor therapy was not significantly associated
with days of hospitalization due to heart failure. No other known study had examined the
influence of treatment duration response of ACE inhibitor therapy on hospitalizations.
In the full models for days of hospitalization due to any cause and due to heart
failure based on any ACE inhibitor use, the p-values for ACE inhibitor use did not reach
significance. The lack of significant finding could have been because of low sample size.
A different conclusion may have been reached with a larger sample size.

6.9.

Overall Model Fit
The model fit statistics showed that the inclusion of all resident, physician, and

facility characteristics for the ACE inhibitor use models resulted in a better model fit than
the models consisting of only each set of characteristics. The models that used any ACE
inhibitor use as the dependent variable had the best model fit compared to other models
that used the different treatment duration for ACE inhibitor use. The amount of variance
197

explained (i.e., shown by R2 values) was relatively low. This finding suggests that some
variability was explained but much of the variance in likelihood of ACE inhibitor use was
not explained. R2 values were not reported in previous studies.
The hospitalization status models that included any ACE inhibitor use also had the
best model fit compared to the models using different treatment duration for ACE
inhibitor use. However, for the days of hospitalization models, there was no difference in
the amount of variance explained.

The estimates of overall model fit should be

interpreted with caution. More than half of the sample was excluded from analyses of
hospital utilization because hospitalization data were obtainable only for residents who
were Medicaid beneficiaries. The resulting sample consisted of 169 residents.

6.10. Study Limitations
As with all other studies, this study had several limitations. These limitations are
discussed below.

6.10.1. Study Sample and Study Design
While the overall sample was adequate for the number of hypotheses tested in this
study based on a priori power analysis, certain relationships could not be examined
because of the limited sample size. For example, the relationships between individual
diagnoses and ACE inhibitor use were not examined in order to maintain a minimum
variable to number of cases ratio of 15.363 In addition, the lack of significant findings in
the full models for hospital utilization might have been due to the relatively low numbers
363
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of residents classified as ACE inhibitor users and non-users who had hospitalization data.
However, the descriptive analyses for hospital utilization provided clinically meaningful
results. Since this study was retrospective and cross-sectional in nature, no causality
could be inferred about the relationships examined in this study.
The population represented by the study sample may not be ideal for conducting
studies such as this because it is relatively homogeneous with respect to racial/ethnic
composition, age, and setting; thereby offering little variance for identifying significant
relationships. In addition, hospitalization data were available only for 169 of the 468
sample residents who were Medicaid beneficiaries. Excluding residents who were not
Medicaid beneficiaries resulted in a smaller sample and perhaps inadequate power for
detecting significant relationships in analyses of hospitalization utilization. For example,
the p-value for ACE inhibitor use in the model for hospitalization due to heart failure
was 0.012, which was close to an alpha value of 0.01. A different conclusion may have
been reached with a larger sample size.

6.10.2. Threats to Internal Validity
Threats to internal validity applicable to this study included referral bias, lack of
reliability of diagnostic information, exposure misclassification, and confounding
bias.364,365 Referral bias could have occurred if sicker residents were being systematically
skipped during assessments of the quality review process. For logistical reasons, the
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quality review nurses were instructed to skip residents who were not available at the time
of the facility visit either because they were transferred to the hospital or were too sick to
be assessed.

This occurrence was unavoidable because all facility visits were

unannounced. However, bias was minimized due to random sampling of the residents.
The second potential threat was the accuracy of HF diagnosis.

Although a

diagnosis of HF was identified from the list of diagnoses on residents’ medication
administration record, it could not be verified without a careful review of the residents’
clinical records. Having data on a resident’s left ventricular function evaluation, renal
function, and contraindications to ACE inhibitor use would have helped reduce this bias
type.
Exposure misclassification could have also occurred with categorizing residents
as ACE inhibitor users or non-users. This problem was minimized with sensitivity
analyses using various treatment duration values to assign ACE inhibitor use status. In
addition, ACE inhibitors were also drugs of choice for hypertension. Residents who
purportedly were receiving ACE inhibitors for HF might have been receiving them for
hypertension.

However, since ACE inhibitors are indicated for both HF and

hypertension, this is not considered a major problem. Furthermore, since the study
sample was selected by diagnosis, exposure misclassification was minimized.
A limitation of the measure “proportion of observation period during which a
resident was receiving ACE inhibitor therapy” was that it was not verified by records of
actual use beyond the MDS criterion of last seven days of medication administration.
The assumption made for this measure was that residents who received ACE inhibitor
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therapy received the treatment on all of the days, even if hospitalized, during the
treatment duration of interest.
A potential confounding factor for examining the relationships between ACE
inhibitors and hospitalizations was that residents who had more severe HF might have
had more hospitalizations. This potential correlation might have distorted the magnitude
of the relationship between ACE inhibitors and hospitalizations. However, severity of
HF symptoms for the study sample could not be determined from available data. In
addition, severity of HF symptoms was likely to be difficult to detect in the study
residents because they tend to have multiple chronic illnesses that masked HF symptoms.
Therefore, physical function and cognitive function were used as proxies and covariates
to account for variations in the residents’ severity of illnesses.

6.10.3. Threats to Construct Validity
A potential threat to construct validity in this study was the use of certain
variables as proxies for other variables for which data were not readily available. In
particular, while MDS measures for physical function and cognitive impairment were
used as proxies for determining the severity of HF symptoms, they have not been
previously validated for such use. In addition, not all of a resident’s diagnoses were
coded from the medication administration records and supplemental documents obtained
during the LTCQR (i.e., only diagnoses matching a pre-determined list provided by
DADS were coded). Having information on all of the diagnoses that a resident had could
offer an overall picture of the resident’s health status and possible contraindications to
ACE inhibitor use.
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6.10.4. Threats to External Validity
Several characteristics of the study sample may limit the generalizability of the
results from this study. In particular, racial and ethnic groups differ in health status.
Residents who are Hispanic or black may have worse health status, which can lead to
higher health care utilization, compared to residents who are white. In the current study,
the proportions of Hispanic residents and black residents differ from the national nursing
home population. In addition, geographical variations in health care utilization and
physician practice patterns can influence the nature of care provided to these residents
compared to other states. Further, variations in policy decision making can influence
access to care and health care benefit eligibility for these residents which can affect
health outcomes.

6.10.5. Other
It is important to note that while the influence of consultant pharmacists on ACE
inhibitor use among elderly nursing home residents is an important structural factor, it
was not examined in this dissertation study for tworeasons.

One reason is that federal

regulations require all nursing homes to have a consultant pharmacist to review residents’
drug regimens on a monthly basis.366 Another reason is that available data for this study
did not allow an impact analysis of consultant pharmacists with regard to improving
residents’ use of ACE inhibitors and reducing hospitalizations. The lack of data for

366

Mendelson D, Ramchand R, Abramson R, Tumlinson A. Prescription drugs in nursing homes:
managing costs and quality in a complex environment. NHPF Issue Brief. 2002 Nov 12;(784):1-18.
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examining the impact of consultant pharmacists on nursing home residents’ use of ACE
inhibitors and outcomes was a limitation of this study.

6.11. Implications for Future Research
The findings from this study generated further questions about the nature of the
relationships among resident characteristics, ACE inhibitor therapy, and hospital
utilization. In particular, future studies should investigate why certain residents are more
likely to receive ACE inhibitor therapy. For example,
•

What factors do physicians consider when deciding whether to prescribe ACE
inhibitors for elderly nursing home residents for heart failure management?

•

What factors do residents and families consider when deciding whether the
resident should receive ACE inhibitor therapy for heart failure management?

•

How do end-of-life care and advance care planning influence a physician’s
decision to prescribe ACE inhibitor therapy for heart failure management?

•

How do end-of-life care and advance care planning influence whether a resident
wants to receive or prefers ACE inhibitor therapy for heart failure management?

•

What are the treatment goals for heart failure management in elderly nursing
home residents?
Currently, advance directives do not consider the use of any medications other

than antibiotics and chemotherapy at the end-of-life. ACE inhibitors are not comfort
drugs and their effectiveness may not be immediately evident so they may have minimal
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role in palliative care. These and other research questions should be addressed in order to
develop effective educational interventions.
The limitations of this study also provide opportunities for future research. While
the sample size was considered adequate for this study, larger samples will allow more
detailed examination of the relationships between other factors such as selected
individual diagnoses (e.g., hypertension and diabetes) and ACE inhibitor use.

In

addition, a larger sample size may permit more detailed analysis of hospitalizations due
to heart failure and use of all major heart failure pharmacologic treatments such as betablockers. The development of a national database for the Medicare prescription coverage
program will make available large samples for such detailed analysis.
Given that clinical data for nursing home residents are often incomplete, physical
function and cognitive function were used as proxies for severity of heart failure
symptoms in this study.

Although these resident characteristics were found to be

significantly associated with ACE inhibitor use, these findings cannot be verified until
the functional measures are validated for use as proxies for severity of illness. Future
studies should explore the use of these factors for determining the severity of heart failure
symptoms.
While only hospital utilization was used as an outcome measure in the current
study, future studies should include intermediate outcome measures for examining ACE
inhibitor use. Improvements in exercise tolerance, ejection fraction, and heart failure
symptoms have been used to assess the effectiveness of major heart failure drug therapies
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(i.e., ACE inhibitors, digoxin, and diuretics).367,368,369

These intermediate outcome

measures are particularly useful for evaluating the effectiveness of drug therapies such as
ACE inhibitors that also improve heart failure symptoms.
While there were no significant findings for physician and facility characteristics,
they appear to influence the relationships between resident characteristics and ACE
inhibitor use.

Future studies should examine the relationships between physician

characteristics and resident characteristics as they relate to ACE inhibitor therapy.
Similarly, the relationships between facility characteristics and resident characteristics
should be examined. Factors such as physicians’ elderly patient load and physician
prescribing practices related to heart failure management, as well as medical care
capacity and clinical resources for nursing facilities should also be examined.370,371
Furthermore, future studies may apply findings from this study to a cost model for
predicting cost differences related to ACE inhibitor use.

6.12. Recommendations
For the Department of Aging and Disability Services (DADS), the findings from
this study suggest several areas for improving the quality of care for elderly nursing home
residents with heart failure. A major area of interest is discussion of palliative care and
advance care planning with residents and families. By incorporating a discussion of the

367

Packer and Cohn, 1999
DIG, 1997
369
Garg and Yusuf, 1995
370
Intrator O, Castle NG, Mor V. Facility characteristics associated with hospitalization of nursing home
residents: results of a national study. Medical Care 1999;37(3):228-237.
371
Tamblyn et al., 2003
368
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risks and benefits of ACE inhibitor therapy and other recommended drug therapies,
residents and families can become informed about these drug therapies.

Improved

knowledge about the risks and benefits of heart failure treatments can help residents and
families to discuss treatment goals and preferences with physicians. Physicians, in turn,
can be better informed about factors to consider when making treatment decisions. In
addition, the discussions may serve as an incentive for physicians to become more
familiar with heart failure management in order to answer questions from residents and
their families.
To support physicians in becoming more knowledgeable about managing heart
failure in elderly nursing home residents, DADS should consider providing educational
materials and other support to physicians using findings from this study. Currently,
Medical Quality Assurance Pharmacist Quality Consultants conduct detailing visits to
medical directors. This activity is an ideal venue for disseminating information about
heart failure treatment to physicians caring for nursing home residents.
Baseline and optimal rates of ACE inhibitor use in elderly nursing home residents
should also be established for local regions. The Centers for Medicare and Medicaid
Services have developed quality indicators for heart failure management for elderly
patients who live in the community and for hospitalized patients. While not all of the
measures are applicable to the nursing home population, many of the indicators may be
tailored to this setting. These quality measures can be included in the annual LTCQR.
The creation of a national database for the Medicare Prescription Coverage will also
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provide additional data for examining the quality of heart failure management and factors
influencing the quality of care for these patients.

6.13. Conclusions
The significant relationships identified in the current study provide a glimpse of
the complexity of the factors influencing residents’ receipt of ACE inhibitor therapy. As
indicated by the significant relationships between ACE inhibitor use and hospital
utilization, ACE inhibitor therapy is an important part of overall management of
residents’ chronic illnesses.

The relationships further suggest that interventions to

improve health outcomes such as hospitalizations should be based on a chronic care
model rather than a disease management model. Elderly nursing home residents have a
complex clinical status that requires holistic management rather than targeted disease
management. Using findings from this study as a framework, future research should aim
to further explore the nature of the relationships between resident characteristics,
physician prescribing behaviors, organizational resources, other heart failure drug
therapies such as beta-blockers, and hospital utilization and other outcomes.
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APPENDICES
This appendix includes a code sheet for interpreting variable names from data
analyses (Section A) and SPSS coding scheme for all categorical variables used in
regression analyses (Section B). The potential for clustering effect was examined using
graphs: number of physicians by number of residents and number of facilities by number
of residents (Section C).

Logistic regression tables for examining the relationships

between physician specialty, as well as facility regions, and ACE inhibitor use to
determine appropriate reference groups are also included as are all results for sensitivity
analyses and subgroup analysis (Sections D).
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A. Code Sheet for Data Analyses
Variable Description
Resident

Age
Gender
Race/ethnicity
Medications
Selected medical conditions
Physical function
Cognitive function
End-of-life care request
Advance care planning

Physician

Age
Gender

Specialty

Medical director status
Primary practice in urban areas

Facility

Graduated from medical school in
last 10 years
Size
Urban/rural status of the facility

DADS-designated administrative
regions

Code/Value
Years
Male = 1
Female = 0
White = 1
Other = 0
Number of drugs
Number of conditions
Activities of Daily Living
score (0 to 18)
Cognitive Performance Scale
score (0 to 6)
Yes = 1
No = 0
Yes = 1
No = 0
<50 years = 1
50 years = 0
Male = 1
Female = 0
Family Practice = 1
Internal Medicine = 2
General Practice = 3
Other = 4
Yes = 1
No = 0
Urban = 1
Rural = 0
Yes = 1
No = 0
Number of beds
Urban = 1
Rural = 0
1 (Amarillo)
2 (Abilene)
3 (Arlington)
4 (Tyler)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland and El Paso)
11 (Corpus Christi)
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Variable
Abbreviation on
SPSS Printouts
age_year
Gender (Male)
White
NumDrugs
CountOfDiseaseID
ADL
CPS
@1P8EOLPPC
@8P1
AgeLT50
SEX_CODE
SPECIALITY
(Family Practice was the
reference group.)
MD
PGeoStatus
RecentGrad
TotalBeds
FGeoStatus

Region
(Region 4 was the
reference group.)

B. SPSS Coding Scheme for Categorical Variables
(1)
Resident
White
Male
End-of-life
Advance care
Planning
Physician
< 50 years
Male
Specialty

Practice
location
Recent
graduate
Medical
Director
Facility
Location
Region

0
1
0
1
0
1
0
1

0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000

0
1
0
1
1
2
3
4
0
1
0
1
0
1

0.000
1.000
0.000
1.000
0.000
1.000
0.000
0.000
0.000
1.000
0.000
1.000
0.000
1.000

0
1
1
2
3
4
5
6
7
8
9
11

0.000
1.000
1.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

(2)

(3)

0.000
0.000
1.000
0.000

0.000
0.000
0.000
1.000

0.000
1.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
1.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Parameter coding
(4)
(5)
(6)
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0.000
0.000
0.000
0.000
1.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
1.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000
0.000
0.000

(7)

(8)

(9)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

C. Physician and Facility by Resident Distributions

Figure C-1 Number of Physicians by Number of Residents
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Number of physicians in the study sample = 370
Number of residents per physician ranged from 1 through 4

211

Figure C-2 Number of Facilities by Number of Residents
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Number of facilities in the study sample = 389
Number of residents per facility ranged from 1 through 4
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D. Regression Results Tables
Table D-1 Logistic Regression Results for Physician Specialties and ACE Inhibitor Use
Family Practice
OR (95% CI)
Family
Practice
Internal
Medicine
General
Practice

---

Internal Medicine
OR (95% CI)
1.171
(0.773-1.775)

0.854
--(0.563-1.294)
1.186
1.389
(0.476-2.958)
(0.555-3.474)
1.967
2.303
Other
(0.776-4.988)
(0.905-5.859)
OR = Odds Ratios; CI = Confidence Interval

213

General Practice
OR (95% CI)
0.843
(0.338-2.102)
0.720
(0.288-1.800)
--1.658
(0.481-5.720)

Other
OR (95% CI)
0.508
(0.200-1.289)
0.434
(0.171-1.105)
0.603
(0.175-2.081)
---

Table D-2 Logistic Regression Results for Facility Regions and ACE Inhibitor Use
Region 1
OR
(95% CI)
R1
R2
R3
R4
R5
R6
R7
R8
R9
R11

---

Region 2
OR
(95% CI)
1.306
(0.405-4.214)

Region 3
OR
(95% CI)
1.441
(0.559-3.715)
1.103
(0.439-2.776)

Region 4
OR
(95% CI)
2.837
(1.043-7.718)
2.172
(0.817-5.774)
1.969
(0.984-3.939)

0.766
--(0.237-2.470)
0.694
0.906
--(0.269-1.789)
(0.360-2.280)
0.352
0.460
0.508
--(0.130-0.959)
(0.173-1.224)
(0.254-1.016)
0.551
0.720
0.794
1.563
(0.172-1.770)
(0.228-2.266)
(0.317-1.986)
(0.591-4.133)
1.122
1.465
1.616
3.183
(1.408-7.194)
(0.397-3.173)
(0.530-4.053)
(0.765-3.417)
0.535
0.698
0.771
1.517
(0.201-1.422)
(0.269-1.813)
(0.398-1.491)
(0.728-3.163)
0.854
1.116
1.231
2.424
(1.075-5.463)
(0.303-2.411)
(0.404-3.080)
(0.584-2.595)
0.438
0.571
0.630
1.241
(0.128-1.495)
(0.170-1.916)
(0.233-1.704)
(0.436-3.531)
0.620
0.810
0.893
1.759
(0.189-2.036)
(0.251-2.609)
(0.347-2.299)
(0.647-4.777)
OR = Odds Ratios; CI = Confidence Interval
R1 through R11 indicate the reference group in each model.

Region 5
OR
(95% CI)
1.815
(0.565-5.830)
1.390
(0.441-4.376)
1.260
(0.503-3.151)
0.640
(0.242-1.691)
--2.036
(0.740-5.604)
0.971
(0.376-2.507)
1.550
(0.564-4.258)
0.794
(0.238-2.651)
1.125
(0.351-3.609)
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Region 6
OR
(95% CI)
0.891
(0.315-2.522)
0.683
(0.247-1.888)
0.619
(0.293-1.308)
0.314
(0.139-0.710)
0.491
(0.178-1.352)
--0.477
(0.217-1.047)
0.761
(0.322-1.800)
0.390
(0.132-1.152)
0.553
(0.196-1.561)

Region 7
OR
(95% CI)
1.870
(0.703-4.972)
1.432
(0.551-3.718)
1.298
(0.671-2.511)
0.659
(0.316-1.374)
1.030
(0.399-2.661)
2.098
(0.955-4.610)
--1.597
(0.729-3.500)
0.818
(0.294-2.277)
1.159
(0.437-3.078)

Region 8
OR
(95% CI)
1.171
(0.415-3.305)
0.896
(0.325-2.475)
0.812
(0.385-1.713)
0.413
(0.183-0.930)
0.645
(0.235-1.772)
1.313
(0.555-3.105)
0.626
(0.286-1.372)
--0.512
(0.174-1.510)
0.726
(0.257-2.046)

Region 9
OR
(95% CI)
2.286
(0.669-7.808)
1.750
(0.522-5.867)
1.586
(0.587-4.287)
0.806
(0.283-2.291)
1.259
(0.377-4.204)
2.564
(0.868-7.572)
1.222
(0.439-3.402)
1.952
(0.662-5.754)
--1.417
(0.415-4.834)

Region 11
OR
(95% CI)
1.613
(0.491-5.301)
1.235
(0.383-3.981)
1.120
(0.435-2.883)
0.569
(0.209-1.545)
0.889
(0.277-2.852)
1.810
(0.641-5.113)
0.863
(0.325-2.291)
1.378
(0.489-3.885)
0.706
(0.207-2.409)
---

Table D-3 Resident Characteristics and 50% ACE Inhibitor Use
Variable
Constant
Age (years)
Male
White Race
End-of-Life Care
Advance Care
Planning
Physical Functiona
Cognitive Functiona
No. of Selected
Conditions
No. of Medications

0.233
0.730
0.847
0.097
0.169

Odds
Ratio
0.157
1.006
0.946
0.608
0.418

0.974-1.038
0.539-1.660
0.338-1.093
0.121-1.449

2.734

0.098

0.591

0.316-1.103

0.030
0.089

7.331
3.453

0.007
0.063

0.922
1.180

0.869-0.978
0.991-1.406

0.252

0.115

4.798

0.028

1.286

1.027-1.611

0.060

0.028

4.538

0.033

1.061

1.005-1.121

Coefficients

SE

Wald

Sig.

-1.852
0.006
-0.055
-0.497
-0.872

1.551
0.016
0.287
0.299
0.634

1.425
0.120
0.037
2.762
1.892

-0.527

0.319

-0.081
0.166

95% CI

50% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
a. Higher scores denote more impairment.

Table D-4 Resident Characteristics and 75% ACE Inhibitor Use
Variable
Constant
Age (years)
Male
White Race
End-of-Life Care
Advance Care
Planning
Physical Functiona
Cognitive Functiona
No. of Selected
Conditions
No. of Medications

0.105
0.481
0.954
0.069
0.251

Odds
Ratio
0.070
1.012
0.983
0.569
0.482

0.979-1.047
0.546-1.769
0.310-1.046
0.139-1.675

0.335 1.896

0.168

0.631

0.327-1.215

-0.074
0.172

0.031 5.523
0.094 3.382

0.019
0.066

0.929
1.188

0.873-0.988
0.989-1.427

0.236

0.120 3.869

0.049

1.266

1.001-1.602

0.060

0.029 4.131

0.042

1.061

1.002-1.124

Coefficients

SE

Wald

Sig.

-2.655
0.012
-0.017
-0.563
-0.729

1.639
0.017
0.300
0.310
0.635

2.624
0.497
0.003
3.299
1.317

-0.461

95% CI

75% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
a. Higher scores denote more impairment.
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Table D-5 Resident Characteristics and 100% ACE Inhibitor Use
Variable
Constant
Age (years)
Male
White Race
End-of-Life Care
Advance Care
Planning
Physical Functiona
Cognitive Functiona
No. of Selected
Conditions
No. of Medications

0.044
0.231
0.730
0.062
0.380

Odds
Ratio
0.029
1.022
0.895
0.545
0.571

0.986-1.060
0.477-1.681
0.289-1.030
0.164-1.993

0.345 2.956

0.086

0.553

0.281-1.087

-0.074
0.173

0.033 4.874
0.099 3.046

0.027
0.081

0.929
1.189

0.870-.992
0.979-1.443

0.200

0.126 2.499

0.114

1.221

0.953-1.564

0.066

0.031 4.638

0.031

1.069

1.006-1.135

Coefficients

SE

Wald

Sig.

-3.526
0.022
-0.111
-0.607
-0.560

1.750
0.018
0.322
0.325
0.637

4.060
1.433
0.119
3.493
0.771

-0.593

95% CI

100% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
a. Higher scores denote more impairment.

Table D-6 Physician Characteristics and 50% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Constant
<50 years of age
Male
Specialty
Family practice
Internal medicine
General practice
Medical director
Recent graduate
Practice in urban areas

-0.928
-0.023
0.032

0.488 3.620
0.256 0.008
0.401 0.007

-0.185
-0.222
-1.030
-0.208
-0.250
-0.335

0.255
0.530
0.629
0.243
0.426
0.255

0.525
0.176
2.680
0.729
0.343
1.727

0.057
0.928
0.935

Odds
Ratio
0.395
0.977
1.033

0.592-1.614
0.471-2.266

0.469
0.675
0.102
0.393
0.558
0.189

0.831
0.801
0.357
0.813
0.779
0.716

0.504-1.371
0.283-2.262
0.104-1.225
0.504-1.309
0.338-1.797
0.434-1.179

Sig.

95% CI

50% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
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Table D-7 Physician Characteristics and 75% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Constant
<50 years of age
Male
Specialty§
Internal medicine
General practice
Other
Medical director
Recent graduate¥
Practice in urban areas

-1.022
-0.101
0.015

0.511 4.002
0.270 0.138
0.420 0.001

-0.201
-0.364
-1.339
-0.295
-0.218
-0.256

0.267
0.576
0.751
0.256
0.448
0.269

0.568
0.399
3.180
1.326
0.237
0.904

0.045
0.710
0.971

Odds
Ratio
0.360
0.904
1.015

0.532-1.536
0.445-2.314

0.451
0.528
0.075
0.250
0.626
0.342

0.818
0.695
0.262
0.745
0.804
0.774

0.485-1.380
0.225-2.150
0.060-1.142
0.451-1.230
0.334-1.934
0.456-1.312

Sig.

95% CI

75% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.

Table D-8 Physician Characteristics and 100% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Constant
<50 years of age
Male
Specialty§
Internal medicine
General practice
Other
Medical director
Recent graduate¥
Practice in urban areas

-0.986
-0.153
-0.187

0.523 3.554
0.286 0.287
0.424 0.195

-0.177
-0.193
-1.146
-0.280
-0.207
-0.296

0.283
0.580
0.753
0.269
0.473
0.283

0.390
0.111
2.313
1.085
0.192
1.096

0.059
0.592
0.659

Odds
Ratio
0.373
0.858
0.829

0.489-1.504
0.361-1.905

0.532
0.739
0.128
0.298
0.661
0.295

0.838
0.825
0.318
0.756
0.813
0.744

0.481-1.459
0.265-2.568
0.073-1.392
0.446-1.280
0.322-2.054
0.427-1.295

Sig.

95% CI

100% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
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Table D-9 Facility Characteristics and 50% Residents’ ACE Inhibitor Use

0.123
0.775
0.161

Odds
Ratio
0.510
1.001
0.673

0.995-1.006
0.387-1.171

0.251
0.147
0.522
0.108
0.006
0.395
0.044
0.214
0.393

0.532
0.434
0.774
0.369
0.211
0.702
0.375
0.420
0.605

0.181-1.565
0.141-1.341
0.353-1.697
0.109-1.245
0.070-0.637
0.311-1.585
0.145-0.972
0.107-1.649
0.191-1.919

Variable

Coefficients

SE

Wald

Sig.

Constant
Total number of beds
Located in urban areas
Administrative Regions*
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)

-0.674
0.001
-0.396

0.437
0.003
0.283

2.385
0.081
1.961

-0.632
-0.834
-0.257
-0.997
-1.554
-0.353
-0.981
-0.869
-0.503

0.551
0.575
0.401
0.621
0.562
0.415
0.486
0.698
0.589

1.315
2.103
0.410
2.580
7.634
0.724
4.070
1.547
0.729

95% CI

50% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
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Table D-10 Facility Characteristics and 75% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Constant
Total number of beds
Located in urban areas
Administrative Regions*
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)

-0.811
0.000
-0.320

0.456 3.155
0.003 0.003
0.296 1.166

-0.697
-0.653
-0.415
-1.144
-1.395
-0.268
-1.130
-0.711
-0.346

0.585
0.580
0.424
0.687
0.569
0.427
0.532
0.703
0.595

1.419
1.268
0.961
2.769
6.003
0.393
4.508
1.022
0.338

0.076
0.954
0.280

Odds
Ratio
0.445
1.000
0.726

0.995-1.006
0.406-1.298

0.234
0.260
0.327
0.096
0.014
0.531
0.034
0.312
0.561

0.498
0.521
0.660
0.319
0.248
0.765
0.323
0.491
0.708

0.158-1.568
0.167-1.622
0.288-1.514
0.083-1.226
0.081-0.757
0.331-1.768
0.114-0.917
0.124-1.949
0.220-2.272

Sig.

95% CI

75% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.

219

Table D-11 Facility Characteristics and 100% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Constant
Total number of beds
Located in urban areas
Administrative Regions*
1 (Amarillo)
2 (Abilene)
3 (Arlington)
5 (Beaumont)
6 (Houston)
7 (Austin)
8 (San Antonio)
9 (Midland & El Paso)
11 (Corpus Christi)

-1.271
0.002
-0.382

0.480 7.021
0.003 0.316
0.314 1.480

-0.607
-0.347
-0.172
-1.292
-1.333
-0.054
-0.847
-0.390
-0.640

0.637
0.593
0.448
0.808
0.625
0.450
0.547
0.715
0.707

0.907
0.342
0.148
2.556
4.547
0.014
2.397
0.297
0.819

0.008
0.574
0.224

Odds
Ratio
0.280
1.002
0.683

0.996-1.007
0.369-1.263

0.341
0.559
0.700
0.110
0.033
0.905
0.122
0.586
0.365

0.545
0.707
0.842
0.275
0.264
0.948
0.429
0.677
0.527

0.156-1.901
0.221-2.259
0.350-2.025
0.056-1.339
0.077-0.898
0.392-2.291
0.147-1.253
0.167-2.749
0.132-2.107

Sig.

95% CI

75% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.05); CI = Confidence Interval; Degrees of Freedom = 1
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
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Table D-12 All Characteristics and 50% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.293

95% CI

Constant
-1.228
1.728
0.505
0.477
Residents
Age (years)
0.009
0.017
0.259
0.611
1.009 0.975-1.043
Male
0.053
0.304
0.030
0.862
1.054 0.581-1.912
White Race
-0.642
0.336
3.657
0.056
0.526 0.272-1.016
End-of-Life Care
-0.843
0.660
1.633
0.201
0.430 0.118-1.568
Advance Care Planning
-0.404
0.351
1.326
0.250
0.668 0.335-1.328
Physical Functiona
-0.053
0.032
2.752
0.097
0.948 0.890-1.010
Cognitive Functiona
0.094
0.096
0.967
0.326
1.099 0.911-1.326
No. of Selected Conditions
0.276
0.123
5.082
0.024
1.318 1.037-1.676
No. of Medications
0.058
0.029
3.870
0.049
1.059 1.000-1.122
Physicians
<50 years
0.027
0.274
0.010
0.922
1.027 0.600-1.759
Male
-0.006
0.427
0.000
0.990
0.994 0.430-2.299
Specialty§
Family practice
-0.079
0.272
0.084
0.772
0.924 0.543-1.574
Internal medicine
-0.511
0.557
0.843
0.359
0.600 0.201-1.787
General practice
-1.001
0.667
2.252
0.133
0.368 0.099-1.358
Medical director
-0.268
0.263
1.036
0.309
0.765 0.457-1.281
Recent graduate
-0.433
0.465
0.869
0.351
0.648 0.261-1.612
Practice in urban areas
0.080
0.748
0.012
0.914
1.084 0.250-4.692
Facilities
Total number of beds
0.001
0.003
0.034
0.854
1.001 0.995-1.006
Located in urban areas
-0.612
0.746
0.674
0.412
0.542 0.126-2.337
Administrative Regions¥
1 (Amarillo)
-0.514
0.587
0.767
0.381
0.598 0.190-1.889
2 (Abilene)
-0.461
0.615
0.561
0.454
0.631 0.189-2.106
3 (Arlington)
0.061
0.443
0.019
0.890
1.063 0.447-2.531
5 (Beaumont)
-0.966
0.655
2.173
0.140
0.381 0.105-1.375
6 (Houston)
-1.285
0.587
4.789
0.029
0.277 0.088-.875
7 (Austin)
-0.346
0.448
0.596
0.440
0.708 0.294-1.703
8 (San Antonio)
-0.910
0.523
3.027
0.082
0.403 0.145-1.122
9 (Midland & El Paso)
-0.914
0.746
1.502
0.220
0.401 0.093-1.730
11 (Corpus Christi)
-0.553
0.666
0.688
0.407
0.575 0.156-2.123
50% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-13 All Characteristics and 75% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.175

95% CI

Constant
-1.742
1.812
0.924
0.336
Residents
Age (years)
0.014
0.018
0.631
0.427
1.014 0.979-1.051
Male
0.043
0.318
0.018
0.893
1.044 0.559-1.948
White Race
-0.664
0.348
3.632
0.057
0.515 0.260-1.019
End-of-Life Care
-0.653
0.662
0.970
0.325
0.521 0.142-1.907
Advance Care Planning
-0.381
0.363
1.102
0.294
0.683 0.335-1.392
Physical Functiona
-0.053
0.034
2.503
0.114
0.948 0.887-1.013
Cognitive Functiona
0.112
0.101
1.241
0.265
1.119 0.918-1.363
No. of Selected Conditions
0.275
0.128
4.579
0.032
1.316 1.023-1.693
No. of Medications
0.060
0.031
3.744
0.053
1.061 0.999-1.128
Physicians
<50 years
-0.048
0.288
0.027
0.869
0.954 0.542-1.678
Male
-0.009
0.446
0.000
0.985
0.992 0.414-2.376
Specialty§
Family practice
-0.096
0.283
0.115
0.734
0.908 0.522-1.582
Internal medicine
-0.668
0.603
1.227
0.268
0.513 0.157-1.672
General practice
-1.215
0.783
2.406
0.121
0.297 0.064-1.377
Medical director
-0.314
0.276
1.297
0.255
0.731 0.426-1.254
Recent graduate
-0.450
0.490
0.844
0.358
0.637 0.244-1.666
Practice in urban areas
0.296
0.757
0.152
0.696
1.344 0.305-5.930
Facilities
Total number of beds
-0.001
0.003
0.028
0.867
0.999 0.994-1.005
Located in urban areas
-0.702
0.755
0.864
0.353
0.496 0.113-2.176
Administrative Regions¥
1 (Amarillo)
-0.658
0.616
1.140
0.286
0.518 0.155-1.734
2 (Abilene)
-0.357
0.618
0.334
0.563
0.700 0.209-2.348
3 (Arlington)
-0.207
0.460
0.203
0.652
0.813 0.330-2.003
5 (Beaumont)
-1.177
0.719
2.684
0.101
0.308 0.075-1.260
6 (Houston)
-1.203
0.591
4.145
0.042
0.300 0.094-0.956
7 (Austin)
-0.332
0.457
0.527
0.468
0.718 0.293-1.758
8 (San Antonio)
-1.151
0.565
4.147
0.042
0.316 0.105-0.958
9 (Midland & El Paso)
-0.859
0.751
1.310
0.252
0.423 0.097-1.845
11 (Corpus Christi)
-0.492
0.675
0.532
0.466
0.611 0.163-2.293
75% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-14 All Characteristics and 100% Residents’ ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.056

95% CI

Constant
-2.882
1.913
2.269
0.132
Residents
Age (years)
0.026
0.019
1.779
0.182
1.026 0.988-1.065
Male
-0.026
0.340
0.006
0.939
0.974 0.500-1.897
White Race
-0.746
0.363
4.225
0.040
0.474 0.233-.966
End-of-Life Care
-0.499
0.661
0.570
0.450
0.607 0.166-2.219
Advance Care Planning
-0.532
0.374
2.021
0.155
0.587 0.282-1.223
Physical Functiona
-0.054
0.036
2.313
0.128
0.947 0.883-1.016
Cognitive Functiona
0.118
0.107
1.211
0.271
1.125 0.912-1.387
No. of Selected Conditions
0.233
0.135
2.996
0.083
1.263 0.970-1.644
No. of Medications
0.066
0.032
4.234
0.040
1.068 1.003-1.137
Physicians
<50 years
-0.101
0.305
0.108
0.742
0.904 0.497-1.646
Male
-0.180
0.453
0.158
0.691
0.835 0.344-2.028
Specialty§
Family practice
-0.074
0.299
0.061
0.804
0.929 0.517-1.669
Internal medicine
-0.456
0.605
0.567
0.451
0.634 0.194-2.076
General practice
-1.042
0.791
1.734
0.188
0.353 0.075-1.663
Medical director
-0.308
0.291
1.117
0.290
0.735 0.415-1.301
Recent graduate
-0.342
0.509
0.451
0.502
0.711 0.262-1.927
Practice in urban areas
-0.027
0.853
0.001
0.975
0.974 0.183-5.184
Facilities
Total number of beds
0.001
0.003
0.197
0.658
1.001 0.995-1.007
Located in urban areas
-0.520
0.854
0.370
0.543
0.595 0.111-3.173
Administrative Regions¥
1 (Amarillo)
-0.472
0.669
0.498
0.480
0.624 0.168-2.313
2 (Abilene)
0.002
0.631
0.000
0.998
1.002 0.291-3.449
3 (Arlington)
0.095
0.489
0.037
0.847
1.099 0.422-2.865
5 (Beaumont)
-1.313
0.839
2.448
0.118
0.269 0.052-1.393
6 (Houston)
-1.069
0.648
2.721
0.099
0.343 0.096-1.223
7 (Austin)
-0.037
0.481
0.006
0.939
0.964 0.375-2.476
8 (San Antonio)
-0.803
0.583
1.898
0.168
0.448 0.143-1.404
9 (Midland & El Paso)
-0.478
0.764
0.391
0.532
0.620 0.139-2.773
11 (Corpus Christi)
-0.681
0.784
0.755
0.385
0.506 0.109-2.352
100% ACE inhibitor use = proportion of the observation period during which the resident was receiving
ACE inhibitor therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-15 Hospitalization Status Due to Any Cause – 50% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.064

95% CI

Constant
-2.744
2.958
0.861
0.354
Residents
Age (years)
-0.020
0.028
0.535
0.464
0.980
0.928-1.035
Male
-1.244
0.528
5.556
0.018
0.288
0.102-0.811
White Race
-0.886
0.578
2.347
0.126
0.412
0.133-1.281
End-of-Life Care
1.006
0.753
1.783
0.182
2.735
.625-11.972
Advance Care Planning
0.010
0.633
0.000
0.987
1.010
0.292-3.493
Physical Functiona
0.007
0.049
0.021
0.884
1.007
0.914-1.110
Cognitive Functiona
-0.042
0.151
0.079
0.779
0.959
0.714-1.288
No. of Selected Conditions
0.167
0.208
0.650
0.420
1.182
0.787-1.776
No. of Medications
0.033
0.050
0.456
0.500
1.034
0.938-1.140
50% ACEI Use
-1.761
0.609
8.370
0.004
0.172
0.052-0.567
Physicians
<50 years of age
-1.018
0.509
3.995
0.046
0.361
0.133-0.980
Male
-0.307
0.696
0.195
0.659
0.735
0.188-2.876
Specialty§
Internal medicine
0.470
0.490
0.921
0.337
1.600
0.613-4.179
General practice
0.121
0.879
0.019
0.891
1.128
0.201-6.317
Other
1.634
1.136
2.069
0.150
5.125 0.553-47.506
Medical director
-0.842
0.501
2.827
0.093
0.431
0.161-1.150
Recent graduate¥
-0.377
0.689
0.299
0.584
0.686
0.178-2.647
Practice in urban areas
-0.851
1.399
0.370
0.543
0.427
0.028-6.629
Facilities
Total number of beds
0.003
0.005
0.394
0.530
1.003
0.994-1.012
Located in urban areas
0.864
1.378
0.393
0.531
2.373 0.159-35.336
Administrative Regions*
1 (Amarillo)
-1.758
1.060
2.748
0.097
0.172
0.022-1.378
2 (Abilene)
-0.504
0.942
0.286
0.593
0.604
0.095-3.831
3 (Arlington)
-1.409
0.845
2.780
0.095
0.244
0.047-1.281
5 (Beaumont)
0.185
1.120
0.027
0.869
1.203
.134-10.798
6 (Houston)
-1.168
0.978
1.425
0.233
0.311
0.046-2.116
7 (Austin)
-0.093
0.840
0.012
0.912
0.911
0.176-4.732
8 (San Antonio)
-0.613
0.891
0.472
0.492
0.542
0.094-3.110
9 (Midland & El Paso)
-3.032
1.471
4.248
0.039
0.048
0.003-0.862
11 (Corpus Christi)
-0.811
1.150
0.498
0.481
0.444
0.047-4.233
Observation Period
0.590
0.118
25.022 <0.001
1.804
1.432-2.273
50% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-16 Hospitalization Status Due to Any Cause – 75% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.059

95% CI

Constant
-2.835
2.996
0.895
0.344
Residents
Age (years)
-0.022
0.028
0.607
0.436
0.978
0.926-1.034
Male
-1.275
0.535
5.683
0.017
0.279
0.098-0.797
White Race
-0.934
0.579
2.600
0.107
0.393
0.126-1.223
End-of-Life Care
1.071
0.767
1.952
0.162
2.919
.650-13.118
Advance Care Planning
0.032
0.638
0.002
0.960
1.032
0.296-3.603
Physical Functiona
0.006
0.050
0.015
0.902
1.006
0.912-1.110
Cognitive Functiona
-0.048
0.152
0.100
0.752
0.953
0.707-1.285
No. of Selected Conditions
0.196
0.212
0.854
0.355
1.216
0.803-1.842
No. of Medications
0.038
0.050
0.575
0.448
1.039
0.942-1.145
75% ACEI Use
-2.108
0.653
10.414
0.001
0.121
0.034-0.437
Physicians
<50 years of age
-1.102
0.514
4.593
0.032
0.332
0.121-0.910
Male
-0.398
0.711
0.314
0.576
0.672
0.167-2.704
Specialty§
Internal medicine
0.476
0.496
0.922
0.337
1.610
0.609-4.258
General practice
-0.040
0.870
0.002
0.964
0.961
0.175-5.293
Other
1.531
1.124
1.855
0.173
4.623
.511-41.840
Medical director
-0.931
0.510
3.330
0.068
0.394
0.145-1.071
Recent graduate¥
-0.418
0.700
0.356
0.551
0.659
0.167-2.598
Practice in urban areas
-0.839
1.431
0.344
0.558
0.432
0.026-7.140
Facilities
Total number of beds
0.003
0.005
0.395
0.530
1.003
0.994-1.013
Located in urban areas
0.840
1.409
0.356
0.551
2.317 0.146-36.677
Administrative Regions*
1 (Amarillo)
-1.867
1.071
3.040
0.081
0.155
0.019-1.261
2 (Abilene)
-0.525
0.950
0.306
0.580
0.592
0.092-3.805
3 (Arlington)
-1.531
0.858
3.184
0.074
0.216
0.040-1.163
5 (Beaumont)
0.130
1.163
0.012
0.911
1.139 0.117-11.123
6 (Houston)
-1.266
0.994
1.623
0.203
0.282
0.040-1.977
7 (Austin)
-0.135
0.844
0.025
0.873
0.874
0.167-4.569
8 (San Antonio)
-0.730
0.910
0.644
0.422
0.482
0.081-2.867
9 (Midland & El Paso)
-3.189
1.498
4.534
0.033
0.041
0.002-.776
11 (Corpus Christi)
-0.829
1.175
0.497
0.481
0.437
0.044-4.372
Observation Period
0.632
0.122
27.049
<0.001
1.881
1.483-2.387
75% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-17 Hospitalization Status Due to Any Cause – 100% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.065

95% CI

Constant
-2.734
3.455
0.626
0.429
Residents
Age (years)
-0.014
0.029
0.235
0.628
0.986
0.931-1.044
Male
-1.122
0.541
4.299
0.038
0.326
0.113-0.940
White Race
-0.693
0.612
1.283
0.257
0.500
0.151-1.659
End-of-Life Care
0.852
0.795
1.148
0.284
2.345 0.493-11.146
Advance Care Planning
0.125
0.677
0.034
0.854
1.133
0.300-4.274
Physical Functiona
0.007
0.052
0.020
0.887
1.007
0.909-1.116
Cognitive Functiona
-0.092
0.162
0.323
0.570
0.912
0.664-1.252
No. of Selected Conditions
0.200
0.219
0.836
0.360
1.222
0.795-1.876
No. of Medications
-0.007
0.053
0.019
0.891
0.993
0.896-1.101
100% ACEI Use
-2.018
0.696
8.403
0.004
0.133
0.034-0.520
Physicians
<50 years of age
-1.054
0.538
3.840
0.050
0.349
0.121-1.000
Male
-0.448
0.756
0.352
0.553
0.639
0.145-2.809
Specialty§
Internal medicine
0.292
0.530
0.303
0.582
1.339
0.474-3.781
General practice
-0.077
0.906
0.007
0.932
0.926
0.157-5.463
Other
0.441
1.136
0.151
0.698
1.555 0.168-14.415
Medical director
-0.824
0.529
2.427
0.119
0.439
0.156-1.237
Recent graduate¥
-0.327
0.731
0.200
0.655
0.721
0.172-3.023
Practice in urban areas
-0.631
1.317
0.230
0.632
0.532
0.040-7.030
Facilities
Total number of beds
0.004
0.005
0.644
0.422
1.004
0.994-1.015
Located in urban areas
0.794
1.288
0.380
0.538
2.212 0.177-27.613
Administrative Regions*
1 (Amarillo)
-1.622
1.085
2.237
0.135
0.197
0.024-1.655
2 (Abilene)
-0.151
1.006
0.023
0.880
0.860
0.120-6.176
3 (Arlington)
-1.372
0.886
2.397
0.122
0.254
0.045-1.440
5 (Beaumont)
0.642
1.325
0.235
0.628
1.900 0.142-25.510
6 (Houston)
-1.091
1.011
1.165
0.280
0.336
0.046-2.435
7 (Austin)
0.225
0.914
0.061
0.805
1.253
0.209-7.514
8 (San Antonio)
-0.406
0.929
0.191
0.662
0.666
0.108-4.117
9 (Midland & El Paso)
-2.954
1.508
3.836
0.050
0.052
0.003-1.002
11 (Corpus Christi)
-0.574
1.241
0.214
0.644
0.563
0.049-6.414
Observation Period
0.556
0.157
12.516
<0.001
1.744
1.281-2.373
100% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-18 Hospitalization Status Due to Heart Failure – 50% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.018

95% CI

Constant
-4.044
3.507
1.330
0.249
Residents
Age (years)
-0.005
0.029
0.025
0.875
0.995
0.940-1.054
Male
-0.531
0.552
0.924
0.337
0.588
0.199-1.736
White Race
-0.406
0.622
0.426
0.514
0.666
0.197-2.256
End-of-Life Care
0.625
0.740
0.714
0.398
1.869
0.438-7.968
Advance Care Planning
-0.193
0.732
0.069
0.792
0.825
0.196-3.462
Physical Functiona
0.005
0.054
0.007
0.934
1.005
0.903-1.118
Cognitive Functiona
-0.068
0.169
0.163
0.687
0.934
0.670-1.302
No. of Selected Conditions
-0.125
0.224
0.310
0.577
0.882
0.568-1.370
No. of Medications
0.046
0.055
0.694
0.405
1.047
0.940-1.167
50% ACEI Use
-1.847
0.772
5.730
0.017
0.158
0.035-0.715
Physicians
<50 years of age
0.199
0.532
0.140
0.708
1.220
0.430-3.465
Male
-0.667
0.764
0.764
0.382
0.513
0.115-2.292
Specialty§
Internal medicine
-0.024
0.530
0.002
0.964
0.976
0.345-2.758
General practice
-0.112
0.910
0.015
0.902
0.894
0.150-5.324
Other
-0.947
1.316
0.518
0.472
0.388
0.029-5.111
Medical director
0.022
0.514
0.002
0.966
1.022
0.373-2.800
Recent graduate¥
-0.828
0.800
1.071
0.301
0.437
0.091-2.096
Practice in urban areas
-0.461
1.456
0.101
0.751
0.630
0.036-10.929
Facilities
Total number of beds
0.001
0.005
0.011
0.915
1.001
0.990-1.011
Located in urban areas
0.162
1.460
0.012
0.912
1.176
0.067-20.567
Administrative Regions*
8.015
0.533
1 (Amarillo)
-1.174
1.387
0.717
0.397
0.309
0.020-4.687
2 (Abilene)
0.352
1.086
0.105
0.746
1.422
0.169-11.941
3 (Arlington)
-0.251
0.948
0.070
0.791
0.778
0.121-4.987
5 (Beaumont)
-0.941
1.342
0.492
0.483
0.390
0.028-5.413
6 (Houston)
-0.493
1.101
0.201
0.654
0.611
0.071-5.284
7 (Austin)
1.069
0.937
1.301
0.254
2.913
0.464-18.290
8 (San Antonio)
0.732
0.932
0.616
0.432
2.079
0.334-12.929
9 (Midland & El Paso)
-0.117
1.501
0.006
0.938
0.889
0.047-16.867
11 (Corpus Christi)
-0.491
1.429
0.118
0.731
0.612
0.037-10.065
Observation Period
0.411
0.144
8.196
0.004
1.508
1.138-1.999
50% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-19 Hospitalization Status Due to Heart Failure – 75% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.016

95% CI

Constant
-4.116
3.521
1.366
0.242
Residents
Age (years)
-0.006
0.029
0.047
0.829
0.994
0.939-1.052
Male
-0.531
0.551
0.929
0.335
0.588
0.200-1.732
White Race
-0.417
0.619
0.454
0.500
0.659
0.196-2.216
End-of-Life Care
0.681
0.737
0.855
0.355
1.976
0.466-8.372
Advance Care Planning
-0.224
0.727
0.095
0.758
0.799
0.192-3.320
Physical Functiona
0.005
0.054
0.009
0.925
1.005
0.904-1.118
Cognitive Functiona
-0.077
0.169
0.208
0.648
0.926
0.665-1.289
No. of Selected Conditions
-0.125
0.224
0.310
0.578
0.883
0.569-1.370
No. of Medications
0.043
0.055
0.619
0.431
1.044
0.937-1.163
75% ACEI Use
-1.774
0.778
5.205
0.023
0.170
0.037-0.779
Physicians
<50 years of age
0.138
0.527
0.069
0.793
1.148
0.409-3.226
Male
-0.713
0.767
0.864
0.353
0.490
0.109-2.205
Specialty§
0.563
0.905
Internal medicine
-0.018
0.529
0.001
0.973
0.983
0.349-2.770
General practice
-0.087
0.904
0.009
0.923
0.917
0.156-5.389
Other
-0.957
1.308
0.535
0.465
0.384
0.030-4.991
Medical director
-0.011
0.512
0.000
0.983
0.989
0.362-2.699
Recent graduate¥
-0.780
0.797
0.958
0.328
0.459
0.096-2.186
Practice in urban areas
-0.418
1.450
0.083
0.773
0.658
0.038-11.287
Facilities
Total number of beds
0.000
0.005
0.008
0.930
1.000
0.990-1.011
Located in urban areas
0.152
1.452
0.011
0.916
1.165
0.068-20.058
Administrative Regions*
7.734
0.561
1 (Amarillo)
-1.158
1.385
0.698
0.403
0.314
0.021-4.747
2 (Abilene)
0.314
1.077
0.085
0.771
1.369
0.166-11.305
3 (Arlington)
-0.289
0.945
0.094
0.759
0.749
0.118-4.769
5 (Beaumont)
-0.917
1.344
0.466
0.495
0.400
0.029-5.564
6 (Houston)
-0.509
1.100
0.214
0.643
0.601
0.070-5.191
7 (Austin)
1.012
0.922
1.203
0.273
2.751
0.451-16.773
8 (San Antonio)
0.704
0.929
0.574
0.449
2.022
0.327-12.490
9 (Midland & El Paso)
-0.168
1.494
0.013
0.910
0.845
0.045-15.808
11 (Corpus Christi)
-0.497
1.426
0.121
0.728
0.608
0.037-9.963
Observation Period
0.442
0.147
9.101
0.003
1.557
1.168-2.075
75% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-20 Hospitalization Status Due to Heart Failure – 100% ACE Inhibitor Use
Variable

Coefficients

SE

Wald

Sig.

Odds
Ratio
0.076

95% CI

Constant
-2.575
3.781
0.464
0.496
Residents
Age (years)
-0.008
0.030
0.073
0.787
0.992
0.936-1.051
Male
-0.534
0.554
0.928
0.335
0.586
0.198-1.737
White Race
-0.366
0.622
0.347
0.556
0.693
0.205-2.346
End-of-Life Care
0.534
0.743
0.516
0.473
1.705
0.397-7.314
Advance Care Planning
-0.160
0.737
0.047
0.828
0.852
0.201-3.611
Physical Functiona
0.005
0.054
0.009
0.925
1.005
0.904-1.117
Cognitive Functiona
-0.068
0.169
0.160
0.689
0.935
0.671-1.302
No. of Selected Conditions
-0.121
0.224
0.290
0.590
0.886
0.571-1.376
No. of Medications
0.037
0.056
0.447
0.504
1.038
0.930-1.158
100% ACEI Use
-1.704
0.783
4.730
0.030
0.182
0.039-0.845
Physicians
<50 years of age
0.201
0.538
0.140
0.708
1.223
0.426-3.511
Male
-0.614
0.762
0.650
0.420
0.541
0.122-2.407
Specialty§
Internal medicine
-0.045
0.534
0.007
0.933
0.956
0.336-2.725
General practice
-0.100
0.914
0.012
0.913
0.905
0.151-5.425
Other
-0.949
1.308
0.527
0.468
0.387
0.030-5.022
Medical director
0.047
0.515
0.008
0.927
1.049
0.382-2.880
Recent graduate¥
-0.805
0.799
1.014
0.314
0.447
0.093-2.142
Practice in urban areas
-0.467
1.432
0.107
0.744
0.627
0.038-10.377
Facilities
Total number of beds
0.001
0.005
0.012
0.912
1.001
0.990-1.011
Located in urban areas
0.223
1.442
0.024
0.877
1.250
0.074-21.105
Administrative Regions*
1 (Amarillo)
-1.210
1.383
0.765
0.382
0.298
0.020-4.485
2 (Abilene)
0.370
1.080
0.118
0.732
1.448
0.174-12.021
3 (Arlington)
-0.275
0.953
0.083
0.773
0.759
0.117-4.913
5 (Beaumont)
-0.933
1.347
0.480
0.488
0.393
0.028-5.507
6 (Houston)
-0.517
1.100
0.221
0.638
0.596
0.069-5.152
7 (Austin)
1.063
0.949
1.255
0.263
2.895
0.451-18.603
8 (San Antonio)
0.739
0.927
0.635
0.426
2.094
0.340-12.886
9 (Midland & El Paso)
-0.119
1.499
0.006
0.937
0.888
0.047-16.764
11 (Corpus Christi)
-0.535
1.444
0.137
0.711
0.586
0.035-9.924
Observation Period
0.306
0.169
3.281
0.070
1.357
0.975-1.889
100% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); CI = Confidence Interval; Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-21 Days of hospitalization Due to Any Cause – 50% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
-4.804
3.906
-1.230
0.221
Constant
Residents
Age (years)
0.028
0.038
0.736
0.463
Male
-1.029
0.721
-1.428
0.156
White Race
-0.828
0.781
-1.060
0.291
End-of-Life Care
1.240
1.040
1.192
0.235
Advance Care Planning
-0.444
0.864
-0.514
0.608
Physical Functiona
0.103
0.071
1.443
0.151
Cognitive Functiona
-0.247
0.214
-1.152
0.251
No. of Selected Conditions
0.335
0.279
1.201
0.232
No. of Medications
0.167
0.068
2.449
0.016
50% ACEI Use
-2.283
0.789
-2.892
0.004
Physicians
<50 years of age
-0.175
0.654
-0.268
0.789
Male
-0.713
0.974
-0.732
0.465
Specialty§
Internal medicine
0.625
0.679
0.920
0.359
General practice
1.087
1.243
0.874
0.384
Other
1.050
1.452
0.723
0.471
Medical director
-0.608
0.634
-0.959
0.339
Recent graduate¥
-1.078
1.026
-1.051
0.295
Practice in urban areas
-2.271
1.799
-1.263
0.209
Facilities
Total number of beds
-0.003
0.007
-0.422
0.673
Located in urban areas
1.810
1.761
1.028
0.306
Administrative Regions*
1 (Amarillo)
-1.598
1.639
-0.975
0.331
2 (Abilene)
0.782
1.402
0.558
0.578
3 (Arlington)
-0.312
1.205
-0.259
0.796
5 (Beaumont)
1.623
1.401
1.158
0.249
6 (Houston)
0.525
1.341
0.392
0.696
7 (Austin)
1.413
1.186
1.191
0.236
8 (San Antonio)
1.582
1.260
1.255
0.212
9 (Midland & El Paso)
-1.498
1.859
-0.806
0.422
11 (Corpus Christi)
1.715
1.644
1.043
0.299
Observation Period
0.468
0.089
5.286
<0.001
50% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-22 Days of hospitalization Due to Any Cause – 75% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
-4.984
3.835
-1.300
0.196
Constant
Residents
Age (years)
0.029
0.037
0.785
0.434
Male
-1.099
0.709
-1.550
0.123
White Race
-0.900
0.768
-1.172
0.243
End-of-Life Care
1.321
1.020
1.295
0.197
Advance Care Planning
-0.505
0.850
-0.595
0.553
Physical Functiona
0.106
0.070
1.525
0.130
Cognitive Functiona
-0.270
0.211
-1.281
0.202
No. of Selected Conditions
0.382
0.275
1.390
0.167
No. of Medications
0.176
0.067
2.639
0.009
75% ACEI Use
-3.184
0.862
-3.694
<0.001
Physicians
<50 years of age
-0.297
0.639
-0.465
0.643
Male
-0.899
0.958
-0.939
0.349
Specialty§
Internal medicine
0.659
0.666
0.990
0.324
General practice
0.651
1.236
0.527
0.599
Other
0.698
1.434
0.486
0.627
Medical director
-0.672
0.623
-1.079
0.282
Recent graduate¥
-1.133
1.004
-1.129
0.261
Practice in urban areas
-2.101
1.768
-1.188
0.237
Facilities
Total number of beds
-0.003
0.007
-0.438
0.662
Located in urban areas
1.561
1.733
0.901
0.369
Administrative Regions*
1 (Amarillo)
-1.770
1.609
-1.100
0.273
2 (Abilene)
0.856
1.377
0.622
0.535
3 (Arlington)
-0.581
1.189
-0.488
0.626
5 (Beaumont)
1.660
1.370
1.211
0.228
6 (Houston)
0.499
1.315
0.379
0.705
7 (Austin)
1.420
1.165
1.219
0.225
8 (San Antonio)
1.332
1.243
1.071
0.286
9 (Midland & El Paso)
-1.485
1.826
-0.813
0.417
11 (Corpus Christi)
1.771
1.615
1.097
0.275
Observation Period
0.517
0.089
5.810
<0.001
75% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-23 Days of hospitalization Due to Any Cause –100% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
-6.086
5.068
-1.201
0.232
Constant
Residents
Age (years)
0.035
0.044
0.786
0.434
Male
-1.057
0.845
-1.250
0.214
White Race
-0.434
0.925
-0.469
0.640
End-of-Life Care
2.015
1.188
1.697
0.093
Advance Care Planning
-0.762
1.099
-0.693
0.490
Physical Functiona
0.116
0.082
1.421
0.158
Cognitive Functiona
-0.413
0.259
-1.596
0.113
No. of Selected Conditions
0.225
0.341
0.661
0.510
No. of Medications
0.172
0.082
2.114
0.037
100% ACEI Use
-2.967
1.017
-2.919
0.004
Physicians
<50 years of age
-0.733
0.816
-0.898
0.371
Male
-1.455
1.160
-1.254
0.213
Specialty§
Internal medicine
1.069
0.844
1.267
0.208
General practice
1.217
1.472
0.827
0.410
Other
-0.478
1.679
-0.285
0.776
Medical director
-1.117
0.777
-1.438
0.153
Recent graduate¥
-1.425
1.195
-1.193
0.236
Practice in urban areas
-1.946
1.938
-1.004
0.318
Facilities
Total number of beds
-0.003
0.008
-0.328
0.744
Located in urban areas
1.214
1.886
0.644
0.521
Administrative Regions*
1 (Amarillo)
-1.894
1.825
-1.038
0.302
2 (Abilene)
0.409
1.634
0.250
0.803
3 (Arlington)
-1.082
1.421
-0.762
0.448
5 (Beaumont)
2.456
1.795
1.368
0.174
6 (Houston)
0.147
1.642
0.089
0.929
7 (Austin)
1.143
1.462
0.782
0.436
8 (San Antonio)
1.210
1.470
0.823
0.412
9 (Midland & El Paso)
-2.693
2.322
-1.160
0.249
11 (Corpus Christi)
2.562
2.001
1.280
0.203
Observation Period
0.701
0.191
3.666
<0.001
100% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-24 Days of hospitalization Due to Heart Failure – 50% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
-1.043
2.545
-0.410
0.682
Constant
Residents
Age (years)
0.019
0.025
0.776
0.439
Male
-0.317
0.470
-0.676
0.500
White Race
-0.020
0.509
-0.040
0.968
End-of-Life Care
0.288
0.678
0.425
0.672
Advance Care Planning
-0.851
0.563
-1.511
0.133
Physical Functiona
0.029
0.046
0.619
0.537
Cognitive Functiona
-0.178
0.140
-1.275
0.204
No. of Selected Conditions
-0.017
0.182
-0.095
0.924
No. of Medications
0.069
0.044
1.549
0.124
50% ACEI Use
-1.282
0.514
-2.493
0.014
Physicians
<50 years of age
0.350
0.426
0.822
0.413
Male
-0.912
0.634
-1.437
0.153
Specialty§
Internal medicine
-0.264
0.442
-0.596
0.552
General practice
-0.133
0.810
-0.165
0.869
Other
-1.647
0.946
-1.741
0.084
Medical director
0.273
0.413
0.661
0.510
Recent graduate¥
-0.532
0.668
-0.796
0.427
Practice in urban areas
-0.398
1.172
-0.340
0.735
Facilities
Total number of beds
-0.002
0.004
-0.522
0.603
Located in urban areas
0.431
1.147
0.376
0.708
Administrative Regions*
1 (Amarillo)
-0.628
1.068
-0.588
0.557
2 (Abilene)
0.729
0.913
0.799
0.426
3 (Arlington)
-0.225
0.785
-0.286
0.775
5 (Beaumont)
-0.412
0.913
-0.452
0.652
6 (Houston)
-0.262
0.874
-0.300
0.765
7 (Austin)
0.584
0.773
0.756
0.451
8 (San Antonio)
1.498
0.821
1.824
0.070
9 (Midland & El Paso)
-0.192
1.211
-0.158
0.874
11 (Corpus Christi)
-0.085
1.071
-0.080
0.937
Observation Period
0.183
0.058
3.169
0.002
50% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-25 Days of hospitalization Due to Heart Failure – 75% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
Constant
-1.179
2.546
-0.463
0.644
Residents
Age (years)
0.020
0.025
0.793
0.429
Male
-0.336
0.470
-0.714
0.476
White Race
-0.038
0.510
-0.074
0.941
End-of-Life Care
0.346
0.677
0.511
0.610
Advance Care Planning
-0.855
0.564
-1.516
0.132
Physical Functiona
0.032
0.046
0.691
0.491
Cognitive Functiona
-0.190
0.140
-1.355
0.177
No. of Selected Conditions
-0.011
0.183
-0.063
0.950
No. of Medications
0.069
0.044
1.548
0.124
75% ACEI Use
-1.392
0.572
-2.434
0.016
Physicians
<50 years of age
0.272
0.424
0.642
0.522
Male
-0.992
0.636
-1.560
0.121
Specialty§
Internal medicine
-0.231
0.442
-0.523
0.602
General practice
-0.259
0.820
-0.316
0.752
Other
-1.766
0.952
-1.855
0.066
Medical director
0.238
0.414
0.576
0.566
Recent graduate¥
-0.490
0.666
-0.735
0.464
Practice in urban areas
-0.328
1.174
-0.280
0.780
Facilities
Total number of beds
-0.002
0.004
-0.484
0.629
Located in urban areas
0.347
1.150
0.301
0.764
Administrative Regions*
1 (Amarillo)
-0.600
1.068
-0.562
0.575
2 (Abilene)
0.767
0.914
0.839
0.403
3 (Arlington)
-0.311
0.789
-0.394
0.694
5 (Beaumont)
-0.322
0.910
-0.354
0.724
6 (Houston)
-0.213
0.873
-0.244
0.807
7 (Austin)
0.596
0.774
0.771
0.442
8 (San Antonio)
1.452
0.825
1.759
0.081
9 (Midland & El Paso)
-0.158
1.212
-0.131
0.896
11 (Corpus Christi)
-0.046
1.072
-0.043
0.966
Observation Period
0.201
0.059
3.397
0.001
75% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-26 Days of hospitalization Due to Heart Failure – 100% ACE Inhibitor Use
Variable
Coefficients
SE
t
Sig.
-1.179
3.529
-0.334
0.739
Constant
Residents
Age (years)
0.019
0.031
0.627
0.532
Male
-0.509
0.589
-0.865
0.389
White Race
0.000
0.644
<0.001
1.000
End-of-Life Care
0.435
0.827
0.526
0.600
Advance Care Planning
-1.122
0.765
-1.466
0.145
Physical Functiona
0.037
0.057
0.652
0.516
Cognitive Functiona
-0.225
0.180
-1.246
0.215
No. of Selected Conditions
-0.094
0.238
-0.395
0.694
No. of Medications
0.074
0.057
1.305
0.195
100% ACEI Use
-1.474
0.708
-2.082
0.040
Physicians
<50 years of age
0.266
0.568
0.469
0.640
Male
-1.089
0.808
-1.348
0.181
Specialty§
Internal medicine
-0.230
0.588
-0.392
0.696
General practice
-0.189
1.025
-0.184
0.854
Other
-1.753
1.169
-1.500
0.137
Medical director
0.270
0.541
0.499
0.619
Recent graduate¥
-0.492
0.832
-0.591
0.556
Practice in urban areas
-0.290
1.349
-0.215
0.830
Facilities
Total number of beds
-0.003
0.006
-0.506
0.614
Located in urban areas
0.284
1.313
0.216
0.829
Administrative Regions*
1 (Amarillo)
-0.667
1.271
-0.525
0.601
2 (Abilene)
0.586
1.138
0.515
0.608
3 (Arlington)
-0.348
0.989
-0.351
0.726
5 (Beaumont)
-0.402
1.250
-0.322
0.748
6 (Houston)
-0.347
1.144
-0.303
0.762
7 (Austin)
0.742
1.018
0.728
0.468
8 (San Antonio)
1.556
1.024
1.520
0.131
9 (Midland & El Paso)
-0.457
1.617
-0.283
0.778
11 (Corpus Christi)
-0.171
1.393
-0.123
0.902
Observation Period
0.254
0.133
1.909
0.059
100% ACEI Use = proportion of observation period during which the resident was receiving ACEI therapy.
SE = Standard Error; Sig. = Significance (p 0.01); Degrees of Freedom = 1
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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Table D-27 Excluding Residents Receiving ACE Inhibitor Therapy for < 30 Days
Odds Ratio
95% CI
p-value
Residents
Age (years)
1.005
0.975-1.035
0.758
Male
0.979
0.579-1.655
0.938
White Race
0.644
0.357-1.161
0.143
End-of-Life Care
0.359
0.117-1.099
0.073
Advance Care Planning
0.563
0.302-1.050
0.071
Physical Functiona
0.961
0.909-1.016
0.158
Cognitive Functiona
1.040
0.883-1.225
0.640
No. of Selected Conditions
1.461
1.175-1.815
0.001
No. of Medications
1.041
0.990-1.096
0.118
Physicians
<50 years
1.185
0.737-1.906
0.484
Male
1.288
0.608-2.727
0.508
Specialty§
Family practice
1.298
0.805-2.093
0.285
Internal medicine
0.806
0.297-2.188
0.673
General practice
0.592
0.218-1.608
0.304
Medical director
0.762
0.483-1.203
0.243
Recent graduate
0.622
0.277-1.398
0.251
Practice in urban areas
0.747
0.175-3.195
0.694
Facilities
Total number of beds
1.002
0.997-1.007
0.393
Located in urban areas
1.119
0.266-4.715
0.878
Administrative Regions¥
1 (Amarillo)
0.440
0.146-1.331
0.146
2 (Abilene)
0.736
0.253-2.139
0.573
3 (Arlington)
0.699
0.309-1.582
0.390
5 (Beaumont)
0.672
0.227-1.992
0.473
6 (Houston)
0.346
0.137-.873
0.025
7 (Austin)
0.595
0.259-1.365
0.221
8 (San Antonio)
0.471
0.192-1.156
0.100
9 (Midland & El Paso)
0.774
0.234-2.564
0.675
11 (Corpus Christi)
0.557
0.170-1.823
0.334
* Represents the full model that included all characteristics as independent variables and any ACE inhibitor
use as the dependent variable.
ACE = Angiotensin-Converting Enzyme; CI = Confidence Interval; Degrees of Freedom = 1; p 0.01
§ Family Practice was the reference group for Specialty.
¥ Recent graduates are those who graduated from medical school in the last 10 years.
* Region 4 (Tyler) was the reference group for Administrative Regions. Region 10 (El Paso) was recoded
as Region 9.
a. Higher scores denote more impairment.
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