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Preface

This edited volume is a collection of reviewed and relevant research chapters
concerning the developments within the “Aging - Life Span and Life Expectancy”
field of study. The book includes scholarly contributions by various authors and has
been edited by an expert in the field. Each contribution comes as a separate chapter
complete in itself but directly related to the book’s topics and objectives.

The book includes chapters dealing with the following topics: Psychotropic
Medication Use and Mortality in Long-Term Care Residents; Evidence for the
Effectiveness of Soy in Aging and Improving Quality of Life; Epidemiology and
Management of Intracerebral Hemorrhage in Chile; Impact of Chronic Medical
and Neuropsychiatric Illnesses on Quality of Life and Life Expectancy among
Patients at the University of Port Harcourt Teaching Hospital (UPTH); Crude Birth
Rate and Crude Mortality Rate in India: A Case of Application of Regression in
Healthcare.

The target audience comprises scholars and specialists in the field.
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Chapter1

Psychotropic Medication Use
and Mortality in Long-Term Care
Residents

Michael ]. Stones, Sarah Worobetz, Jason Randle,
Carlina Mavchese, Shauna Fossum, Dane Ostrom
and Peter Brink

Abstract

This chapter examines associations between psychotropic medications and
mortality in long-term care home (LTCH) settings. We report new findings with
census-level data from all new admissions to long-term care homes in the province
of Ontario, Canada (i.e., 20,414 new residents). The data include three linked sets
that indicate mortality during the financial years 2010-2011 and 2011-2012. One
dataset, the Resident Assessment Instrument 2.0 (RAI 2.0), provides information
on demographics, functional capability, clinical conditions, clinical diagnoses,
mortality risk, and psychotropic medications. The latter include antipsychotics,
antidepressants, analgesics, anxiolytics, and hypnotics. Administration of the RAI
2.0 occurs at resident intake, at quarterly intervals and annually. New analyses
reported here examine predictors of daily and pro ve nata (i.e., PRN or “as needed”)
prescriptions of psychotropic medications. However, the most important analyses
concern predictors of mortality within intervals of up to 90 days from the final RAI
2.0 assessment. After control for confounding variables, the findings indicate (1)
attenuated mortality with daily prescription of frequently prescribed psychotropics
(i.e., antipsychotics, antidepressants, and analgesics), (2) augmented mortality
with PRN prescriptions for each type of psychotropic medication, and (3) evidence
that PRN prescribing overturns beneficial effects of daily prescriptions, whereas
the latter reduces the deleterious effects of PRN prescribing.

Keywords: mortality, medication, psychotropic, antipsychotic, analgesic,
antidepressant, anxiolytic, hypnotic, aging, elderly, gerontology, long-term care,
dementia

1. Introduction

This chapter illustrates a truism that pathways pursued in scientific investigation
often deviate from linear trajectories. The research we report here evolved from
concerns about ongoing practices in the continuing care of older people, a seren-
dipitous convergence of people with compatible research needs and desires, and
totally unanticipated findings in need of further investigation. This section of the
chapter traces the earlier stages of that progression.

1 IntechOpen
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1.1 Concern about associations of antipsychotic medication and mortality in
older people

The research that follows evolved from participation by the lead author in
unpublished work in the late 1990s commissioned by the Canadian Institute for
Health Information (CIHI). The purpose was to analyze early Canadian data on
version two of the Minimum Data Set (MDS 2.0), which is the former name of the
RAI2.0. In 1996, this tool became mandated for use in all chronic care hospitals,
now known as complex community care (CCC) facilities in the Canadian Province
of Ontario. The residents of these facilities are mainly older people in receipt of
continuing care and/or rehabilitation associated with disabling chronic illness.

The findings from that work that was most troubling included high frequencies
of physical restraint and chemical management in Canadian facilities compared to
findings with the same tool in other countries. Although Canadian physical restraint
levels lessened in frequency since that time, such is not the case for chemical man-
agement. Hence the enduring interest in chemical management by these authors.

The purpose of chemical management is to address symptoms that fall under the
umbrella of behavioral and psychological symptoms of dementia (BPSD). The
definition of the latter at a 1996 Consensus Conference of the International
Psychogeriatric Association (IPA) is as follows: “symptoms of disturbed perception,
thought content, mood or behavior that frequently occur in patients with dementia”
[1]. The behavioral symptoms include physical aggression, loud vocalization, rest-
lessness, agitation, and wandering. The psychological symptoms include anxiety,
depressive mood, hallucinations, and delusions.

Current estimates suggest that over half the patients with dementia are at risk
to such symptoms, which typically arise during the middle or later stages of the
disease. Chemical management may include analgesics to lessen pain and discom-
fort, along with antidepressants, anti-anxiety medication and antipsychotics, all
of which address behavioral and psychological symptoms [2]. The most frequent
concerns about chemical management relate to antipsychotic medication. These are
drugs first developed for the treatment of psychosis [3]. Presently, antipsychotic
drugs fall within two categories. Typical antipsychotics include those initially
developed to treat psychosis, while atypical antipsychotics were developed later to
reduce adverse side effects of the former.

Concerns about harmful effects of antipsychotics in dementia patients are
legitimate. The adverse effects of these drugs include high rates of cardiovascular
events, cardiac arrhythmias, cerebrovascular events, cognitive decline, extrapyra-
midal symptoms, pneumonia, falls and fractures, and others [4]. However, the most
serious concern is an elevated risk of mortality. Notice of such concerns began early
this millennium with evidence that these adverse effects were over and above those
associated with old age, an underlying dementia, and behavioral and psychological
symptoms that might precipitate the use of antipsychotics [5].

In 2002, the manufacturer of a typical antipsychotic medication warned of an
increased risk of adverse cardiovascular events [5]. Subsequently, the US Federal
Food and Drug Administration (FDA) required “black box” warnings about the use
of atypical antipsychotics (in 2005) and typical antipsychotics (in 2008). The warn-
ing states: “WARNING: Elderly patients with dementia-related psychosis treated
with antipsychotic drugs are at an increased risk of death.” Health authorities in
other countries subsequently expressed similar concerns.

Conclusions from the most recent and most extensive meta-analysis of stud-
ies that relate the use antipsychotic medication to the mortality of elderly people
[6] are as follows. Mortality risk with antipsychotic medication (1) is twice
that of people without such prescription, (2) comparable between typical and
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atypical antipsychotics, (3) highest during the initial half-year of use, (4) higher

at higher dosage, and (5) comparable between people with or without diagnosed
dementia. One interpretation of these five points is that people with more severe
dementia-related psychosis are at greater risk of mortality, with that risk lessen-
ing 6 months after they begin that course of medication. However, findings from
placebo-controlled trials indicate antipsychotic use is associated with an increase in
mortality above and beyond the baseline dementia symptoms. The authors of this
meta-analysis also recommended a restricted use of antipsychotic medication with
older people and encouraged the deployment of de-prescribing practices.

Final thoughts by those authors concur with comments made earlier by authors
of this chapter [7]. Ralph and Espinet [6] anticipate greater cultural disapproval
about the sedation of older people through antipsychotic, anxiolytic, and hypnotic
medications. They envision attitudinal changes within the health and legal profes-
sions to consider such practices examples of systemic elder abuse that requires legal
reform. A current drive toward the de-prescribing of antipsychotic medication to
elderly people is consistent with these beliefs [8].

1.2 Preliminary study of antipsychotic medication and mortality in older people

When Sarah Worobetz, a doctoral student at Lakehead University, wanted to research
relationships between antipsychotic medication and mortality in older people, after
control for a wide range of variables we describe subsequently, faculty members Michael
Stones and Peter Brink were happy to oblige. These researchers had a working familiarity
with the RAI2.0. They hoped to obtain census level data, with linkages to other mortality
relevant datasets, to provide Sarah with the means to conduct her research. Peter Brink
successfully submitted a proposal to CIHI for access to access these data.

The RAI 2.0 is a standardized assessment tool used routinely in LTCH and CCC
facilities in Ontario and other settings across the world. The tool contains over 350
items relevant to medical diagnoses; physical, cognitive, social, and emotional
functioning; and treatment categories that include medication use. It also indexes
mortality within the relevant facilities. The trained health care professionals respon-
sible for RAI 2.0 assessments obtain that information from multiple sources, such
as direct observation, medical records, and communication with family members
and other health care professionals. Objective scales on the RAI 2.0 consist of sets of
items selected for relevance to a given construct. Evaluation of such scales may be
against “gold standard” measures of the constructs (e.g., measures of activities of
daily living, cognitive status, depression, aggression, and pain) or relevant outcomes
(e.g., mortality risk). From a measurement perspective, previous findings on data
quality and the reliability and validity of RAI 2.0 measures are positive [8-10].

The antipsychotic medication item on the RAI 2.0 falls within a psychotropic
category that also contains items on antidepressant, analgesic, anxiolytic, and
hypnotic medications. The wording of each of these items asks for the number of
days during the past week that the resident received the medication. This form
of measurement differs from that common to previous studies of psychotropic
medication and mortality, which invariably report specific medications and dosages
but not frequency of medication use.

The other databases provided by CIHI are the Discharge Abstract Database (DAD)
and the National Ambulatory Care Reporting System (NACRS). The DAD contains
demographic, administrative, and clinical data for hospital discharges (inpatient
acute, chronic, and rehabilitation) and day surgeries. The NACRS contains data for
hospital-based and community-based emergency and ambulatory care (e.g., day
surgery and outpatient clinics). Both datasets contain mortality data pertaining to
their respective contexts. CIHI encrypted the personal and facility identifiers across
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datasets to ensure anonymity of residents. Brink merged these three datasets for pur-
poses of analysis. Consequently, the merged file contains mortality data both within
LTCH and CCC facilities and for those discharged to other health care settings.

The dataset analyzed by Worobetz includes all admission, quarterly and annual
RAI 2.0 assessment for residents aged over 65 years in all LTCH and CCC facilities in
Ontario during the financial years 2010-2011 and 2011-2012. The data are from 102,658
residents of approximately 760 facilities with a mean of 5.83 assessments per resident.
Approximately 70% of residents are female and 30% male, with a mean age over all
assessments of approximately 84 years. Approximately 86% of residents live in LTCH
and 14% in CCC facilities. The mean length of stay prior to the first assessment was
approximately 20 months, with the age at entry approximately 82 years. The distribu-
tion of antipsychotic prescriptions shows that approximately 69% of residents are with-
out medication, 29% have daily prescriptions, and 2% have prescriptions of 1-6 days
per week, which for purposes of this research we describe as PRN prescriptions. The
total mortality rate during the 2-year period of data collection is approximately 32%.

The initial findings by Worobetz on relationships between mortality and type of
antipsychotic prescription came as a big surprise. Her analysis by generalized linear
mixed modeling (GLMM) appointed LTCH as a random effect variable (i.e., inde-
pendent entities) with residents clustered (i.e., showing covariation) within their
respective facilities. Such modeling is appropriate because of differences among
facilities with respect to admission criteria, population size, staffing levels, types
of programming, treatment protocols, etc., with localized interpersonal exchanges
within facilities that foster covariation among residents. Compared to residents
with no prescription for antipsychotic medication, her findings show attenuated
mortality for those with daily prescription, but augmented mortality for those with
PRN prescription. A possible interpretation is that these findings are consistent
with earlier evidence of a protective effect of antipsychotics after 6 months but
an increased mortality risk for residents prescribed antipsychotics on a PRN basis
because they began to exhibit relevant symptoms.

Subsequent GLMM analyses by Worobetz included all residents, only those from
LTCH, only those from CCC, new admissions, residents with dementia, and combi-
nations of the preceding. The fixed effect variables in such analyses included not just
prescriptions for antipsychotic medication but multivariate control for confounding
variables such as demographics, scores on RAI 2.0 scales (e.g., activity limitation,
cognitive status, aggression, depression, and mortality risk), temporal changes on
those scales, and medical diagnoses (e.g., cancer, dementia, maniac depression, and
schizophrenia [11]). The findings from all these analyses consistently show highest
mortality among residents with PRN prescriptions on the final assessment.

1.3 Studies of other psychotropic medications and mortality in older people

The preceding findings provide reasons to broaden the scope of investigation
to encompass mortality in relation to prescriptions of other types of psychotropic
medication. We begin this section with brief discussion of prescribing practices and
mortality associated with analgesics, antidepressants, anxiolytics and hypnotics,
which in the RAI 2.0 fall within an item-set of psychotropic medications. Then fol-
lows discussion of problems associated with PRN prescribing practices. Finally, we
report findings from separate analyses of mortality against these types of psycho-
tropic medications.

Prescribing practices with analgesics show the following trends. Although rates
for PRN prescription in elderly care services are generally low, some reports indicate
highest levels for analgesics [12]. Worldwide, scheduled rates for analgesic use (that
include acetaminophen and opioids) in LTCH show a historical increase, whereas

1
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rates for scheduled plus PRN rates show no such increase [13]. Recent findings from
the Czech Republic suggest that a large proportion of LTCH residents with pain
receive no analgesic medication and a moderate proportion of those that receive
analgesic medication continue to report pain. These findings of analgesic under-
prescription are consistent with those from North America and elsewhere in Europe.
The lowest frequency of reported pain and lowest prevalence of analgesic adminis-
tration are for residents with moderate-to-severe dementia [14], which suggests this
group’s susceptibility to under-detection and under-prescribing of this medication.

Anti-depressant medications find frequent use in older people, with average
prevalence rates of approximately 25% [15, 16]. Recent evidence suggests no associa-
tion between antidepressant prescriptions and augmented risk of all-cause mortality
[17, 18]. However, best practice guidelines recommend caution when prescribing
because low adherence may increase risks of fatal cardiovascular and cerebrovascu-
lar injuries [19]. On the other hand, high adherence appears to lower mortality risk
[20]. The findings give rise to hypotheses that intermittent use of antidepressants
(e.g., comparable to PRN prescribing) has unfavorable implications for mortality
whereas regular use (e.g., associated with daily prescription) has favorable implica-
tions. However, we will discuss other interpretations later in the chapter.

A recent review suggests that benzodiazepines are the most frequently pre-
scribed anxiolytic medications for geriatric anxiety [21]. However, consensus is low
about whether anxiolytic and hypnotic medications have unfavorable implications
for mortality risk amongst older adults [22]. On the other hand, a large-scale retro-
spective cohort study of patients in UK primary care concluded that anxiolytic and
hypnotic drugs were associated with significantly increased risk of mortality over a
7-year period, after adjusting for a range of potential confounders [23].

A number of studies and reviews examined PRN prescription in psychiatric and
LTCH settings [24-27]. Summary findings indicate higher PRN use for residents with
lower care needs, frequent use alongside regularly scheduled medications, and recent
entry into a facility. Contextual factors also have a strong influence on PRN prescrib-
ing. These include general levels of activity and disturbance on the ward, staffing
level, perceived competence of staff, and familiarity of the staff with residents. The
reports also indicate frequent omissions and errors in records of PRN usage. Findings
that relate mortality to PRN usage appear to be absent in the literature.

Following the thesis research by Worobetz, subsequent analyses of the same data-
set examined relationships of mortality to prescriptions of anesthetics (Jason Randle),
antidepressants (Carlina Marchese and Shauna Fossum), anxiolytics (Michael Stones),
and hypnotics (Dane Ostrom). We describe the sampling procedure in the following
section. The main findings show significantly higher mortality with PRN prescriptions
for each type of psychotropic medication compared with daily or null prescription.
These findings persist even after statistical control of relevant confounding variables.
They provide the impetus for the new analyses that follow.

2. New analyses on relationships between psychotropic medication
and mortality

We try here to expand the scope and level of precision beyond those present
in previous analyses, each of which examined associations of mortality with a
single psychotropic medication. First, we analyze the effects on mortality of all the
psychotropic prescriptions within a series of multivariate analyses that includes the
psychotropic medications. Second, we introduce a verified measure of mortality
risk into the array of control variables. Third, we examine intervals for mortality
of 90 days from the final RAI 2.0 assessment (i.e., the scheduled date of the next
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assessment) and shorter periods within that interval. Fourth, we examine predic-
tors of daily and PRN prescriptions of psychotropic medications. Fifth, we examine
the effects on mortality for residents receiving only daily, only PRN, or both daily
and PRN prescriptions of psychotropic medication.

2.1 Methods

Section 1.2 described the three datasets linked and encrypted by CIHI. Here we
report analyses that restrict data entry to (1) scheduled intake, quarterly and yearly
assessments, (2) in LTCH settings, (3) for residents aged 65+ years, (4) with an
intake assessment during the financial year 2010/2011, and (5) subsequent assess-
ments that do not exceed first yearly assessment (i.e., <13 months after the intake
assessment). Consequently, the data enable computation of a census level 1-year
incidence rate for mortality among LTCH residents aged 65 years and older.

The analyses that follow begin at a descriptive level and proceed to an inferential
level. The latter analyses were performed using the SPSS 25 GLMM program. The
target variables in different analyses include mortality within 90 days of the final
assessment, time to mortality within that interval, and frequencies of daily and
PRN prescriptions for psychotropic medication categories. The random variable in
all analyses identifies the LTCH at intake assessment. Evidence of statistical signifi-
cance for the random variable would confirm that levels on the target variable differ
across the LTCH spectrum.

The fixed effects in different analyses include the following RAI 2.0 measures:
demographics (gender, age at assessment); scales (Activities of Daily Living
Hierarchy, Cognitive Performance Scale, Depression Rating Scale, Aggressive
Behavior Scale, Pain Scale and the Changes in Health, End-Stage Disease, and
Symptoms and Signs Scale); diagnoses (insomnia and dementia), and medications
(antipsychotic, antidepressant, analgesic, anxiolytic, and hypnotic). Convincing
evidence from earlier and more recent publications [28] attest to good data quality
and psychometric properties associated with RAI 2.0 measures.

2.2 Results

Here we describe the sample with respect to demographics, psychotropic medi-
cation use, and mortality. The sample of 20,414 residents of 631 LTCH includes
approximately 38% admissions from inpatient acute care, 28% from a private home,
13% from residential board and care, and 10% from home care. The remaining 11% of
admissions are from residences with 24-hour nursing care, inpatient continuing care,
inpatient rehabilitation, or inpatient psychiatry. The sample comprises 33.6% men and
66.4% women. The age distribution for men has a mean of 83.03 years and standard
deviation of 7.37 years, with respective estimates for women of 85.29 and 7.19 years.

Table 1 shows percentage frequencies for residents prescribed psychotropic
medication during the week before the final assessment. Daily prescription is high-
est for analgesics followed by antidepressants followed by antipsychotics. More than
half the residents use analgesics daily, nearly half use antidepressants daily, and
approximately 30% receive daily antipsychotics. The frequency of PRN usage is low.
The highest frequencies are 7.5% for analgesics and 3.3% for anxiolytics.

Frequencies of daily prescriptions for different types of psychotropic medica-
tion are as follows: 33.4% of residents receive one medication; 31.5% receive two
medications; 17.6% use three or four (i.e., 3+) medications; and 17.4% of residents
have no daily psychotropic medication. Frequencies for PRN prescriptions of
psychotropic medication are as follows: 10.9% of residents use one medica-
tion; 1.6% use two or three (i.e., 2+) medications; and 87.5 of residents have no
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Prescription of psychotropic medication

Medication type None (%) PRN (%) Daily (%)

Antipsychotic 69.2 14 294

Antidepressant 50.9 14 477

Analgesic 34.6 75 579

Ancxiolytic 84.9 33 11.8

Hypnotic 93.7 0.7 5.6
Table 1.

Percentage frequencies for usage of psychotropic medications.

psychotropic medication on a PRN basis. Frequencies for combinations of daily
and PRN prescriptions are as follows: 74.6% of residents have only daily prescrip-
tions for psychotropic medications; 4.5% have only PRN prescriptions; 8.0% have
both daily and PRN prescriptions; and 12.9% have no prescription. These findings
indicate that about half the residents receive two or more psychotropic medications
daily, 12.5% receive one or more on a PRN basis, and 8.0% have both daily and
PRN prescriptions.

Probabilistic mortalities within 90 days of the final assessment are 18.1% overall,
21.1% for males and 16.3% for females. The percentages of residents dying within
different time periods after the final assessment are as follows: 2.2% mortality
within 7 days after the final assessment, 6.1% within 8-30 days, and 9.8% within
31-90 days. The proportion of residents with no mortality within 90 days is 82%.

2.2.1 Analysis of mortality’s association with prescriptions of psychotropic medications

The purpose is to evaluate whether findings from separate analyses of relation-
ships between mortality and types of psychotropic medication replicate in multi-
variate analysis that includes all such medications and potential confounders. The
most significant findings from the earlier research indicate highest mortality with
PRN prescription for each type of psychotropic medication. Replication in multi-
variate analysis would suggest that such relationships exist independently of any
covariation in prescribing practices across types of medication.

The target variable in this analysis is mortality within 90 days of the final
assessment, with 90 days being the time before the next scheduled assessment. The
reference category for this variable is absence of mortality. The distribution of the
target variable is binomial and related to a linear model by a complementary log-log
link. SPSS 25 recommends such a linkage in survival analysis, where some observa-
tions have no termination event.

The fixed effects include demographic variables (i.e., men/women, age at the
final assessment); measures of functional capability (i.e., Cognitive Performance
Scale, Activities of Daily Living Hierarchy); and prescribed frequency of usage for
each type of psychotropic medication (i.e., none, PRN, daily). The analysis accords
with conventional GLMM practices that include centering of continuous measures
on their grand mean and comparison of levels on a nominal variable with a refer-
ence category. For the present nominal measures, the respective reference categories
are male gender and zero frequency of usage for a psychotropic medication.

Findings for the random variable in this and all subsequent analyses indicate
significant differences (at p < 0.001) in levels of the target variable of mortality
across facilities. The findings for fixed effects in Table 2 indicate lower mortality in
women than men and higher mortality at older ages. Mortality also increases with
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Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Intercept 0.21 0.000 0.19 0.23
Female 0.68 0.000 0.64 0.73
Male
Age at assessment 1.03 0.000 1.03 1.04
Activities of daily living 149 0.000 146 153
Cognitive performance 0.98 0.144 0.96 1.01
Daily antipsychotic 0.92 0.040 0.85 1.00
PRN antipsychotic 1.59 0.000 1.28 1.96
No antipsychotic
Daily antidepressant 0.78 0.000 0.72 0.83
PRN antidepressant 137 0.004 111 1.69

No antidepressant

Daily analgesic 0.98 0.555 091 1.05

PRN analgesic 1.72 0.000 1.53 1.93

No analgesic

Daily anxiolytic 0.99 0.899 0.89 111

PRN anxiolytic 1.40 0.000 1.20 164

No anxiolytic

Daily hypnotic 1.08 0.301 0.93 1.25
PRN hypnotic 177 0.000 131 240
No hypnotic

Table 2.

Fixed effect odds ratios including daily, PRN and No psychotropic predictors of mortality within 90 days of the
final assessment.

activity limitation, as indexed by higher scores on the activities of daily living scale.
The findings for psychotropic medications show significantly lower mortality for
daily antipsychotic and antidepressant prescription compared with no prescrip-
tions. The findings for PRN prescriptions show significantly higher mortality for
all types of psychotropic medication relative to no prescription and (in subsequent
paired comparisons) daily prescription.

Figures 1-5 illustrate the magnitude of these findings, which are present in both
men and women.

The findings from this analysis replicate in a multivariate context those from sepa-
rate analyses of each psychotropic medication. We conclude, therefore, that associa-
tions between PRN prescription and higher mortality are independent for each type
of psychotropic medication. Compared to previous research, the findings of lower
mortality with daily antipsychotic and antidepressant prescription are unusual for the
former but not the latter. However, we have no reason to doubt their validity, based as
they are on census level data from an entire province. It is possible that confounding
factors that contribute to earlier reports of augmented mortality with antipsychotic
medication include failures to distinguish daily from intermittent usage and to iden-
tify adherence to daily prescription regimens. The presence of either confound might
overturn protective effects associated with antipsychotic medication.
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2.2.2 Analysis of time to mortality against prescriptions for psychotropic medications

The purpose of this analysis is to advance findings from the preceding analysis
in two ways. The first is to replace the binary target variable with a nominal variable
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Proportionate mortality by hypnotic frequency in men and women.

of time to death. The categories are 1-7, 8-30 and 31-90 days after the final assess-
ment. We chose these categories to index mortality shortly, soon, and sometime
after the final assessment but before the next scheduled assessment. The reference
category is no recorded death. This analysis allows to use examine relationships
between mortality and psychotropic prescriptions using a finer temporal scale.
The second advance is to include the CHESS scale [10] as a fixed effect. The
CHESS is arguably the strongest current predictor of mortality for people within
continuing care contexts. For example, mortality in the present database is <10%
for residents with the lowest score but >85% for residents with the highest score.
Consequently, inclusion of the CHESS helps us to test between two interpreta-
tions of PRN/mortality relationships. On the one hand, if nearness of death is
the primary reason for PRN prescription (i.e., prescribed mainly for palliative
reasons), its relationship to mortality should nullify after inclusion of the CHESS
as a fixed effect. On the other hand, if PRN prescription increases the risk of sub-

sequent mortality, a relationship should endure despite inclusion of the CHESS as
a fixed effect.
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The target variable in this analysis has a multinomial distribution with a gen-
eralized logit link. The random and fixed effects are the same as in the preceding
analysis except for the addition of the CHESS as a fixed effect. The fixed effect
coefficients for this analysis comprise a multi-layered table, wherein each layer
represents a different time to death category. However, we present each layer as a
separate table in order to improve ease of readability.

Tables 3-5 respectively show findings from 1-7, 8-30, 31-90 days from the final
assessment. The findings for demographic, functional capability and mortality risk
measures show the following trends. Over all three mortality intervals, mortality is
lower in women than men, higher at older ages, higher with greater activity limita-
tion and higher with higher CHESS scores. For the interval 8-30 days after the final
assessment, mortality is lower with higher cognitive impairment (i.e., higher scores
on the scale).

Compared to a reference category of no medication, the findings for prescribed
medications show the following. Table 3 shows mortality 1-7 days from the final
assessment to be significantly lower with daily antidepressant prescription but signifi-
cantly higher with PRN prescription of antipsychotics, analgesics and antidepressants.

Table 4 shows mortality 8-30 days after the final assessment is significantly
lower with daily antidepressant and daily analgesic prescriptions but significantly
higher with PRN anxiolytics and PRN analgesic prescriptions.

Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Intercept 0.017 0.000 0.013 0.022
Female 0.533 0.000 0.432 0.659
Male
Age at assessment 1.032 0.000 1.017 1.048
Activities of daily living 1.625 0.000 1.484 1.780
Cognitive performance 0.986 1.000 0.922 1.053
CHESS scale 2489 0.000 2294 2.700
Daily antipsychotic 0.859 0.222 0.670 1102
PRN antipsychotic 2139 0.009 1.273 3.594
No antipsychotic
Daily antidepressant 0.606 0.000 0.487 0.755
PRN antidepressant 1.696 0.045 1.010 2.847
No antidepressant
Daily analgesic 1104 0.395 0.863 1410
PRN analgesic 2.655 0.000 1916 3.681
No analgesic
Daily anxiolytic 0.997 0.903 0.716 1.388
PRN anxiolytic 1.006 0.942 0.617 1.640
No anxiolytic
Daily hypnotic 1104 0.586 0.711 1716
PRN hypnotic 1.592 0.318 0.666 3.806
No hypnotic
Table 3.

Fixed effect odds ratios for predictors of mortality within 7 days after the final assessment.

11
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Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Intercept 0.089 0.000 0.077 0.103
Female 0.596 0.000 0.525 0.677
Male
Age at assessment 1.022 0.000 1.013 1.031
Activities of daily living 1.495 0.000 1423 1572
Cognitive performance 0.947 0.047 0.909 0.986
CHESS scale 1.883 0.000 1.786 1.986
Daily antipsychotic 0.881 0.084 0.761 1.020
PRN antipsychotic 1.335 0.280 0.872 2.043
No antipsychotic
Daily antidepressant 0.675 0.000 0.594 0.768
PRN antidepressant 1152 0.497 0.758 1.753

No antidepressant

Daily analgesic 0.824 0.007 0.719 0.943

PRN analgesic 1574 0.000 1.274 1.946

No analgesic

Daily anxiolytic 0.885 0.337 0.721 1.086

PRN anxiolytic 1.482 0.006 1113 1.974

No anxiolytic

Daily hypnotic 1.049 0.624 0.802 1370
PRN hypnotic 1.585 0.148 0.872 2.880
No hypnotic

Table 4.

Fixed effect odds ratios for predictors of mortality 8-30 days after the final assessment.

During the 31-90 day interval after the final assessment, Table 5 shows
significantly lower mortality with daily antidepressant prescription but
significantly higher mortality with PRN analgesic, anxiolytic, and hypnotic
prescriptions.

At one or more levels of the target variable, the findings from this analysis repli-
cate those from the preceding analysis that relate male gender, older age and greater
activity limitation to significantly augmented mortality. They also replicate find-
ings of augmented mortality with PRN prescription for all types of psychotropic
medication. They further extend relationships of attenuated mortality to include
daily prescription of both analgesic and antidepressant medication. The only failure
of replication is the absence of significantly attenuated mortality with daily pre-
scription of antipsychotic medication, despite a coefficient close to significance for
the 8-30 day interval. Other significant findings include attenuated mortality with
cognitive impairment (i.e., higher scores on the scale) at the 8-30 day interval and
augmented mortality at each level of the target variable with higher estimates of
mortality risk on the CHESS.

The inclusion of the CHESS provides a rationale to interpret findings of attenu-
ated or augmented mortality associated with psychotropic prescriptions. The pres-
ence of such findings after control for the CHESS supports an interpretation that

12



Psychotropic Medication Use and Movtality in Long-Term Care Residents
DOI: http://dx.doi.org/10.5772/intechopen.85971

Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Intercept 0.140 0.000 0.124 0.158
Female 0.650 0.000 0.587 0.720
Male
Age at assessment 1.039 0.000 1.031 1.046
Activities of daily living 1.326 0.000 1.277 1377
Cognitive performance 0.986 0.901 0.953 1.020
CHESS scale 1.542 0.000 1474 1614
Daily antipsychotic 0.989 0.807 0.882 1.108
PRN antipsychotic 1436 0.092 1.003 2.056
No antipsychotic
Daily antidepressant 0.822 0.000 0.743 0.909
PRN antidepressant 1.226 0.269 0.854 1.758
No antidepressant
Daily analgesic 0.894 0.052 0.803 0.995
PRN analgesic 1.406 0.000 1172 1.687
No analgesic
Daily anxiolytic 1.011 0.689 0.866 1181
PRN anxiolytic 1.392 0.006 1.093 1772
No anxiolytic
Daily hypnotic 1.080 0.376 0.875 1.333
PRN hypnotic 1.990 0.006 1.243 3.186
No hypnotic
Table 5.

Fixed effect odds ratios for predictors of mortality 31-90 days after the final assessment.

the medicinal prescriptions have direct or indirect effects on mortality beyond the
levels of risk measured by the tool. An alternative interpretation that the findings
on mortality are secondary to altered prescribing practices with perceived closeness
to death seems less plausible.

2.2.3 Analysis of predictors of multiple daily and PRN psychotropic prescriptions

LTCH residents may receive more than a single type of psychotropic medication
on a daily or PRN basis. The purpose of these analyses is to identify variables that
contribute to the number of such prescriptions. The target variable in both analyses
is the number of psychotropic categories prescribed on a daily or PRN basis. We
modeled the target as an ordinal measure with a cumulative logit link in mixed
multinomial logistic regression models. Levels on the daily prescription distribution
are 0, 1, 2, 3 and 4+ ordinal categories. Levels on the PRN prescription distribution
are 0, 1, 2 and 3+ ordinal categories.

The fixed effects include the same demographic, functional capability and mortality
risk measures as in the preceding analyses. Other measures are scales (i.e., Depression,
Aggressive Behavior, and Pain scales), diagnoses (i.e., Anxiety Disorder, and Dementia)
and conditions (i.e., Insomnia) that might influence psychotropic medication use. We
added a final fixed effect of the total number of prescribed medications.

13
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Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Threshold for Number = 0 0.225 0.000 0.214 0.237
Threshold for Number = 1 1.504 0.000 1433 1579
Threshold for Number = 2 9442 0.000 8.970 9.939
Threshold for Number = 3 87211 0.000 81.593 93.216
Female 1.047 0.002 1.017 1.079
Male
Age at assessment 0.973 0.000 0.971 0.974
Activities of daily living 1.015 0.003 1.005 1.025
Cognitive performance 1118 0.000 1105 1131
Depression scale 1.108 0.000 1.100 1115
Aggressive behavior scale 1.067 0.000 1.060 1.074
Pain scale 1.208 0.000 1187 1.230
CHESS scale 0.915 0.000 0.900 0.929
Anxiety disorder 2.744 0.000 2.599 2.896

No anxiety disorder

Insomnia 1124 0.000 1.079 1170

No insomnia

Dementia 1.393 0.000 1.348 1.439

No dementia

Total medications 1191 0.000 1.187 1.195

Table 6.
Fixed effect odds ratios for predictors of number of daily medications for the final assessment.

The findings in Table 6 show fixed findings for daily prescriptions of psy-
chotropic medication. The table includes thresholds (i.e., intercepts) at differ-
ent levels of the target variable and coefficients for the predictors. Predictors
of significantly higher frequencies of daily prescription include categorical
measures of female gender, anxiety disorder, insomnia, and dementia; higher
scores on scales measuring activity limitation, cognitive impairment, depres-
sion, aggressive behavior, and pain; and the total number of medications. These
findings suggest that residents prescribed more types of psychotropic medication
have higher levels on multiple conditions that might benefit from psychotropic
intervention. Findings that seem at odds with the preceding are relationships of
younger age and lower mortality risk (i.e., on the CHESS) to higher frequencies
of daily psychotropic prescriptions.

Table 7 shows fixed effect findings for PRN prescriptions of psychotropic medi-
cation. Significant predictors of higher levels of PRN prescribing are limited to the
Aggressive Behavior, Pain, and CHESS scales, and the presence of insomnia. Age and
diagnosed dementia have negative relationships with the number of PRN prescriptions.

The most revealing differences in outcome of the two preceding analyses relate
to diagnosed dementia and the CHESS scale. Diagnosed dementia relates posi-
tively to the number of daily but negatively to the number of PRN prescriptions.
Conversely, higher mortality risk relates negatively to the number of daily but
positively to the number of PRN prescriptions.
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Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Threshold for Number = 0 7737 0.000 6.970 8.587
Threshold for Number = 1 73.344 0.000 63.257 85.040
Threshold for Number = 2 399.408 0.000 303.212 526.123
Female 1.033 0.496 0.941 1134
Male
Age at assessment 0.993 0.029 0.988 0.999
Activities of daily living 1.019 0.252 0.987 1.052
Cognitive performance 0.977 0.194 0.942 1.012
Depression scale 1.008 0437 0.988 1.028
Aggressive behavior scale 1.085 0.000 1.064 1107
Pain scale 1334 0.000 1.268 1404
CHESS scale 1.214 0.000 1.165 1.266
Anxiety disorder 0.991 0.917 0.838 1173

No anxiety disorder

Insomnia 1.618 0.000 1444 1.812

No insomnia

Dementia 0.789 0.000 0.710 0.877

No dementia

Total medications 0.996 0423 0.986 1.006

Table 7.
Fixed effect odds ratios for predictors of number of PRN medications for the final assessment.

2.2.4 Analysis of mortality against multiple daily and PRN psychotropic prescriptions

The purpose of this analysis is to ascertain relationships between mortality
within 90 days of the final assessment and the distribution of prescriptions of
psychotropic medications at the final assessment. The target variable has a binomial
distribution with a complementary log-log link. The fixed effect variables include
the same demographic, functional capability and mortality risk measures as previ-
ous analyses. Categories within the distribution of prescriptions include (1) no
prescriptions, (2) daily and PRN prescriptions, (3) PRN prescriptions only and (4)
daily prescriptions only. The reference category is zero prescriptions.

The findings in Table 8 show significantly lower mortality for women than
men and for residents with greater cognitive impairment (i.e., lower scores on the
scale). Mortality is significantly higher at older ages and for residents scoring higher
on activity limitation and the CHESS measure of mortality risk. Findings for the
distribution of prescriptions show significantly attenuated mortality for residents
with daily prescriptions only, significantly augmented mortality residents with
PRN prescriptions only, and significantly augmented mortality for residents with
both daily and PRN prescriptions. Paired comparisons with Bonferroni correction
show significant differences across all four categories.

We interpret these findings as follows. Antipsychotics, antidepressants and anal-
gesics have the highest rates of daily prescription. Daily prescription of each of those
psychotropics attenuates mortality in at least one of our analyses. Consequently, the
present association between attenuated 90-day mortality in residents with only daily
prescriptions is unsurprising. For similar reasons, findings of augmented mortality in
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Model term Odds ratio Sig. 95% confidence interval
Lower Upper
Intercept 0.21 0.000 0.19 0.23
Female 0.67 0.000 0.63 0.72
Male
Age at assessment 1.03 0.000 1.02 1.03
Activities of daily living 1.36 0.000 132 140
Cognitive performance 0.97 0.007 0.95 0.99
CHESS scale 158 0.000 153 1.62
Only daily prescriptions 0.76 0.000 0.69 0.84
Only PRN prescriptions 142 0.000 121 1.66
Daily and PRN prescriptions 117 0.025 1.02 1.34
No prescriptions
Table 8.

Fixed effect odds ratios for mortality within 90 days of the final assessment.

Proportionate Mortality

CHESS Categories

Figure 6.
Proportionate mortality by prescription regimens and CHESS categories.

residents with only PRN prescriptions are also unsurprising. The new ground break-
ing findings, however, concern residents with both daily and PRN prescriptions. This
combination significantly augments mortality from levels that typify daily prescrip-
tion and no prescription, but significantly attenuates levels that typify only PRN
prescriptions. Figure 6 shows that the respective mortality levels are independent of
mortality risk, as estimated by categories of CHESS scores. Consequently, we infer
that PRN prescription may overturn protective effects associated with daily prescrip-
tions, whereas the latter may reduce the deleterious effects of PRN prescribing.

2.2.5 Additional analyses

Because of the statistical significance of LTCH as a random effect in all the
preceding analyses, we report here on additional analyses that explore whether
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particular differences among LTCH contribute to fixed effect relationships to
mortality. Specifically, the analyses include facility-level covariates that correspond
with previously significant, resident-level fixed effect terms. These centered facility-
level covariates are LTCH means for age, level of activity limitation, and mortality
risk (i.e., CHESS scores); and percentages of residents by gender and psychotropic
prescription on a PRN basis. The findings indicate that these facility-level variables
have significant zero-order relationships with mortality in the same directions as the
corresponding resident-level measure. However, all are nonsignificant when added
to the list of fixed effects described in the preceding section (i.e., Section 2.2.4),
with the odds-ratios and significance levels for resident-level terms showing mini-
mal change from those in Table 8. We conclude, therefore, that the findings with
resident-level fixed effects show negligible influence due to distributions in LTCH.

2.3 Discussion

This chapter charts a journey of scientific investigation with the following
milestones:

1. Concern about excess mortality with the use of antipsychotic medication.
2.Findings that limit the preceding relationship to PRN prescription.

3.Findings that excess mortality with PRN prescription applies to all types of
psychotropic medication.

4.Findings of attenuated mortality with daily prescription for some types of
psychotropic medication but augmented mortality with PRN prescription for
all types of medication.

5.Evidence to support the preceding after control for confounders that include a
proven indicator of mortality risk.

6.Findings that diagnosed dementia relates positively to the number of daily but
negatively to the number of PRN prescriptions, whereas higher mortality risk
relates negatively to the number of daily but positively to the number of PRN
prescriptions.

7.Evidence that a combination of daily and PRN prescriptions of psychotropics
overturns protective effects against mortality associated with the former but
lowers deleterious effects associated with PRN prescribing.

The journey began with concern about excess mortality with the use of
antipsychotic medication but ends with evidence for minor protective effects of
daily prescription. How do we account for this discrepancy? Consider, first, the
quality of measurement and, second, the appropriateness of the analyses. We
have confidence in the data quality and psychometric adequacy (i.e., reliability
and validity) of the RAI 2.0 measures. For nearly 30 years, efforts by research-
ers from across the world tried to ensure good measurement quality. A recent
example is research on 15 years of archived data in Canada. Those authors report
favorable outcomes, concluding that the RAI 2.0 provides a “robust, high quality
data source” ([28], p. 27). If our data possess unrecognized error in measure-
ment, similar error likely contaminates findings from many hundred referred
publications that rely on RAI 2.0 data.
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Second, we consider the technical details of our methodology to be appropriate.
The decision to restrict analysis to data from new admissions ensures that the findings
from over 20,000 residents provide 1-year incidence rates (rather than prevalence
rates) for mortality. Such restriction also ensures that the data from all residents begin
with comparable intake assessments. Earlier in this chapter, we provide conceptual
reasons to justify the appropriateness of GLMM analysis. In every analysis, findings
of significant random effects for LTCH provide empirical justification. Our wish for
the future is that more researchers adopt similar modeling in order to avoid incorrect
assumptions that measurement error is uncorrelated in clustered data.

We also ought to mention here that the statistical models show reasonable data
fit in every analysis. The final model in Table 8 provides an example. Compared to a
simplified model that includes only demographics as fixed effects, the proportions of
correct classification in the full model improve by 16.3% for predicted mortality (i.e.,
from 50 to 66.3%) and by 2.4% for the prediction of nonmortality (i.e., from 82.1to
84.5%). These gains are fairly impressive given the lopsided skew in mortality data.

We conclude from the preceding is that our findings are trustworthy. How then
can we account for findings from other studies of excessive mortality among elderly
people prescribed with antipsychotic medication? We offer three possible interpre-
tations. The first is a failure by many or most such studies to distinguish between
daily and PRN prescribing. The second is a failure to provide information about
PRN prescription of other psychotropic medications. Because our findings suggest
associations between augmented mortality and PRN prescription of any psychotro-
pic, each of the preceding concerns anticipates overestimation of mortality.

The third interpretation relates to adherence. Anyone with work experience in LTCH
settings knows that adherence to drug regimens is problematic. Residents that put pills
into their mouths do not necessarily swallow them. Instead, some residents chose to hide
their pills, others throw them away. Previous findings show that nonadherence to anti-
depressant medication has unfavorable implications for mortality [19]. Findings from
psychiatry show frequent low adherence to antipsychotic medication [29]. That study
reports rates of nonadherence to antipsychotic medication by psychiatric patients as high
as 40% within a year. Because low adherence results in intermittent use of antipsychotic
medication, the consequences in LTCH residents could well include excessive mortality.

Our scientific journey progressed past milestones that indicate consistency in
findings with alternative indices of mortality and control of confounding variables.
At the end of the journey, the metaphorical villain is no longer daily prescription of
psychotropic medication but PRN prescription. Although relatively few residents
receive PRN prescriptions on a per drug basis, one resident in eight (12.5%) has at
least one such prescription. Although residents prescribed PRN medication have
high mortality risk, as measured by the CHESS, Figure 6 shows elevated mortality
rates at every level of mortality risk.

Issues that arise from our research include reasons for the high mortality associ-
ated with PRN prescriptions and implications for health care practice and policy.
However, before such discussion, here are some words of caution.

The present research design is correlational rather that experimental. Only
the latter assigns individuals randomly to the various conditions. Despite agree-
ment that correlational designs provide less-compelling evidence about causality
than experimental designs, the majority of studies on the effects of psychotropic
medications are correlational. For example, most recent studies of the effects
of antipsychotic medication on mortality have correlation designs that compare
residents prescribed a given drug with residents without prescription or prescribed
an alternative medication [6]. However, even in experimental studies, which are
invariably of short duration [5], any differences in mortality between conditions do
not necessarily imply direct causation. Such effects may arise because of changes
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to health stability or changes in likelihood of adverse health events. We make these
points to warn against simplistic interpretation of complex phenomena.

Efforts within epidemiology to facilitate appropriate causal inferences include pro-
cedures to identify confounding by indication, which “refers to a situation where patient
characteristics, rather than the intervention, are independent predictors of outcome”
([30], p. 841). The present analyses encompass procedures used to evaluate confound-
ing by indication, which include, but are not limited to, the following. Covariate
adjustment in which potential confounders are added to the list of fixed effects in
modeling (e.g., age, gender, and functional measures). “Propensity” scores were used,
which relate to the likelihood of intervention (e.g., high CHESS scores increase the
likelihood of PRN prescription). The use of instrumental variables presumed to sub-
stitute for unmeasured confounders (e.g., LTCH and properties of LTCH as random
and fixed effect variables, respectively). Although other research reports differences in
causal direction depending on the kind of analysis [30], the present findings indicate
directional consistency in relationships between mortality and PRN prescribing before
(Figures 1-5) and after adjustment of variables from all three classes of confound.

However, our analyses clearly omit control for unmeasured sources of confound-
ing. Also, our research lacks the rigor that random assignment brings to experimen-
tal forms of design. Consequently, we strongly recommend that future randomized
controlled trials evaluate the relationships we report here.

Our cautious interpretation of effects on mortality associated with daily and PRN
prescription of psychotropic medication rests heavily on findings from the final analysis.
These findings indicate that PRN prescription overturns any protective effects associ-
ated with daily prescription, whereas daily prescription lowers adverse consequences of
PRN prescribing. These findings suggest a mutually antagonistic relationship between
daily and PRN prescriptions with respect to their effects on mortality. The clinical ratio-
nale for daily prescription is the alleviation of disturbance to a resident’s equilibrium, as
exemplified by aggression, depression, pain, anxiety and insomnia. Successful treat-
ment results in regained equilibrium after the resident adapts to regular ingestion of the
drug. Conversely, the reasoning behind PRN prescription is to alleviate disturbances to
equilibrium thought to be temporary. However, irregularity of ingestion is antagonistic
to adaptation and may exacerbate instability through toxicity rather than help restore
equilibrium. This interpretation appears to be consistent with our findings. Practical
implications for health care practices and policy are consistent with current trends. Such
trends include the de-prescribing of psychotropic medications for older people, with
such medications to be used only for short durations and as a last resort [5, 6]. Similarly,
arecent rewrite of Medicaid Long Term Care rules in the USA states that LTCH residents
must not be prescribed antipsychotic, antidepressant, anxiolytic or hypnotic medica-
tions unless necessary to treat a specific condition diagnosed and documented in the
clinical record. The new rules also normally limit PRN prescriptions to 14 days. Any
extension requires an attending physician or prescribing practitioner to document the
rationale in the resident’s medical record [31]. We especially applaud these latter rules,
which tackle an issue hitherto neglected in health care practice and policy.

3. Conclusion

PRN prescriptions of psychotropic medications have more aversive effects on
the mortality of LTCH residents than daily prescriptions. These findings apply to
all types of psychotropic medication after control for major confounding variables.
The findings also suggest that daily prescription may ameliorate effects on mortality
associated the PRN prescriptions, whereas PRN prescriptions exacerbate effects on
mortality associated with daily prescription.

19



Aging - Life Span and Life Expectancy

Acknowledgements

All the authors contributed to the research and manuscript preparation, and
verified their authorship of this chapter. The authors wish to thank the editors,
Robert Reynolds and Steven Day, for very helpful comments on an earlier draft.

Conflict of interest

No author has any conflict of interest.

Author details
Michael J. Stones*, Sarah Worobetz, Jason Randle, Carlina Marchese,
Shauna Fossum, Dane Ostrom and Peter Brink

Lakehead University, Thunder Bay, Ontario, Canada

*Address all correspondence to: mstones@lakeheadu.ca

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

20



Psychotropic Medication Use and Movtality in Long-Term Care Residents

DOI: http://dx.doi.org/10.5772/intechopen.85971

References

[1] Kozman MN, Wattis J, Curran S.
Pharmacological management of
behavioural and psychological
disturbance in dementia. Human
Psychopharmacology: Clinical and
Experimental. 2006;21(1):1-2. DOI:
10.1002/hup.745

[2] Cerejeira J, Lagarto L, Mukaetova-
Ladinska E. Behavioral and
psychological symptoms of dementia.
Frontiers in Neurology. 2012;3:73. DOI:
10.3389/fneur.2012.00073

[3] Kapur S, Mamo D. Half a century of
antipsychotics and still a central role

for dopamine D2 receptors. Progress

in Neuro-Psychopharmacology and
Biological Psychiatry. 2003;27(7):1081-
1090. DOI: 10.1016/j.pnpbp.2003.09.004

[4] Prakash S, Masand MD. Side
effects of antipsychotics in the elderly.
The Journal of Clinical Psychiatry.
2000;61:43-49

[5] Banerjee S. The Use of Antipsychotic
Medication for People with Dementia:
Time for Action. London: Department

of Health, UK Government; 2009.
Available from:http://psychrights.
org/research/digest/nlps/
banerjeereportongeriatricRalph SJ,
Espinet AJ. Increased all-cause mortality
by antipsychotic drugs: Updated review
and meta-analysis in dementia and general
mental health care. Journal of Alzheimer’s
Disease Reports. 2018;2(1):287-312. DOI:
10.3233/ADR-170042

[6] Brink P, Stewart S, Stones M]J.
Institutional reactions to verbally
abusive behaviour by residents of long-
term care facilities. In: Proceedings of
the Annual Conference of the Ontario
Network for the Prevention of Elder
Abuse. Toronto, ON; 2005

[7]1 Jones RN, Marcantonio ER,

Rabinowitz T. Prevalence and
correlates of recognized depression

21

in US nursing homes. Journal of
the American Geriatrics Society.
2003;51(10):1404-1409. DOLI:
10.1046/j.1532-5415.2003.51458.x

[8] Neufeld E, Freeman S, Joling K,
Hirdes JP. “When the golden years are
blue” Changes in depressive symptoms
over time among older adults newly
admitted to long-term care facilities.
Clinical Gerontologist. 2014;37(3):298-315.
DOI: 10.1080/07317115.2014.885919

[9] Hirdes JP, Poss JW, Mitchell L,
Korngut L, Heckman G. Use of the
interRAI CHESS scale to predict
mortality among persons with
neurological conditions in three care
settings. PLoS One. 2014;9(6):€99066.
DOI: 10.1371/journal.pone.0099066

[10] Worobetz S. Effects of antipsychotic
medications on older adults with
dementia in Canadian complex and
long-term care facilities [thesis].
Thunder Bay: Lakehead University; 2014

[11] Stasinopoulos J, Bell JS, Ryan-
Atwood TE, Tan EC, Ilomaki J,

Cooper T, et al. Frequency of and factors
related to pro re nata (PRN) medication
use in aged care services. Research in
Social and Administrative Pharmacy.
2018;14(10):964-967. DOI: 10.1016/j.
sapharm.2017.11.004

[12] La Frenais FL, Bedder R, Vickerstaff V,
Stone P, Sampson EL. Temporal trends in
analgesic use in long-term care facilities:
A systematic review of international
prescribing. Journal of the American
Geriatrics Society. 2018;66(2):376-382.
DOI: 10.1111/jgs 15238

[13] Holmerova I, Auer SR, Berdnkova A,
Hofler M, Ratajczak P, Steffl M.
Cognitive status and use of analgesics
and anxiolytics in residents of nursing
homes in the Czech Republic. Clinical
Interventions in Aging. 2018;13:2511.
DOI: 10.2147/CIA.S18860



Aging - Life Span and Life Expectancy

[14] Bhattacharjee S, Oh YM, Reiman EM,
Burke WJ. Prevalence, patterns, and
predictors of depression treatment of
community-dwelling elderly individuals
with dementia in the United States.

The American Journal of Geriatric
Psychiatry. 2017;25(7):803-813. DOL:
10.1016/jjagp.2017.03.003

[15] Enache D, Fereshtehnejad SM,
Kareholt I, Cermakova C, et al.
Antidepressants and mortality risk in a
dementia cohort: Data from SveDem,
the Swedish Dementia Registry. Acta
Psychiatrica Scandinavica. 2016;134:
430-440. DOI: 10.1111/acps.12630

[16] Zivin K, Kim HM, Yosef M,

Maust DT, et al. Antidepressant
medication treatment and risk of death.
Journal of Clinical Psychopharmacology.
2016;36(5):445-452. DOI: 10.1097/
JCP.0000000000000545

[17] Bali V, Chatterjee S, Johnson ML,
Chen H, et al. Risk of mortality

in elderly nursing home patients

with depression using paroxetine.
Pharamcotherapy. 2017;37(3):287-296.
DOI: 10.1007/s11920-018-

(18] Krivoy A, Stubbs B, Balicer RD,
Weizman S, et al. Low adherence to
antidepressants is associated with
increased mortality risk: A large
nationally representative cohort study.
European Neuropsychopharmacology.

2017;27:970-976

[19] Biffi A, Scotti L, Rea F,
Lucenteforte E, et al. Adherence

to antidepressants and mortality

in elderly patients with
cardiovascular disease. Clinical Drug
Investigation. 2018;38:593-602. DOI:
10.1080/17425255.2019.1561860

[20] Andreescu C, Varon D. New
research on anxiety disorders in the
elderly and an update on evidence-
based treatments. Current Psychiatry
Reports. 2015;17:53. DOI: 10.1007/
s11920-015-0595-8

22

[21] Hwang Y, Chen T, Wen Y, Liou H.
Does the prescription of anxiolytic and
hypnotic drugs increase mortality in
older adults? Journal of the American
Geriatrics Society. 2015;63(6):1263-
1265. DOI: 10.1111/jgs.13466

[22] Weich S, Pearce HL, Croft P,

Singh S, Crome I, Bashford J, et al.
Effect of anxiolytic and hypnotic drug
prescriptions on mortality hazards:
Retrospective cohort study. BMJ.
2014;2014:348. DOI: 10.1136/bmj.g1996

[23] Usher K, Holmes C, Lindsay D,
Luck L. PRN psychotropic medications:
The need for nursing research.
Contemporary Nurse. 2003;14(3):248-
257.DOI: 10.5172/conu.14.3.248

[24] Lindsey PL. Psychotropic
medication use among older
adults: What all nurses need to
know. Journal of Gerontological
Nursing. 2009;35(9):28-38. DOL:
10.3928/00989134-20090731-01

[25] Stokes JA, Purdie DM,

Roberts MS. Factors influencing

PRN medication use in nursing

homes. Pharmacy World &

Science. 2004;26(3):148-154. DOI:
10.1023/B:PHAR.0000026803.89436.a8

[26] Wright S, Stewart D, Bowers L.
Psychotropic PRN Medication in
Inpatient Psychiatric Care: A Literature
Review. London: Section of Mental
Health Nursing, Institute of Psychiatry;
2012. Available from: https://www.kcl.
ac.uk/ioppn/depts/hspr/archive/mhn/
projects/PRN-Medication

[27] Hirdes J, Poss JW, Caldarelli H,
Fries BE, Morris JN, Teare GF, et al. An
evaluation of data quality in Canada’s
continuing care reporting system
(CCRS): Secondary analyses of Ontario
data submitted between 1996 and
2011. BMC Medical Informatics and
Decision Making. 2013;13:27. Available
from: http://www.biomedcentral.
com/1472-6947/13/27



Psychotropic Medication Use and Movtality in Long-Term Care Residents
DOI: http://dx.doi.org/10.5772/intechopen.85971

[28] Perkins DO. Adherence to
antipsychotic medications. The Journal of
Clinical Psychiatry. 1999;60(Suppl 21):
25-30. Available from: https://europepmc.
org/abstract/med/10548139s

[29] Cnossen MC, van Essen TA,
Ceyisakar IE, Polinder S, Andriessen TM,
van der Naalt ], et al. Adjusting

for confounding by indication in
observational studies: A case study

in traumatic brain injury. Clinical
Epidemiology. 2018;10:841-852. DOI:
10.2147/CLEP.S154500

[30] Barlas S. Medicare adds new
long-term-care pharmacy rules:
Agency passes again on pharmacist
Independence requirements. Pharmacy
and Therapeutics. 2016;41(12):762-764

23






Chapter2

Evidence for the Effectiveness
of Soy in Aging and Improving
Quality of Life

Bahvam Herman Arvjmandi and Elizabeth Marie Foley

Abstract

Soy is a highly nutritious yet widely underutilized food. Because of the con-
troversy surrounding soy, individuals with chronic disease states that may benefit
from soy or soy isoflavone consumption may avoid this food. The relationship of
soy to estrogen, breast cancer, osteoarthritis, and other chronic disease states is
discussed. Osteoarthritis is a specific focus, as the immobility brought about by this
disease state may lead to other chronic diseases that are also positively affected by
soy consumption, and because there is no clear etiology or cure for this debilitating
disease. Conclusions and future directions for soy research as it relates to healthy
aging are also discussed.

Keywords: soy, osteoarthritis, aging, breast cancer, longevity

1. Introduction

Globally, life expectancy has increased by nearly 20 years in both sexes since the
1950s [1]. In the United States (US) in 2015, life expectancy at birth was calculated
to be almost 79 years old for both males and females [2]. While these numbers are
encouraging, the quality of life of these individuals has not increased along with
this increased life expectancy [3]. There are many factors that can influence qual-
ity of life but chronic diseases such as osteoporosis, osteoarthritis, heart disease,
sarcopenia, type 2 diabetes (T2D), and dementia all play a role in the quality of life
(QOL) of aging individuals.

Many chronic diseases are highly preventable and are generally treatable through
diet and exercise. Indeed, poor diet and inadequate physical activity are two of the
three most common risk factors for several chronic diseases, and addressing these
factors in addition to the third risk factor, smoking, reduces the risk of cardiovas-
cular disease (CVD), stroke, and T2D by 80% [4]. A 2013 study which analyzed the
effect of physical inactivity on chronic disease estimated that, worldwide, physical
inactivity is linked to 6-10% of chronic diseases that included CVD, T2D, breast can-
cer, and colon cancer, and that inactivity is associated 9% of premature deaths [5].

Knee osteoarthritis (OA) has been ranked as one of the top contributors to global
disabilities in the world [6]. Osteoarthritis is a degenerative disorder of synovial
joints characterized by focal loss of articular cartilage with reactive changes in
subchondral and marginal bone, synovium and para-articular structures [7]. These
degenerative changes lead to the primary complaints of pain with movement,
stiffness, instability, and loss of function, particularly in those with knee OA [8].
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The World Health Organization (WHO) estimates that about 10% of individuals
60 years or older have OA, an estimate that will only increase as the world’s popula-
tion continues to age due to longer life expectancies [9]. The conclusive etiology

of this disease is unknown, but injury to the joint, age, gender, and obesity are all
known factors to contribute to the development of OA [10]. There is also mount-
ing evidence that leptin may play a key role in the pathophysiology of OA. Leptin
concentration in the serum is positively correlated with Body Mass Index (BMI)
[11, 12]. This finding is significant as it helps to explain why obesity is a risk factor
for OA, even in non-weight bearing joints such as hands.

Because individuals with OA are in constant pain, they are likely to stop exercis-
ing or to engage in any physical activity, thus increasing their risk of morbidity. It
may also lead to other chronic diseases, both as a result of the lack of exercise, and
the possibility of weight gain and the risks associated with excess weight. In fact,
T2D has been shown to be a risk factor for knee OA progression [13], indicating that
these disease states feed off of each other. While exercise is incredibly important for
health, nutrition may be a much more helpful and significant treatment for indi-
viduals with chronic diseases, specifically OA, because the source of many of these
diseases is underlying inflammation [14] and treating the inflammation through
dietary change may result in the treatment of multiple disease states.

Although OA affects a large number of Americans, there are no proven therapies
for preventing or halting its progression. In the normal joint, there is a balance
between synthesis and degradation of cartilage. In inflammatory conditions such as
OA, and other chronic diseases, catabolic molecules are upregulated, thereby inter-
rupting the function of anabolic molecules [15]. Catabolic cytokines also induce the
production of specific matrix degrading metalloproteases, causing cartilage degra-
dation [16]. This finding has been confirmed by the increased level of these cyto-
kines in people with OA [17]. Unregulated or excess production of these molecules
may play a detrimental role in the pathophysiology of OA [16, 18].

The development of OA is also accompanied by increased production of prostaglan-
dins (PGs), molecules that may contribute to joint damage, pain, and inflammation
[19]. Cyclooxygenase (COX) is responsible for the production of PGs and exists as two
distinct isoforms, COX-1, and COX-2. Increased expression of COX-2 has been demon-
strated in synovial tissues suggesting that COX-2 expression mediates the inflammatory
response in OA [20]. COX-2 is undetectable in most tissues, but is increased in inflam-
mation leading to overproduction of PGE2 [21, 22]. Inhibition of these enzymes by non-
steroidal anti-inflammatory drugs (NSAID) and selective COX-2 inhibitors reduces the
levels of PGs, resulting in a reduction in pain and inflammation.

Finding nutritional interventions to target the COX-2 pathway while allowing
other necessary inflammatory pathways to function would significantly increase
quality of life as well as functionality of individuals with OA. It may also inadver-
tently target unregulated inflammation that has been associated with other chronic
disease states, and allow for affected individuals to exercise thus further decreasing
their risk for the aforementioned chronic diseases.

Soy appears to be a promising treatment for those with OA, and has many other
health benefits. Soy protein is low in saturated fat, contains all of the essential amino
acids, and is also a good source of fiber, iron, calcium, zinc, and B vitamins [23]. This
book chapter will focus on soy and its relationship to OA and other chronic diseases.

2. Nutrition profile of soy

Soy is a very nutritious plant, and the only complete plant protein. Protein in
soy is not only high, but comparable in quality to animal protein regarding amino
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acid content and digestibility [24]. The carbohydrate content of soybeans is not only
low, but poorly digested by intestinal enzymes, and thus behaves as a prebiotic for
beneficial bacteria [25]. The fat content is highly variable among different soybean
varieties, but includes 10-15% saturated fat, 19-41% monounsaturated fat, and
46-62% polyunsaturated fat [26].

Most notably, soybeans contain isoflavones. The three main isoflavones present
in soybeans include genistein (50% of isoflavones), daidzein (40% isoflavones) and
glycitein (10% of isoflavones) [27]. Isoflavones are also classified as phytoestrogens
because of their similar structure to estrogen (Figures 1 and 2). Isoflavones are
more bioactive in their unconjugated (aglycon) form than their conjugated form,
which must be hydrolyzed in the intestine to release the aglycons [28]. Additionally,
fermented soy has more unconjugated isoflavones, thus making fermented soy
foods more pharmacokinetically beneficial [29]. Soy isoflavones are also metabo-
lized by gut bacteria, which leads to many different metabolites, the most biologi-
cally active being euqol [30]. Equol is structurally similar to estrogen, but inhibits
growth of mammary tumors and may act as a selective estrogen receptor modulator
(SERM) [31]. Isoflavones have anti-oxidative and anti-inflammatory properties, as
well as the ability to alter gene expression, specifically in estrogen-responsive genes
[32]. It is this ability that often leads health practitioners to believe that soy may be
dangerous for certain populations, specifically breast cancer, which will be later
discussed in this chapter. However, these SERM like capabilities are responsible for
many of soy’s positive effects on health.

SIMILARITY OF ISOFLAVONES TO ESTROGENS
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Figure 1.
Similarity of isoflavones to estrogens.
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Figure 2.
Structure of estrogen and isoflavones.
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3. Soy, estrogen, and breast cancer

Breast cancer is one of the most common cancers diagnosed in women in the
United States, and is the second leading cause of death after lung cancer in women
[33]. Breast cancer is strongly linked to ovarian hormones and estrogen levels
[34]. Factors like high endogenous estrogen levels and hormone therapy have been
implicated in increasing breast cancer risk [35]. Indeed, 2/3 of breast cancer cases
are estrogen receptor (ER) positive [36].

Because soy isoflavones closely resemble estrogen, many health practitioners
warn against soy consumption in women, women with breast cancer, and post-
menopausal women for fear that soy will behave like an estrogen molecule. In our
opinion, this idea is misconceived, as soy isoflavones would likely compete with
endogenous estrogen for binding receptor sites in the breast, thereby reducing
estrogen-stimulated growth and proliferation in the breast tissue, and may reduce
endogenous estrogen concentrations [37]. Indeed, it has been shown that soy
isoflavones may act as an estrogen antagonist in estrogen rich environments, and an
estrogen agonist in low estrogen environments [38]; there is also evidence that the
bioavailability of soy isoflavones may be inversely related to estrogen levels [39].

Epidemiological studies have shown that soy isoflavones do exert a protective
effect on breast cancer risk, indicating a 16% risk reduction per 10 mg of daily
isoflavone consumed [40]. A Dutch study [41] found that high levels of plasma
genistein were associated with up to a 32% decreased risk of breast cancer. A 2009
study [42] that investigated soy food intake and breast cancer survival found that
soy food consumption was associated with a marked decreased risk of both mortal-
ity and recurrence of breast cancer.

A 1997 study [43] found that genistein is a potent estrogen agonist and exhibited
cell growth-inhibitory actions in breast cancer cells iz vitro. A more recent study
[44] also found that genistein works to inhibit topoisomerase II activity, thus
resulting in the inhibition of breast cancer growth. Davis et al. [45] investigated
the radioprotective effects of genistein by injecting female mice with the isoflavone
24 h prior to receiving a toxic dose of radiation, and found that genistein treated
mice expressed fewer DNA damage responsive and cell cycle checkpoint genes than
untreated mice. Magee et al. [46] investigated the effect of coumestrol, glycitein,
daidzein, and the metabolites equol and O-desmethylangolensin on MDA-MB-231
cells, finding that each inhibited invasion by approximately 30% at the lowest dose,
while genistein and coumestrol exerted the most potent inhibitory effects on inva-
sion at the highest dose.

A clinical trial by Shike et al. [47] supplementing soy isoflavones in women
with breast cancer found that soy consumption did alter gene expression in breast
cancer tumors, specifically in FANCC and UGT2A1 which have both been impli-
cated in the development of breast cancer tumors. There was a subset of tumors
with upregulated FGFR2 expression, which is a marker of poor prognosis in breast
cancer patients, and overall soy intake did not significantly change cell proliferation
and apoptosis indices compared with the placebo group. While this initially sounds
discouraging, the article points out that the clinical ramifications of this minor
upregulation have yet to be determined.

Another common concern about soy supplementation in post-menopausal
women, specifically, is that it causes lymphocytopenia, which is the condition
of having low levels of lymphocytes in the blood. Some of these concerns stem
from a multicenter study [48] published in 2001 where postmenopausal women
supplemented 600 mg of ipriflavone, a synthetic isoflavone, for 3 years. Out of 234
women, 13.2% developed subclinical lymphocytopenia (<0.5 x 10°/mm?). Another
2 year study [49] found that 3% of their participants also developed abnormal
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lymphocyte numbers. Another study by Ben-Hurt et al. [50] found that post-
menopausal women also had higher monocyte levels, indicating that menopause
definitively alters hematological parameters.

A rat study [51] by our lab refutes these results. Our study not only found that
ovariectomy increased lymphocyte, monocyte, eosinophil, and basophil differen-
tial counts, but that soy isoflavones retuned leukocyte counts to pre-surgery levels.
To test the truth of this in human populations, our lab also investigated the extent
to which 1 year of 25 g soy protein containing 60 mg isoflavones supplementation
alters lymphocyte counts in postmenopausal women [52]. This study indicated no
effect on total and differential white blood cell counts in postmenopausal women,
which may be due to the fact that the estimated isoflavone content of the soy protein
was lower than the pharmacological dose at 60 mg.

Because leukocyte counts tend to go up with menopause, it is not necessarily
a bad side effect for pharmaceutical doses of soy to bring down white blood cell
counts. Additionally, the supplementation of soy protein did not have a significant
impact on leukocyte levels, indicating that soy supplementation is generally safe for
healthy postmenopausal populations.

4. Soy, estrogen, and OA

Interestingly, OA is often seen in postmenopausal women, and is three times
more likely to be a problem for postmenopausal women rather than men [53].
Cartilage is an estrogen sensitive tissue, which may, in part, explain the gender dis-
parity. Because postmenopausal women experience a severe drop in the production
of estrogen, it stands to reason that estrogen may be protective against the develop-
ment of OA. Some studies [54-56] have found an association between hysterectomy
and OA, while others [57, 58] have found no association. A study by Gao et al. [59]
found that estradiol (E,) deficiency as well as changes in estrogen metabolites are
involved in the pathogenesis of OA. Increased cartilage and bone turnover has been
found in multiple animal models of menopause [60], but contrary to a general
belief that lack of estrogen in women is the cause of OA, Tsai and colleagues [61]
have suggested that excessive level of synovial fluid estrogen is responsible for the
development of OA in both men and women. Indeed, some studies have found that
the direct administration of estrogen to the knee joint has increased OA instance
and progression [62, 63]. Intraarticular estradiol injection to ovariectomized rabbits
both upregulated ER and ultimately caused further cartilage degeneration [64].

Soy isoflavones are often referred to as phytoestrogens, and may be helpful in
relieving some symptoms of OA, and possibly prevent its progression. The conforma-
tional binding of soy isoflavones is similar to that of a SERM, which have been shown
to be effective estrogen agonists or antagonists [65]. Genistein is the most potent of
the isoflavones, and can therefore hypothetically produce positive effects on cartilage
by blocking the action of estrogen. In addition to the possibility of modulating ERs,
soy isoflavones may be able to increase IGF-1 production and decrease inflammation
while also acting as an antioxidant. IGF-1 is thought to slow cartilage degradation
[66]. Because soy isoflavones may serve as a natural modulator of IGF-1 production, it
is probable that consumption of soy would benefit people suffering from OA.

5. Soy, leptin, and OA

Leptin is of particular interest in the pathology of OA, as the severity of OA is
associated with both weight and BMI [67, 68], and leptin is generally elevated in
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obese individuals [69]. Leptin is a hormone secreted by adipocytes and is involved
with energy homeostasis, namely through its ability to cross the blood brain barrier
to decrease orexigenic neuropeptides and increase anorexigenic neuropeptides [70].
In healthy individuals, leptin is secreted in proportion adipose tissue and energy
intake [71]. Leptin is generally thought of as a satiety hormone, although many
obese individuals have “leptin resistance” [72] where the secretion of leptin in these
individuals does not suppress appetite or lead to reduced energy intake.

The role of leptin may extend beyond energy homeostasis. BMI and plasma
leptin levels in OA patients correlate positively [70]. Plasma leptin concentrations
have also been found to be 3 times higher in premenopausal women than men [73].
Bao et al. [74] found that injecting the knee with leptin caused significant degrada-
tion of the cartilage. Additionally, leptin taken from the synovial joint has been
found to be higher than plasma leptin concentrations [75].

Results from our research group, corroborates previous findings [76]. In this
study, we examined the relationship between serum and synovial fluid concentra-
tions of leptin in both males and females with varying degrees of OA. Serum and
synovial fluid samples were obtained from 20 men (mean age = 68.4 + 10.8 years)
and 20 women (mean age = 61.6 + 12.4 years) with varying degrees of OA who
underwent arthroscopic or total knee replacement surgery. We found that leptin
concentrations in both the serum and synovial fluid of patients with knee OA
increased according to disease severity. That is, as the level of OA became more
severe, the leptin concentration also increased, in both men (Figure 3A) and
women (Figure 3B). We also found a significant correlation between serum and
synovial fluid leptin concentration and BMI in both men (Figure 4A and B)
and women (Figure 5A and B) with OA. These findings indicate that leptin may in
part play a role in the increased risk of OA related to obesity.

The mechanism by which leptin may contribute to the pathophysiology of OA is
likely due to its place in the cytokine family [72]. Leptin may trigger immune responses
by increasing the expression of adhesion molecules, likely through a pro-inflammatory
cytokine pathway [77]. Additionally, mice without a working leptin gene (ob/ob) dem-
onstrated decreased secretion of inflammatory cytokines, while the administration of
leptin to these mice restored inflammatory secretions [78]. Additionally, leptin receptors
are present in the cartilage suggesting a direct action on this tissue. There is evidence [79]
that leptin stimulates inflammatory markers Interlukin-6 (IL-6), Interlukin-8 (IL-8),
nitric oxide, Interlukin-1 p (IL-1p), Tumor Necrosis Factor-alpha (TNFa), COX2, and
PGE 2 in the joint thereby contributing to cartilage matrix breakdown.

Because of isoflavones’ role in inflammation, the negative action of excess leptin
levels on cartilage may be suppressed by isoflavones. For example, rats fed a high fat
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Figure 3.

The velationship between serum and synovial fluid concentrations of leptin and severity of OA in both men
(A) and women (B).
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Figure 4.
The correlation between serum (A) and synovial fluid (B) leptin concentration and BMI in men with OA.
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The correlation between serum (A) and synovial fluid (B) leptin concentration and BMI in women with OA.

soy diet, or regular soy diet, were found to have lower serum leptin concentrations
than those fed a high fat casein, or regular fat casein diet [80]. Their study [80] also
found that the expression of inflammatory genes decreased along with the expres-
sion of leptin. Niwa et al. [81] also found that soy isoflavones decreased leptin
secretion in the adipocytes of mice, and a study by Llaneza et al. [82] found that
the consumption of 200 mg of soy isoflavone extract in postmenopausal women
resulted in decreased leptin levels, as well as TNFa. Another study in overweight
and obese subjects found that after 12 weeks of black soy peptide supplementation,
serum leptin concentrations were significantly reduced from baseline [83].

These studies and our observations so far suggest that soy and its isoflavones are
likely very efficacious in alleviating pain associated with OA and its symptoms, in
part due to its ability to decrease inflammatory responses. Soy’s ability to mediate
leptin and inflammatory immune responses may also be integral in both preventing
OA, halting its progression, and improving the QOL of individuals affected.

6. Soy and OA

The main soy isoflavones include genistein, daidzein, and glycetine [84].
Genistein is structurally similar to ipriflavone [84], a synthetic isoflavone. SERMs
such as tamoxifen [85] and ipriflavone [86] have both been shown to influence
cartilage metabolism and reduce or alleviate the symptoms associated with
OA. Therefore, it is conceivable to also expect that genistein similarly influences
cartilage metabolism.

Our in vitro study [87] found that genistein had the capacity to reduce inflam-
mation in human chondrocytes. Indeed, in chondrocytes treated with LPS to induce
inflammation, genistein significantly decreased COX-2 production (Figure 6), but
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Figure 6.

COX-2 levels in cytosolic fraction of chondrocytes. LPS, lipopolysaccharides; and GEN, genistein. Bars represent
mean + SE, n = 3 per treatment group. Bars with different letters ave significantly different from each other
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Figure 7.
COX-1 levels in cytosolic fraction of chondrocytes. LPS, lipopolysaccharides; and GEN, genistein. Bays represent
mean + SE, n = 3 per treatment group.

did not have an effect on COX-1 production (Figure 7) [87]. This is of particular
interest, as NSAIDs are thought to inhibit inflammation via COX-1 and COX-2
dependent pathways, but are thought to cause damage because of the inhibition

of COX-1, an important enzyme that regulates normal cellular processes and is
expressed in most tissues [88]. This inhibited synthesis caused by most NSAIDS can
negatively affect the maintenance and integrity of the gastric and duodenal mucosa,
as well as lead to kidney issues [89, 90]. COX-2, however, is generally unexpressed
by most tissues and is upregulated specifically by inflammation [91]. The seemingly
selective inhibition of COX-2 by genistein provides a promising alternative to those
who experience gastric distress due to the use of NSAIDs.

IL-1B, an inflammatory cytokine, was also measured in this study and was found
to be lower in both the high and low doses of genistein (Figure 8) [87]. More impor-
tantly, YKL-40, a marker of human cartilage glycoprotein degradation [92], was
found to be suppressed in genistein treated groups (Figure 9); however, the differ-
ence between the LPS and genistein groups did not reach statistical significance [87].

An animal study by Borzan et al. [93] also supports our clinical findings on soy.
The aim of the aforementioned study was to determine if a soy diet could reduce
the pain behaviors and inflammation induced by the intraplantar administration of
complete Freund’s adjuvant. They reported that neuropathic pain following partial
sciatic nerve injury was attenuated in rats fed a soy protein diet [93], indicating that
soy may be effective in attenuating pain symptoms, including those of OA.
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IL-1p level in culture supernatant measured via ELISA kit. LPS, lipopolysaccharides; and GEN, genistein. Bars
represent mean + SE, n = 4 per treatment group.
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Figure 9.
YKL-40 level in culture supernatant which was measured via ELISA kit. LPS, lipopolysaccharides; and GEN,
genistein. Bays represent mean + SE, n = 4 per treatment group.

Lymphocytes and monocytes are often seen at sites of injury and inflammation
[51]. Our lab investigated the effect of soy isoflavone supplementation on ovariec-
tomy induced lymphopoiesis in rats. In this animal study [94], we observed that
ovariectomy-induced increases in peripheral blood total lymphocyte and monocyte
counts were returned to the levels of sham-operated rats after soy isoflavone supple-
mentation (Figure 10A and B). Forty-eight 12-month-old Sprague-Dawley rats were
either sham-operated (sham; 1 group) or OVX (3 groups) and were fed a standard
semi-purified diet for 120 days. Thereafter, the OVX groups received one of the
three doses of isoflavones: 0 (OVX), 500 (ISO500), or 1000 (ISO1000) mg/kg diet
for 100 days. Ovariectomy significantly (P < 0.05) increased the total leukocyte,
lymphocyte, monocyte, eosinophil, and basophil counts. Isoflavones at 500 and
1000 mg/kg diet returned the total leukocyte counts as well as leukocyte subpopula-
tions to levels comparable to that of sham. These findings indicate that isoflavones
are capable of normalizing circulating levels of inflammatory cells that produce
many proinflammatory mediators, which may prove effective for the synovial joint.

Our lab also carried out a three-month double-blind randomized clinical trial
[95] to investigate the effects of soy supplementation on symptoms associated with
knee OA. About 135 free-living individuals (64 men, mean age = 55.8 + 13.6 years;
and 71 women, mean age = 59.3 + 12.0 years) with knee OA were randomly assigned
to receive 40 g of either soy protein or milk protein daily. This study indicated that
soy protein regimen containing 88 mg isoflavones improved (P < 0.05) knee range
of motion and ability to climb several flights of stairs, and reduced (P < 0.05) the
intensity, frequency, severity of pain, hindrance to activities (Figure 11A), and use of
pain medications (Figure 11B). The improvement in self-described pain parameters
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Figure 10.
(A and B) Indicate effects of isoflavones (ISO) on lymphocyte and monocyte counts. Values are mean + SE
(n = 12). Bars that do not share the same superscript are significantly different (P < 0.05).
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Figure 11.

(Ag) represents self-reported pain limiting physical activities with scoves ranging from 1 to 2; (1) referring to
no limitation and (2) referving to pain as causing limitation in physical activity. (B) indicates the use of pain
medications (mean + SE). A lower scove reflects less use of pain medication and a higher score reflects morve
frequent use of pain medication.

due to soy supplementation became more pronounced as the treatment duration
progressed. Additionally, the soy regimen significantly improved circulating levels of
IGF-I which suggests that isoflavones may exert anabolic effects on the cartilage.

In the same study, serum IGF-I as well as human cartilage glycoprotein 39 (YKL-
40), a marker of joint destruction [92], were assessed. Results indicated that protein
supplementation had significantly lowered mean serum concentration of YKL-

40 in men, implying that soy can slow down cartilage degradation. Although both
proteins, as expected, increased (P < 0.05) circulating levels of IGF-I, soy protein
had a more pronounced effect compared to milk protein. We have repeatedly shown
[84, 96] that soy has the ability to uniquely enhance serum IGF-I in comparison
with milk protein, indicating that this effect may be due to its isoflavone content
rather than merely protein.

The findings of our three-month study indicate that soy protein supplementa-
tion significantly reduced the intensity and frequency of pain. By comparison,
milk protein only reduced pain intensity indicating that the reduction in the
frequency of pain and discomfort are specific to soy and not the control protein.
Our findings also indicate a reduced need for pain medication. The increased serum
IGF-I level with soy supplementation suggests that isoflavones may exert anabolic
effects on the cartilage, and decreased YKL-40 levels which is associated with
cartilage degeneration, support our hypothesis that soy can improve symptoms and
severity of OA. The authors suggest that people with no contraindications to soy
isoflavones use ipriflavone, a synthetic isoflavone, for decreasing the symptoms of
OA. However, this is just a suggestion and further research must be done to assess
the potency of isoflavone usage for symptomatic control of OA.
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7. Soy and cardiovascular disease

As mentioned previously, soy isoflavones are phytoestrogens. Estrogen is known
to be cardioprotective, so it stands to reason that soy may also be cardioprotec-
tive. Many of the clinical trials investigating the effect of soy supplementation on
heart health focus mainly on cholesterol levels. This may be due to the fact that the
phytosterols, like those found in soy, compete with cholesterol for intestinal absorp-
tion [97]. A 2015 study [98] investigated the effect of 8 weeks of standard soymilk
supplementation against the effect of 2 g/day of phytosterols and 10 g/day of
inulin-enriched soymilk supplementation. While both groups did see a reduction in
LDL-C in both groups, the study group supplementing with the extra phytosterols
and inulin saw significantly better results. TC was also significantly reduced in the
study group, compared to the control of regular soymilk.

Soy can be beneficial in many forms beyond that of soymilk. A study [99] that
supplemented whole soy foods (3—4 servings per day) for 12 weeks found that the
soy intervention significantly reduced total cholesterol, LDL-C, non-HDL cho-
lesterol, and apoB even though BMI did not decrease. An earlier study [100] also
found that soy protein supplementation resulted in decreased cholesterol levels.
Prehypertensive women who supplemented 40 g of soy flour saw decreases in
LDL-C and well as high sensitivity C-Reactive Protein (CRP), a marker of inflam-
mation [101]. Interestingly, another study found that 1 month of soy nut supple-
mentation modestly reduced arterial stiffness but did not improve inflammatory
biomarkers [102]. Additionally, Lucas et al. [103] found that soy isoflavones pre-
vented both hyperlipidemia and atherosclerotic lesions in ovariectomized Golden
Syrian Hamsters.

While there are still gaps in the research for CVD and soy consumption, research
generally points to a positive effect of soy on heart health, irrespective to its effect
on cholesterol. Finding that soy significantly decreased the development of athero-
sclerotic lesion in a hamster model of postmenopausal CVD is particularly impor-
tant since CVD remains the leading cause of death in the US.

8. Soy and osteoporosis

Just as OA greatly affects women more so than men, osteoporosis is a particu-
larly concerning problem for the aging female population. Because intestinal cells
contain ER, and because estrogen enhances calcium transport [104], it stands to
reason that phytoestrogens like soy may increase intestinal calcium transport. There
have been multiple studies researching intestinal transport of calcium and soy, as
well as the effect of soy on animal models of osteoporosis, and human studies. A
study by our lab in 2001 [104] confirmed that not only does ovariectomy decrease
rates of calcium transport, but that soy isoflavones in soy protein promoted calcium
absorption in a manner analogous to estrogen without any of the side effects/risk.
Pawlowski et al. [105] also found that soy isoflavones were effective in increas-
ing calcium retention in bone, and Arjmandi et al. [84] found that women not on
hormone replacement therapy who supplemented soy protein experienced reduced
urinary calcium excretion.

Animal studies have yielded positive results for isoflavone’s bone sparing
properties. A 1998 study [106] by our lab compared casein protein and soy protein
in ovariectomized (OVX) rats, and found that soy protein with higher levels of
isoflavones spared the femoral bone density decreases brought about by ovariec-
tomy. Our 2006 study [107] found that soy positively affected tibial architectural
properties of OVX rats, including trabecular thickness, separation, and number
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without preserving BMD. Another study by our lab [108] found that soy protein
with or without isoflavones did not preserve BMD in a male rat model of osteopo-
rosis, but did positively affect the biomechanical properties of bone including yield
and ultimate force which are measures of elasticity and plasticity in bone. Multiple
other studies have concluded that any bone sparing effects of soy consumption are
likely due to soy isoflavone content, which increases bone formation and improves
the architectural properties of bone [109-112].

Interestingly, while animal studies have been promising for moderate prevention
of bone loss, a 2-year Thai study [113] found that soy isoflavones did not signifi-
cantly reduce bone loss. Similarly, a 3-year study [114] that gave postmenopausal
women soy isoflavones did not find significant bone sparing effects, except for
the femoral neck which was still only modestly affected by supplementation. The
same lab then evaluated the safety of soy isoflavone supplementation by evaluating
effects on hormones, endometrial thickness, and any adverse events, finding no
negative evidence of treatment effect on this population, once again indicating that
soy supplementation is safe. Wong et al. [115] found that 120 mg of soy isoflavones
did reduce whole body BMD loss, but did not positively affect common female
fracture sites. Studies by our lab [96, 116], and others [117], generally find that soy
supplementation for the treatment of osteoporosis generally has little to no effect on
BMD, but may still positively affect bone metabolism as well as bone quality.

9. Conclusions and future directions

Although the role of soy in CVD, lowering cholesterol, and improving bone has
been questioned, there is ample evidence to suggest that soy improves symptoms of
OA by at least three mechanisms, including (1) acting as a SERM, thereby modulat-
ing estrogen receptors; (2) increasing circulating levels of IGF-1, thereby regenerat-
ing cartilage and/or preventing further damage; (3) and inhibiting production of
inflammatory molecules, such as COX-2, TNF-a. The authors believe that soy plays
an important role in the healthy aging process by decreasing the incidence of OA,
and allowing those who are afflicted to achieve greater mobility, thus decreasing
their chances of developing other chronic diseases that would have resulted from
decreased mobility. Therefore, we suggest that consumption of soy and soy isofla-
vones is crucial for healthy aging and improved QOL throughout the aging process.

We have demonstrated that both leptin and estrogen have a significant role in
the etiology, progression, and treatment of OA, but the specifics of that role remain
uncertain. The above studies also indicate a positive effect of soy supplementation
on cartilage metabolism, inflammation, and indices of pain, likely through the
modulation of the aforementioned factors. Soy appears to be promising in the treat-
ment of OA symptoms, but its ability to prevent the disease is questionable. While
isoflavones are known to act as SERMs, it is reasonable to suspect that the protein
content of soy as a whole in conjunction with isoflavone content is responsible for
positive effects in this population. Though the literature indicates that soy supple-
mentation may be helpful in decreasing usage of NSAIDs, slow cartilage degrada-
tion, and increase functionality in individuals afflicted with OA, determining the
safety as well as the efficacy of soy or its isoflavones as a long-term OA intervention
is the next logical step. Any intervention that can improve the QOL of individuals
afflicted with OA is worth pursuing, but it is paramount that researchers uncover
the exact etiology of the disease so as to prevent future occurrences.

The literature referenced here also indicates that soy can be promising for other
chronic disease states, without necessarily posing a risk for increased instance of
breast cancer. However, there is still much confusion about which populations are
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at higher risk for breast cancer when consuming soy. The multiple health benefits
appear to outweigh breast cancer risk for most women, even decreasing the chance
of breast cancer, but further interventional, rather than strictly epidemiological
and cell culture studies, need to be established.
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Chapter 3

Epidemiology and Management of
Intracerebral Hemorrhage in Chile

Alvaro Soto, Marcelo Peldoza and Debora Pollak

Abstract

Intracerebral hemorrhage (ICH) is the second cause of stroke in Chile (23% of
all strokes). The Araucania Region has double the mortality rate by stroke com-
pared with most regions in Chile. In developing countries like Chile, it is difficult to
admit patients with ICH to the intensive care unit (ICU) for general neuroprotec-
tion and an aggressive lowering of blood pressure. The aim is to report the experi-
ence in the treatment of patients with ICH in a regional public hospital in Temuco,
Chile. A convenience sample of the ICH consultations made during shift # 1 in the
emergency room (ER) of the Hospital Dr. Herndn Henriquez Aravena between
January 2016 and December 2018 was analyzed. There were 108 consultations
for ICH in the period. The average age of the patients was 66.0 years (SD = 14.1).
About 56.5% of the patients were male. Regarding the etiology, 70.4% were hyper-
tensive, 18.5% were due to amyloid angiopathy, and 11.1% were for other causes.
The implementation of 24/7 neurology shifts in the ER allowed us to reduce the
evaluation time and improve the management of ICH patients. On the other hand,
our hospital lacks a stroke unit, so ICH patients do not receive the standard care.

Keywords: intracerebral hemorrhage, stroke, epidemiology, management, Chile,
hypertension, developing countries

1. Introduction

Stroke is the leading cause of disability and the second cause of death world-
wide [1]. More than two thirds of the global burden of stroke occurs in developing
countries, where the average age of patients is 15 years younger than in developed
countries [2]. In the period 2000-2008, the total incidence rates in low- and middle-
income countries exceeded the level of stroke incidence in high-income countries
by 20% for the first time [3]. Latin America is experiencing an epidemiological
transition toward older urban-dwelling adults that has led to a rise in cardiovascular
risk factors and an increase in morbidity and mortality rates related to both stroke
and myocardial infarction [4, 5]. According to the Global Burden of Disease 2013
Study (GBD 2013), stroke is the second cause of death in Latin America [6].

Stroke is also a serious public health problem in Chile. It is the leading cause of
death in Chile, with a rate of 50.6 deaths per 100,000 inhabitants in 2011 [7]. Stroke
accounted for 9% of all deaths in 2010 (8888 people) [8]. In addition, stroke is the
first specific cause of disability-adjusted life years (DALY) in people older than
74 years and the fifth in those between 60 and 74 years [7]. 26,072 were hospital-
ized with the diagnosis of stroke in Chile in 2009 [8].
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The prevalence of stroke in Chile, according to the National Health Survey
(NHS) 2016-2017, is 2.6% in the general population and rises to 8.2% in >65 years
[9]. A slight increase was observed when comparing the prevalence estimated in the
2009-2010 NHS, with 2.2 and 8.1%, respectively [10].

Intracerebral hemorrhage (ICH) is the second cause of stroke in Chile and
represents approximately 23% of all strokes [11]. According to the Global Burden of
Disease 2010 Study, the incidence of ICH in Chile is 46.9 per 100,000 person-years;
the mortality is 22.36 per 100,000 person-years, and DALYs lost are 443.9 [12].

The comparison of the incidence, mortality, and DALYs between 1990 and 2010 is
shown in Table 1.

The main source of information about the epidemiology of stroke comes
from the Proyecto Investigacién de Stroke en Chile: Iquique Stroke (PISCIS)
Study conducted in Iquique in the north of Chile in 2000-2002 [11]. This study
included 69 cases of first-ever ICH. Of these, 64 (92.7%) had spontaneous
ICH. The mean age was 57.3 + 17 years, and 62.3% of the subjects were male. The
age-adjusted incidence rates were 13.8 (non-lobar) and 4.9 (lobar) per 100,000
person-years. Non-lobar ICH was more frequent in young men and lobar ICH
in older women. The non-lobar-to-lobar ratio was similar to previous findings
in Hispanics. Hypertension was more frequent in non-lobar ICH and in diabe-
tes, while heavy drinking and antithrombotic use were more frequent in lobar
ICH, but in none significantly. There was no association between location and
prognosis [13]. In the PISCIS Study, the incidence rate per 100,000 was 27.6 for
ICH. The case-fatality rate for incident ICH was 28.9 (17.7-44.8). The outcome
at 6 months after the first-ever ICH was 33% of patients at mRankin 0-2, 28% at
mRS 3-5, and 39% dead [11].

The INTERSTROKE (risk factors for ischemic and intracerebral hemorrhagic
stroke in 22 countries) Study showed that hypertension, smoking, waist-to-
hip ratio, diet, and alcohol intake were significant risk factors for ICH [14].
According to the National Health Survey (NHS) 2016-2017, 27.6% of the popula-
tion in Chile has hypertension; 73.3% in the subgroup >65 years old; 12.3% with
diabetes (30.6% in >65); 74.2% with overweight-obesity; 86.7% with physical
inactivity; 11.7% with alcoholism; and 33.3% who smoke [9].

In relation to the in-hospital management of ICH in Chile, the percentage of
patients admitted with ICH varies from 14% in a private neurological intermediate
care unit to 34% of stroke cases in a public hospital in Santiago [15, 16].

The most important risk factor for ICH is age. Each advancing decade from
50 years of age is associated with a twofold increase in ICH incidence [17]. In other
words, ICH is more common in the elderly (1.97 x for each 10-year increase) [18].
This is a very important issue because according to the 2017 Chilean National
Census, 11.4% of the population is 65+ years old [19]. On the other hand, in the
Araucania Region, 12.6% of population is 65+ years old; this region is the second
oldest after the Valparaiso Region (13.6% 65+ years old) [19].

Year Incidence Mortality DALYs"
1990 58.26 (42.38-76-24) 43.21 (38.58-48.77) 884.19 (787.41-996.20)
2010 46.93 (35.24-61.38) 22.36 (1941-26.57) 443.90 (385.72-519.42)

“Disability-adjusted life-years.

Table 1.
Age-standardized incidence and mortality per 100,000 person-years and DALYs lost per 100,000 people, for
hemorrhagic stroke, in Chile in 1990—2010.
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1.1Intracerebral hemorrhage in the Araucania region

The Araucania Region has an area of 31,842.3 km?, which represents 4.2%
of the American and insular territory [20]. The region has a 17.2% poverty by
income, twice the national rate (8.6%) [21]. It also has 9.9 years average schooling
(11.1% national) and 29.1% rurality that it is the second at the national level [19].
The Temuco-Padre Las Casas (PLC) conurbation has approximately 360,000
inhabitants [19].

According to the 2017 Chilean National Census, 34.0% of those surveyed in the
Araucania Region stated they belonged to an indigenous or native group, a propor-
tion significantly higher than the 12.8% registered nationally [19]. According to the
National Socioeconomic Characterization Survey (CASEN) 2015, the indigenous
population in Chile has worse socioeconomic indicators than nonindigenous [22].
For example, 18.3% of the indigenous population lives in poverty by income com-
pared to 11% of the nonindigenous population; extreme poverty by income was 6.6
vs. 3.3%, respectively. Eighty-seven percent of the indigenous population is served
in the public health system compared to 76.3% of the nonindigenous population
[22]. There is evidence of a higher incidence of stroke among native populations
and minorities [23, 24]. However, in a recent case-control study, we found no asso-
ciation between Mapuche ethnicity and stroke incidence. This study only included
16 patients with ICH [25].

The Araucania Region, along with the Valparaiso, Maule, and Bio Bio regions,
has double the mortality rate by stroke compared with the rest of the regions in
Chile. Most of the increased risk is due to the prevalence of poverty, diabetes,
sedentary lifestyle, and overweight [26]. Furthermore, according to the 2009-2010
NHS, the Araucania Region has the highest prevalence of high systolic blood pres-
sure compared to the other regions [10].

On the other hand, the incidence rate of stroke, calculated as a diagnosis of
hospital discharge, in the period 2001-2010 in the Araucania Sur Health Service,
was 961.3 per 100,000 inhabitants/year [27].

1.2 Management of intracerebral hemorrhage in the HHHA

ICH is the fourth most frequent reason for neurological consultation in the
emergency room (ER) of the Hospital Dr. Hernan Henriquez Aravena (HHHA) in
Temuco, Chile, accounting for 4.5-7% of the care provided by the neurologist and
13.5-18.1% of stroke cases [28, 29].

The HHHA is located in the heart of the Temuco-PLC conurbation (360,000
inhabitants), about 670 kilometers south of Santiago de Chile. The HHHA has 730
beds, is the only hospital of high complexity in the Araucania Region, and serves a
beneficiary population of approximately 800,000 inhabitants [30]. The Araucania
Sur Health Service also has four medium-complexity hospitals (nodes) and eight
low-complexity hospitals. The HHHA is also a referral center for neurological
emergencies from the Araucania Norte Health Service.

The HHHA neurology unit does not have its own service and depends on the
internal medicine service. Our hospital lacks a stroke unit [30]. The hospital has
two CT scanners and a MRI. There is an interventional neuroradiologist (MP) dur-
ing daytime hours.

The HHHA has face-to-face neurologists 24/7 in the ER since July 2013 [29].
Patients with mild ICH (ICH score 0-1) are admitted to the internal medicine
service [31]. Patients with severe ICH (ICH score 2-3) are admitted to the ICU. The
ICU has 54 beds (18 with mechanical ventilation) for a population of about 800,000
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inhabitants. Most patients with ICH stay a long time (24-48 h) in the ER waiting
for abed in the ICU. In these conditions it is very difficult to provide the standard
care to these patients, including intensive blood pressure management and general
neuroprotection. Based on the results of INTERACT?2 and ATACH-2 studies, our
target for systolic blood pressure in the first 48 h is less than 140 mmHg [32, 33].
Intravenous labetalol and nitroglycerin are the drugs more frequently used.

Another issue is the delay for the presentation of ICH patients. In a recent study,
we estimated a median of 4 h and 45 mins (P,5—P;5 = 3h 13'-14 h 16’) for arrival to
the ER. Just 17.4% of patients with ICH arrived in less than 3 h. In a chi-square test,
the variables associated with a presentation in under 3 h were living in Temuco-PLC
(p < 0.01), urban origin (p = 0.02), arrival by own car (p = 0.032), and severity
(NIHSS >7) (p < 0.01). In alogistic regression model, only living in Temuco-PLC
and severity were statistically significant with a combined odds ratio of 5.97 (95%
CI =3.23-11.04) [34].

The objective of this chapter is to report the experience in the treatment of
patients with ICH in a regional public hospital in Temuco, Chile.

2. Material and methods

We performed a descriptive study of ICH in our hospital. A convenience sample
of the consultations for ICH made during shift # 1 at the ER between January 2016
and December 2018 was analyzed. All patients were evaluated and diagnosed by AS in
the ER. Due to the huge number of stroke patients diagnosed in the ER of the HHHA
(about 220 cases of ICH per year), it was not possible to access to the clinical data of
all patients with ICH in the period. We collected clinical, biodemographic, and imag-
ing data. The radiological data were reviewed in all cases by a neuroradiologist (MP)
unblinded to the clinical data. The cases were allocated to either spontaneous ICH or
secondary to vascular malformation (arteriovenous malformation, cerebral saccular
aneurysm, or cavernous angioma), tumor, or anticoagulants. On the other hand, the
cases were classified according to one of two possible locations: supra- or infratento-
rial. Supratentorial hemorrhages included lobar, basal ganglia, and thalami locations.
Infratentorial hemorrhages included the brainstem or cerebellum. The volume of the
hematoma was calculated using the formula ABC/2, where A is the greatest diameter
of the hematoma on the slice with the largest diameter, B is the diameter of the
hematoma on the axis perpendicular to A, and C is the number of axial slices in which
the hematoma is visible, multiplied by the slice thickness [35].

The continuous variables were described with measures of central tendency and
dispersion, mean * standard deviation (SD), and/or medians with percentiles 25-75
(P25-Ps5). The STATA 14.2 software was used for the data analysis.

3. Results

There were 108 consultations for ICH in the period. The average age of the
patients was 66.0 years (SD = 14.1). 56.5% of the patients were male. The median
NIHSS was 14 points. The median time to arrival to the ER was 4 h and 45 min.
The median ICH score at admission was 1 point. Only 39.8% of patients were
admitted in the ICU. The mortality at 30 days was 30.6%. This value was equivalent
with in-hospital mortality. The clinical and biodemographic characteristics of the
ICH patients are shown in Table 2. The radiological characteristics of patients are
shown in Table 3.
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Characteristics Patients (N =108)
Age (SD?) 66.0 (14.1)
>65 years (%) 55.6

>80 years (%) 176

Male sex (%) 56.5

Mapuche ethnicity (%) 27.8

Rurality (%) 38.0

Temuco (%) 35.2

NIHSS" (median, Ps-Pys) 14.0 (5-20)

Time to arrival (median, P,s—Pss) [min] 4h45(3h-14h21")

Time to triage (median, P,5-P7s) 8 min (5-15)

Time to evaluation (median, Pys—Ps) 34 min (17-78)

ICHC score (median, P,5-Ps) 1(1-3)

ICH score (%) 0=231
1=327
2=154
3=144
4=125
5=19

Surgical hematoma evacuation (%) 31

EVD? placement (%) 21

Mortality (%)

30-day 306

90-day 324

180-day 37.0
Destination (%) Intensive care unit = 39.8

Internal medicine service = 32.4
Other hospital =24.1
Dye =28
Discharge = 0.9

“Standard deviation.

"National Institute of Health Stroke Scale.
‘Intracerebral hemorrhage.

“External ventricular drain.

Table 2.
Clinical and biodemographic characteristics of patients with intracevebral hemorrhage Hospital Dy. Herndn
Henriquez Aravena, Temuco, Chile, in 2016-2018.

4. Discussion

In our study we found several similarities with many papers about ICH. In
our series the mean age of the patients was 66 years old. The same was reported
by Hemphill et al. (66 + 15 years) but is higher than the age reported by Lavados
et al. in the PISCIS Study (57.3 + 17 years) [13, 31]. This difference could be
explained because we used a convenience sample with cases that were not
included consecutively. In our series we included about 1/6 of the ICH cases
diagnosed in the ER of HHHA (about 220 cases/year). On the other hand,
the locations found were similar to the findings of Hemphill et al.: 81.5%
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Characteristics Patients (N =108)
Location 1
Supratentorial 81.5
Infratentorial 185
Location 2
Basal ganglia 324
Lobar 25.0
Thalamus 241
Cerebellum 10.2
Pons 83
Volume (cm?®, SD?) 29.1 (376)
Intraventricular hemorrhage (%) 52.6
Etiology (%) Hypertension = 70.4
Amyloid angiopathy = 18.5
Other = 11.1

“Standard deviation.

Table 3.
Radiological characteristics of patients with intracerebral hemorvhage Hospital Drv. Herndn Henriquez
Aravena, Temuco, Chile, in 2016—2018.

supratentorial and 15.5% infratentorial [31]. We also found a 70.4% of the cases
due to hypertension as the presumed cause. This is similar to the Hemphill study
but higher than what was reported in the PISCIS Study [13, 31]. This difference
in the results in comparison with our study can be explained because in the
PISCIS Study, the patients were younger.

We found a 30-day mortality of 30.6% which is lower than the mortality
reported by Hemphill in 2001 (45%) and similar to the 28.9% reported in Iquique,
Chile [11, 31]. We also found a 6-month mortality of 37.0% which is similar to the
39% found in the PISCIS Study [11].

Unlike what was reported by Hemphill who found an association between mor-
tality and age over 80 years, we found an association with age 65+ years (p = 0.091)
[31]. In this sense we consider useful the modification in the ICH score proposed
by Hegde et al. by reducing the age criteria by 10 years to prognosticate the disease
better in populations belonging to developing countries like Chile [36].

Only 39.8% of our patients were admitted in the ICU. This reality is completely
contrary to the clinical recommendations in developed countries. For instance, the
American guideline for ICH management states that the initial monitoring and
management of ICH patients should take place in an intensive care unit or dedicated
stroke unit with physician and nursing neuroscience acute care expertise (Class I;
Level of Evidence B) [37]. We can suppose that many patients die because they do
not receive the care that the severity of their illness requires.

When presenting our results, we must emphasize that the HHHA does not have
a specific infrastructure to attend to neurological patients, that is, a stroke unit.
These units have demonstrated their cost-effectiveness in decreasing mortality and
disability due to stroke [38]. In our situation, not all ICH patients are admitted to
the ICU and complete 24-48 h of observation in the ER, being later hospitalized at
the internal medicine service.

About 80% of the population in Chile is treated in the public health system [21].
Users of the public system have worse health indicators than users of the private
health system [9]. On the other hand, it is expected that the incidence of ICH will
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increase significantly in our country due to the aging of the population and the poor
control of cerebrovascular risk factors. This is why we see the need to have a stroke
unit and/or a neurologic intermediate care unit in our hospital for the adequate
management of patients with ICH. We also hope to set a Telestroke system with the
future primary stroke centers in our region (Nueva Imperial, Pitrufquén, Lautaro,
Villarrica, Victoria, and Angol hospitals). In short, we hope that the HHHA will
become a comprehensive stroke center [39]. We also consider a priority to develop
a better access in the detection and treatment of all the vascular risk factors mainly
the control of hypertension. In the NHS 2003 in Chile, only 60% of the hyper-
tensive knew their condition, 33% were being treated, and only 30% had normal
values [40].

5. Conclusion

ICH is a common cause of consultation in our hospital, especially in older
people. The implementation of 24/7 neurology shifts in the emergency room
allowed us to reduce the evaluation time and to improve the management of ICH
patients; however, it is still difficult to admit ICH patients to the ICU. We are aiming
for a soon implementation of a stroke unit, so ICH patients receive a standardized
care. It's a main priority to have better access to primary care prevention, diagnosis,
and treatment in developing countries like ours.
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Abstract

The prevalence of chronic medical and psychiatric diseases has continued to
increase worldwide, and their consequences have remained a growing concern. Acting
with a number of sociodemographic and clinical variables, they tend to affect quality of
life (QOL) and onward to life expectancy. There is a direct relationship between QOL
and life expectancy. Hypertension and diabetes mellitus acting with adverse environ-
mental factors reset and overamplify the sympathetic outflow, and this may worsen
hypertension and or cause depression, dysthymia, and anxiety disorders. Tuberculosis
and HIV are two chronic infective medical conditions that equally negatively affect
quality of life well-being and life expectancy. These chronic medical and psychiatric
conditions have been associated with reduced QOL and life expectancy. The aim of this
study, therefore, was to determine the impact of chronic medical and psychiatric
disorders (HIV, tuberculosis, diabetes mellitus, hypertension, dysthymia, and GAD)
on quality of life and life expectancy. Following ethical approval and informed consent
from the participants, 40 subjects from each group of HIV, tuberculosis, diabetes
mellitus, hypertension, anxiety, and dysthymia were studied using sociodemographic/
clinical questionnaire and the WHOQOL-Bref. The data were analyzed using the SPSS
version 20 statistical package. Confidence interval was set at 95% while P-value of less
than 0.05 was considered statistically significant. There was reduced QOL on physical,
psychological, and social relationship, environment domains, and general health facet,
respectively. Chronic medical and psychiatric conditions may contribute to reduced
QOL and life expectancy. Management of patients with these conditions should neces-
sarily include attention to their QOL and well-being.

Keywords: chronic medical and psychiatric diseases, QOL, life expectancy, UPTH

1. Introduction

The prevalence of chronic medical and psychiatric diseases has continued to
increase worldwide, and their consequences have remained a growing concern.
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Acting with a number of sociodemographic and clinical variables, they tend to nega-
tively affect life expectancy through, among many other pathways, reducing quality
of life. Despite healthcare improvements, there has been little evidence of benefit on
life expectancy in people with chronic medical and mental disorders [1-3].

A number of sociodemographic and clinical variables may however serve as key
determinants of quality of life and life expectancy. In Nigeria, these medical condi-
tions have remained on the rise [4-9]. Studies have noted a prevalence of 10-15%
for diabetes mellitus and 4.6% for HIV infection [4-6]. Worldwide, it was esti-
mated that diabetes affected 285 million adults (20-79 years) in 2010, and this
figure would likely increase to about 439 million adults by 2030 [6]. The World
Health Organization (WHO) has also estimated that 2 billion people, almost a third
of the world’s population, have latent TB [7-9] which is one of the leading causes of
mortality worldwide [9-11]. About 8 million people develop tuberculosis every
year, and out of this number, some 3 million die of it, and over 95% are from
developing countries [9-11].

The global prevalence of high blood pressures has been estimated to be between
10 and 15% of adult populations [12], which is also in line with the findings in Africa
[13]. However, other studies have reported a worldwide prevalence of 15-30% in
adults [14]. The prevalence of hypertension has increased from 11.2% in 1990 to
27.9% in 2010 in rural communities in the Niger Delta and 44.3% in urban Lagos
[15-17]. Over 36 million people have contracted HIV infection worldwide, and over
16 million people are said to have died from the disease [4, 11]. The prevalence of
cancer diseases, schizophrenia, and dementia have all continued to increase [18-21].

In terms of mode of acquisition, while hypertension, diabetes mellitus, cancer,
schizophrenia, and dementia have a clear genetic component, in addition to adverse
environmental factors [22, 23], HIV and tuberculosis are mainly acquired infections
[24-26]. Furthermore, HIV infection, tuberculosis, and schizophrenia are associ-
ated with a high level of stigma and social discrimination [26-29], another strong
determinant of the degree of psychological impact of these chronic conditions. It is
also worthy of note that while severe emotional trauma can directly cause hyper-
tension, diabetes, and schizophrenia [30-32], it can only predispose an individual to
acquiring HIV due to poor sense of judgment, leading to sexual indiscretion and
other risk-bearing practices [24-26]. In their late stages, HIV and tuberculosis
infections can also cause dementia and mental disorders including schizophrenia-
like illnesses [33-37].

The choice for their comparison was basically borne out of the observation that
they all share some common features in terms of chronicity, with subsequent need
for long-term medications, direct or indirect effects on the central nervous system
(CNS) [25], high rate of mortality [18-21] and morbidity [32-38], and impact on
emotion [33-38]. In addition, patients with these conditions need extensive educa-
tion, attitudinal change, and coping and healthy lifestyle including diet and exercise
[39-42]. The illnesses are equally similar in terms of complications in the central
nervous system [21, 23]. Diabetic ketoacidosis, HIV and hypertensive encephalopa-
thies, CNS disseminated tuberculosis, some metastasis to the brain cells, as well
as the direct CNS impairment may all directly or indirectly affect the brain cell
functions and cognitive ability. This in turn may cause altered sensorium, neuro-
affections, neuro-deficits, cognitive impairment, and seizures in some cases. Fur-
thermore, all conditions can directly alter neurotransmitter levels due to direct toxic
effects on the brain cells (neurons) either from the viral cells or other opportunistic
infections, disseminated tuberculosis to the CNS, hypertensive encephalopathy, or
ketoacidotic complication, significantly disrupting relevant neurotransmissions.
This may affect particularly the limbic apparatus, the center that regulates mood
and controls emotions, anger, and rage.
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It is equally important to note that baseline adverse psychosocial factors or
psychological distress have been implicated as predictors of schizophrenia, hyper-
tension and diabetes, or HIV infection [9-12, 43], through impairment of judgment
in the later [24-26]. Also, certain environmental as well as socioeconomic factors
have been identified to predispose to tuberculosis like living in an overcrowded
environment [9-12, 43].

Studies have indicated that life expectancy decreases with each additional
chronic condition [1-3]. A study remarked that a 67-year-old person will live on
average 22.6 additional years in the absence of any chronic conditions while a
67-year-old person will live 7.7 fewer years and 17.6 fewer years with 5 chronic
conditions and >10 chronic conditions, respectively [44]. The same study found
that the average marginal decline in life expectancy was 1.8 years with each addi-
tional chronic condition ranging from 0.4 fewer years with the first condition to
2.6 fewer years with the sixth condition. These results are consistent by sex and
race [44].

Another study using a sample of Medicare beneficiaries enrolled as of
January 2008, of 21 different chronic conditions and about 1.4 million persons
aged 67 and above, found that, on average, a 75-year-old American woman who
has no chronic conditions will live 17.3 additional years to more than 92 years
old [45]. Conversely, similar individual with five chronic conditions will live, on
average, only to age 87, while an individual with 10 or more chronic conditions
will survive only to age 80 [45]. Women tend to live longer than men, while
white people live longer than black. Clearly, the nature and number of the
chronic diseases are important for life expectancy. An individual with heart disease
at age 67 is estimated to live an additional 21.2 years on average, while someone of
the same age diagnosed with Alzheimer’s disease is only expected to live 12 addi-
tional years [46]. Different medical conditions have different life expectancy,
but this difference gradually decreases with age and more comorbid conditions
[44-49].

Struggling with multiple chronic illnesses shortens life expectancy dramatically
[45-49], and for older individuals, chronic or multiple chronic conditions equally
threaten to reverse recent gains in average life spans. The medical advances and
new technologies that have allowed sick people to live longer may not be able to
keep up with the growing burden of chronic diseases. It is becoming very clear
that preventing the development of additional chronic conditions and giving
adequate treatment when they occur in the middle ages and the elderly could be the
only way to continue to improve life expectancy. Violence and adverse childhood
events are said to speed up aging, and life span continues to increase with each
generation.

Concerns about premature mortality among people with chronic mental and
medical disorders have been increasing [1-3]. Higher general and specific causes of
mortality in all or specific age groups have been identified for people with serious
medical and mental illnesses [18-21]. People with chronic and severe mental
illness have lower life expectancies of between 13 and more than 30 years than
the general population [50], and a loss of 8.8 life years (14.1 years for men and
5.7 years for women) was estimated by a study which compared people treated
for SMI and the general population in Massachusetts, USA [2]. Also, using a
nationwide hospital discharge registry, a study reported a wide difference in life
expectancy at age 30 for the main mental disorder categories compared to the
general population, particularly for functional psychosis other than schizophrenia/
affective psychosis (15.9 years lost), substance abuse (15.6 years lost), and
organic psychosis (14.8 years lost) for men and organic psychosis (22.6 years lost),
mental retardation (14.7 years lost), and substance abuse (18.8 years lost) for
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women [46]. Emphasis has been made on management of suicide risk and physical
illness, minimum polypharmacy, and improvement of accessibility to physical
healthcare [51].

Social security and different forms of life insurance policies have greatly helped
in stabilizing life expectancy; in spite of this, a growing number of beneficiaries
with multiple chronic conditions still have reduced life expectancy. The burden and
stress of chronic disease could erase decades of progress. Life expectancy in the USA
is rising more slowly than in other parts of the developed world. Many blame the
obesity epidemic and related health conditions for the worsening health of the
American population.

Functional limitations, including difficulty walking across the room or preparing
meals, and health problems, such as high blood pressure, cancer, and diabetes, also
predicted greater odds of experiencing a fall for adults 65 and older. Previous
research indicates that older African Americans were more likely to live in extended
family households. The availability of assistance at home could help older adults
avoid scenarios or behaviors that could lead to falls.

Medication side effect is another important factor influencing longevity [51-57].
People with chronic illness tend to stay compliant longer on medications with less
side effect profiles. For example, many people living with HIV find it difficult to
continue the treatment regimen due to the side effects [53, 58]. Hence, decreasing
the toxicity and side effects of HIV drugs will increase longevity, as this will
increase their life span by increasing the amount of time that patients can stay on
the life-saving treatment regimen and also increase quality of life [52-54]. Similarly,
the antituberculosis and anticancer drugs are known to have serious side effects that
can impair drug compliance, thereby reducing the life span of the affected individ-
ual [55-57, 59-62]. Bringing new drugs to market is an essential part of increasing
the life expectancy of young people with HIV, but lowering the drugs’ toxicity may
have even greater health benefits for all HIV patients [52, 54]. Some side effects,
such as increased cardiovascular risk, also cause problems that directly contribute to
premature mortality and reduced life.

In spite of the current drug toxicity levels, young people with HIV add nearly
2 years to their lives by initiating HIV treatment regimens soon after infection [52].
If a new drug has a low toxicity and is well-tolerated by the patients, then they are
more likely to take it regularly so that it is as effective as possible, and this will add
to their life span. Reduction in the toxicity of new drugs has been associated with
increase in the patient’s quality-adjusted life expectancy by as much as 11%, or more
than 3 years [52]. “Quality-adjusted life years” and “quality-adjusted life expec-
tancy” are measures that are used to determine the value of different medical
actions. For example, a potentially life-saving drug that is highly toxic, causes so
much discomfort, and leaves a patient debilitated would have a lower value than a
life-saving drug that does not have such side effects. Furthermore, there exists the
negative psychological impact of being on medications for a long time (and in some
cases a lifetime), which is in turn detrimental on quality of life and longevity.

Infectious diseases are a significant health concern especially in developing coun-
tries, and this has significantly contributed to life expectancy [24-29]. Of particular
importance is the interface between the immune system and invading bacteria or
virus and the proteins that protrude through the outer cell membrane of the bacteria
or virus. Because these outer membrane proteins are on the outside of the antigenic
cells, they are visible to the human immune system and therefore are targeted by
antibodies. Antibodies are so tuned to recognize the three-dimensional structure of
outer membrane proteins that they can attach to them with lock-and-key specificity,
thereby labeling the foreign bacteria cell for elimination.
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Mutations in the genes that code for outer membrane proteins can produce
changes in the protein’s structure, and if the key then no longer fits the lock,
the genetic mutations allow the bacterium or virus to evade recognition by
antibodies [9, 25, 29]. The intense selective pressure on the disease-causing
microorganism to survive the immune response, coupled with increased
mutation rates, produces the incredibly fast rate of genomic change in infectious
organisms. Mutations occur randomly throughout the genome, but because they
help the microorganism avoid elimination by the immune system, changes in
outer membrane proteins appear much more often than would be expected by
chance in the surviving organism. Furthermore, this initial burst of mutations
during the acute phase of infection allows the bacteria or virus to survive the
host’s immune response, and this helps to establish a chronic infection
including HIV and tuberculosis. In addition, the already weakened or compromised
immunity sets a vulnerable pace for repeated reinfections or other new
infections [24-29]. These infections eventually become chronic and invariably
affect longevity.

The chronicity of these medical illnesses, persistent and recurrent symptoms,
impairment in functioning capacity, other adverse and enduring environmental
psychosocial burdens, and even the thought of these can also in turn affect quality
of life and subsequently lower life expectancy. Although HIV- and tuberculosis-
infected and cancer-affected patients under antiretroviral (arbacire, nevirapine),
antituberculosis drug (isoniazid and cycloserine), and anticancer medication
(methotrexate) therapy infrequently suffer acute organic psychotic complications,
the chronicity of the disease places them at greater risk for psychiatric comorbidity
than the general population [63-77].

The terms “quality of life” refers to the physical, psychological, and social
domains of health, viewed as distinct areas that are influenced by a person’s experi-
ences, beliefs, expectations, and perception [78], (“which is referred to here collec-
tively as perceptions of health”). Two things are significant in the above definition:
the first is the subjective nature of QOL, and second is the need for a Clinician to
assess all those areas of life considered as having significant impact on QOL. Quality
of life assessment measures changes in physical, functional, mental, and social
health in order to evaluate the human and financial cost and benefits of new
programs and interventions [78, 79].

Quality of life therefore is impaired in many ways by the individual’s level of
independence, social relationships, personal beliefs, and their relationship to salient
features of the environment in addition to their physical health and psychological
state. Quality of life also consists of fulfilling needs, meeting of social expectations,
and assessing opportunities by using abilities. Abilities are impaired by ill health
and worse still chronic medical illnesses [78, 79]. The services rendered by
healthcare givers in mental health help to moderate social demands, supplement
opportunities, and restore abilities. Quality of life can be altered by both the imme-
diate and the long-term consequences of treatment especially the case of chronic
illnesses [80]. Since 1948, when the WHO defined health as being not only the
absence of disease and infirmity but also the presence of physical, mental, and social
well-being, quality-of-life issues and well-being have taken the center stage in
healthcare practices and research [78, 79, 81]. Several studies have shown that
chronic medical and mental illnesses often impair or have negative impacts on the
quality of life and subjective well-being of persons across a whole range of areas
[80, 82-89].

There has been a growing interest during the past decades for assessing deter-
minant factors of patients’ health-related quality of life (HRQOL), especially in
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chronic diseases [78-89]. Diabetes mellitus, HIV, tuberculosis, hypertensive, can-
cer, schizophrenia, and dementia are some of these chronic diseases that involve
people of all races and to some extent all ages. They are considered common chronic
diseases in most countries, and their prevalence has continued to increase. Several
studies have shown that chronic illnesses often impair or have negative impacts on
the quality of life and subjective well-being of persons across a whole range of areas
[80, 82-89].

Tuberculosis, HIV, and cancer diseases weaken patients’ physical functioning
and impair their quality of life and hence may affect life expectancy [82-85]. It has
become important that TB and HIV control programs as well as cancer awareness
and prevention programs at public health clinics design strategies to improve the
quality of health and life of these patients. In patients with chronic diseases, all
predicted domains of quality of life (QOL), including general health perceptions,
somatic sensation, psychological health, spiritual well-being, and physical, social,
and role functioning, all tend to be negatively affected [86-93]. Social stigmatiza-
tion, isolation, pill burden, long duration of therapy, sexual dysfunction, loss of
income, and fear were additional specific problems related to chronic medical
conditions [80, 82-88]. Despite available curative therapy, TB and its treatment
still have significant short- and long-term consequences on patients’ QOL
[82, 83, 86-93]. QOL has also been characterized as “the ultimate goal of all health
interventions” [81].

2. Aim

The aim of this study, therefore, was to determine the impact of chronic medical
and neuropsychiatric disorders (HIV, tuberculosis, diabetes mellitus, hypertension,
schizophrenia, and dementia) on life expectancy and the role of quality of life and
well-being.

3. Methodology

Following ethical approval and informed consent from the participants,

20 subjects from each group of HIV, tuberculosis, diabetes mellitus, hypertension,
schizophrenia, and dementia were recruited based on the study’s inclusion and
exclusion criteria. The study group comprised patients already diagnosed by the
consultant physicians at their respective specialty clinics at the University of Port
Harcourt Teaching Hospital and on treatment and have been regular on follow-up
at their respective outpatient clinics. Participants were recruited through a simple
random sampling. Those recruited were within 30-40 years of age, whose illness
duration was within 3-5 years. Thirty-five normal individuals (five for each medical
condition) were selected also via simple random sampling from among staff of the
hospital, matched for age and sex, as controls.

Both subjects and controls were administered the study’s instruments including
the sociodemographic/clinical questionnaire, WHO Composite International Diag-
nostic Interview (WHO CIDI), and the WHOQOL-Bref. The data were analyzed
using the SPSS version 20 statistical package. The cohorts and control were followed
up for clinic attendance, dropout, quality of life, death, and survival rates after
5 years. Confidence interval was set at 95%, while P-value of less than 0.05 was
considered statistically significant (Tables 1 and 2).
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4. Results

Variable DM Hypertension HIV TB Cancer  Schizo Dementia
Age

30-39 years 9 (45%) 6 (30%) 12 (60%) 9 (45%) 7(35%) 11(55%) 0 (0%)
40-49 years 11 (55%) 14 (70%) 8 (40%) 11 (55%) 13 (65%) 9 (45%) 20 (100%)
Sex

Female 12 (60%) 10 (50%) 10 (50%) 9 (45%) 10 (50%) 12 (60%) 11 (55%)
Male 8 (40%) 10 (50%) 10 (50%) 11 (55%) 10 (50%) 8 (40%) 9 (54%)

Marital status

Married 10 (50%) 8 (40%) 8 (40%) 9 (45%) 12 (60%) 6 (30%) 14 (70%)

Divorce 2 (10%) 1 (5%) 2 (10%) 3 (15%) 2 (10%) 0 (0%) 0 (0%)

Separated 3 (15%) 3 (15%) 3 (15%) 3 (15%) 1(5%) 5 (25%) 3 (15%)

Single 3 (15%) 4 (20%) 6 (30%) 4 (20%) 3 (15%) 9 (45%) 1 (5%)

Widowed 2 (10%) 4 (20%) 1 (5%) 1 (5%) 1 (5%) 0 (0%) 2 (10%)

Education

Primary 2 (10%) 3 (15%) 3 (15%) 3 (15%) 2 (10%) 2 (10%) 2 (10%)

Secondary 8 (40%) 7 (35%) 4(20%) 7(35%) 6(30%) 10 (50%) 5 (25%)

Tertiary 9 (45%) 8 (40%) 7 (35%) 7 (35%) 11 (55%) 7 (35%) 13 (65%)

None 1 (5%) 2 (10%) 1 (5%) 3 (15%) 0 (0%) 1 (5%) 0 (0%)

Occupation

Managers 2 (10%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (15%)

Professionals 3 (15%) 1 (5%) 1 (5%) 0(0%) 4 (20%) 0 (0%) 4 (20%)

Clerical support 5 (25%) 5 (25%) 4(20%) 5(25%) 4 (20%) 0 (0%) 2 (10%)

workers

Service and sales 2 (10%) 4 (20%) 4 (20%) 5(25%) 3 (15%) 3 (15%) 3 (15%)

workers

Skilled agricultural 4 (20%) 5 (25%) 2(10%) 4 (20%) 2(10%) 4 (20%) 2 (10%)

forestry and fishery

workers

Craft and related 2 (10%) 1 (5%) 4 (20%) 3 (15%) 3(15%) 4 (20%) 2 (10%)

trade workers

Plant and machine 1 (5%) 1 (5%) 3 (15%) 1 (5%) 2 (10%) 3 (15%) 1 (5%)

operators and

assemblers

Elementary 1 (5%) 1 (5%) 2(10%) 2(10%) 2(10%) 6 (30%) 1 (5%)

occupation

Armed forces 0 (0%) 1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

occupation

Income

Low 5 (25%) 4 (20%) 8 (40%) 9 (45%) 6 (30%) 11 (55%) 7 (35%)

Average 13 (65%) 14 (70%) 11 (55%) 10 (50%) 18 (90%) 9 (45%) 6 (30%)

High 2 (10%) 2 (10%) 1 (5%) 1 (5%) 1 (5%) 0 (0%) 7 (35%)
Table 1.

Sociodemographic variables of patients with diabetes, hypertension, HIV, tuberculosis, cancer schizophrenia,
and dementia.
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5. Discussion

Young adults from 35 years and above predominated the study group. Similarly,
younger age adults were more prevalent among the HIV, tuberculosis, and schizo-
phrenia groups than the group with hypertension and cancer. The dementia group
was composed of entirely younger age adults. Infectious diseases both sexually and
nonsexually infections were predominantly represented by patients in early adult-
hood [4, 7]. Similarly, tuberculosis is an infective disease, and exposure to it may be
more in adults who work in healthcare facilities and are mostly caregivers close to
already infected persons [7-9]. Tuberculosis is also common in individuals whose
immunity may have waned due to poor nutrition, alcohol use, stress, and other
emotional illnesses, in most times occasioned by the medical illness, as well as other
infective diseases [7-9]. HIV had the most of youngest population with age group
30-39 years forming 60%. This is in line with the earlier finding that HIV is more
prevalent among young persons [24, 27]. Similarly, most cases of schizophrenia
usually begin in early adulthood except paraphrenia that occurs among the elderly
[21]. Hebephrenia, characteristically, one of the most early-onset and worst prog-
noses was excluded the same way as those with AIDS-defined illness that were
excluded among the HIV group. Paranoid schizophrenia was the most common of
the schizophrenic group.

Apart from the influence of genetic predisposition, diabetic mellitus and hyper-
tension are largely a disease of lifestyle including unhealthy eating habits, alcohol
intake, and sedentary lifestyle, which would be mostly displayed among adults
[4, 13, 42, 48-50]. Hypertension is typically a disease of older adults but can occur
in younger ages [12-14]. In this study, the majority of patients with hypertension
were in the 40-49 age group. Cancers can occur in any age group [93-97], and those
in this study ranged from lung, prostate, breast, cervical, blood, and bone cancers to
cancers of the gastrointestinal tract. Dementia is generally a disease of advanced age
but could present as presenile [98-102]. Even though all dementia participants
sampled in this study were within the age group of 40-49, a majority were
presenile. Patients with vascular dementia were excluded to reduce the influence of
high blood pressure on this group. Overall, all the chronic illnesses in this study
span from young to older ages. Therefore the choice of a fairly mid-age as inclusion
criteria for respondents was to reduce the impact of extremes of age on the study
variable particularly quality of life and life span. However, this may have contrib-
uted to the low mortality rate in this study.

In the study, female gender was slightly higher among all subjects with 56%.
Females generally have better healthcare-seeking behavior and tend to have lower
mortality rate at all ages [103]. So, even though hypertension has higher prevalence
in community studies [6, 13, 17], most hospital-based studies show slightly higher
prevalence in females. This is in addition to biological and cultural vulnerability
of HIV infection [104]. Cancer was slightly higher among females, and this could
also be due to the same reason that females report symptoms more readily than do
males [103, 104].

The majority of the respondents were married. However, illnesses that have
predominantly onset in early adulthood like schizophrenia or common among
young adult like HIV had a high percentage of single people [21, 24, 27]. In addition
to being predominant among young people, HIV and schizophrenia are associated
with a high level of stigma [1, 77, 105], although stigma in the former seems to have
reduced significantly over the years. Persons affected with schizophrenia particular
early-onset type tend to have difficulty forming or sustaining relationship or even
get married, and even those who are already married may face a high risk of
separation due to fear of transmission.
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A majority of the respondents were engaged in middle-class occupation followed
by the lower cadre occupation. Hypertension and dementia which are conditions
seen common in advance age were most common among the first-class occupations,
while cancer, TB, HIV, and schizophrenia were more prevalent among those with
lower cadre occupation. Similarly, about 95% of the respondents fall within low-
and medium-income earners. A rewarding and satisfying job or occupation is key to
good quality of life and by extension prolongs life span [78-84]. Because of the
stigma associated with HIV, tuberculosis, schizophrenia, and to some extent cancer
[1, 105, 106], there is reduced opportunity to secure sustained employment, so most
of these individual settle for menial jobs and petty trading. Even those who had
better jobs are sometimes laid off due to chronic illnesses especially in the private
sector. Diabetes, hypertension and pre-senile dementia, though without risk from
job discrimination, can be the cause of job dissatisfaction due to poor functioning
and performance following disabling symptoms.

The cost of continuing treatment in chronic medical and mental disorders is
usually huge on sufferers and their families [30]. This often is a major reason for
poor drug compliance and in some cases treatment discontinuation [60-62] and
may largely contribute to mortality [51, 58]. A majority of the respondents were
low- and medium-income earners and may have difficulty in financing the
management of their illness. This may reduce quality of life as well as life span.
From the study, the dropout rates were high among dementia patients, followed by
diabetes mellitus and schizophrenia. This may be due to financial difficulty or poor
insight.

Quality of life among all respondents was below average on almost all domains
and was statistically significant on all domains except the general health facet. The
controls all had better quality of life as they all scored above average. Cancer and
tuberculosis patients scored lowest on quality of life particularly both on physical
and psychological domains and on social domains for the later. Apart from specific
symptoms of these two medical conditions, they are usually associated with weight
loss and extreme weakness, and as such the patient may have difficulty carrying out
daily activities. In this case, physical domain of quality of life may be impaired.
Psychological domains of quality of life of people suffering from chronic illnesses
are usually first to be affected [64-73]. Cancers are associated with some level of
stigma but not as high as seen in tuberculosis. The high level of stigma and discrim-
ination associated tuberculosis usually affects the social domain of quality of life
[82, 83, 106, 107]. Diabetes mellitus was the next with poor quality of life especially
on physical and environmental domains, giving credence to a number of studies
[107-110]. Diabetes presents with a lot of physical symptoms and risk of systemic
damage and requires strict drug and dietary compliance. This may have contributed
to the high rate of dropout and poor quality of life.

Hypertension had the best quality of life on all domains followed by HIV. These
two conditions were equally found to have lower crude mortality rates. Generally,
the study found that better quality of life directly correlated with higher person-
years lived and inversely correlated with crude mortality rates (Table 3). Hyper-
tension equally presents with a number of physical symptoms, the risk of systemic
damage, and the need for strict drug compliance. However, it is not associated with
any form of stigma, and a majority of respondents were average-income earners.
The level of stigma and discrimination that was associated with HIV two decades
ago has drastically reduced following massive public awareness. Also, governments
of different countries and the WHO have continued to embark on different inter-
vention strategies including free antiretroviral medications. These effects may have
combined to reduce the financial and social burden including stigma and discrimi-
nation among HIV-positive individuals.
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Condition No. of alive at Average No.of  Dropout Mean Crude
beginning of  quality of life  deaths person-  mortality
study years lived rate
Hypertension 20 49.84 +26.124 2 (10%) 1 (5%) 2.31 0.844
Diabetes 20 45.31 +71.012 3 (15%) 2 (10%) 2.15 1.395
Tuberculosis 20 4192 +£13.021 4 (20%) 0 (0%) 1.21 3.306
Schizophrenia 20 53.43 £22.081 1 (5%) 2 (10%) 3.42 0.292
HIV 20 47514+ 31.411 2 (10%) 1 (5%) 2.83 0.707
Cancer 20 42.61+78.033 4 (20%) 1 (5%) 1.85 2.162
Dementia 20 48.19 £85.151 2 (10%) 3 (15%) 3.21 0.623
Control 35 6722+52.81  0(0%)  1(5%) — —
Table 3.

Record of death and survival of vespondents.

Quality of life in people living with HIV (PLWHIV), dementia, schizophrenia,
and tuberculosis was significantly affected, more on the psychological and social
domains compared with diabetes mellitus, hypertension, and cancer diseases
[92, 107-112]. This suggests that the stigma and social rejection associated with the
communicable disease may play a significant role in the development of psycholog-
ical illness. This also implies that even though psychological burden is equally
common in the diabetes mellitus and hypertension and affecting quality of life
generally, the presence of psychological burden and trauma that may be associated
with PLWHIV and tuberculosis tended to have more severe negative impact on
quality of life [65, 66]. Again, there is a possibility that there may have been existing
psychological illnesses either undiagnosed or untreated that may have made them
engage in risky sexual behaviors that may have made them vulnerable to infectious
diseases.

The presence of symptoms of tuberculosis, cancers, hypertension, and diabetes
mellitus alone appears to be more disabling than those in PLWHIV, dementia, and
schizophrenia bearing in mind that acute cases were excluded. Moderate to severe
cases of diabetes mellitus, hypertension, and tuberculosis cause more symptoms,
and they are more disabling. This may account for the better quality of life among
PLWHIV on the physical domain and the lower quality of life scores on both the
physical and environment domains, among them, than the PLWHIV in this study.
HIV not complicated with AIDS is most of the time symptom free or stable on
medication, and this stability is often less sensitive to adverse environmental factors
unlike in diabetes mellitus, hypertension, and tuberculosis where little adverse
changes in the environment could affect profoundly the patients who had hitherto
remained stable on medications [12, 22, 30, 39, 43, 52]. Such changes may include
change in income level, employment, marital status (prolonged difficulty, dishar-
mony, separation, divorce, or widowhood), and poor drug adherence with imme-
diate exacerbation of symptoms.

A majority of the patients in all medical conditions fared well on most domains.
The possible reasons are their focus on physical strength (e.g., evident physical
health, absence of symptoms, ability to work around, available family support, and
a strong religious belief) than on their weaknesses (e.g., social discrimination). On
Domains 1 and 4, PLWHIV had better performance on quality of life, followed by
hypertension and diabetes mellitus, while tuberculosis had the least in similar
domains. Furthermore, PLWHIV also scored higher on GHF than the other medical
conditions.
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Chronic medical and mental diseases account for multiple burdens for patients,
including the necessity to deal with pain, suffering, reduced quality of life, prema-
ture mortality, financial costs, and familial emotional trauma [12, 30, 32, 72, 73].
The risk factors for mental health problems among patients suffering from chronic
medical illnesses are complex [72, 73, 113]. Usually, the more serious the somatic
disease and symptoms are, the more probable it will be to be accompanied by mood
and/or anxiety symptoms of variable severity [72, 73]; conditions arising after the
somatic disease are diagnosed. In other words, even if those with dual diagnoses
were excluded from the study, it clearly understood that most chronic medical
conditions tend to be associated with some emotional disturbance. Failure to man-
age such mental health problems increases the patients’ probability of suffering
from complications, even lethal.

In chronic medical conditions, functionality may be severely impaired due to
chronic psychogenic and somatic pain, frequent hospital admissions, and depen-
dency from medical and nursing personnel. These are all markers of poor quality of
life and well-being. It is important to mention that most of the mortalities in chronic
medical conditions may not be due to the direct complication of the disease, rather a
cumulative outcome of social and psychological dissatisfaction of the condition.
Sufferers maintain the feeling that they have come to the end of the road and seek
the easiest escape rooting out of the problem which is suicide [114-117]. In addition,
research has pointed out a relationship between sustained emotional disturbance
especially depression and reduced immunity. This may be worse among chronically
ill patients, and this makes them more vulnerable to recurrent infections or rein-
fections. Good quality of life and well-being are a measure of satisfaction in major
areas of life including mood stability and affording basic nutrition which will
sustain immunity.

Most chronic illnesses particularly HIV, cancer, and tuberculosis in sub-Saharan
Africa are classic examples of diseases with both medical and social dimensions,
characterized by its close relation to poor socioeconomic conditions [27-31]. For
instance, in tuberculosis, a higher risk of acquiring active disease occurs with alco-
holism, smoking [48, 49], intravenous drug abuse [48, 49, 58, 74], diabetes
mellitus, HIV infection, overcrowding, and other factors. The abovementioned
risk factors are very prevalent among populations with reduced quality of life and
well-being and increase risk of having HIV and progression from latent TB to
active TB [77].

From the study, mortality was the highest among tuberculosis and cancer
patients, followed by patients with diabetes mellitus. Schizophrenia had the lowest
mortality after 5 years. There was no mortality among the control within the period.
Correspondingly, mortally was the highest among the groups with the lowest qual-
ity of life. Quality of life is an indicator of total well-being and optimal health;
therefore, if it is low, then it is an indication that the individual may not be enjoying
good health. The finding among the diabetes group is in line with the earlier report
that reduced life expectancy at age 15 by 1.3 years for men and 2.0 years for women
in Canada [47] and a BMI of 40-45 kg/m? were associated with a 10-year reduction
of life expectancy at age 35 compared to a BMI of 22.5-25 kg/m? [118]. Causes of
mortality may be due to organ damage, complication of medication, systemic dam-
age, or hemodynamic changes. Actual or direct causes of the deaths could not be
ascertained as many of the deaths did not occur in the hospital. Mortality from
tuberculosis and cancer tends to be high with a low rate of survival. Mortality in
severe chronic mental illness is recognized to be raised, and underlying causes may
be multiple. However, the death rate was lowest among schizophrenics in this
study. This may be due to the fact the schizophrenics were predominantly young
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population and also because those with poor prognosis like hebephrenia and
disorganized were excluded from the study and only paranoid and catatonic types
which carry better prognosis were included. This finding however differs from the
earlier finding that any psychiatric diagnosis was associated with a 65% higher
than expected total mortality in a case register study in a British primary care
cohort [119].

Coronary heart disease accounts for threefold elevated mortality in young adults
with severe mental illness [120] and diabetes, while stroke is usually a complication
of long-standing hypertension. Long-term antipsychotic use and adverse lifestyle
choices (e.g., obesity, smoking, poor diet, illicit drug use, and physical inactivity)
are implicated in increased risk of cardiovascular events in these populations [1, 51,
120-122] and clearly need higher levels of consideration in order to improve health
and survival, as well as the better-known risks of suicide and violent deaths. The
causal pathways between mental disorder and premature mortality are multiple,
making life years lost an important outcome measure in this population.

Life expectancy is a commonly used indicator for how longevity may be
impaired by specific long-term exposures (e.g., smoking, obesity, ethnicity, and
socioeconomic status) or chronic conditions of ill health or risk (e.g., diabetes
mellitus) [48, 49] and provides an alternative measure to determine the influences
of different exposures for the purpose of highlighting premature mortality at youn-
ger ages in potentially vulnerable groups. It is therefore primarily a measure of
impact and should be seen as complementary to more elaborate studies using mea-
sures of ¢ffect. As a measure, life expectancy analyses offer an important means of
communicating impact on survival to policy makers. Current smoking is associated
with around 4 to 5 life years lost for both genders [48, 49].

Clearly the mechanisms through which medical and mental disorders are asso-
ciated with premature mortality will include the effects of these individual risk
factors (e.g., smoking behavior, risk of diabetes, etc.) as well as other factors (such
as risk of suicide or accidents and direct effects of mental distress on cardiovascular
risk). Excess mortality associated with mental disorders has been demonstrated to
be predominantly due to “natural” causes [18, 119, 120] although mental health
service provision is often focused on preventing more rare outcomes of suicide and
violent death [115-117]. If improving overall survival is to be considered as an
alternative priority, much more efforts are clearly required to address the chal-
lenges of improving general health in people with mental disorders through medical
services, socioeconomic support, and physical health promotion strategies [51].

It is important to note that a good number of psychosocial and clinical factors,
like increased age, marital status (married), later age of onset of illness, education,
employment, average to high monthly income, shorter duration of illness, longer
duration of treatment, and emotional stability, may affect the quality of life and
other outcome of the medical conditions. The implication of this is that these factors
have to be addressed in the holistic management of these and indeed other chronic
medical conditions.

6. Conclusion

The findings of this study support the impression that chronic medical condi-
tions are associated with reduced quality of life, which, together with a number of
sociodemographic and clinical factors, in turn affect life expectancy. The results
support the call that the management of patients with these medical conditions
should necessarily include attention to the mental health status of the sufferers.
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7. Recommendations

Based on the findings of this study that chronic medical conditions are com-
monly associated with reduced quality of life and well-being, which further affect
longevity, it becomes imperative that renewed efforts by government, aimed at
both primary and secondary prevention, be intensified for these chronic medical
conditions.
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Chapter 5

Crude Birth Rate and Crude
Mortality Rate in India: A Case
of Application of Regression in
Healthcare

Prisilla Jayanthi and Muralikvishna Iyyanki

Abstract

India’s demographic transition in 1950 has led to decline of high birth and
mortality rate to 6.5%, a drop of 0.6% in 2016-2017, as per the economic survey
(2017-2018). The crude birth rate and crude mortality rate decreases with the
occupation. In this study, the statistical parameter, confidence interval indicates the
true range of the mean of the crude birth rate and crude mortality rate computed
from the observed data in the study. Location and precision of a measure are made
available with the confidence interval. In the study, the results for crude birth
rate in 1984 were highest, 95% CI = 32.08-39.22, and in 2011, were lowest, 95%

CI = 20.68-25.24, and the results for crude mortality rate in 1984 were highest, 95%
CI = 32.08-39.22, and in 2011 were lowest, 95% CI = 20.68-25.24. A small standard
error implies that the sample mean is a more accurate reflection of the actual popu-
lation mean. The smallest standard error of crude birth rate is 1.08, and the smallest
standard error of crude mortality rate is 0.50.

Keywords: crude birth rate, crude mortality rate, confidence interval, health

1. Introduction

In statistics, the two statistical values used to measure the growth or decline
of a population are crude birth rate (CBR) and crude death rate (CBR). The
growth or decline of a population is based on literacy and economic growth of
any country. In India, several states have the need for developing itself in mea-
sure of health or in capital wise. Agriculture happens to be largest occupation in
India where the children at very young age get to work in agriculture leading to
large birth rates number in the rural states families. Under the age of 5 years, the
crude mortality rate occurs due to preterm birth (18%), pneumonia (16%), inter-
partum (12%), neonatal sepsis (7%), diarrhea (8%), malaria (5%) and mal-
nutrition. In most of the undeveloped countries, the malnutrition is the major
cause of child mortality. The present urban states have better health, hygiene
and sanitation facilities in the area lead to decline in mortality rate. Literacy and
the economical understanding have blended to lower the birth rate in both rural
and urban.
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2. Previous study

Golley and Toyer [1] suggested that China and India’s demographic transitions
timings and the implications of fertility developments were discovered using a
global economic model and measures of dependency include the working over-
aged and working age. China’s labor force to begin to diminish, whereas India will
increase fertility rate faster than its present population. The population plays a
significant role in defining the relative magnitudes of labor force growth to total
population growth and the change in dependency ratios, with a significant impact
on per capita income growth. India, the world’s most populous country by 2030,
and its population policy continue to be directed toward promoting fertility decline.
The lower fertility reduces GDP and increases per capita income in both countries,
India gains more per capita income than China per unit change in fertility, resulting
in India’s higher youth dependency [1].

Roy and Jones [2] developed a technique for the prediction of health indica-
tors for all the districts of India and examine the correlations between health
and development. The two fundamental indicators of this research are the
levels of electrification and district domestic product (DDP). The data with
health metrics and the information from two night time satellite images were
used to propose the models. The predicted the health indicators with less than
7-10% errors were successfully. The health metrics, like crude birth rate and
maternal mortality rate were mapped for the whole country at the area level.
These metrics showed very strong correlation with development indicators. In a
socio-economic study, using Visible Infrared Imaging Radiometer Suite (VIIRS)
satellite imagery, the observation showed a higher DDP and level of electrifica-
tion for better health conditions [2].

Maitra and Pal [3] emphasized that the estimates of birth spacing on child
mortality are different when fertility selection are not considered. A comparison
study of the fertility behavior of households in the Indian and the Pakistani Punjab
highlighted the differential nature of institutions on demographic transition in
these neighboring regions. The study involved reported birth interval and not
inter-conception interval, which implies that there were some measurement errors
associated with this particular variable. The miscarriages, stillbirths and also
premature births were not measured for measurement. The study identifies the
bivariate probit model that estimates mortality after correcting for the self-selection
in fertility decisions [3].

3. Discussions, empirical analysis and results

The true population value can be calculated using a confidence interval (CI) in
statistics, an interval estimate, computed from the observed data [4]. The interval
contains the true value of an unknown population parameter with (1 — «)% confi-
dence which quantifies the level of confidence that the parameter lies in the inter-
val. And the confidence level represents frequency and that are constructed from an
infinite number of independent sample statistics, the proportion of those intervals
that contain the true value of the parameter will be equal to the confidence level.

The study was carried out using Stata 12.1 IC software to calculate the confi-
dence interval to understand the crude birth rate and crude mortality rate in India
in six different states namely Andhra Pradesh, Assam, Madhya Pradesh, Uttar
Pradesh, Dadra & Nagar Haveli the data was taken from www.data.gov.in [4] and
was collected from the year 1981 to 2011.
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Year Population Crude Crude Percentage Annual exponential
birth mortality decadal variation growth rate (%)
rate rate
1971 548.2 41.2 19 24.8 22
1981 683.3 37.2 15 24.66 222
1991 8464 325 114 23.87 216
2001 1028.7 24.8 8.9 21.54 197
2011 1210.9 21.8 71 177 1.63
Table 1.

Crude birth and mortality rate in India from the year 1971 to 2011.

Crude Birth Rate and Crude Death Rate in India (1971 - 2011}

7 [
.r:ﬁ a s, __\_..-H-
= _‘—'-—____\__\_\_\_\__\__ e S
R ———
o i S
: . , . ==
1970 1880 1990 2000 2010

Year

Crude Death Rate

Crude Birth Rale
— Percentage Decadal Variation

Figure 1.
Crude birth rate and crude mortality vate in India.

Table 1 shows the decrease in crude birth rate and crude mortality rate from
1971 to 2011 with the industrial rise. The graph in Figure 1 shows the decline in
crude birth rate (21.8) and crude mortality rate (7.1) in the year 2011.

From Table 1, the population mean = 865.17, SE = 2.37 with 95% CI = 860.52—
869.83 and crude birth rate mean = 31.44, SE = 0.07 and 95% CI = 31.30-31.59. The
crude mortality rate mean = 12.24, SE = 12.16 showed 95% CI = 0.04-12.33. The
results of percentage decadal variation 95% CI = 22.44-22.54, mean = 22.49 and
SE = 0.02. The results for annual exponential growth rate were 95% CI = 2.03-2.03,
mean = 2.03 and SE = 0.01.

Figure 2 displays the crude birth and death rates for six individual states in India
for the period (1971-2011). The peak crude birth rate can be seen in Dadra and
Nagar Haveli with 27.7 births per thousand in urban areas. Interestingly, this State
also had the lowest death rates in both urban and rural areas (Figure 2). The lowest
crude birth rates were found in Pondicherry, where both rates were urban is 14 and
rural is 13.6. There was greater variability in birth rates in both urban and rural
locales than in death rates in either type of setting. The female literacy in any state
shows that the crude birth rate and mortality rate is minimum (Table 2). Based
on the census [5], the educated females take better reproductive and healthcare
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Variable Mean Std. err 95% CI

Crude birth rate rural 21.31 2.25 15.50-2712

Crude birth rate urban 19.13 217 13.5-24.71

Crude death rate rural 7.08 0.43 5.97-8.18

Crude death rate urban 518 0.49 3.90-6.46
Table 2.

CI of crude birth vate and mortality vate in rural and urban (1971-2011).
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Figure 2.
The graph representing crude birth vate and crude mortality vate in urban and rural.

decisions. Further, this improves stabilization of population and better infant care
with lower birth rates and infant mortality rates.

In Figure 3, the graph shows the highest crude birth rate in the year 1984 with
45.9 in Dadra and Nagar Haveli state and minimum in the year 2007 in Pondicherry.
Similarly from Figure 4, the graph indicates the maximum crude mortality rate to
be 17.8 in the year 1984 in Uttar Pradesh, and the minimum crude mortality rate was
found thrice as 7, twice in the year 2001 and 2009 in Pondicherry and one time in
Andhra Pradesh (2004).

In Figures 5 and 6, the graph represents the crude birth rate and crude mortal-
ity rate in rural and urban from the year 1981 to 2011. The standard error of the

Urude Uirth rate in six siates from 941 to 2011

Figure 3.
The graph representing six states’ crude birth rate.
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The graph representing crude mortality vate in six states (1981—-2011).
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The graph representing crude birth rate in rural and urban in six states (1981—2011).
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Figure 6.
The graph representing crude mortality vate in urban and rural in six states (1981—2011).
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mean decreases as the size of observations increases. A small standard error implies
that the sample mean is more accurate replication of the actual population mean.
The crude birth rate with the least SE = 1.08 and in crude mortality rate, the least
SE = 0.49. Table 3 refers to highest crude birth rate 95% CI = 32.07-39.21 (1984)
and least crude birth rate 95% CI = 20.67-25.23 (2011). Likewise, Table 4 indicates
highest crude mortality rate of 95% CI = 9.813-16.85 in 1984 and least crude mortal-
ity rate of 95% CI = 5.82-8.63 in the year 2011.

The crude mortality rate in children under the age of 5 years occurs due to
preterm birth, pneumonia, neonatal sepsis, diarrhea, malaria and malnutrition. In
undeveloped countries, malnutrition is the primary cause of child mortality.

In India, the highest total crude birth rate was in the year 1981 with 35.6 in rural
and minimum in the year 2012 with 17.4 (urban).

Year Mean Standard error 95% conf. interval
1981 32.53 1.59 29.19-35.86
1982 34.32 1.59 30.99-37.65
1983 33.85 154 30.63-37.06
1984 35.65 171 32.07-39.21
1985 32.58 154 29.35-35.80
1986 34.03 177 30.32-3772
1987 32.04 141 29.10-34.98
1988 32.34 149 29.21-35.45
1989 30.66 148 27.55-33.75
1990 30.54 1.55 2730-33.77
1991 2898 149 25.87-32.09
1992 30.65 1.67 2715-34.15
1993 28.27 1.90 24.30-32.24
1994 28.86 1.63 25.45-32.25
1995 2812 1.26 25.48-30.76
1996 26.85 137 23.99-29.72
1997 26.66 1.30 23.94-29.38
1998 276 145 24.56-30.63
1999 2749 153 24.29-30.69
2000 2770 1.56 24.43-30.97
2001 26.25 1.29 23.55-28.95
2002 26.23 1.29 23.53-28.92
2003 25.96 131 23.23-28.70
2004 2513 1.28 22.44-27.81
2005 2490 1.35 22.08-27.73
2006 24.30 133 21.52-27.09
2007 23.83 134 21.02-26.62
2008 23.81 117 21.37-26.24
2009 23.68 114 21.31-26.05
2010 2345 1.08 21.19-25.71
2011 22.95 1.09 20.67-25.23
Table 3.

Mean, standard error and 95% confidence interval for crude birth vate in India, by year (1981-2011).
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Confidence interval for crude mortality rate (1981-2011)

Year Mean SE 95% conf. interval
1981 13 142 9.32-16.67
1982 12.12 1.31 8.74-15.49
1983 12.53 111 9.67-15.39
1984 13.33 1.36 9.81-16.85
1985 121 1.24 8.89-15.30
1986 114 1.03 8.72-14.07
1987 11.43 0.94 8.99-13.87
1988 11.2 0.96 8.72-13.67
1989 10.31 0.84 8.14-12.49
1990 10 0.94 7.58-12.41
1991 10.71 0.98 8.19-13.24
1992 10.58 0.95 8.13-13.03
1993 10.25 0.99 7.70-12.79
1994 9.5 0.64 7.86-11.13
1995 921 0.56 7.76-10.66
1996 9.28 0.57 7.80-10.76
1997 9.28 0.52 7.94-10.62
1998 9.36 0.57 7.88-10.84
1999 8.71 0.70 6.89-10.53
2000 8.78 0.62 7.17-10.39
2001 8.58 0.64 6.91-10.25
2002 8.38 0.57 6.91-9.85
2003 813 0.66 6.43-9.83
2004 7.83 0.61 6.24-941
2005 765 0.60 6.09-9.20
2006 76 0.63 5.97-922
2007 761 0.60 6.06-9.16
2008 766 0.49 6.38-8.94
2009 741 0.57 5.94-8.88
2010 7.38 0.55 5.95-8.81
2011 7.23 0.54 5.82-8.63
Table 4.

Confidence interval, mean and standard evvor for crude mortality rate in India.

4. Demographic transition in India

In India, when the country became a republic in the 1950s, it experienced a
demographic transition from high birth rate and mortality rate to lower birth rate
and lower mortality rate. The country revolutionized from pre-industrial to an
industrialized economic system. This transition brought several changes in a lower
fertility rate where smaller, independent families emerged and more resources
saved and invested in capital and education. More investment contributes to
economic growth. This transition led to rise in socio-economic relations, health
impacts and India’s economic level.
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5. Conclusion

From the above discussion the highest crude birth rate was 45.9 (1984) and
minimum crude birth rate was 15.1 (2007) and the maximum crude mortality
rate to be 17.8 (1984) minimum crude mortality rate was 7 (2004). The decline in
crude birth rate (21.8) and crude mortality rate (71) in the year 2011 was found.
Industrialization brought a drastic change in the economic growth of the people as
they started to exchange ideas and get more involved in the change and develop-
ment. This demographic transition in India led to enhanced education levels for
women in India (2011) and hence decreasing crude birth rate and mortality rate.
For the year 2011, the percentage distribution of second and higher order live births
by interval between current and previous live birth has been shown in few states
of India. The spacing between children in the rural and urban areas implies that
about half of the birth should have spacing 36 months and above. Most of rural
and urban areas now have 70% of births which have birth interval of 24 and more
months. The study shows the confidential interval for the highest crude birth rate
95% CI = 32.07-39.21 (1984) and least crude birth rate 95% CI = 20.67-25.23 (2011).
Likewise, the highest crude mortality rate of 95% CI = 9.813-16.85 in 1984 and least
crude mortality rate of 95% CI = 5.82-8.63 in the year 2011 can be noted. These are
the key factors for the crude birth and crude mortality rate to decline from 1981 to
2011. The confidence interval and lower SE helps to get the accurate mean of the
population in a particular region with a range.
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